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*RADIAN

APPENDIX A

Definitions, Nomenclatures and Units

* AFB - Air Force Base

* Aquifer - geologic unit capable of storing and transmitting significant

quantities of vater.

- • DOD - Department of Defense

• EPA- Environmental Protection Agency

* GC - Gas Chromatography

- * GC-MS - Gas Chromatography-Mass Spectrometry

- Indurated - rendered hard, as by heat, pressure or cementation

- IRP - Installation Restoration Program

S mg/l - milligrams per liter

" POL - Petroleum, oil and lubricants

* PVC - Polyvinyl Chloride

• RCRA - The Resource Conservation and Recovery Act

• RWDS - Radiological Waste Disposal Site

* i• ug/L - Micrograms per liter

, USAF - United States Air Force
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STAGED

14 Dec 83

INSTALLATION RESTORATION PROGRAM
Phase IIB Field Evaluation

Tinker AFB, Oklahoma

I. Description of Work

The purpose of this task is to determine if environmental contamination
has resulted from waste disposal practices a-b-Ti1 er AF4-0Q to provide
estimates of the magnitude and extent of contamination, should contamination
be found; to identify potential environmental consequences of migrating
pollutants; to identify any additional investigations and their attendant
costs necessary to identify the magnitude, extent and direction of movement of
discovered contaminants.

Ambient air monitoring of hazardous and/or toxic material for the
protection of contractor and Air Force personnel shall be accomplished when
necessary, especially during the drilling operation.

The presurvey report (mailed under separate cover) and Phase I IRP report
(mailed under separate cover) incorporated background and description of the
sites for this task. _!o accomplish the survey effort, the contractor shall
take the following steps:

A. General

1. The areal extent of each zone shall be determined by reviewing
available aerial photos of the base, both historical and the .most recent
panchromatic and infrared.

2. All water samples collected shall be analyzed on site by the
contractor for pH, temperature and specific conductance. Sampling, maximum
holding time and preservation of samples shall strictly comply with the
following references: S Methods Ir Thi Ex .nation DE Water 3=

Waitiaer, 15th Ed. (1980), pp. 35-42; AMT , Part 31, PP. 76-86, (1980),
Method D-3370; and Methods L= C i Analysis 9L Waters And WITastes, EPA
Manual 600/4-79-020, pp. xiii to xix (1979). All pesticide analyses shall be
performed according to S M . Minimum detection limits for
analysis are shown in Attachment 1.

3. Wells shall be of sufficient depth to collect samples representa-
tive of aquifer quality and to intercept contaminants present in the aquifer
being investigated. The average depth of shallow aquifer wells is anticipated
to be approximately 30 feet deep. The average depth of the deep aquifer wells
is anticipated to be approximately 125 feet.

4. All contractor installed wells shall be developed, water levels
measured, and locations recorded on a project map and for Zones 1 and 2 on a
specific zone map.

5. Fie.d data collected for each zone 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 the
sampling and analysis, the data shall be tabulated in the next R&D Status
report as specified - Item VI below.

B-3
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B. In addition to items delineated in A above, conduct the following
specific actions at sites identified on Tinker AFB:

1. Zone 1 - Landfill No. 1, Landfill No. 2, Landfill No. 3, Landfill
No. 4, Fire Training Area No. 1 and RWDS-1030W

a. Install a maximum of three deep aquifer monitoring wells and
a maximum 91 ne d exploratory boring (15.2_ deed maximum depth) around the
perimeter and downgradient of the zone. Collect one sample from each well.

b. Collect one water sample from each of the eight existing
groundwater monitoring wells along Crutcho Creek.

c. Collect a maximum of four leachate samples from seeps dis-
charging from landfills within the zone.

d. Collect one; sample from each of four locations in the
impoundment overlying the sites Landfill No. 2 and RWDS-1030W, and composite
the samples into a single composite sample. Split the composite sample into
two portions. Ship one portion to the USAF OEHL for radionuclide analysis.
Ship the other portion to the contractor laboratory for analysis.

e. Perform the following analyses on samples collected within
this zone: oils and greases (IR), total organic halogen (TOX), total organic
carbon (TOC), iron, manganese, heavy metals (cadmium, chromium, nickel,
copper, zinc, lead and mercury), cyanide, phenol, and the following pesti-
cides--DDT isomers, 2,4-D, 2,4,5-T, aldrin, dieldrin, lindane, methoxychlor,
heptachlor, heptachlor epoxide. A one (1) samale from e new well
[total or three (3)] and two () selected samples from the existing wells ty
DQ11M (modified E2A Method L21).

2. Zone 2 - Landfill No. 5 and Landfill No. 6

a. Install two deep aquifer monitoring wells, one downradient of
each landfill. Collect two groundwater samples, one from each well.

b. Collect one sample from the leachate stream discharging from
landfill No. 5.

c. Analyze samples for oils and greases (IR), total organic
carbon(TOC), total organic halogen (TOX), pesticides listed in I.B.1.e.,
cyanide, phenol and heavy metals (cadmium, chromium, nickel, copper, zinc,
lead and mercury, iron and barium. Analyze one (_1) sample from each new weU
by fDQ/1S (modi eA ethod 625.

3. Zone 3 - Industrial Waste Pit 2

a. Perform geophysical testing using electro magnetics (EHl)
*. to define subsurface conditions and site boundaries.

b. Install five soil borings 30 feet deep within the site
D boundary. Collect soil samples at five foot intervals and sc M2 tQ ten

( a.pl e for analysis. Two of the borings shall be completed as shallow
. monitoring wells.
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c. Install one deep aquifer monitoring well immediately adjacent
to and downradient of the site.

d. Collect water samples from each of the two shallow monitoring
wells. Collect one water sample from the deep aquifer well.

e. Analyze the samples for O&G (IR), TOC, TOX, cyanide, phenol
and heavy metals (cadmium, chromium, nickel, copper, zinc, lead and mercury).
Analyze = ( el e fm§- sL sample b a-M . (modified e Method .,5)
Conduct A seven-day, dsil water extracti oQf A sample of_ & M AUC

.asing an analyze the extract by M-= (mdfi Method b25).

4. Zone 4 - Industrial Waste Pit 1

a. Perform geophysical testing using electro m (Eli)
to define subsurface conditions and site boundaries.

b. Install five soil borings 30 feet deep within the site
boundary. Collect soil samples at five foot intervals and select a2 to ten
(Qsamle for a. Two of the borings shall be completed as shallow
monitoring wells.

c. Install one deep aquifer monitoring well immediately adjacent
to and downgradient of the site.

d. Collect water samples from each of the two shallow monitoring
wells. Collect one water sample from the deep aquifer well.

e. Analyze the samples for O&G (IR), TOC, TOX, cyanide, phenol
and heavy metals (cadmium, chromium, nickel, copper, zinc, lead and mercury).
Analyze 9n (1_) smpl fr each weU AX DQ/M (mfi edEA Method L25).
Analyze one (J field-selected soil sample b2 fa-= (moife EZ Method LZ.

5.. Zn I - 1a Water Supply Wells.

a. Collegt sampl J= &4g/_ ea base water supply _qU (21

b.A nalyze A samples folte hydrocarbons _ _ faC (L
Method L= And total o caron (Trb).

Q. Based on the results, analyze u1. 12 fourteen (11L)
sampales _= volfat ile orga ni /~ priorit Dgltat kX f-= (ELU Meho L
A= RP to fourteen (.2) samples =fo x tactabl organic pririty pol n

, .. Zone i - uild ina -2l Prod, c n lls

Inspect~ the two contaminatg ed 11 a thei±r~ iMei
S-t.r-roundlin. Review the u f -r Ai Force investigationa. These

*r-esu I.ts shall~ I& prvie une eatcvr

B-5



-9 V q M I C It7

b. Inventory ast p present _r industrial operations for
sible sources. Evaluate J= p b _an off-base source of

contamination. Evaluation shall Je performed JX reviewing available data
Sunde separate cover, and I fld reconnaissance.

q. Test the d surrounding areas for cracks or other
failures, using steam-cleanina anJ probing, As appropriate.

S1. Test-pummP and samle the contaminated wells. Analyze A -
Dr EP4 samples for = by ZA Method 61.

Develop a work 21an =n cost etmesf=r follow-on
i s urf investigations. ubmit information the monthly

R & a Status report Utem JL below prepared after the analyses 1n Item
above are completed.

C. Well Installation and Cleanup

Well and boring locations shall be cleaned following the completion of
the well. Drill cuttings shall be removed from the boring/shallow well areas
and the general area cleaned up.

D. Data Review

Results 2L AU samplin analysis hall e tabulated and co_ -
, Dorated in the Informal Technical InformaUi report (Seauence a Arch 1. and
S2Sequence 2_ A " . a reflected in Item _L below) and forwarded t Io USA

OE/CVT for review. Results shall als be forwarded as available in the
next Mgtl J&D status r'eport.

E. Reporting

1. A draft report delineating all findings of this field investigation
shall be prepared and forwarded to the USAF OEHL as specified in Item VI below
for Air Force review and comment. This report shall include a discussion of the
regional hydrogeology, well logs of all project wells, data from water level
surveys, water quality analysis results, EM survey results and maps, available
geohydrologic cross sections, groundwater surface and gradient vector maps,
and Laboratory quality assurance information. The report shall follow the
USAF OEHL supplied format (mailed under separate cover).

2. Estimates shall be made of the magnitude, extent and direction of
movement of contaminants discovered. Potential environmental consequences of
discovered contamination must be identified. Where survey data are insuffi-
cient to properly determine or estimate the magnitude, extent and direction of
movement of discovered contaminants, specific recommendations, fully justi-
fied, shall be made for additional efforts required to properly evaluate contam-
ination migration and included in a separately bound appendix to the draft final

* report (see F below).

3. Specific requirements, if any, for future groundwater and surface
* water monitoring must be identified.
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F. Cost Estimates

Detailed cost estimates for all additional work recommended to properly
determine or estimate the magnitude, extent and direction of movement of discov-
ered contaminants at sites being investigated shall be provided along with an
estimate of the time required to accomplish the proposed effort. This informa-
tion shall be provided in a separately bound appendix to the draft final report.

II. Site Location and Dates

Tinker AFB OK
USAF Clinic/SGB
Dates to be established

III. Base Support: None

IV. Government Furnished Property: None

V. Government Points of Contact

1. Dr Dee Ann Sanders 2. Col Harry Russell
USAF OEHL/CVM HQ AFLC/SGPB
Brooks AFB TX 78235 Wright-Patterson AFB OH 45433
(512) 536-15_U (513) 257-6210
AV 240-2.15_a AV 787-6210

3. Capt Darrel Cornell
USAF Hospital/SGB
Tinker AFB OK 73145
(405) 734-7844
AV 735-7844

VI. In addition to sequence numbers 1, 5 and 10 which are applicable to all
orders, the reference numbers 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. . *1 2.

.*A minimuz of two draft reports will be recuired. After incorporating Air
Force comments concerning the first draft report. the contractor shall suoy

- the USAF OEHL with a second draft report. The report shall be forwarded to
-the applicable regulatory agencies for their comments. Contractor shall

* supply the USAF OEHL with 25 copies of each draft report and 50 copies plus
the original camera ready copy of the final report.

"M[Q-n completion of analysis.

B-7
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ATTACW.!ENT 1
REQUIRED SAMPLE DETECTION LIMITS

*Total Organic Halogen (TOX) 5 micrograms/L
*Total Organic Carbon (TOC) 1 milligram/L
Oils and Grease IR Method 412.3 0.1 milligram/L (water);

100 microgram/gram (soil)
GC/MS (EPA Methods 624 8 *

modified 625)
Pesticides Analyses
Specific Conductance 1 micromho
Total Dissolved Solids 1 milligram/L
TCE (Trichloroethylene)

Chemicals

Nickel 100 milligrams/L
Copper 50 micrograms/L
Lead 20 micrograms/L
Zinc 50 micrograms/L
Chromium 50 micrograms/L
Cadmium 10 micrograms/L
Phenol 1 microgram/L
Cyanide 10 micrograms/L
Mercury 1 microgram/L
Total Iron 100 micrograms/L
Manganese 50 micrograms/L
Barium 200 micrograms/L

*Detection levels for TOC and TOX must be 3 times the noise level of the
instrument. Laboratory distilled water must show no response; if it shows
a response, corrections of positive results must be made.

_*Detection limits for volatile organics and acid and neutral extractable
* compounds shall be as specified for compounds listed in EPA Methods 624 and
• .Modified 625.

'**For waters, analyze samples for chlorinated hydrocarbon and organophosphate

* type insecticides. Analyze for the following specific pesticides.

****As specified in EPA Method 601.

aldrin .02 microgram/L
DDT isomer .02 microgram/L
dieldrin .02 microgram/L
endrin .02 microgram/L
heptachlor .02 microgram/L
heptachlor epoxide .02 microgram/L
lindane .01 microgram/L
methoxychlor .02 microgram/L
2,4-D .06 microgram/L
2.4,5-T .06 microgram/L

B-8
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SUMIKARY

This is a brief, executive-type summary of IRP Phase II results including
overall summary tables. After reviewing the summary, a reader should know if
the partitular IRP Phase II results are of interest, and are applicable to his
particular needs. Specific items included in the summary are:

1. Location of sites

2. Type and number of tests conducted

3. Number of related tests (e.g., ground penetrating radar)

4. Summary of final results in applicable units

5. Comparison with applicable standards, if any

6. Conclusions

7. Recommendations (see recommendations section for detail), in tabular
form, such as the following:

Problem Area
9r Site 1o mn Acton

2 __ __ __ _

3

I. INTRODUCTION

This Section should answer who, what, where, when and why type questions
concerning the program. Specific information in the introduction includes:

1. Purpose of program

2. Duration of program

3. Brief history of base and sites including.history of contamination

4. Description of sites including site-scaled drawings/photographs (using
. care for securities)

5. Identification of the pollutants sampled

6. Identification of the field team

7. Other pertinent information which should be called to the reader's
attention. For example: Base overlies sole source aquifer.

B-10 12/13/83
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II. IEVIRO'JMENTAL SETTING

A detail environmental setting is necessary to enable the reader to review
the reported program in a proper perspective. Dividing the base into differ-
ent disciplinary systems and/or subsystems is required. Specifically, this
section should include applicable discussion of the following settings:

1. Physical geography

2. Regional geology and hydrogeology

3. Gene-al hydrogeology

4. Historic disposal and storage areas including site descriptions and
site specific geology and geohydrology

5. Historic grounOmter problems

6. Location of wells on and off base"

7. Any other pertinent information applicable for the particular program.

III. FIELD PROGRAM

This section should include applicable experimental designs including
quality assurance/quality control plans concerning field tests in addition to
the field work. Information in this section includes:

1. Details of development of the field progr.m

2. Implementation of field program

3. Details of instrumentation and/or system used, tncluding schematic
*diagrams.

4. Sampling procedures and sample preservation, including referenced
methods.

5. A discussion of pertinent facts and conclusions pertaining to the
reliability of the sampling procedures, sample representation and sample
integrity.

6. When applicable, cross-reference this to other sections of the report.

B-I
12/13/83

-°~



N- .r -
"  

. f, ft . ..-. ft -.--. 4 --,, 'ft-.%7 .

4-

IV. DISCUSSION OF RESULTS AND SIGNIFICANCE OF FINDINGS

This section should be divided into two subsections:

1. o of Rul: This subsection should include tabular
summaries of pertinent test results and test parameters. Comparison to
allowable compliance standards and/or limits should be stated.

A discussion of pertinent facts and conclusions pertaining to the
reliability of the results and their relation to the contaminants should be
presented. Comparison to normal background levels should be mentioned.

This subsection should be as concise as possible. However, important
comments and observations should be fully expressed and should not be limited
in favor or brevity.

2. S of Findiags: The highest technical capabilities and a

broad range of experience are needed to derive the information needed in this
subsection. The subsection should be introduced with a paragraph stating that
based on the results of the effort, the following information can be derived:

a. Extent of Contamination: Extensive discussion and graphic displays of
actual or estimated contamination of each site, or group of sites, should be
provided. Contaminated areas, depth of contamination, movement of contamina-
tion (plume movement) and total volume of contaminated material exceeding
applicable standards and/or guidelines should be tabulated in detail.

b. Evaluation of Contamination: The basis for evaluation, assumption
*- used, and when possible calculated health risk assessments should be

summarized. If deducible, health risk ratings should be clearly stated.

V. ALTERNATIVE MEASURES

This section should detail all the major possible options by site
excluding migration and/or cleanup measures and including monitoring actions

For identified sites requiring future monitoring, proposed monitoring
* requirements including method(s) and duration should be discussed.

VI. RECOI-.ENDATIONS

This multidisciplinary section should provide the highest technical
conclusions for the completed program. When applicable, future monitoring
recommendations shall be discussed here and tabulated in the Summary section.

Recommendations, whether they are straightline extrapolations of either
obvious results or highly complicated nonlinear mathematical modeling, should

* be precise, clear and technically defendable.

This section should clearly define the base from which IRP future phases,
if any, will be initiated. Hence, prioritizing the sites f.,r the next phase
should be recommended.

B-1 12/13/83
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APPENDIX C

Well Numbering System

The wells drilled and cores taken for the Tinker Air Force Base
Installation Restoration Program, Phase IIB, were designated by
Zone Number and sequential letters within zones. Designators were
assigned in the order in which the drilling locations were estab-
lished. For example, Well IA is the first well drilled at Zone 1.
Table C-I contains a list of all wells and cores for the project,
listed by zone of investigation.

C-1
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TABLE C-i. LIST OF WELLS AND CORES

Zone 1

Well 1A
Well lB
Well IC

Existing Well 1
2

II ~ 3
!0 I, 3

"
, I, 5

" 8
Core ID

Zone 2

Well 2A
Well 2B

Zone 3

Well 3F Core 3A
Well 3G it 3A(A)

3B, 3B(A)
3C
3D
3F(A)

Zone 4

Well 4A Core 4B

Well 4F " 4C
Well 4G " 4D

4E

C-3
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APPENDIX D

Well Logs

This Appendix contains the logs of drilling and well completion activi-
ties for the project. Table C-1 (Appendix C) contained a list of all
wells and cores for the project, listed by zone of investigation.
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Logs of Drilling Operations
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Lithologic Symbols Symbols Utilized

Massive sandstone, fine-grained

Sandstone beds with shale partings

' Sandstone lenses in shale

~ Shale

,..Inorganic clays of low to medium
plasticity, gravelly clays, sandy clays,
silty clays, lean clays

Lithologic Log.

D-5
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RADIAN Sheet 1 of
Log of Drilling Operations

Boring or Well No. 1A Project Tinker AFB IRP Phase TIB
Location Zone 1, west of Landfill 1 Beginning 10 November 1983 and end

* Log Recorded By L.N. French 10 November 1983 of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1250

Jim Winnek, Inc.

Depth o.0 6C D4
ot 0 z E -= a, E Stratigraphy Remarks(ft) W a M) >. M

U acf I- cn

, ,,, N/A grab CLAY, brown-red, slightly plastic;
at with silt, trace fine to coarse

dis- sand.
chargE Decreasing moisture at 3', clay

grades to shale at 3-5'.

5

SHALE, red-brown, silty, dry;
interbedded with thin sandstone
layers.

10

-. *::*:..~ SANDSTONE, fine-medium grained,

15 light orange, moist, friable;
some silt lenses. Driller reports

.1 water (mist in dis-
i charge) at 17.8'.

SHALE, red-brown, soft; some
fine-medium sand in clay matrix;

20 increasing moisture.

25

ater produced in
SANDSTONE, fine-medium grained, discharge, approx.
red-brown, friable, saturated. 2 gpm at 26'.

* 30

inuatdougher drilling at
Increasing indurated sandstoneD -- fragments.

35 END OF BORING - 35'.

o - D-7
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RADIAN Sheet 1 of 2°"°'AD"" Log of Drilling Operations

Boring or Well No. 1B Project Tinker AFB IRP Phase TIB

Location ,Zone 1. south of Landfill 4 Beginning 14 November 1983 and end

Log Recorded By L.N. French 14 November 1983 of drilling operation
Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1250

Jin liinnek, Inc.

U 0

Dp 0  E -E Stratigraphy Remarks
*(ft)M 4 M c

u N/A grab CLAY, with silt; slightly plas-
at dis- tic, dark brown, slightly
charge moist, organic fragments; grades

to:

5- SHALE, red-brown; trace sand,
trace fine gravel, moderately
indurated.

15

20

25

SANDSTONE, light orange-white,

'- 30fine grained, soft; interbedded
30- with thin layers of shale.

SHALE, red-brown; trace fine
sand, indurated with occasional
friable zones.

35

0

o - - - D-8 ,p.



*RADIAN Sheet 2 of 2
COUIPOATIONLog of Drilling Operations

Boring or Well No. lB Project Tinker AFB IRP Phase TIB

Location Zone 1. south of Landfill 4 Beginning 14 November 1983 and end
*Log Recorded By L.N. French 14 November 1983 of drilling operation

Sampling Interval (Estimated) variable (ft)
Typ DillRi an OeraorFailing 1250
Typ DillRi an OeraorJim Winnek, Inc.

Dept 0 6 E '9 E. Stratigraphy Remarks

SANDSTONE, light gray, fine

50 :::.:q grained, friable, dry sandstone
- changes color to orange-brown,

S:.::.:.:: ~increasing moisture @ 52'.

55

............. Increasing moisture, silt

content.
60-

* 65 -

No return of cut-
tings, driller blows
out water.
No cuttings return

* 70 past 68'.

75-

80-
END OF BORING -81'.

85 D- 9

....................................... .... . .



RADIAN Sheet I of 2
==.."M.ToN Log of Drilling Operations

Boring or Well No. 1C Project Tinker AFB IRP Phase IIB
Location Zone 1, west of Landfill 4 Beginning 16 November 1983 and end
Log Recorded By L.N. French 16 November 1983 ofdrillingoperation

Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Failine 1250
Jim I:innek, Inc.

th E " E Stratigraphy Remarks
(ft)~ (n M j  -

N/A grab CLAY, dark brown, slightly

at dis- plastic; some silt and fine sand
charge few organic fragments; moist;

grades to

-- SHALE/SILTSTONE, red-brown,
5 soft; some fine to coarse sand.

Decreasing moisture, occasional

zones of fine sand.

10

Shale is thinly stratified.

15 -- "- -
15 1l' layer of sandstone at 16';

--- fine-grained, red-brown, dry.

20

25

30

.... SANDSTONE layer at 31-33'; fine
. .. grained, light gray-white, dry.

35 SANDSTONE, orange-brown, fine Easy drilling;
.. ". grained, friable (with pieces of driller reports

inundated sandstone), slightly soft sand.
moist; some silt. Drill reports small

40 'DlOquantity of w _r

-D-1
40 01



* AD ANSheet 2 of 2
CORnPORATION Log of Drilling Operations

Boring or Well No. iC Project Tinker AFB IRP Phase TIB

*Location Zone 1, west of Landfill 4 Beginning 16 November 1983 and end
Log Recorded By L.N. French 16 November 1983 of drilling operation

Sampling Interval (Estimated) variable (ft)
Type ')rill Rig and Operator Failingz 1250

Jin I:innek, Inc.

Depth
Pft 0 z E E ~ Stratigraphy Remarks

Some shale lenses at 43'.

45 - ncreasing water at
45-46'.

50 Drilling stopped at
50'; water level
recovers in borehol,

-~~~ ~Interbedded shale at 53.5'. n o5'

*55 -- END OF BORING -55'. Driller produces
water at 1-2 gpm.
No gases detected.

D- 11



[
RADIAN Sheet 1 of 5

Log of Drilling Operations

Boring or Well No. 1D* Project Tinker AFB IRP Phase IIB
Location Zone 1. east of Reserve Road Beginning 14 February 1984 and end

Log Recorded By L.N. French 14L Fphriinr 1984 of drilling operation
Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Failing 1500:
Jim Winnek, Inc.U

Depth = " a
(ft) Z E ' EX E Stratigraphy Remarks

U N/A Grab CLAY, medium brown, plastic, 4-inch drag bit
at moist; some silt. Rock frag-

dis- ments at surface.
charge

5- Grades to red-brown silty clay
by 5 ft., decreasing moisture.

W'ater noted at 8 ft;
saturated interval

S10-- is probably several
- feet thick. Dry
ion conditions below

15 ft.

15-
SHALE, red-brown, dry; with some
silt and fine sand. Occasional
zones of thin, indurated sand-
stone.

20--

25

30

35

C.

D-12

*Borehole was grouted to surface.



RADIAN Sheet 2_.__of 5
Log of Drilling Operations

_ Boring or Well No. ID* Project Tinker AFB IRP Phase TIB
Location Zone 1, east of Reserve Road Beginning 14 February 1984 and end
Log Recorded By L.N. French 14 February 1984 of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1500,

-i Jim Winnek, Inc.

a~ CDepth CL 0 CL"
thE 1 E - Stratigraphy Remarks

(ft) Z >, u

0 - SANDSTONE, gray-white, friable, Water influx at
40- fine grained; some silt; trace 39 ft.; water added

coarse sand. to air stream to

lift cuttings.

Grades to red sandstone at 44 ft.
45 increasing thin shale layers with

indurated calcite-cemented sand-
stone.

--50--

55r

60..

SHALE, red-brown, few sandstone
____- layers.

S65

70 -

.- -

D-13 T
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* pJ~~D9AN Log of Drilling Operations Set~ o

Boring or Well No. 1D* Project Tinker AFB IRP Phase IIR
Location Zone 1, east of Reserve Road Beginning 14 February 1984 and end
Log Recorded By L.N. French 14 February 1984 _of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1500;

Jim Winnek, Inc.

U 0 B~
Deth .0 Oz 0L- Stratigraphy Remarks

(ft) Z 0a

-M-

SANDSTONE, fine-medium grained, Increased water
red-brown. production, est.

75 15 gpm.

* 80

* 85 ~

90 Interbedded layers (1-3 ft) of
red shale.

95

* 100_

105-

S.. D-14



RADIAN Set o
* CSPOUMI@ULog of Drilling Operations

*Boring or Well No. 1D* Project TinrilprAFR TRQP Pl, . TTIZ

Location Zone 1. east of Reserve Road Beginning 14 February 1984 and end
*Log Recorded By L.N. French 14 February 1984 -of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1500;

Jim Winnek, Inc.

Depth = W 6 C 0.
0ft 0 z 0 . Stratigraphy Remarks

(ft 
_a_ _ _ __E_ _ _ _ _

.............

Indurated sandstone from 108 ft.
to 117 ft.

120_
........... ...

. . ....... Lenses/layers of shale.

* 125-
Increase in water
production, est.
20-25 gpm. Decreas-

ing silt in water.

* 13Q

135-

140-

D-15

145 D1

- m -



RADIA N Sheet 5 of 5
'. ¢MPORATION Log of Drilling Operations

Boring or Well No. 1D* Project Tinker AFB IRP Phase IIB
Location Zone 1. east of Reserve Road Beginning 14 February 1984 and end
Log Recorded By L.N. French 14 February 1984 of drilling operation

Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Failing 1500;
Jim Winnek, Inc.

Depth E E Stratigraphy Remarks
(ft) to~c ~c

SANDSTONE, white-gray, trace Increased productior
silt. of water at 148 ft.

150_
water is clear.

END OF BORING - 150 ft.

* 15 " "

NOTE: Water level measured at

55 ft. below land surface
3 hours after completion
of hole.

D-16



RADIAN Sheet 1 of 2

Log of Drilling Operations

Boring or Well No. 2A Project Tinker AFB IRP Phase IIB

Location Zone 2, south of Landfill 6 Beginning 17 November 1983 and end

Log Recorded By L.N. French 17 November 1983 of drilling operation
Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1250

Jim Winnek, Inc.

Depth la.0° 6 = CL0 C

(ft) 04 0 EX - CL E" -9 Stratigraphy Remarks

N/A grab CLAY, dark brown, moderately
at dis- plastic; some silt and fine

charge sand, moist.
SHALE/SILTSTONE, red-brown,
soft; trace fine to coarse sand

5 and fine gravel.

Decreasing moisture below 5'.

* 10

Thin sandstone (approx. 6") at

13'; light gray-white, fine
grained, dry.

20

SANDSTONE, light gray-white,
friable(with some indurated
fragments), fine grained; some

silt and clay, dry.

Grades to red sandstone, then Fast drilling from

pink sand at 28'. 28 to 35'.

30

Sandstone is interbedded with
.shale at 38'; sandstone is in-

durated, red-brown.

40 D-17



RADIAN Sheet 2 of 2

Log of Drilling Operations

Boring or Well No. 2A Project Tinker AFB IRP Phase ITB

Location Zone 2. south of Landfill 6 Beginning 17 November 1983 and end

Log Recorded By L.N. French 17 November 1983 of drilling operation
Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Failing 1250
Jim Uinnek, Inc.

Depth 40 ;C 60

ethd E - Stratigraphy Remarks

0, 0

40 Driller reports

small amount of
water at 42'.

END OF BORING - 45.5'. Stop drilling at
45.5'; water blown
from borehole;
water level remains
to 37.5'.

50

m,

D- 18
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RADIAN="R""'O Log of Drilling Operations

Boring or Well No. 2B Project Tinker AFB IRP Phase IIB

Location Zone 2, south of Landfill 5 Be inning 20 November 1983 and end20 November 1983
Log Recorded By L.N. French 2of drilling operation

Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Failing 1250
Jim Winnek, Inc.

Depth = to 6 L0 0C
0. 0 -E. -)Stratigraphy Remarks(ft) 0 4(ac

Sr =gab CLAY, dark brown, plastic,
at dis - moist; come silt and fine sand;charge decreasing moisture; medium

" brown.

5 SHALE, red-brown, moderately
plastic, slightly moist; some
silt (weathered zone to 8')
unweathered, dry, shale/silt-
stone at 8'.

10

15

Increasing silt and fine sand Fast drilling from

(white) at 18'. 18-20'.

20

2)5 SANDSTONE, fine with some med- Driller reports
ium to coarse grains, red- water at 26'.
brown with zones of white-light

gray sand, friable with some

indurated pieces; some lenses
of shale.

30

35 Stop drilling at 35'
not much water
accumulates.

4- D-19

- . . . . . . .



RADIAN Sheet 2 of 2
* 6OMPMOOM Log of Drilling Operations

Boring or Well No. 2B Project Tinker AFB IRP Phase IIB
*Location Zone 2. south of Landf ill 5 Beginning 20 November 1983 and end
*Log Recorded By L.N. French 20 November 1983 of drilling operation

Sampling Interval (Estimated) vaibe (ft)
Type Drill Rig and Operator Failing 1250

Jim Uinnek, Inc.

Dept 0 ;26 Stratigraphy Remarks

40

Increasing silt content.

45 - .

Indurated sandstone at 48'. Slower drilling;
.. .. .. .. fewer cuttings

50 :.?.~::.;return to surface.
ruller blows out
water at 50'; rela-
tively low yield.
Increased water at
52.5'.

*55 END OF BORING -55'.

D- 20
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F-7

[,-" ADIANSheet - of.
RADIN Log of Drilling Operations

Boring or Well No. 3A Project Tinker AFB IRP Phase IIB
Location Zone No. 3 Beginning 21 November 1983 -nd end
Log Recorded By Rick Belan 21 Novemher 1983 of drilling operation

Sampling Interval (Estimated) 5 (ft)
Type Drill Rig and Operator Mobile B-50

Bobby Holland/Jim Winnek, Inc.

Depth . 6 0 ea
(ft) 4 z E E- Stratigraphy Remarks

()cc
F
I CLAY, fill, brown, sandy.
L LCLAY, fill, sandy, gray, soft,
L slight odor.

3Aa SS CLAY, brown & red, hard, dry. BC* 14/30/33.

- 10 3Ab SS CLAY, red (brighter), hard, dry. BC 28/55/92

Shale, bright red, hard, dry.
TD-Augered to refusA.
Open hole dry 11/28/13.

15

20

25

*BC-Denotes split-spoon blow Open hole grouted
counts each 6" with standard using 3/4" tremie
140 lb. weight. pipe 11/30/83.

D-21



RADIANSheet 1 of1
COMPOWT1014Log of Drilling Operations

Boring or Well No. 3A (A) Project Tinker AFB IRP Phase IIB
Location Zone N. 3 Beginning 29 November 19983 and end
Log Recorded By Rick Belan - 9 Novpmber 1983 -of drilling operation

Sampling Interval (Estimated) 5 (f t)
Type Drill Rig and Operator Mobile B-5O

Don Clernents/Jin Winnek, Inc.

Depth 4 00 6 a)4)0
(ft 0 ZE-06 E y Stratigraphy Remarks

- F CLAY FILL, red.

LL 3Aa(A) SS WASTE/CLAY FILL, dark grayish BC*=2/5/10
red, soft, water, odor. TD

5 CLAY (fill?)

* 10

* 15
11/30/83
Water level in open
hole @ 1.5' BGL.

20

25

* 30

*BC-Denotes split-spoon blow Open hole grouted

35 counts each 6" with standard using 3/4" tremie
140 lb. weight. pipe 11/30/83.

D- 22
-Lo- -



Sheet 1 of 1
RADIAN
CORPORATION Log of Drilling O perations

Boring or Well No. 3B and 3B(A) Project Tinker AFB IRP Phase IIB
Location Zone No. Beginning 22 November 1983 and end

Log Recorded By Rick Belan 22 November 1983 of drilling operation
Sampling Interval (Estimated) 5 (ft)
Type Drill Rig and Operator Mobile B-50

Bobby Holland/Jim Winnek, Inc.

Depth CL 'q
D. e p E - - Stratigraphy Remarks

(ft) 4M 0

F FIFILL CLAY FILL, sandy, reddish brown.

CLAY 'ILL, gray brown, soft.

3Ba SS CLAY, red, hard, dry. BC*=6/16/27, partial
5 -recovery.

3Bb SS CLAY, rust red, hard, dry. BC=30/47/72

10 Hollow stem auger-
ing very difficult.

3Bc SS SHALE, red, hard, dry. BC=38/I00 for 3".

15
Moved forward to
location 3B(A)/
switched to solid

3Bd SS SHALE, dark red, hard, dry. stem augers. BC=

* 20 _40/100 for 2".

3Be SS SHALE, dark red, hard, dry. BC=47/I00 for 5".
TD

25

Both open holes dry
11/28/83.

*BC-Denotes split-spoon blow Open holes grouted
counts each 6" with standard using 3/4" tremie
140 lb. weight. pipe 11/30/83.

D-23 -I,
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RADIAN Sheet . of'
=''°'"'°"O Log of Drilling Operations

Boring or Well No. 3C Project Tinker AFB IRP Phase jiB
Location Zone No. 3 Beginning 22 November 1983 and end
Log Recorded By Rick Belan 22 November 1983 of drilling operation

Sampling Interval (Estimated) 5 (ft)
Type Drill Rig and Operator Mobile B-50

Bobby Holland/Jim Winnek, Inc.

U 0 0
Depth 0. " Rer

ca o E -y- K E Stratigraphy Remarks(ft) (a > ccc
Uf) I- C

F
I CLAY FILL, brown.

L

L 3Ca SS WASTE/CLAY FILL, sandy, dark BC*=8/6/12.

5 5 gray, plastic, wet, odor-

3Cb SS CLAY, dark rust red, hard, dry. BC=30/70/100 for 4".
10 SHALE. TD

15 11/28/83
Water level in open
hole @ 1.2' BGL,
grab sample pH=

-- 7.57 (12/7/ 3)

Cond=7.4xl0 pmhos /
cm @ 250C.
(12/7/83)

*BC-Denotes split-spoon blow Open hole grouted
counts each 6" with standard using 3/4" tremie
140 lb. weight. pipe 11/30/83.

D2



RADIAN Sheet 1 of
=°""'"°"O Log of Drilling Operations

Boring or Well No. 3D Project Tinker AFB IRP Phase IIB

Location Zone No. 3 Beginning 22 November 1983 and end
Log Recorded By Rick Belan 22 November 1983 of drilling operation

Sampling Interval (Estimated) 5 (ft)

Type Drill Rig and Operator Mobile B-50

Bobby Holland/Jim Winnek, Inc.

Depth = to . 0
(ft) 00 z E- Stratigraphy Remarks
f) MFI

S LL

3Da SS CLAY (fill?), dark reddish brown, *BC=14/30/08.
5 -hard, dry, no odor.

5

3Db SS SHALE (?) and sandstone, dark BC=60 for 5".
reddish brown, hard, dry. TD

10

15

11/28/83 Water level

in open hole @
20 _7.7' BGL.

25

*BC-Denotes split-spoon blow Open hole grouted

counts each 6" with standard using 3/4" tremie
140 lb. weight. pipe, 11/30/83.

D-25
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RADIAN Sheet I of 2

COMP"°ATI°" Log of Drilling Operations

Boring or Well No. 3E Project Tinker AFB IRP Phase IB
Location Zone 3, southwest of IWP 3 Beginning 22 November 1983 and end
Log Recorded By L.N. French 22 November 1983 of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1250

Jim Winnek, Inc.

Depth to 6 "L CL-
Deth o E Stratigraphy Remarks

(f)U/ ; N/A grab CLAY, dark brown, grading to

t dis- red-brown at depth, moist,
charge plastic, organic matter near

r surface; some silt with zones
of fine sand and sandstone frag-

5ments.

SHALE/SILTSTONE, red-brown, dry, Driller noticed
friable, soft; some fine to "ammonia" odor at
coarse sand in thin zones. 8'; stopped drilling-

air tests negative.

--- Easy drilling from15 -------- -- 10-20'.

20

25

30 SANDSTONE, white-light gray,
... friable with some indurated

fragments, dry; some thin shale

layers/lenses from 32-42'.

35 - ..

Grades to soft, red-brown sand- D-26
0- stone.

" " "" ' ,.. ' 'i ., - " ' " '- - - " " - " ' " '" " * -- - - ---'" " ' " • " ." . ' " " " " " ' " "



RADIAN Sheet 2 of 2
=0"M"TI" Log of Drilling Operations

Boring or Well No. 3E Project Tinker AFB IRP Phase lIb

Location Zone 3. southwest of IWP 3 Beginning 22 November 1983 and end

Log Recorded By L.N. French 22 November 1983 of drilling operation
Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Failing 1250

Jim Winnek, Inc.

U

Deth 0 E. - E-x Stratigraphy Remarks

Occasional indurated sandstone
fragments, increasing moisture

at 43'.

45

Grades from red to pink-white
sandstone from 46 to 50'.

50

55 Abrupt change in color; red-

brown sandstone (partially

indurated).

SHALE, red-brown, soft, slightly

60 moist; some. fine sand.

SANDSTONE, red-brown (mottled), Driller reports
- ........ fine-medium grained, some SHALE small amounts of

fragments, moist. water at 63 and 68'

65 few cuttings.

7O - Pause in drilling;

water recovers 3-4'
in borehole, but at

a slow rate.
No cuttings returne

75* from 71-80'.

80- END OF BORING -80'. D-27

80-" .". -. J . - - . .. - " " . . ,. . . , ,. , - . . - . - . . ,



RADIAN Sheet 1 of 1
RADIAN, Log of Drilling Operations

Boring or Well No. 3F Project Tinker AFB IRP Phase IIB

Location Zone No. 3 Beginning 23 November 1983 and end

, Log Recorded By Rick Belan 23 November 1983 of drilling operation
Sampling Interval (Estimated) NXA (ft)

Type Drill Rig and Operator Failing-1250
Don Clements/Jim Winnek, Inc.

Depth a 
RemarWs

(ft) E -E E Stratigraphy Remarks

0 4 3/4" test hole

w/air rotary rig;
completed 11/29/83

CLAY, redas a monitor well
CLAY, red, moist. w/6 3/4" bit.

5

No direct evidence

of ground water.

10

SHALE, silty to sandy, red, dry.

15

SANDSTONE, white.

20

SHALE, sandy, red, hard, dry.

25

30 TD
11/28/83 W.L. in
open hole @ 16.3'

BGL, bailed;next
day W.L. back to

' 35 \16' BGL, grab sam-
ple from 11/28/83.
pH=7.10 (12/7/83).
Cond=910 pmhos/cm @

-258C (12/7/83).
-

D-28

........................................-....................-.... ...........- -. ..." ........".-.'.....................................-."... . .%
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RADIANSheet 1 of1
Log of Drilling Operations

*Boring or Well No. 3F (A) Project Tinker AFB IRP Phase TIB
Location Zone No. 3 Beginning 29 November 1983 and end

*Log Recorded By Rick Belan 29 November 1983 of drilling operation
Sampling Interval (Estimated) 5 (ft)
Type Drill Rig and Operator oieBS

Don Clemnents/Jim Winnek, Inc.

-H 0

Dept 0 Y KEY Stratiraph Remarks
(f t) 04 M~u 0 E p

'LL

3Fa(A) SS CLAY, fill & waste(?), reddish *BC=8/13/83.
brown.

*3Fb(A) SS CLAY, rust red, sandy, hard, dry *BC=27/5O/80.

3Fc(A) SS CLAY, rust red, sandy, hard, dry. TD

* 10

15

* 20

* 25

30

*BC-Denotes split-spoon blow Open hole grouted
counts each 6" with standard using 3/4" tremie
140 lb. weight pipe 11/30/83.

* 35

D-29
- - - -



Sheet I of 2

Sil A,,iO B NLog of Drilling Operations
' 4A

Boring or Well No. 4A Project Tinker AFB IRP Phase IIB

Location Zone 4, Ind. Waste Pit 1 Beginning 10 February 1984 and end
Log Recorded By L.N. French 10 February 1984 of drilling operation

Sampling Interval (Estimated) as appropriate (ft)
Type Drill Rig and Operator Failing 1500;

Jim Winnek, Inc.

UH 0 0 C S
Depth 0 ) E - Stratigraphy Remarks

(ft) to 023 " E L -
a cc C-

Grab @ CLAY, medium brown, plastic,
dis- moist, some silt with organic
charge fragments; grades to red-brown

clay with decreasing organic
material.

SHALE, red, dry, uniform texture;
some silt and fine sand.

*10

15 Thin sandstone strata at 15 ft.
and 17 ft.

SANDSTONE, white, fine to medium
20 - grained, quartz and feldspar

... grains, slightly moist. White
sandstone grades to orange
silty sand.

25

Thin lenses of shale.30---... ......

35 Indurated sandstone. Rig vibration at
- 34 ft.

Increasing moisture, silt

, K. i ~ content.
- '::. '.'-:-"D- 30



RA IA I het2 of 2
COMPIATIONLog of Drilling Operations

-Boring or Well No. 4A Project Tinker AFB IRP Phase IIB
-Location Zone 4, Ind. Waste Pit 1 Beginning 10 February 1984 and end
* Log Recorded By L .N. French I10 F~briiji-y 1 9R - of drilling operation

Sampling Interval (Estimated) as aonrooriate (ft)
Type Drill Rig and Operator Failing 15~001

Jim Winnek, Inc.

Depth RemarksL
(ft) -9 Stratigraphy

- - Poorly consolidated sand, with Few cuttings returne
shale fragments. below 40 ft. due to

water. Water level
- after drilling

. ..... ... measured at 39' 8 -"
45-- below land surface.

* 50_

End of boring -51 ft.

55-

h.7

D- 31
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RADIAN Sheet 1of1
C P"VIONLog of Drilling Operations

Boring or Well No. 4B Project Tinker AFB IRP Phase IIB

Location 125'W. 100'S of 0.0 Beginning 8 February 19R4 and end
Log Recorded By L.N. French 9 February 1984 -of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Mobile B-5O,

_________Jim Winnek, Inc.

Deth Z . d E E 1 Stratigraphy Remarks

2/5/11 4B.4 SS CLAY, dark brown with isolated Samples (4B.4-6)
2/3/4 4B.5 SS zones of light brown-gray silt, collected in shalloT
3/5/8 4B.6 55 soft, plastic, roots. Grades to borehole n,5 ft.

mottled-red clay at 4 - ft. south of deeper

5-- 5/13/ 4B.1 SS Clay becomes red, decreasing smls

moisture.

* 029/61/ 4B.2 SS SHALE, red, hard, massive.

100

15- Driller notes "soft
- layer" at 15 ft.

20- 100 4B.3 55 End of boring -20 ft.
(3 in

25-

30-

* 35-

40 -- D- 32 P

*S split spoon.



RADIAN Sheet 1 of
k , COR04"IAVION Log of Drilling Operations

*" Boring or Well No. 4C Project Tinker AFB IRP Phase IIB
Location 175'E and 200'S of 0,0 Beginning 9 February 1984 and end
Log Recorded By L.N. French 9 February 1984 of drilling operation

Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Mobile B-50;

Jim Winnek, Inc.

Depth E - Stratigraphy Remarks
(ft) z ,- OcJ -- i. I--

1/3/7 4C.1 SS CLAY, brown to red, mottled, Continuous sampling
3/8/7 4C.2 SS roots; with variable amounts of to 4 1/2 ft.

silt, sand, and gravel. Gravel
/1 4clasts up to 1-inch in size.

/7/13 4C.3 SS

4C.4 Auger Grades to medium brown silt, with
return some sand and gravel.

4/10/13 4C.5 SS

12/25/ 4C.6 SS Clay grades to red, plastic, with
15- 43 small organic fragments; little

silt, slightly moist.

22/42/ 4C.7 SS SHALE, reddish-brown, blocky tex-

63 ture, massive; some silt20--
(4")

- 51/51/ 4C.8 SS Shale mixed with sandstone; white,
25 - (3") fine-grained.

- End of boring - 24 ft.

30--

35--

40 D-33

*S- split spoon.



RADIAN Sheet 1 of 1
="""°"@ Log of Drilling Operations

Boring or Well No. 4D Project Tinker AFB IRP Phase TIB

Location 100'N and 125'W of 0,0 Beginning 9 February 1984 and end

Log Recorded By L.N. French 9 February 1984 of drilling operation
Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Mobil B-SO;
Jim Winnek, Inc.

Depth0 .
eth - E c Stratigraphy Remarks

- 2/6/8 4D.1 SS CLAY, medium-dark brown to red, Continuous sampling
3/4/7 4D.2 SS moist, plastic; some silt, roots. to 4 1/2 ft.

Charred framents (wood?) in thin
black layer at I ft. Asphalt and

/ 4gravel from 2-4 ft., underlain
58/4/4 4D.3 SS by red clay.

13/27/ 4D.4 SS Clay becomes reddish brown,

- 43 moist, uniform texture.

Decreasing moisture.
26/70/ 4D.5 SS SHALE, red, hard, dry.

8515--

20 32/79 4D.6 SS Hard drilling below- End of boring - 22 ft. 20 ft.; no progress
past 22 ft.

25--

30--

35--

D-34
- split spoon

i < : m AA; . L.A - .--. v*.. ; . . * . - . -. i .
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RADIAN Sheet 1 of 1

Log of Drilling Operations

Boring or Well No. 4E Project Tinker AFB IRP Phase IIB

Location 200'E and 175'S of 0,0 Beginning 10 February 1984 and end

Log Recorded By 10 February 1984 of drilling operation

Sampling Interval (Estimated) variable (ft)

Type Drill Rig and Operator Mobile B-50:
Jim Winnek, Inc.

Depth E Stratigraphy Remarks
(ft) z 0 to~ > c

2/3/7 4E.1 SS CLAY, brown, abundant roots; Continuous sampling
3/3/4 4E.2 SS underlain by red-brown plastic to 4 ft.

clay with some silt, trace fine
gravel and coarse sand. Fine

/9/16 4E.3 Ss grained light brown-gray sand @
5_ 4 ft.; some organic debris and

coarse gravel.

5/11/ 4E.4 SS Medium brown clay grades to red
10__ 15 clay.

15/35/ SHALE, red-brown, hard, few
15 37 sandstone clasts.

- End of boring -18 ft. Driller reports
- tough drilling at

20-- 18 ft.; probably
- sandstone.

25--

-.

D-35

*SS - split spoon.

.... ... ... ... ... ... ... .... ... ... ... ... ... ... .. .... ... ... ... ... ... ... ... .... ... ... ... ... ... ... ... .... ... ... ... ... ... ... ...



RADIAN Sheet 1 of
Log of Drilling Operations

Boring or Well No. 4F Project Tinker AFB IRP Phase IIB
Location 100'S of 0.0 Beginning 10 February 1984 and end

* Log Recorded By L.N. French 10 February 1984 of drilling operation
Sampling Interval (Estimated) variable (ft)
Type Drill Rig and Operator Mobile R-50:

Jim Winnek, Inc.
[] ' I ' I,-,

(t . c : z E, -9 E pJ Stratigraphy Remarks
t '"' On)I- 1-C 1

.0 -

2/3/4 4F.1 SS CLAY, red-brown mottled, moist, Continuous sampling
2/3/5 4F.2 ss plastic, abundant organic materia to 4 ft.

(roots); much silt with some
zones of fine sand. Black silt

5/9/9 4F.3 SS (char or sludge?) in 6 in. layer
5-- at 2 ft.

7/17/ 4F.4 SS SHALE, red, hard, abundant black
10 27 (organic?) partings.

36/69 4F.5 Ss Occasional fine-coarse gravel.

15-

- 43/68 4F.6 55 End of boring -20 ft. Auger refused.
20-a for 5"

* 25-
NOTE: After completion of 4F,

rig was moved east 5 ft.
to auger an 8 ft. bore-
hole 4G.

* 30-

35

40 D-36

" *SS - split spoon.

".'."v .i : " -: ""'.-. ' ... ' " -'. . 'i -:' . . ... ''.'. ,V -''-. .......... , .... ' .''''.'. 'V - '. .L '-'." ' . '



RADIAN Sheet 1 Of 1
COM"MTIONLog of Drilling Operations

Boring or Well No. 4 C Project Tinker AFB IRP Phase TIB
Location- 100' S. of 0.0 Beginning 10 February 1984 -and end
Log Recorded By L.N. French 10 February 1984 of drilling operation

Sampling Interval (Estimated) variable _(ft)
Type Drill Rig and Operator Mobile B-50.

Jin 11innek, Inc.

Det E d L E. Stratigraphy Remarks

No log, same as 4F.

5

* 10

15

* 20

* 25

30

* 35

0a
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k

Well Completion Logs

D-39

S00 0'k.



TABLE D-1. SPECIFICATION SHEET FOR GRAVEL PACK USED

Typical Grading Effective Size (mm) Uniformity

Screen Average Range Average Range Coefficient

6 0% 0 1.25 1.18-1.30 1.53
8 3.7% 2.1-5.1

10 22.9% 18.0-25.6
12 51.4% 45.6-62.3
14 72.8% 66.5-79.0
16 94.6% 89.8-99.4
20 98.4% 96.0-99.9

25 98.6% 96.5-99.9

L

D-41



RADIAN
C=Mon..,,° Well Completion Log: Sheet 112

Boring or Well No. 1A Project Tinker AFB IRP Phase iB

Location Zone No. 1, west of Patrol Rd. Log Recorded ByLN " French
and Landfill I

Construction started 11/11/83 completed 11/11/83

Development started 11/14/83 completed 11/14/83

Total depth drilled (ft) 35

Hole diameter 6 3/4 in.

Drilling method Air rotary

Problems encountered during drilling None

Water - urce for drilling and completion procedures N/A

Number and type of samples collected Samples collected from discharge; not retained.

Samc ,terval (ft-ft) Variable
Stora -nethod(s) N/A

Casir-: ,/pe PVC Schedule 80 Diameter 4 in.

De;::n of casing (ft) 0-25 ft.

Screen type PVC Schedule 80 Diameter 4 in.

Slot size Screen interval (ft-ft) 25-35 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used 8-12 sand

Amount of gravel pack used (see next page)

Grain size distribution of gravel pack see specification sheet

Lithology of gravel pack Quartz, trace rock fragments

Source (company and quarryipit) Arkhola Sand & Gravel, Fort Smith, Arkansas

Interval of gravel pack (ft-ft) 24-35 ft.

- Interval of bentonite seal (ft-ft) 22-24 ft.

Interval of grouting (ft-ft) 0-22 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 Location of key(s)

D-42



CORPOATIONWell Completion Log: Sheet 212

Boring or Well No. 1A Project Tinker AFB IRP Phase 1IB

Location- Zone No.', west of Patrol Rd. Log Recorded By -L.N. French
_____________________ and Landfill 1

* ~Construction Schematic __________________________________

(ft)- Static level oftwater before est. 8' 7" (ft)* and
-after 8'9 3/4~" (ft)* development

-Development started 11/14/83
11148Development ended 1/48

5- -6 Quantity of water discharged during developmrent 15ga.(s)

Ce Type, size/capacity of pump or bailer used for development
* Air lift at variable rate.

Z

SDepth of open hole inside well____________________
0 ______________________________________

10Before development -(ft)-
After development (ft)-

0

-PVC Grout 0i
Casing

15 ________ Development Record
Clait an Oor Lithology ano 2 1.2

0 Time Color ot of Prhnizo CemaduCRemoved tivityDischarge Discharge Sediment

915 Cloudy; None Trace "--- Film" on

* 0red-brown fine sand surface of
200

soesl ae

Bet-1030 Clear- None No sedi- - -- Very little
nit trace ment "im

Sie 4 cloudy

*25-

Gravel e
Pack Z

r 4=

* 30 PVC

ftsings

35--

1=0

0

40--

vi

1, U P s -iiosttemmclAayi fEuvin

2. Mesrmns1 etknCdo 0miueitrasdrn eoom

1 45f~sressn tot ad tnthsD-4



=.nV ,AT1084 Well Completion Log: Sheet 112

Boring or Wel I No. 1B Project Tinker AFB IRP Phase iB

Location Zone No. 1, south of Landfill 4 Log Recorded By L N " French

Construction started 11/15/83 completed 11/15/83

Development started 11/16/83 completed 11/16/83

Total depth drilled (ft) 81 ft.

Hole diameter 6 7/8 in.

Drilling -ethod Air rotary

Proble - - encountered during drilling None

Wate .rce for drilling and completion procedures N/A

Numcr- and type of samples collected Samples collected from discharge; not retained.

Samp: iterval (ft-ft) Variable

Stora.. -.iethod(s) N/A

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-65 ft.

Screen type PVC Schedule 80 Diameter 4 in.

Slot size 0.010 Screen interval (ft-ft) 6575 ft.
Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used 8-12 sand
Amount of gravel pack used (see next page)

Grain size distribution of gravel pack See specification sheet

Lithology of gravel pack Quartz, trace rock fragments
Source (company and quarry/pit) Arkhola Sand & Gravel, Fort Smith, Arkansas

Interval of gravel pack (ft-ft) 62-80 ft.

Interval of bentonite seal (ft-ft) 60-62 ft.

Interval of grouting (ft-ft) 0-60 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 Location of key(s)

D-44
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RADIANRADA°N" Well Completion Log: Sheet 212

p Boring or Well No. 1B P,'oject Tinker AFB IRP Phase IIB

Location Zone No. 1. south of Landfill 4 Log Recorded By L.N. French

"Construction Schematic

(ft')" Static level of water before 49'10' (ft)" and
after 50'8 3/4" (ft)° development

Development started 11/16/83
- Development ended 11/16/83

10- - Quantity of water discharged during development 90 gal. est.

r - Type, sizeicapacity of pump or bailer used for development
- Air lift at variable rate.

_ . Depth of open hole inside well
20_

Before development (ft)"
4" After development (ft).

PVC
Casing ,

30-2 _Development Record30--
'. =Litmoiogy and 2 1,2

.-o Clarity and Odor
Time oloro Of IGrain Size of Conduc- ea~

Discharge Discharge Removed h tivity
,______ Sediment

7:30 Turbid; None Silt, som .. .. Slight "film'

red- fine sand on water
40-" Grout 0 brown surface

8:45 Cloudy; None Trace .. .. Slight film
red- silt
brown--

5 10:15 Slightly None No sedi- .. .. light film

0 cloudy ment

60-- - Bento-i
- nite =

4" Grave
70_PVC Pack

creeS

- E

S 80-

o 1. Use EPA 120 1-MefloosforChemicat Analysisor Equivalent
2. Measurements to be akden o and on 30 minute intervals during development

90 (Exaess in feet and tentrs o D-45
90=



SADoIAN Well Completion Log: Sheet 112

Boring or Well No. iC Project Tinker AFB IRP Phase IIB

Location Zone No. 1, west of Landfill 4 Log Recorded By L 'N French

Construction started 11/17/83 completed 11/17/83

Development started 11/18/83 completed 11/18/83

Total depth drilled (ft) 55 ft.

Hole diameter 6 7/8 in.

Drillin g method Air rotary

Problems encountered during drilling None

Wate,- .2urce for drilling and completion procedures N/A

Number and type of samples collected Samples collected from discharge; not retained.

Samole interval (ft-ft) Variable
Storage method(s) N/A

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-45 ft.

Screen type PVC Schedule 80 Diameter 4 in.

Slot size 0.010 Screen interval (ft-ft) 45-55 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used 8-12 sand
Amount of gravel pack used (see next pag
Grain size distribution of gravel pack see snecification sheet

Lithologyof gravel pack Quartz, few rock fragments

Source (company and quarry/pit) Arkhola Sand & Gravel, Fort Smith, Arkansas

Interval of gravel pack (ft.ft) 38-55 ft.

Interval of bentonite seal (ft.ft) 36-38 ft.

Interval of grouting (ft-ft) 0-36 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No P Location of key(s)

~D-46
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ -4 _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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RADIAN
COMPONT9084Well Completion Log: Sheet 212

Boring or Well No. iC Project Tinker AFB ERP Phase TIB

Location Zone No. 1, west of landf ill Log Recorded By L.N. French

Construction Schemati __________________C________________

Static level of water before___________________ (ft)* and
after (ft)* development

Development started 11/18/83
Development ended 11/18/83

10_ 2 Quantity of water discharged during developm-ent

41 Type, size/capacity of pump or baiter used for development
- Air lift with variable discharge.

_PVC Grout
Casing

SDepth of open hole inside well________________________
2._______________________________20Before development (ft)-

After development (ft)

________ ________ Development Record30-
o J ~~Clarity and Odor Lbhlgan 2

Time Color of of Grain Size of P Conduc- RemarktsIRemoved tivityDischarge Discharge Sdmn _______

V _intonitt 11:30 Turbid, Slight Silt S--- mall yield;
40red- hydrocar- oticeable

brown bon? firn on
water

Grve

Grvla 12:00 Cloudy, No odor Silt
Pack ~rd

0 brown
* 50- a

- PV 02 12:45 -1:45 -- Bieak for m eting witt Base )fficials.

asing C
3:00 Slightly Slight No sedi- - -- Film visibl4

cloudy hydrocar- ment on water

60faint bon
brown

70-

0

80- a

U usie EPA 120.1 Meitods tor Chornwwe Analysis or Equivealent
2. Measuremrents to be taken Of ind on 30 minute intervals during oevefoclment

* 90 tExoress in feet and tertnt D

%..................................... .. . .. .. .. .. .. .....
.-. %*



COMPRAI,AN Well Completion Log: Sheet 112

Boring or Well No. 2A Project Tinker AFB IRP Phase liB

Location Zone No. 2, south of Landfill 6 Log Recorded ByLN " French

Construction started 11/18/83 completed 11/18/83

Development started completed

Total depth drilled (ft) 45.5 ft.

Hole diameter 6 7/8 in.

Drilling method Air rotary

Problems encountered during drilling- None

Water source for drilling and completion procedures N/A

Number and type of samples collected Samples collected from discharge; not retained.

Sample interval (ft-ft) Variable

Storage method(s) N/A

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-35.5 ft.

Screen type PVC Schedule 80 Diameter 4 in.

Slot size 0.010 Screen interval (ft-ft) 35.5-45.5 ft.
Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used R-12 Rand
Amount of gravci pack used (see next page)

Grain size distribution of gravel pack see specification sheet

* Lithology of gravel pack Quartz, few rock fragments

Source (company and quarry/pit) Arkhola Sand & Gravel, Fort Smith, Arkansas

Interval of gravel pack (ft-ft) 34-45.5 ft.

Interval of bentonite seal (ft-ft) 32-34 ft.

Interval of grouting (ft.ft) 0-32 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. Location of key(s)

D-48
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RAIDIAN
C ORA ION Well Completion Log: Sheet 212

Boring or Well No. 2A Project Tinker AFB IRP Phase lIB

Location Zone No. 2, south of Landfill 6 Log Recorded By L.N. French

K Construction Schematic
(f Static level of water before approx. 37 ft. (ft)* and

after 37.5 ft. (ft)* development

- Development started 21 November 1983
Development ended 21 November 1983

0 Quantity of water discharged during development air lift

- Type, size/capacity of pump or bailer used for development

Z-4"1

_PVC Grout r_
S 10 PaVin Gru z Depth of open hole inside well 45.5 feetC0_asing =

0 Before development (ft)"
After development (ft)-

20 ______ Development Record20 - - Lithoogy and 1,2
Clarity and Odor 2

Time Color of of GrainSizeof Conduc- RemarKs-- -Removed Ph vwty
Discharge Discharge

1 1l:45a Slightly Slight Little Flow less

e (1 hr. cloudy odor silt than 1 gpm.
30 - after

onite start)

selC1 :O0P Slightly -- Little Very low
a cloudy silt, yield; well

_PVC Gavel N a fine pumped dry
sand & allowed

R to recover

%. 2:30p Slightly - Trace

- cloudy silt

50

% 60

06

- A

70 C

-u

1 Use EPA 20 1.Methods for Cern cl AnIdlySIS Of EQuvalent
2. Measuremenhs tO 00 taken Of Ind an 30 minute inteiss during osetogment

80.. . ... s.. .s .... ,..... ..o. D-.49



RADIAN
CORORATION Well Completion Log: Sheet 1/2

Boring orWell No. 2B Project Tinker AFB IRP Phase IIB

Location Zone No. 2, south of Landfill 5 LogRecorded ByL.N. French

Construction started 11/20/83 completed 11/20/83

Development started 11/21/83 completed 11/22/83

Total depth drilled (ft) 55

Hole diameter 6 3/4"

Drilling method Air rotary

Problems encountered during drilling None

Water source for drilling and completion procedures N/A

Number and type of samples collected Samples collected from discharge; not retained.

Sample interval (ft-ft) Variable

* Storage method(s) N/A

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-45

• Screen type PVC Schedule 80 Diameter 4 in.

Slot size 0.010 Screen interval (ft-ft) 45-55

* Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used 8-12 sand

Amount of gravel pack used (see next page)

* Grain size distribution of gravel pack see snecification sheet

" Lithology of gravel pack Quartz, trace rock fragments

Source (company and quarry/pit) Arkhola Sand & Gravel, Fort Smith. Arkansas

Interval of gravel pack (ft-ft) 40-55 ft.

Intei 31 of bentonite seal (ft-ft) 38-40 ft.

Interval of grouting (ft-ft) 0-38 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

- Padlock ID No. P5 Location of key(s)

D-50
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': RADIAN
oWPoNADIN Well Completion Log: Sheet 212

Boring or Well No. 2B Project Tinker AFB IRP Phase IIB
Location Zone No. 2, south of Landfill 5 Log Recorded ByFrench

Construction Schematic

(ft) Static level of water before 37 ft. (ft)* and

after 34 ft. (ft)° development
Development started 21 November 1983

Development ended 21 November 1983

0- 2 Quantity of water discharged during development

- Z Type, sizelcapacity of pump or bailer used for development Air lift

-4"1
PVC

10 Pn ; Depth of open hole inside well 54 ft.0_, asing i

d Before development (ft)-
After development (ft)-

0

01
M

Grout ! Development Record20--
Clarty and Odor Lithology and 2 1,2

Time Color of of Grain Size of Conduc- RemarKs
Discharge Discharge Ra ieno t tivity____________________ Sediment________

11/21/83 Turbid, lery Silt Very low

3:00 red- slight yield,<l

brown. oily" gpm (pump
-dor, @ 15 min.
slight intervals)

0 film.- V
V a

- 5:00 Cloudy, Same. Silt Stop for day
- Bento-4- = - Bet°1 light red-

40 nite = ligtn.Q. brown.
seal a

CF
2 11/22/83 Cloudy, Same. Less silt

4" 7:00 light red-
PVC Gravelf _ brown.

50 sing Pack 8:30 Less Less silt Rain; move
8: LsL

cloudy, to next sitE

0 C

60-

0"-
--

-C
---

tj I Us* EPA 120 1 Metlods o .... *C - lysisorEquiaiiont
2. Measurements tloa taken 0 and on 30 mliute interva ls during oevelooment

tEvomss in twat and t ,ins o D- 51
t
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RAIDIAN
COORATION Well Completion Log: Sheet 112

Boring or Well No. 3E Project Tinker AFB IRP Phase lIB

Location Zone No. 3, southwest of IWP2 Log Recorded ByL.N. French

Construction started 11/22/83 completed 11/22/83

Development started 11/23/83 completed

Total depth drilled (ft) 80 ft.

Hole diameter 6 3/4 in.

Drilling method Air rotary

Problems encountered during drilling None

Water source for drilling and completion procedures N/A

Num-3r and type of samples collected Samples collected from discharge; not retained.

Sarncie interval (ft-ft) Variable

Stor:.;e method(s) N/A

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-4.5 ft.

Screen type PVC Schedule 80 Diameter 4 in.

Slot size 0.010 Screen interval (ft-ft) 64.5-74.5 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used 8-12 sand

Amount of gravel pack used (see next page)

Grain size distribution of gravel pack see specification sheet

Lithology of gravel pack Quartz, trace rock fragments

Source (company and quarry/pit) Arkhola Sand & Gravel, Fort Smith, Arkansas

Interval of gravel pack (ft-ft) 64-75.5 ft.
Interval of bentonite seal (ft-ft) 62-64 ft.

Interval of grouting (ft-ft) 0-62 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 Location of key(s)

D- 52- -_-_-_-_-_-_-_-_--_-_-_-_-_._._._._.. . .
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RADIANWell Completion Log: Sheet 212

Boring or Well No. 3E Project Tinker AFB IRP Phase IIR

Location Zone No. 3, southwest of 1W? 2 Log Recorded By L.N. French

Construction Schematic
(ft)- Static level of water before 60.0 (tt)* and

-after (ft)* development
- Development started 23 November 1983

! Development ended 28 November 1983

0_ e Quantity of water discharged during development
-0 Type, size/capacity of pump or bailer used for development

Air lift

10 Depth of open hole inside well 5 t
Before development OfW

-41After development (ft)-
Grout 5

_PVC (
Casing

202 Development Record
Ciaritynd Odor Lithology ana d,

C Time Color of of Reoed h Codc RemarksGRai e o f tivityDischarge Discharge Sediment _______

8:40a Reddish- -- Silt, - -- Very low

30 brown, some fine yield (.25
cloudy sadgpm)

9:30a Cloudy Trace - -

CE silt

*4Continued development unti mid-day; resumild dev lopment
a and completed on 28 Novenber.

0

50-0

0i

Bentonitei K

411 -
CC

*PVC Gravel
70. asing Pack

I UseEPA 120 1Met1MosforC-- . ay,~~uvgn
2. MeasueMeOntS t0 be taken Of ind on 30 minute intervals outing coeiooment

(Exotess in feet and tentis of D-53



RADIAN=----A-..N Well Completion Log: Sheet 1/2

Boring or Well No. 3F Project Tinker AFB IRP 212-027-04

Location Zone No. 3 Log Recorded By Rick Belan

C r o a 23 November 1983 29 November 1983• ,Construction started completed

Development started completed

Total depth drilled (ft) 30.4

Hole diameter 6 1/4-inch: 4 3/4-inch test hole 11/23/83

Drilling method Air rotary (Failing #1250)

Problems encountered during drilling None

Water source for drilling and completion procedures Base potable suoly, and distilled
water for hydrating -1/2 gal. bentonite pellets.

Number and type of samples collected None.

Sample interval (ft-ft) --

Storage method(s)

Casing type Robintech 2" PVC Sch. 80 Diameter 2-inch

Depth of casing (ft) 30.4

Screen type Robintech 2" PVC Sch. 80 Diameter 2-inch

Slot size 0.01"xl 5/16"@&u270 slots/ft. Screen interval (ft-ft)* 15.4-30.4

Type(s) of glue used to join casing None--threaded flush joint couplings.

- Type of gravel pack used #8-12 sand

Amount of gravel pack used ^.28 gallons.

Grain size distribution of gravel pack see .specification sheet

Lithology of gravel pack 92% silica, n,5% alumina, .3% potassium oxide,

Source(company and quarry/pit)r k hola sand & gravel, Ft. Smith, Arkansas.

Interval of gravel pack (ft.ft) 14-33.4

Interval of bentonite seal (ft-ft) 13-14 (pellets): 12-13 (hydrated pellets)

Interval of grouting (ft-ft) 0-12

Description ofsecuritymeasures 8" diameter steel puard pipe and 3 protective posts set in
Portland cement grout; locking cap and steel padlock.

NOTE: Final M.P. is top of 2" PVC = 2.9' AGL.

-. Padlock ID No. FE 1206 Location of key(s)

.D-54



Well Completion Log: Sheet 212

Boring or Well No. 3F Project Tinker AFB IRP 212-027-04

Location Zone No. 3 Log Recorded By Rick Belan

Construction Schematic

(f)Static level of water before 16. 3 BGL (ft)* and

after (ft)* development
Development started

S Development ended___________________________________

5-- Quantity of water discharged during developmrent

Grut rype, sizelcapacity of pump or bailer used for development

tasing ~' Depth of open hole inside well
10 Before development 304(ft)-

After development (ft)-

Bent?
nite Development Record

Clarity and Odor GrinoSozeanf j 2 1,2
C Time Color of of GRaemovedf Ph condu RemarKs

Discharge Discharge Sedimen

- Formatior was low poducer ani the moni or we 1 was completed
20- dry. Fuz ther devel pment occ irred duni g grot nd-waler sampling.

Sand ~C
PVC C0

Screen

25--

CL

30-
CC

0=
00

E

35-
C:

o E

SI
I s P 2 1M tosfr , lissorEuvln

2.Maueet ob ale fadoo0mnt ntrasdrn eeomn
hAoesi elan eti fD 5

*45 1



r

RADIAN
CORPORATION Well Completion Log: Sheet 112

Boring or Well No. 3G Project Tinker AFB IRP Phase lIB

Location Zone No. 3 Log Recorded ByL.N. French

Construction started 13 February 1984 completed 13 February 1984

Development started completed

Total depth drilled (ft) 8 ft.

Hole diameter 6 inches

Drilling method Hollow-stem auger

Problems encountered during drilling None

, Water source for drilling and completion procedures None

Number and type of samples collected No samples at 3G; refer to geologic log of Well 3C

(adjacent to 3G)

Sample interval (ft-ft) N/A

Storage method(s) N/A

Casing type PVC Schedule 40 Diameter 2-inch

Depth of casing (ft) 3 ft.

Screen type PVC Schedule 40 Diameter 2-inch

Slot size 0.010 inch Screen interval (ft-ft) 3 ft.-8 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used

Amount of gravel pack used (see next page)

Grain size distribution of gravel pack N/A

Lithology of gravel pack Silica, trace rock fragments.
Source (company and quarry/pit) Local source.

Interval of gravel pack (ft-ft) 2 ft.-8 ft.
Interval of bentonite seal (ft-ft) 1 1/2 ft.-2 ft.

Interval of grouting (ft-ft) 0-1 1/2 ft.

Description of security measures 8-in. steel protertive casing and lid; secured bv padlock.

Padlock ID No. P5 Location of key(s)
D-56
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RADIAN
CORPOATIONWell Completion Log: Sheet 212

Boring or Well No. 3G Project Tinker AFB IRP Phase IIB

Location- Zone No. 3 Log Recorded By L.N. French

* ~Construction Schematic __________________________________

*(f t) Static level of water before_____________________ (ft)* and

P after (ft)* development
- Development started

- T Development ended

Gro PVCuantity of water discharged during developrent

Bentone CPasing I Type, size/capacity of pump or bailer used for development
Submersible pump

Gravl ~ Depth of open hole inside well 8 ft.
Before development (ft)-

.§re31 After development OWt

C

10 Clarty and Development Record*
Odor fLithology ana 2 1.2

OC Time Color of of Raemoveod Ph onc RemarKS
Discharge Discharge j h tivity

15 *Well developed ty purging for sample colle-tion. Ve~v

low production iate noted.
2

CL

0E

CC s P 2 -erno o m- -'^ l rEuvln

2.MnoO~f ob ae aC2o 3 iueitrasdrn etomn
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(xpes i fetan tnis f e -5
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RAIACOUPO.ATIN Well Completion Log: Sheet 112

Boring or Well No. 4A Project Tinker AFB IRP Phase lIB

Location Zone No. 3 Log Recorded ByL.N " French

Construction started 11 February 1984 completed 13 February 1984

Development started 12 February 1984 completed 12 February 1984

Total depth drilled (ft) 51 ft.

Hole diameter 7 in.

Drilling method Air rotary

Problems encountered during drilling None

Water source for drilling and completion procedures None required.

Number and type of samples collected

Sample interval (ft-ft)
Storage method(s)

Casing type PVC Schedule 80 Diameter 4 in.

Depth of casing (ft) 0-41 ft.

Screen type PVC Schedule 80 Diameter 4 in.
Slot size 0.010-inch Screen interval (ft-ft) 41 ft.-51 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used --

Amount of gravel pack used (see next page)

Grain size distribution of gravel pack N/A

Lithology of gravel pack Silica, some rock fragments

Source (company and quarry/pit) Local source

Interval of gravel pack (ft-ft) 39 ft.-51 ft.
Interval of bentonite seal (ft-ft) 38 ft.-39 ft.

Interval of grouting (ft-ft) 0-38 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 Location of key(s)
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RADIAN
OORADION Well Completion Log: Sheet 2/2

Boring or Well No. 4A Project Tinker AFB IRP Phase liB

Location Zone No. 4 Log Recorded By L.N. French

Construction Schematic

(i) - Static level of water before 39.75 ft. (ft)* and
- after 39.5 ft. (ft)* development
- Development started 12 February 1984

- Development ended 12 February 1984

0 - Quantity of water discharged during development
- Type, size/capacity of pump or bailer used for development

Air lift.

- Depth of open hole inside well 51 ft.

- 10 -- Before development (ft)

After development ft)
-4"
-PVC

V

-asing 2_ _Development Record20,
- Clarityand Odor Lithoiogyano 2 1,2

Time Color o of Grain Size of Conduc- RemarKsJ Removed Ph tivity
Grout Discharge Discharge Sediment

~10:30a Reddish- None silt, no .. .. Low yield;
- brown, sand pump inter-

30 " turbid mittently

- ll:30a Reddish- -- Silt .. ..
brown,

Bentonitf very
i9 -cloudy

40- a
- S 12:00 Light -- Trace .. ..

Gr-a4v cbrown, silt
PVC Gravel = cloudy
Scree Pack -

50 - 'Ol:00p Slightly -- ery .. ..

cloudy little
t silt

oE

1.~ Use EPA 120.1.MlnooforC- alysis of Euivalent
2. MOSSUISMe OA1 Mie taken b and000 30 Olinuto intervais during oe,.ioom"9nt

E-oessinfe: and enin, D-59



COPORAI-N Well Completion Log: Sheet 112

Boring or Weli No. 4F Project Tinker AFB IRP Phase IIB

Location Zone No. 4 Log Recorded ByL.N. French

Construction started 10 February 1984 completed 10 February 1984

Development started -- completed

Total depth drilled (ft) 19.5 ft.

Hole diameter 6 in.

Drilling method Hollow-stem auger

Problems encountered during drilling None

Water source for drilling and completion procedures None

Number and type of samples collected Six split-spoon samples

Sample interval (ft-ft) 5 ft. (continuous from surface to 4.5 ft.)

Storage method(s) Quart glass jars with Teflon@ lined lids; samples held at ambient tem-

perature except for analytical samples.

Casing type PVC Schedule 40 Diameter 2 in.

Depth of casing(ft) 0-5.75 ft.

Screen type PVC Schedule 40 Diameter 2 in.

Slot size 0.010 in. Screen interval(ft-ft) 5.75 ft-15.75 ft.

Type(s) of glue used to join casing N/A; threaded casing

Type of gravel pack used --

. Amount of gravel pack used (see next page)

Grain size distribution of gravel pack N/A

Lithology of gravel pack Si[lica. some rock fragments

Source (company and quarry/pit) local source

Interval of gravel pack (ft-ft) 4.75 ft.-15.75 ft.

Interval of bentonite seal (ft-ft) 3.75 ft.-4.75 ft.

Interval of grouting (ft-ft) 0-3.75 ft.

Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 ' -',tion of key(s)
D-60
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RADIAN Well Completion Log: Sheet 212

Boring or Well No. 4F Project Tinker AFB IRP Phase TIB

Location Zone No. 4 Log Recorded By L.N. French

Construction Schematic __________________________________

()-Static level of water before -- (ft)' and
after -- (ft)- development -

Development started
I Development ended

0 CL Quantity of water discharged during developmrent -

2"11 Type, sizelcapacity of pump or bailer used for development -

PVC Grout
-asing

5ntoniteo Depth of open hole inside well 19.5 ft.
Before development (ft)-
After development (ft)-

10 ~ rvlcaiyad Development Record
Odr Lithology ana 2 1,

PCZClry ad Oor Grain Size of Conduc- RmrtDishage Removed ttvttyDshrDischarge Sediment________

15 Well was dry; completed to sere as a c mpari on to adjacent
Wel4G.

CM

C
0

200

02

Us.

EP 2 itosOn hS~lAayiso luvln

I Us eme t 1 0 e Itos Mei. C mi a nd or 3 Miuteintevl urndvlom t

E.ss in feland tar D61
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RADIAN
CORORADION Well Completion Log: Sheet 112

Boring or Well No. 4G Project Tinker AFB IRP Phase lIB

Location Zone No. 4 Log Recorded ByLN " French

Construction started 12 February 1984 completed 12 February 1984

Development started 14 February 1984 completed 14 February 1984

Total depth drilled (ft) 8 ft.

Hole diameter 6 in.

Drilling method Hollow-stem auger

Problems encountered during drilling None

Water source for drilling and completion procedures None

Number andtypeofsamplescollected None; refer to log of adjacent Well 4F.

Sample interval (ft-ft) --

Storage method(s)

Casing type PVC Schedule 40 Diameter 2 in.

Depth of casing (ft) 0-3 ft.

Screen type PVC Schedule 40 Diameter 2 in.

Slot size 0.010 in. Screen interval (ft-ft) 3 ft.8 ft.
Type(s) of glue used to join casing N/A; threaded casing

-. Type of gravel pack used --

Amount of gravel pack used (see next page)
Grain size distribution of gravel pack N/A

Lithology of gravel pack Silica, some rock fragments
Source (company and quarry/pit) Local source

. Interval of gravel pack (ft.ft) 2 ft.-8 ft.
Interval of bentonite seal (ft.ft) 1.5 ft-2 ft.

Interval of grouting (ft.ft) 0-1.5 ft.

• Description of security measures 8-in. steel protective casing and lid; secured by padlock.

Padlock ID No. P5 Location of key(s)

D-62
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•RADIAN Well Completion Log: Sheet 212

Boring or Well No 4G Project Tinker AFB IRP Phase IIB

Location Zone No. 4 Log Recorded By L.N. French

Construction Schematic _

(ft) Static level of water before approx. 1 ft. (ft)* and

after 1.5 ft. (ft)* development
Development started 14 February 1984

- Development ended 14 February 1984

0.- 2 Quantity of water discharged during development --Grout CL

Got Type, size/capacity of pump or bailer used for development
Bentoni:te

PVC

Easing
"2" Depth of open hole inside well 8 ft.

-PVC Gravel Before development (ft)-
-Scree Pack After development (ft)

0

C 0

1_,___ Development Record

Clarity and Odor Lithology ana 2 1,2
[ Time Color of of GrainPSizeo Conduc. RemarKsRemoved Ph tivity"_ __ _ Discharge Discharge Sediment

-0

15- *Well de reloped by bailing aE part of turging opera ion

before ;ampling.
_0

C,

CL

CF

2

0

- _2

0 E

-. Use EPA 120A.Mothods bor - sofEQuvalent
2. Measure1Me'1"ntl to be taen of -6 id on 30 minute intervals Outing OeveooI'efit

(Express in feet andtenuis of D-
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APPENDIX E

Raw Field Data
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RADIAN CALCULATION SHEET
COUPORATION CALC. NO. --

SIGNATURF R. A. Belan RAB DATE 11/22/83 CHECKED -- DATE 11/22/83

PROJECT Tinker Air Force Base, IRP Phase liB JOBNO. 212-027-04

SUBJECT Sample Log - Zone 3 Soils SHEET_ __ OF SHEETS

Sample Sample
Number Type Depth Date Sample Comment

3Aa Soil (3.5-4.5) 11/21/83 SS For Chem. Analysis

3Ab Soil (8.5-10.0) '11/21/83 SS For Chem. Analysis

3Ba Soil (3.5-3.7) 11/22/83 SS

3Bb Soil (8.0-9.5) 11/22/83 SS For Chem. Analysis

3Bc Soil (13.0-14.1) 11/22/83 SS

3Bd Soil (18.0-14.1) 11/22/83 SS For Chem. Analysis

3Ca Waste? (3.0-4.4) 11/22/83 SS For Chem. Analysis

3Cb Soil (8.0-9.4) 11/22/83 SS For Chem. Analysis

3Da Soil (3.0-4.5) 11/22/83 SS

3Db Soil (8.0-8.5) 11/22/83 SS

3A(Spec) Waste? - 11/22/83 Grab

3Be Soil (20.5-21.5) 11/22/83 SS For Chem. Analysis

3Fa(Alt) Waste? (2.5-3.8) 11/29/83 SS

3Fb (Alt) Waste? (4.5-4.8) 11/29/83 SS For Chem. Analysis

3Fe (Alt) Soil (5.4-5.8) 11/29/83 SS For Chem. Analysis

3Aa (Alt) Waste/soil (2.5-3.8) 11/29/83 SS For Chem. Analysis

3C- Water Open hole 11/28/83 Bail Cond-74,000; pH 7.6

3F- Water Open hole 11/28/83 Bail Cond-910; pH 7.1

3PVC PVC Casing 11/30/83 N/A Section of new 2" PVC casing

E-3
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RADIAN
CORPORATION CALC. NO.

SIGNATURF L.N. French DATE CHECKED DATE-

PROJECT Tinker Air Force Base, IRP Phase 1IB JOBNO. 212-027-04

SUBJECT Samnle Lo1 SHEET OF SHEETS

Sample Sample
Number Type Depth (ft) Date Sample Comment

4B.1 Soil 5-6.5 2/8/84 SS

4B.2 Shale 10-11.5 2/8/84 SS

4B.3 Shale 18-19.5 2/9/84 SS

* 4B.4 Soil 0-1.5 2/9/84 SS

4B.5 Soil 1.5-3 2/9/84 SS For Chem. Analysis

4B.6 Soil 3-4.5 2/9/84 SS For Chem. Analysis

4C.1 Soil 0-1.5 2/9/84 SS
4C.2 Soil 1.5-3 2/9/84 SS

4C.3 Fill 3-4.5 2/9/84 SS

4C.4 Fill 6 2/9/84 Grab
4C.5 Soil 8.5-10 2/9/84 SS For Chem. Analysis

4C.6 Soil 13.5-15 2/9/84 SS

4C.7 Shale 18.5-20 2/9/84 SS

* 4C.8 Shale/Sand. 23.5-25 2/9/84 SS

4D.1 Fill 0-1.5 2/9/84 SS

* 4D.2 Fill 1.5-3 2/9/84 SS For Chem. Analysis

4D.3 Fill 3-4.5 2/9/84 SS

4D.4 Soil 8-9.5 2/9/84 SS

4D.5 Shale 13-14.5 2/9/84 SS

4D.6 Shale 18-19.5 2/9/84 SS
4E.1 Soil 0-1.5 2/10/84 SS

4E.2 Fill 1.5-3 2/10/84 SS For Chem. Analysis
4E.3 Fill 3-4.5 2/10/84 SS For Chem. Analysis

4E.4 Soil 8-9.5 2/10/84 SS For Chem. Analysis

4E.5 Shale 13-14.5 2/10/84 SS For Chem. Analysis

4F.1 Soil 0-1.5 2/10/84 SS

4F.2 Fill 1.5-3 2/10/84 SS For Chem. Analysis

4F.3 Fill 3-4.5 2/10/84 SS For Chem. Analysis

4F.4 Shale 8-9.5 2/10/84 SS
4F.5 Shale 13-14.5 2/10/84 SS

4F.6 Shale 18-19.5 2/10/84 SS

E-4 -



RADIAN CALCULATION SHEET
CORPORATION CALC. NO.

SIGNATURE F.B.. Blood/K.A. FerlandDATE CHECKED DATE

PROJECT Tinker Air Force Base, IRP Phase IIB JOB NO. 212-027-04

Sample Log - Zones 1-4
SUBJECT SHEET_ OF SHEETS

Depth Depth
Well to to Stickup Field Field Temp.

Number Water Bottom (inches pH Cond. ("C) Sampler iComments

1A 14'8" 41'2" 36" 2/13/84 6.5 1100 22 FBB/KAF[

IB 52'4 " 78'6" 31" 2/13/84 7.1 600 24

IC 40'!" 58'1" 35" 2/14/84 6.8 650 17

4A l',8" 52'6" 26 " 2/14/84 7.3 900 16

4F Dry 18'8" 29 " 2/14/84

4G 3'5" 10'2" 23 " 2/15/84 7.0 1200 14

2/16/84 8.0 600 12 " j Took many trips
to fill bottles -

slow recovery

3E 62'1 " 77'1" 31 2/15/84 i 6.5 400 16

3G 6 28 2/15/84 8.0 4000 11 " Took several trips
to fill bottles -

13 3' 3slow recovery
3F 1312;" 33'7 " 391 2/15/84 7.0 600

2A 39'2" 48'5 " 32 2/15/84 6.5 650 17

1 32'1" 42'10 " 34 2/15/84 6.5 600 15 " Well 1 pumped dry
at night (2/14)
sampled next morn-
ing

2 1l'7 " 42'7 " 35 2/15/84 6.5 900 , Wells 2-7 pumped
dry 2/15 - samplec

following day,
2/16

3 7'7" 34'4" 31 2/15/84 6.5 850 - "

4 6'1 11" 40'3 " 39 2/15/84 7.0 1000 14

5 8'6" 32'3" 35 2/15/84 6.8 750 13

2B 46'10 " 58'1" 31 2/15/84 6.8 800 18 " Pumped 3 pore vol-
umes, following

I day 1 pore volume
I and sampled

6 7'11" 32'3" 35 2/15/84 7.0 700 15I
7 14'10 " 25'81" 32 2/15/84 7.0 600 19

8 20'2" 22'11" 30 2/16/84i NOT MSASURED " Pumped dry in a.m
Pond - - 1 I had not recovered-i6.0 190 100 1in p.m. - 5 hours

Sample collected

3/26 -DLRSE- 5I



RADIAN CALCULATION SHEET
CORPORATION CALC. NO.

K. A. Ferland_______
SIGNATURE DATE CHECKED DATE_

PROJECT Tinker Air Force Base, IRP Phase hiB JOB NO. 212-027-04

Sample Log - Zone 5, Base Water Supply Wells 1 1
SUBJECT SHEET_ OF SHEETS

Field Field

Sample Well Date Field Cond. Temp.
Number Number Sampled pH (umhos) (OF) Sampler Comments

TS-001 1 2/9/84 6.8 200 54 KAF

002 2 2/9/84 7.0 225 60 "

- 3 OUT OF SERVICE

004 4 2/9/84 6.5 240 58 of

005 5 2/9/84 7.0 210 60 "

006 6 OUT OF SERVICE

007 7 OUT OF SERVICE

- 8 OUT OF SERVICE

009 9 2/8/84 7.4 200 50 Ran 5 mins. only

- 10 PLUGGED MD ABANIONED

011 11 2/8/84 7.0 240 58 " Ran 30 mins.

- 12 OUT OF SERVICE

013 13 2/8/84 6.6 250 62 "

014 14 2/8/84 7.0 270 60 "

015 15 2/8/84 6.6 270 60 Duplicate samples

016 16 2/8/84 6.6 290 60 "

- 17 OUT OF SERVICE

018 18 2/9/84 6.5 430 66 " Ran 5 mins. only

018r 18 2/17/84 6.5 550 61 " Ran 5 mins. only

(resample)

019 19 2/9/84 6.1 260 64 " Ran 5 mins. only

019r 19 2/17/84 6.0 300 58 Ran 5 mins. only
(resample)

020 20 2/8/84 6.8 260 50 Duplicate samples

021 21 2/7/84 7.1 260 b

022 22 2/7/84 7.0 250 64

023 23 2/7/84 5.5 190 60

024 24 2/9/84 6.5 275 64 Air in discharge

025 25 2/7/84 6.9 270 60 Air in discharge

026 26 2/7/84 5.9 250 60 ,Duplicate samples

027 27 2/7/84 6.5 220 66

028 28 OUT OF S4RVICE E-c



RADIAN
C CALC. NO.

SIGNATURE W. M. Little DATE 3/6/84 CHECKED DATE
#%TinkerAirForceBase, _______Phase_________

PROJECT iIP Phase -iB JOBNO. 212-027-04

SUBJECT Sample LoR - Well 18 Test Pump SHEET_ OF SHEETS

Sample Sample
Number Type Location Date Sampler Comment

Time after pump on - 0806 hrs

T6-001 Groundwater Well 18 5 Mar 84 WML 10 mins. 0816

2 " " " 20 0826

3 " " " " 30 0836

4 " " " " 45 0851

5 it" 1:00 hr 0906

5 1 " " " 1:15 0921

7 " " " " 1:35 0941

8 2:00 1006

9 2:30 1036

10 " 3:00 1106

" 11 3:35 1140

12 4:15 1220

13 5:00 1305

14 6:00 1405

15 " " 7:00 1505

16 8:10 1615

17 9:35 1740

18 " 11:00 1905

19 " 13:00 2105

20 " 16:00 2400

21 7:00 (625 sample)

% T6-022 Mar 84 Trip Blanks

E-7,
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DEPARTMENT OF THE AIR FORCE
USAF HOSPITAL. TINKER (AFLC)

TINKER AIR FORCE EASE. OKLAHOMA 73145

• , O 29 MAR 1984
AN On SGB

Monitoring Well Elevations

*ro, Radian Corporation
*P.O.Box 9948

Austin,TX 78766
Attn: William Little

1. Well elevations measured by 2854 CES in support of Phase II of Tinker AFB

Installation Restoration Program are provided per your request:

Well Elevation(ft)

1 1219.16
- 2 1222.09

3 1223.37
4 1225.10
5 1227.78
6 1243.63
7 1247.63

11 1241.82
IA 1223.09
IB 1256.03
1C 1242.49

2. Well head or floor elevations are enclosed as attachment one for the base's
drinking water wells.

3. If this is insufficient data please feel free to contact me at
(405-734-7844).

DARREL R. COEONEL, Capt, USAF, BSC 1 Attachment
Bioenvironmental Egineering Div Water Level Data

E-8
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APPENDIX F

Sampling and Analytical Procedures
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Field Procedures
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RADIAN

QUALITY ASSURANCE

The bulk of the field sampling procedures were presented in Section

3.0 of the report. The purpose of this Appendix Section is to describe the

quality control and quality assurance aspects of the field program.

Many of the traditional quality assurance techniques (duplicate or

spiked samples, for instance) are designed to test instrument or analyst per-

formance and do not address the needs of a field program of monitoring well

installation. In lieu of such techniques, field practices are built around

a principal of "do it right the first time", and procedures are developed to

insure this. The three main elements of the field QA program are:

0 Record-keeping;

0 Peer review; and

0 Technical staff management review.

Eash is discussed below.

Record-Keeping

Each supervising geologist kept field notes as the coring and well

installation activities progressed. In addition, the drilling subcontractor's

* team chief also kept field notes. These two sets of notes were compared to

develop the logs of drilling activities shown in Appendix D. Discrepancies

were resolved by reference to the geologic samples collected.

Ground-water samples were collected in accordance with a written

list. The servicing laboratory prepared sample containers and provided them

to the field team, who were working from the same list. After the samples

were logged into the laboratory, the log-in sheets were compared against the

original analytical schedule. All samples were shipped or hand-carried to

the laboratory, accompanied by chain-of-custody forms (Appendix G).

F-5
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RADIAN

Peer Review

Each of the supervising geologists served overlapping tours of duty

*' in the field. This provided all with the opportunity to participate in broad

portions of the study, rather than focusing on a single zone. Each person

overlapped with his successor to insure a smooth transition. Once the field

effort was concluded, the supervising geologists were assigned to write up

separate zones. These writing assignments provided for close coordination

with other members of the field team, so that observations during drilling

and sampling were incorporated into the text. After the drilling logs and

report text were prepared, they were reviewed for completeness and accuracy

by other members of the field team. Thus, each portion of the report was

subjected to peer review before entering the formal review process.

Technical Staff Management Review

After the complete report was finalized by the Project Director,

it was formally reviewed by a senior member of Radian's technical staff

management. This review focused on quality of presentation and soundness of

discussion and recommendations.

FIELD EQUIPMENT CALIBRATION

This program utilized very little in the way of field instrumenta-

tion. The four items of equipment were:

* pH meter (Corning Model 610A with a combination electrode),

standardized daily against pH 7.00 and 10.00 or 4.00 buffers.

Conductivity meter (YSI Model 33), calibrated before deploy-

ment against an 800 vmho standard and daily internal cali-

bration check ("red line"):

F-6
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* RADIAN

" Water level probe (Soiltest Model 762A), no calibration

required; and

" Threshold Limit Value Detector - "TLV meter" (Bacharach

Model 23-7231), zeroed with organic-free air and spanned

with hexane standards. Not used for emissions level data

determinations, but only for field drilling safety.

F- 7
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Laboratory Quality Assurance Program
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Quality Assurance/ Quality Control
Program

for
Radian Analytical Services
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THE QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

FOR RADIAN ANALYTICAL SERVICES

Radian Analytical Services' (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 control. 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.

F- 13



RADIAN

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

Kthe results obtained for all samples.

Radian has organized the quality assurance function within the

company to allow complete independence of program review. Radian's 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 immediate 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 QA/QC 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:

0 Monitor QA/QC within RAS laboratories,

0 Supervise the preparation of blind audit samples,

1. F-14
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RADIAN

* inform the Director of RAS and the corporate QA Director of

quality assurance problems,

0 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 particular 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 activities

include the following:

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

* 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,

F-15
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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

Radian Analytical Services has developed and implemented quality

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

laboratory quality control program provides an effective and efficient laboratory

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 control

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,

0 sample handling and control,

* laboratory facilities and equipment,

0 calibration and standards,

* data handling and documentation,

* quality control check samples,

The general approach to quality control in each of these areas

is discussed in the remainder of this section.

F-16
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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,

0 perform 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 Number

Date of Employment

Laboratory Orientation:

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

* The RAS laboratory Standard Operating Procedures have

been read and understood.

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.

Instrument Employee Lab Mgr. Date Instrument Employee Lab Mgr. Date

Figure 2-1.

F-18
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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 training an employee
are:

0 Instruction by the Laboratory Manager on all aspects
of the analysis,

0 Observation of experienced operators/analysts,

0 Perform the analysis under supervision of the laboratory
manager,

0 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 perform 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 form 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:

0 method title,

9 scope of method,

* summary of interferences, and applications,

* concentration ranges and detection limits,

* safety precautions,

* required equipment and materials,

0 standardization directions,

0 detailed analytical procedure,

. calculations, with examples,

• reporting method,

* precision and accuracy statement,

0 references.

*F-20
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2.3 Sample Control and Record Keeping

The Radian Analytical Services Sample 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

termiuals. 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 and 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 (SAM). 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 accommodate 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 Nova-IV computer with a 64K-byte

memory. It also includes a 65M-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.

F-21



RADIAN

SAM 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 SAM have six basic functions:

* sample receipts and logging,

0 sample storage and maintenance of sample integrity,

• laboratory status reporting,

0 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 of custody,

0 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

descriptions 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 LAS sample

control personnel.
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* All shipping containers and security seals, when appropriate,

are inspected for physical damage or evidence of tampering.

0 The samples are unpacked in the sample receiving area by the

RAS sample custodian. The method of shipment, shipping con-

tainer integrity, condition 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 documentation. 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.

0 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.

0 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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CHAIN OF CUSTODY RECORD

Field Sample No.

Company Sampled/Address
Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual Observations I Comments

Collector's Name Date/Time Sampled
Amount of Sample Collected

Sample Description
Store at: C Ambient 5C C -100C C Other

C Caution - No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions . Special Handling. Hazards

7 Hazardous sample (see below) C Non-hazardous sample

C Toxic C Skin irritant C Flammable (FPc 40C)
C Pyrophoric C Lachrymator C Shock sensitive
C Acidic C Biological C Carcinogenic- suspect
[ Caustic C Peroxide C Radioactive
C Other

Sample 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
Received By Date Received Time

Transported By Lab Sample No.
Comments
inclusive Dates of Possession

Figure 2-3. Chain or Custody Record
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Lab No.

Company Quoted $ Contact
Facility Sample $ Received

Misc $ Date Due

Rep Total $ Samples
Phone Inv by (CPR) Keep for

Report % Surcharge _ Keep til
to % Disc: All Disp (RD)

# Reports_ _ Invoices

Attn__ Work ID

Inv Taken

to Trans
Type

Condition

Attn Comment s:

P.O. #
Expires

Location:

Dash No. Sample Description Analysis Required QA

Figure 2-4. Sample Log Sheet
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0 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.

0 Following sample logging, the samples are placed in the desig-

nated locked storage area.

0 Subsequent sample custody is documented and all transactions

witnessed by sample control personnel.

0 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.

0 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.

*" The sample is returned to the designated storage location.

When requested, addition chain-of-custody documentation can be

provided using a SAM-generated document (Figure 2-6). This

document can be retained by sample 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 return the sample to

the client.
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* All documentation, including shipping documents, field sampling

documents, computer-generated log sheets, chain-of-custody

forms, laboratory data sheets, final computer reports, and other

documents, are maintained in the sample control area. All

reports are kept in locked filing cabinets. As with the sample

storage area, the document storage area is limited-access.

All storage areas are within the Sample Control Center and are

locked whe- not in use. Access to the storage area is limited to sample control

personnel or other RAS employees accompanied by sample control personnel. There

are four storage locations that are used depending on the sample and the required

analyses. They are:

* ambient storage for samples that do not require refrigeration,

* 4 C storage for most samples requiring water quality analysis

and extractable organics,

* 4°C storage for samples requiring volatile organic analysis, and

" -20°C storage for extracts and samples that require freezing.

A temperature log is maintained to monitor the cold storage facilities.

2.4 Laboratory Facilities and Equipment

A clean well-lighted, and well maintained laboratory is essential

for accurate analytical results. Each laboratory is well-lighted, air

conditioned and equipped with chemical fume hoods. Instrumentation that may

emit noxious odors is vented externally.
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Quality Control of Equipment and Supplies

Each laboratory QC program includes detailed requirements for

equipment and supplies. Reagents, solvents, and standards with specific

levels of purity are used as specified by the analytical protocol. Specific

GC column materials, glassware and sample handling equipment are also specified.

The quality control procedures for equipment and supplies generally include

the following items:

0 operator checklists for required supplies,

* documentation and reporting of all deviations from specified

instrument performance,

0 procedures for testing for purity of reagents,

0 tolerances for calibrated glassware where applicable,

0 monitoring of refrigerated storage space,

0 maintenance logbooks,

* service contracts on analytical instrumentation.

Quality control procedures during sample preparation include the

preparation of reagent or solvent blanks. Additional quality control

techniques implemented in sample preparation include:

0 deionized water piped into all laboratories, monitored daily,

0 purchasing high purity distilled-in-glass solvents in large

quantities from a single lot,
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* use of Ultrex acids in trace metal digestion,

* cleaning of organic glassware with chromic acid or firing in

a kiln at 4500 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 control 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 given 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 and 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 general 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 glassware, 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 GC/MS volatile organic analysis with high

levels for any of the pollutants. Ten percent of the samples from a
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given sample batch are spiked with a known standard. Spike recovery data

are calculated to determine matrix interference.

Precision

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 misidentification problems in the GC 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 program.

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 instrument's 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 the 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 timely in order for feed-

* back to occur. Daily reporting to laboratory managers is mandatory. Forms

.- are designed to organize the QC data in a clear and logical manner, and to

simplify calculations. Control charts are another excellent tool for summarizing

quality control test results.

As part of Radian's QA audit program 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, NBS

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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Standard No. QAS

QA type

Prep date Prepared by Verified by

Standard source

Sample matrix

Parameters

Preparation method Final vol

Figure 3-1. Standards preparation logbook
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QS Prep method (con't)

Cal culIations

Sample Distribution

Date SAM No. Client Remarks

Figure --. (Cont.)
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0 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 Alert Form" (Figure3-2).

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
FT-or A water amrions __ C OP _

Form B water herEicide _

metals __

Form C water __EPA 601 __624 _

metals _ 602 __625 _

organics -
B/N __ Acids __ A/N _

TOC __ TOX __MS VOA __ GC VOA _

Matrix requirements: PCB______________________________

* ~Concentration requirements: _________________________

Special Standards/Instructions Individual Parameters

* Date __________ Mgr _______________

Figure 3 -24 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

-m

Figure 3-3. Monthly QA Report
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3.1 Data Review and Validation

All analysis results are entered into the SAM 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,

the results of the QA audit samples are compared to the certified values.

These results are plotted on control charts. Separate control charts are

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

SST = 100 x certified value
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Figure 3-5. Control Chart
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Percent recovery of spikes in samples (Psp):

-j

analyzed value - background value
spike

From a set of analyses, the average percent recovery (7):

n

P Pii=l

n

The standard deviation for percent recovery (SR):

1 ('1 ?
n-i

The upper and lower control limits are therefore

UCL = P + 3SR
LCL P -Z

An analysis is out of control when either of the two conditions apply:

1) Any results outside the control limits

2) 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 to 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

concentratica 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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Multiple of detection limit (DL)

Figure 3-6. Relationsbip between Detection Limit and Precision
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3.3 Concurrent Review

Upon review of analytical results of QA audit samples, the OA

Coordinator will schedule a meeting with the laboratory manager if there

are any tests out of control 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.

0 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 committment to a quality analytical laboratory.
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RADIAN CHAIN OF CUSTODY RECORD

FIELD SAMPLE No. a .A-

* ComPMIy SAmPLED/ADDRESS _1 4- A 56 ee!C ' )'~

SAMPLE POINT DEsCRiPTioN (T // -*'-7

STREAM CHARACTERISTICS:

TEMPERATURE __FLOW __H

VISUAL 0SSERVATIONS/COMMENTS , ' i,_ . '--.,i /.... A . .

COLLECTORS NAME Ml /2~ DATE/T IME SAMPLED /2/ /Z Z~/ 2~

AMIOUNT oF SMPL CoucTED a' !!t h
SAPLE DESCRIPTION-(~jTAm9 r

STORE AT: 11 AMBIENT ] 5'C - C Q] OTHER_

-]CAUTION - NO MORE SAMPL . Ik RETURN ALL PORTIONS RETURN UNUSED PORTION OF SAMPLE

OTHER INSTRUCTIONS " SPECIAL HANDLING - HAZARDS _/ .J' 4/ - 7g 'e - 4X

IXHAZARDOUS SAPEC]~'~J 1  NON-HAZARDOUS SAMPLE

ToxIc SKIN IRRITANT FLmAaU.E (FP 40*C

PYROPHORIC - Q LACHRYMATOR ,SOCK SENSITIVE

Sr-P ACIDIC BIOLOGICAL 7 CRCINOGENIC - SUSPECT

CAUSTIC PEROXIDE RADIOACTIVE

OTHER

SAmplE ALLpwT m / iN.LF PaSSEssI :

ORGANIZAT ION NAME c k- ILd.&C_,. A. _ _

*RECEIVED BY i~C-kA l -51:2z . L.......tATE RECEIVL,.)

LAB SAMPLE No. __COMENTS

INCLUSIVE DATES OF POSSESSION .

* ORGANIZATION NAME

RECEIVED BY _ _ _ __ _ DATE RECEIVED

LAB SAMPLE NJo. ±. COMENTS

INCLUSIVE DATES OF POSSESSION

ORGANIZATION NAME

RECEIVED BY DATE RECEIVED

LAB SAMPLE NO. COMMENTS

INCLUSIVE DATES OF POSSESSION
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RADIAN
COlgHWAVIOU CHAIN OF CUSTODY RECORD

FIELD SAMPLE No. ---- "

COMPANY SNwLED/ADoRESS / 4 K7 ~
SAMPLE POINT DESCRIPTION T~!i Avpt ~~~ ~/j

Fw CAe-4'-f'4 i"'- "" 774 4 / k
STREAM CHARACTERISTICS:

TEMPERATURE ..1__-----. _FLOW _-'---"PH

VISUAL. OBSERVATIONS/COMMENTS ,I , ZaAd7 /i4.

COLLECTOR'S NME~l & te- 4d&Lo$M DATVM SAMPLED //A9t
AJIouNT OF SAMLE COLLECTED) aria- 4'z' ~t/AJ~
SAMPLE DESCRIPTION 0,

STORE AT: [ AMBIENT - 5C 5 -10C KTHER I(C-PD
CAUTION - No MORE SAMPLE AVAILALE [] RETURN ALL PORTIONS ,,RETURN UNUSED PORTION OF SAMPLE

OTHER INSTRUCTIONS - SPECIAL HANDLING - HAZARDS

HAZAROUS SAMPLE (SEE BELOW) fl NON-HAZARDOUS SAMPLE

*l5 TOXIC 5 SKIN IRRITANT FLAMMABLE (FP 4OC)

5 PYROPHORIC L LACHRYMATOR 5 SIOCK SENSITIVE
*-5 ACIDIC 5 BIOLOGICAL - CARCINOGENIC - SUSPECT

*"5 CAUSTIC 5 PEROXIDE RADIOACTIVE

* ~~NOTHERLh A@ /

SMPLE ALLDAT OF OS SSION

ORGANIZATION NAME ZW

RECEIVED BY _____- wATE RECEIVE~j

LAB SAMPLE No. COMMENTS

INCLUSIVE DATES OF POSSESSION

ORGANIZATION NAME

RECEIVED BY DATE RECEIVED
LAB SAMPLE 1o. COMMENTS

INCLUSIVE DATES OF POSSESSION

* ~ORGANIZATION NAME _______________________ ______________

RECEIVED BY ___________________________ DATE RECEIVED__________

LAB SAMPLE NO. ___________________ COMMENTS___________________

* ~INCLUSIVE DATES OF POSSESSION____________________ _______________
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RADIAN CHAIN OF CUSTODY RECORD

FIL SAMPLE No. pv

*COMIPANY SAMPLED/ADDRESS r, n kr AF 4  6 / a A )f4.)
SAMqPLE POINT DESCRIPTION -gIG {z-gac~~e e4 arek h A7

STREAM CHARACTERISTICS:

TEMPERATURE ,/A FLOW _PH

VISUAL OBSERVATIONS/COMENTS __ .

COLLECTOR'S NAma kAick k LeAw DATE/TIME SAMPLED /i/' /9
AMuNT oF SAMPE COLLECTED ,. >/, -,--/

* SAMPLE DESCRIPTION D~A C £)VCj~ 44's -

STORE AT: N DMBIENT 5-C -10C %OTHER ",APED 1/ A/sl,&.V,,n P '/

CAUTION - NO MORE SAMPLE AVAILABLE (] RETURN ALL PORTIONS I/RETURN UNUSED PORTION OF SMPLE

" OTHER INSTRUCTIONS - SPECIAL HANDLING - HAZARDS A / A

- - HAZARDOUS SAMPLE (SEE BELOW) 'NON-HAZARDOUS SA1PLE

Toxic 3 SKIN IRRITANT FLAMABLE (FP 4'C)

PYROPHORIC - E LCHRYMATOR SOCrK SENSITIVE

ACIDIC BIOLOGICAL CARCINOGENIC - SUSPECT

' CAUSTIC PEROXIDE ,i RADIOACTIVE

E OTHER

SAMPLE ALLpcATtaN /CHAIN gE2Ejj=:

ORGANIZATION NAME If'-As

. RECEIVED BY -ATE ECEIVL /

* LA SAMPLE Nr  ft I COMMENTS

INCLUSIVE DATES OF POSSESSION

ORGANIZATION rAME

RECEIVED BY DATE RECEIVED

LAB SAMPLE No. COMMENTS

INCLUSIVE DATES OF POSSESSION

-" ORGANIZATION NAME

RECEIVED BY DATE RECEIVED

;7 LAB SAMPLE NO. COMMENTS

INCLUSIVE DATES OF POSSESSION
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RADIAN
CHAIN OF CUSTODY RECORD

Field Sample No. Lv!

Samp, Point Desciption 2 . ". ..

Stream Charactedstics:
Temperature _ Flow pH
Visual ObevedonslCmm ents

Collector's Name LA/ F-Xs-44,z Date/Tlme Sampled . , "*

Amount of Sample Collected i' )dA"'
Sample Description 7- '//

Storeat: O Ambient 0 5C X-10"C Other

A Caution No more sample available [ Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling. Hazards

Hazardous sample (see below) 0 Non.hazardoua sample

C Toxic 0 Skin litant 0 Flammable (FPC 406C)
o Pyrophoric 0 Lachrymator C Shock sensitive
o Acidic Biological C Carcinogenic suspect
0 Caustic CPeroxide ; Radioactive
o Other ( W 4d 7E P7'Ut, ~ r# rAe

Sample Allocation/C In otPoaselssi
Organization Name A M AW.49(VReceived By " / ,e Y I Data Reeived--"--- )'"Tie .O

Transported BV -LL i4 - LabSample No. 0

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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Company SampledlAddresField Sample No.

Sample Point Description f- e7,"e

Stream Characteristics:
Temperature . Flow pH
Visual Obsernations/Comments___

Collector's Name Z ' 1"(A ' Date/Time Sampled Z --- 4-
Amount of Sample Collectedi #9d,.At2
Sample Description
Store at: C Ambient 0 5*C .- 10C C3 Other

% Caution -No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions -Special Handling -Hazards

" Hazardous sample (see below) 0[ No-hazardous sample

1:C Toxic 0 Skin Irritant - Flammable (FPc 400C)
C Pyrophorlc C Lachrmator C Shock sensitive
C3 Acidic C3 Biological C Carcinogenic.- suspect

S 1 Caustic 0,, 1 C-' p'oxide fj [ Radioactive
S C Other " • -

Sample Allocation lCh In of Possession:
OrganIzation Name .
Received By Li ...tRed "" Time 11 -30
Transported B ________LabampleNo.________-
Comments
Inclusive Dates of Possession

Organization Name
Recelhed 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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RADgUIAN
COM!"MAION

CHAIN OF CUSTODY RECORD

Field Sample No.

Company Sampled /Address 7A A- 1  A F78
Sample Point Description

Stream Characterstls:
Temperature_ Flow pH
Visual Observations /Comments

Collector's Name t., i - t DateITime Sampled 2.- t
Amount of Sample Collected at- -. a 9 W4.
Sample Description(- U
Store at: 0 Amblent - 50C t - 106C 03 Other

kCaution -No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions -Special Handling - Hazards

KHazardous sample (sa below) C Non-ihmerdous sample

C Toxic - C Skin Irritant C3 Flammable (FP'C 40C)
C Pyrophouic C Lacrymator C3 Shock sensitive
C Acidic C3 Biological 0 Carcinogenic suspect

C caustic / - .Proxid. ,o Radloactive

C] Other!L C C 6UA f ffl't'yz4 J

Sample Allocation/Ch in f Posse .lo..

Organization Name Al h - Time q -3
Received By %,:mj Va, Date Received Tm

Comments
Inclusive Date* 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

Company Samped Address 411 Ail Sampl No b--
Sample Patnt Desciption

Stram Charanteristlcs:

Temperature__________ Flow _pH
Vial ObeervatlonslComments_______________________________

Collectors Name .A A4d- Date/ITime Sampled EY
Amount of Sample Collected_____________________________________
Sample Des riton - v A UStore at. 13Ambient 0 59C I-100C [3Other_ _____________

y Caution -No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling - Hazards______________________

VHazsrdous sample (see below) 0 Nonhmzrdous sample

C TOXIC C3 Skin Irritant [3 Flammable (FP'c 40C)
C Pyrophoric E3 Lachrymator C Shock sensitive
0 (Acidic C Biological C3 Carcinogenic - suspect
0 caustic C3 Peroxide i( Radioactive
C Other ~* ~IA~,~ & 14~

Sample Allocation IC in of Possiession- -

Organization Name

* TransportedLaSapeN.4
Comments
Inclusive Date* of possession___________________________

* Organization Name
Received By Date Received _______Time

Transported By_____________ Lab Sample No.________________
Comments
Inclusive Dates of Possesion _____________________________

* 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

Fild Sample No. 2

Company SampiedlAddrsso rkL" ,4F
Sample Point Description 2M -4 g7 ), 1

Stream Characteristics:
Temperature Flow PH
Visual ObsevatonsCommnts___________ _____________

Collector's Name L- AAI4 Date ITime Sampled ~O ~
Amount of Sample Collected i
Sample Description, Sq' U
Store at E-]Ambient 50C )L-106C COther_______________

SCaution -No more Sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling -Hazards______________________

Hazardous sample (see below) C Non-hazordous sample

C Toxic 03 Skin Irritant C Flammable (FP-C 406C)
C Pyrophoric 0 Lachrymator 03 Shock sensitive
C3 Acidic (C] Biological 13 Carcinogenic -suspect
0 Caustic N 0Peroxide ,0.'C Radioactive
C Other Ole.

Sample Allocation/lCh In, Possesslo -

Organization Name q P2

Received By Date Received.6 ____t__ Time______
Transported By_____________Lab SampleNo._________________
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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CORPORATION

CHAIN OF CUSTODY RECORD

Field Sample No.

Company Sampled IAddress 1.1.... AFA
Sample Point Description .

Stream Characteristics:
Temperature Flow pH
Visual Observations / Comments

Collector's Name LW r'-AAf Date/Time Sampled e -- /O 8 -
Amount of Sample Collecte Qd .i;g _
Sample Description
Store at: C Ambient 0 5C ..- 10C C ther

k Caution -No more sample available [ Return unused portion of sample C Discard unused portions

Other Instructions Special Handling • Hazards

Hazardous sample (see below) C Non.hazardous sample

C Toxic [] Skin irritant C1 Flammable (FP-c -40C)
C Pyraphodc J 1 Lachrymator C Shock sensitive
C C Acidic C Biological C Carcinogenic- suspect
C Caustic 0 Peroxide C Radiqactive
Z Other a;,&

Sample Allocation ICin of Possassin ,

Organization Name AA a
Received By C M U Date Received /9 Time L?
Transported B iU/1 C j Lab Sample No. '6L)9-, 7C&
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

G-11

"- , • . - ', . ,. .- . .' J. L ':"-- ;'.- . ., . "." -.' " . . . ..



RADIAN
* COW@.WAT@N

CHAIN OF CUSTODY RECORD

Field SampleNo4g,4

Company Sampled/Address 7%-~ A Ft6
Sample Point Description StlizFee L

Stream Characteristics:
Temperature__________ Flow PH

SVisual Observations /Comments___________________________

Collector's Name L.IJ A-j AC.. Date/Time Sampled 4p2 /0-
Amount of Sample Collected QjLa& :i-..
Sample Description U

* Store at: C Ambient Z3 50C 'K-I10C C Other_________________

Caution - No more sample available C Return unused portion of sample 0 Discard unused portions

* Other Instructions -Special Handling.- Hazards _________________________

Hazardous sample (see below) C Non-hazardous sample

C Toxic - Skin irritant C Flammable (FPc 400C)
2Pyrophoric C Lachrymator C Shock sensitive

* 2Acidic C Biological C Carcinogenic -suspect
2 Caustic C Peroxide 'C3 Radioactive

* 2Other Uac-4: 4,& 1WAw

Sample Allocation /C inof Possession.
Organization Name

Received By - Date Received a-11________-Time _____

Transported B __ _ _ _ _ _ _ _ _ _ _ __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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RADIANCOMEPOWEATION

CHAIN OF CUSTODY RECORD

Field Sample No. q i .

Company Sampled/Address 1?t4E RS.6
Sample Point Description -

Stream Characteristics:
Temperature Flow pH
Visual Observations/ Comments

Collector's Name -l 1.-A Date/Time Sampled 2--/0- 7c$
Amount of Sample Colletedt . ...- i

Sample Description U

Store at: C3 Ambient C 5°C % -10°C 0 Other

ACaution - No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions - Special Handling - Hazards

, Hazardous sample (see below) C Non-hazardous sample

C Toxic [ Skin irritant C Flammable (FPc 40*C)
C Pyrophorle C3 Lachrymator C Shock sensitive

C Acidic - Biological C Carcinogenic -suspect

1:~ Casi 0 Peroxide 1 Radioactive

Sample Allocation/C n Possessioor-n

Organization Name
Received By ___ _ Date Received _______.Time______

Transported By Lab Sample No. 924 _______

* Comments
Inclusive Dates of Possession

* Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments

* Inclusive Dates of Possession

G-13

7 - 7.* . * ", A..,m n , -.



RADIAN
- PUAOIf

CHAIN OF CUSTODY RECORD

Field Sample No.

Company Sampled / Address '1&i 4P 2

Sample Point Description 2 L

Stream Characteristics:
Temperature Flow pH
Visual ObservationsComments

Collector's Name 4..- A/ DateTme Sampled .2-/O--s
Amount of Sample Collected_ _ ___ _ _ _ _ _

Sample Description
Store at: 0 Ambient 0 S'C Q- 10-C 0 Other

A Caution -No more sample available 0 Return unused portion of sample C3 Discard unused portions

Other Instructions -Special Handling - Hazards_

S *Hazardous sample (see below) C Non-hazardous sample

C] Toxic 3 C Sidn Irritant 0 Flammable (FPC 40*C)

o Pyrophoric C Lachrymator C Shock sensitive
[] Acidic C Biological 0 Carcinogenic -suspect

C Caustic Peroxide Q Radioactive

,C,

*-i Sample Allocation PChinof IPosess1o -

Organization Name
Received By AA_ I,-%- - Date Received 13-_It ft- Time

Transported S C LabSempleNo.
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
*, i Inclusive Dates of Possession
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eIN"ANION

CHAIN OF CUSTODY RECORD
Field Sample No. q'7 F, 3

Company Sampled IAddress 
Ori 1 'L & 

Fe a e

Sample Point Description !
Stream Characteristics:
Temperature Flow pH
Visual ObservtlonsComments

Collector's Name i 1.4; A - DatelTime Sampled 0- - Z(i

Amount of Sample Collected_ _ _ ____ _
Sample Description

Store at:. C Ambient r 59C 1.-10°C C3 Other

ACautlon -No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions . Special Handling -Hazards

XHazardous sample (see below) C Non-hazardous sample

C Toxic - 0 Skin Irritant C0 Flammable (FP-C 400C)
O Pyrophoric a Lachrymator 0 Shock sensitive
C Acidic C Biological C Carcinogenic . suspect
C Caustic - Peroxide C Radioactive

C Other C f 4*- 41 ,od L,

Sample Allocation /Chain tPossesslon:

Organization Name
Received By Q f c ; Date Received +- 2. Time

Transported I U i,( Lab SapleNo..,.'0Lfba 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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RADIAN
C@PN ANI@ON

CHAIN OF CUSTODY RECORD
Fild Sample No. ' "

Company Sampled I Address H(CL " A Field Sample No. ft
Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual Observations I Comments

Collector's Name _ _ _ __ DatolTime Sampled 2.1//1 41 2 . r'r '
Amount of Sample Collected 7 '. •
Sample Description G

Store at: 0 Ambient , 5° C -10C 0 Other

.,Caution -No more sample available C Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling- Hazards !,__ --. _______;_

0 Hazardous sample (see below) /kNon-hazardous sample

' C Toxic 0 Skin Irritant C Flammable (FPC 40C)
C Pyrophoric C Lachrymator C Shock sensitive

" C Acidic [ Biological C Carcinogenic suspect
" C Caustic 13 Peroxide 0 Radioactive
" C] Other

Sample Allocation ICha nof Possession

Organization Name -h

Received By Q L- O Date Received Time
Transported BY( )  Lab Sample No. G40A 1 -:3

Comments
Inclusive Dates of Possession

Organization Name
. Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
K Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession
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RADIANCOMPOWATION

CHAIN OF CUSTODY RECORD 3 G, 3 .-

Field Sample No. L4

Company SampledlAddress A
Sample Point Description

Stream Characteristics:
Temperature_ Flow pH
Visual Observational Comments

Collector's Name ' DatelTime Sampled -2-1 I C 'e

AmountofSampleCollected 7WfLt-, 7-A (st bcgie) 3E (a 6:Lts 3F,q 4 ,1+e L,

Sample Description I b644le 3G
Storeat: C Ambient XSC -1OC C3 Other__

/Cautin - No more sample available C Return unusedpartion of sample C Discard unused portions

Other Instructions- Special Handling • Hazards T) (0 .r

C Hazardous sample (see below) XNon-hazardous sample

C Toxic [0 Skin irritant C Flammable (FP-' 400C)
C Pyrophodc 0 Lachrymator 03 Shock sesitive
C Acidic [] Biological C Carcinogenic suspect
C Caustic C Peroxide C Radioactive
- Other

Sample AliocationlC in f Possession: -

Organization Name T ,W
Received By Date Recelved , Time

T ~~Lab Sample No. (ifOAl 1 '' O
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time
Transported By_ Lab Sample No.
Comments
Inclusive Datesof Possession

Organization Name
Received By Date Received Time
Transported By Lab Sample No.

- Comments
Inclusive Dates of Possession
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RADIAN
CHAIN OF CUSTODY RECORD " I - 2..

Field Sample No....

Company Sampled/IAddress T 7i/e ~ ,1,~~
Sample Point Description ,-*-,

Stream Characteristics:
Temperature Flow pH

Visual ObserationslComments

Collector's Name F"3 -' DateTme Sampled
Amount of Sample Colle.- .4 hiI-O

Sample Descrptlo 41 57 g& A
Store at:. 0 Ambient ,15°C - - 106C 0 Other

'Caution No more available C Return unused portlW of sample C Discard unused portions

OthInstruction Special Handling- Hazards 1 L ) £ Q .)-

[0 Hazardous sample (see below) *Nn-hazardous sample

[] Toxic 0 Skin Irritant C Flammable (FP-c 40*C

o prophorc 0 Lachrymator C Shock sensitive
0 Acidic C Biological C Carcinogenic -suspect

[] Caustic C Peroxide C Radioactive
0 Other

Sample AlIocationlChain of.Possesion; ,

Organization Name
Received By Date Received Time
Transported By___ _ LabSmpleNo._____________

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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CRMDMA N Vzo - T
CHAIN OF CUSTODY RECORD 7325,, M

Field Sample No.

Company Sampled /Address. 0o C
* Sample Point Description - (tvO )L2

* Stream Characteristics:
Temperature__________ Flow PH
Visual Obsoetions ICommes________________________

Collector's Name,~II 4  :Jt;6&~ Date/Tme Sampled 1-7 ~- L 151
Amount of Sample Collected _______________________________
Sample Description
Store at: C Ambient A 56C 03 - 106C C Other__________________

0 Caution - No more sample available C Return unused portion of sample C3 Discard unused portions

Other Instructions -Special Handling - Hazardas________________________

C Hazardous sample (see below) Nonhazrdous sample

0 Toxic -0 Skin irritant 0 Flammable (FPuc 406C)
C Pyrophoric C Lachrymator C3 Shack sensitive
CJ Acidic C3 Biological C3 Carcinogenic -suspect
C Caustic C Peroxide C Radioactive
0 Other

Sampie Allocation/Ch In of Possession,
Organization Name ItAQ

* Received By Date Rece ved A-Q-4> Time -30

Comments
Inclusive Dates of Possession________________________________

Organization Name
* Received By Date Received _______Time_____

Transported By_____________ Lab Sample No.________________
Comments
Inclusive Dates of Possssion___________________ _____________

* Organization Name
* Received By ____________ ______Date Received _ ______Time _____

Transported By Lab Sampie No.______________
comments
Inclusive Dates of Possession________________________________
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L RADIAN
CHAIN OF CUSTODY RECORD 9

Field Sample No. Z-o,'- ., L 7

Company Sampled/IAddress I/lCeTkc
Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual ObamtlonsComments _

Collector's Name Date/Time Sampled
Amount of Sample Collected "T- O 0 O a.s5 14 V04 2. T oC'. e s I 1-+ I3

Sample Description LA) 1X0 T ,

Store at: C Ambient ,4se5C C3 Other

aution -No more sample available C Return unused portion of sample l Discard un portions

Other Instructions Special Handling- Hazardsa_____________ ___/______-'_

C Hazardous sample (see below) KNon-hazardous sample

0 Toxic 0 Skin Irritant C Flammable (FPc 40C)
C Pyrophorl C Lachrymator C Shock sensitive
C Acidic C Biological C Carcinogenic- suspect
0 C Caustic C Peroxide C Radioactive
C Other

Sample AllocationlCh in fPossessIon:
Organization Name I'll, - iDI-
Received By ,I£ ,v.._ Date Received- "";.,'- " Time 5
Transported By apeN.4 5 : 64c t
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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RADIANI. OPOIIAI ON

CHAIN OF CUSTODY RECORD .{f,;T( ,f-T .

J Sample No.
i

* Company SampledlIAddress
Sample Point Description

" Stream Characteristics:
- Temperature Flow pH

Visual ObservatonsComments

Collector's Name i t5 - 1, 4F OatelTlme Sampled ACL/ 4 / /7 / =4
Amount of Sample Collected

Sample Description
Store at: C Ambient C 56C 100C 0 Other

0 Caution- No more sample available [] Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling -Hazards

Hazardous (see below) XNon-hazardous sample

VToxic - 6$kin Irritant 0 Flammable (FP<. 40*C)
C Pyrphorc 1.achrymator 0 Shock sensitive

- Acidic 0] Biological C Carcinogenic -suspect

0 Caustic [ Peroxide 0 Radioactive
2- Other

Sample Allocation /C linof Pomssion:
Organization Name CtXRe .ceived ty, D .J , ate Received T , ie

Transported ', LabSampleyNo. -5=
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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RADIAN
COgORATIOu

CHAIN OF CUSTODY RECORD

Field Sample No. T - O I
Company Sampled/IAddress -Onk v' I4 4//
Sample Point Description Ae lj _Vj

Stream Characteristics:
Temperature Flow pH
Visual ObservationslComments

Collector's Name Date/Time Somled
Amount of Sample Collected 

MP

Sample Description 4 -
Store at: 0 Ambient 5C 0 -106C [ er_ _ _ _

Cautlon - No more sample available 0 Return unuadIortlon of sample 0 Discd yfused portions

Other Instructions Special Handling Hazards , 4/,! /

, Hazardous sample (see below) $Non-hazardous sample

C3 Toxic [3 Skicn Irritant 0 Flammable (FP-c 40*C)
O Pyrophortc C Lachrymator C Shock sensitive
0 Acidic C Biological [] Carcinogenic -suspect
" Caustic 0 Peroxide C3 Radioactive
C Other

Sample AllocationlC In if Pomse sion: -

Organization Nam
Received By Qvl. YA A-. Date Received a- " -ime 0 co

Transrted C "Lab Sample No. ,ffcaibl T01
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

S" Transported By Lab Sample No.
Comments
Inclusive Dates of Possession
0

* Organization Name
Received By Date Received Time
Transported By Lab Sample No.

Comments
Inclusive Dates of Possession
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RADIAN
CHAIN OF CUSTODY RECORD

Field Sample No. 1 ),

Company Sampled I Address ::L74 k9- -'* /0. ) ~ C
Sample Point Description

Stream Characteristics:
Temprature___________ Flow PH
Visual Observations IComients________________________

Collector's Name Daelim Sam pled

Amount of Sample Collected 
pe

Sample Description 1,A
Store at C Ambient -56 10-C 0 Other__________________

~4ution - No more sample available 0 Return unusei 7 portion of sample C DI ~rd unused portions

Other Instructions -Special Handling -Hazads____________________

C1 Hazardous sample (see below) -inhazardous sample

C Toxic - C Skun Irritant C3 Flammable (FPuC 40OC)
C Pyrophoric 0 Lachrymator C3 Shock sensitive
C Acidic 1: Biological 0 Carcinogenic - suspect
C Caustic 0 Peroxide 0 Radioactive
C Other

Sample Allocation /Ch inotPo~qlp
Organization Name 11 ,1 ,

* Received By Dt oevdTm !0
Transported ByZ( - Lab__Semple__No.__________-0

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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RADIANCem1PWuATOu
CHAIN OF CUSTODY RECORD

Field Sample No.

Company SampiedlAddres 7iA ' ~ L t)~
Sample Point Description #A

Stream Characteristics:
Temperature__________ Flow PH
Visual Obserationsl Comments____________________________

Collector's Name____________ DaMTm& Sampled
Amount of Sample Collected
Sample Description
Store at: C Ambient -C C -100C 11 Other_________________

, ~iutlon - No more sample available C Return unu~parton of sample C Discard unused portions

Other Instructions - Special Handling -Hazards t 4) 1, C /(2.

C Hazardous sample (see below) ,>(onhazardous sample

C1 Toxic 0 Skin Irritant C Flammable (FP-c 40OC)
C Pyrophoric, C Lachrymator C3 Shock sensitive
C Acidic C3 Biological C Carcinogenic -suspect
C Caustic C Peroxide C Radioactive
C Other

Sample Allocation /Ch in 9f Possession:
* Organization Name 0U

Received By AADate Received JI Time 1
* Transported By. -a~ml~.4

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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RADIAN
CORPORATION

CHAIN OF CUSTODY RECORD

Compny ampedl~dres ~Field Sample No.

Sample Point Description

Stream Characteristics:
* Temperature___________ Flow pH

Visual Observations IComments_________________________

* Collector's Name0 oTmapld

Amount of Sample Collected
Sample Description
Store at: 0 Ambient r5C C - 108C 6her___________________

,,aution - No more sample available 0 Return unused gortion of sample islcare orin

OhrInstructions -Special Handling.- Hazards 7t0 42)3

C Hazarous sample (s@ below) XAonhazardous sample

0 TOXIC- 0 Skin Irritant C Flammable (FP-c 400C)
0 Pyrophorfc 0 Lachrymator C Shock sensitive
0 Acidic C Biological C Carcinogenic -suspect
Cl Caustic C Peroxide C Radioactive
C Other

Sample Allocation /Ch. n OPossession:
Organization NameAA
Received By -aeRcie

* Transported Bpq PA___________j_______________

Comments
Inclusive Dates of Possession_______________________________

Organization Name
Received By Date Received _______Time _____

Transported By____________ Lab Sample No._______________
Comments

* Inclusive Dates of Possession________________________________

2Organization Name
Received By Date Received _______Time_____

Transported By_____________ Lab Sample No.________________
Commrents

* Inclusive Dates of Possession_______________________________
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RADIAN
COm,@.ATION

CHAIN OF CUSTODY RECORD

Sampledl~ddreFild Sample No.T(2

Cmpany SmldIAresA tr-
Sample Point Description we .. 5- C

Stream Characteristics:
Temperature Flow PH

Visual Observations I Comments

Collector's Name Date/Time Sampled , "./A'/ '1

Amount of Sample Collected I S VO / -n
Sample Description - ( Q - -d .- 
Store at 0 Ambient 5*C - 10"C E Other

Caution. No more sample available C Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling -Hazards " _ - // -- "

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

0 Toxic _ C Sldn irritant C Flammable (FP-c 400C)

[ Pyrophoric [ Lachrymator C Shock sensitive

C] Acidic C Biological C3 Carcinogenic -suspect

C Caustic C Peroxide ] Radioactive

0 Other

Sample Allocation /Chln o sse n: A

Organization Name

Received By Q I "' Date Received 1-10"6+ Time (0 '0 0

Transported By U ;-tjA Lab 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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RADIAM
COMPOWATuOu

CHAIN OF CUSTODY RECORD

Company Sampled/Address 1171AkF F el SjapeN._____

Sample Point Description

Stream Characteristics:
Temperature___________ Flow PH
Visual Observations /Commnents_______________________________

Collector's Name n ate/Time Sampled 2-1V~
Amount of Sample Collected / -3VaA /''~
Sample Description -
Store at: C Ambient X -cC_0-1 10C Other

a-'ution -No more sample available C Return unusei portion ofl samp 0 Dsarunused portions

Other Instructions -Special Handling - Hazards T).D

C Hazardous sample (see below) ,)gonhazardous sample

C Toxic 0 Skin Irritant C Flammable (FP-c 400C)
0 Pyrophoric C Lachrymator C Shock sensitive
C Acidic C Biological C Carcinogenic -suspect
E, Caustic C Peroxide C Radioactive
E Other

Sample Allocation /Chal of ossesSion*
Organization Name
Received By __________"-q ae eela L im 0!0

Transported ByLaSa.....7 A0 0
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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RADIAN
C005MMAY"ON

CHAIN OF CUSTODY RECORD

Field Sample Noiiiij

Company Sampled/Address _z 4fI I 6 L )
Sample Point Description t4J e-L
Stream Characteristics:
Temperature__________ Flow pH
Visual ObservatonsComments_________________________

Collector's Name______________________le
Amount of Sample Colleced '7-1
Sample Description
Store at E Ambient IOC,1I 1C -1C her____________________

* 'autlon -No more sample available C3 Return unused I~ton of sample C3 Discard unused portions

Other Instructions -Special Handling - Hazards .i././6

C Hazardous sample (see below) N4 nhazardous sample

i C Toxic 0 Skin-irritant C3 Flammable (FP'c 400C)
C3 Pyrophoric C Lachrymator C3 Shock sensitive
C Acidic C Biological 0 Carcinogenic -suspect
C Caustic C Peroxide C3 Radioactive
C Other

*Sample Allocation /Chain of Possession:

Organization NameU " a~ Z th~'~

Received By Q al -Date Received i10 ...... rm
Transported BV I______f4_r__LabSmpleNo._440A021

Comments
Inclusive Dates of Possession________________________________

Organization Name
* Received By Date Received _______Time _____

* Transported By____________ Lab Sample No.________________

Comme ',te

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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RADIAN
C-p.WATu@N

CHAIN OF CUSTODY RECORD

Company Sampl~d/Addres A.,-z aml o'-
Sample Point Description-

Stream Characteristics:
Temperature Flow_____________ pH ______

Visual Observations IComnients p

Amount of Sample Collected

Store at: C1 Ambient A50C 0 Z10C 0 Other__________________

)aution -No more sample available 0 Return unused portion of sample C Discard unused portions

* Other Instructions - Special Handling.- Hazards +L O ix 2

C Hazardous sample (see below) -hzrossample

* C Toxic -0 Skin Irritaw" 0 Flammable (FP-.. 10C)
o Pyrophotic EC Lachrymator 0 Shock sensitive
C Acidic 0 Biological C Carcinogenic .suspect

C Caustic C Peroxide 0 Radioactive
0 COther

Sample AllocationlChal o Possea ion:
Organization Name I4 M~

* Received By kg1 11 eevd -05 Tm 0:C
*Transported Bfy±

Comments
Inclusive Dates of Possession__________________ ______________

* Organization Name
Received By Date Received T______ ime_____
Transported By_____________ Lab Sample No._________________
Comments
Inclusive Dates of Possession________________________________

Organization Name
Received By __________________Date Received T______ ime _____

Transported By Lab Sample No.________________
Comments
Inclusive Dates of Possession________________________________
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RADIANCORPORATION

CHAIN OF CUSTODY RECORD

Company Sampled /Address
Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual ObservatinsComments _

Collector's Name____ _ J)ate/Time Sample___
Amount of Sample Collected
Sample Description 9 it v14
Store at: 0 Ambient AIOC M -1OeC 0 Other

\YCaution - No more sample available 0 Return unused portion of sample C Discard unused portions

Other Instructions -Special Handling - Hazards ,/+:,,OL4D L1 /4./

C Hazardous sample (see below) /;fNon.hazardous sample

C Toxic [] Skin initant 0 Flammable (FPc 400C)
C Pyrphodc 0 Lachrymator 0 Shock sensitive
C Acidic C Biological C] Carcinogenic suspect
C Caustic 0 Peroxide C Radioactive
C1 Other

Sample Allocation/Chain o Possession: .
Organization Name -Q
Received By AgAiUML& d I Dta Received Time I
Transported V d 41Lbsp@o 50 b-1 1
Comments
Inclusive Dates of Possession

Organization Name
o 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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* RADIAN.CORPOATION

CHAIN OF CUSTODY RECORD

Company SampiedlAddress -Sml o
Sample Point Description /

Stream Characteristics:
Temperature_ Flow pH
Visual ObservationslCom ments

Collector's Namet~e an1
Amount of Sample Collected

Store at: - Ambient 59C - 10C 0 Other

y'Ccution -No more sample available C Return unused pol s Discard unused portions

Other Instructions . Special Handling. Hazards - 6-

0 Hazardous sample (see below) 4 on-hazardous sample

C Toxic C3 Skin Irritant C Flammable (FPc 400C)
i Pyrophoric C Lachrymator C Shock sensitive
[] Acidic C Biological [] Carcinogenic - suspect

" C Caustic C Peroxide C Radioactive
C [Other

Sample Allocatlon I CsnoPos, sesslo
Organization Name GAA~C~ .~/
Received ByyS l-A J14 Date Received 5t "  Time 10Q-0
Transported Lab Sample No. z)" Ob% -03
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 .Posssion
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RADIAN
CHAIN OF CUSTODY RECORD

Field Sample No. 0~. 1i
Company Sampledl/Address ~ 7 f ~~ A 3 i- 0 - -r
Sample Point Description

Stream Characteristics:
Temperature Flow PH
Visual Observations IComments________________________

Collector's Nameoaria
Amount of Sample Collected v X

Store at: 0 Ambient fr5.OC [6'l- 10C0 Othe_________________

Cuin-No more sample available C Return unu portion of sample C Discard unused portions
Insrucion .Special Handling -Hazrsum.. ~

C Hazrdous sample (see below) -4onhazardous sample

C Toxic -0 Skin Irritant 03 Flammable (FP-c 40*C)
0 Pyrophorlc 0 Lachrymator 0 Shock sensitive
C Acidic 0 Biological C3 Carcinogenic -suspect
C Caustic 13 Peroxide 13 Radioactive
C Other

* Sample Allocation /Ch n ~Possesion: -

Organization Nameo IA*-4h
Received By -,Ag_-atRceve__0_im_0

Comments
Inclusive Date* 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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*RADIAN
CHAIN OF CUSTODY RECORD . (

Field Sample No. I
Company Sampled IAddress - '/ e i=-
Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual Observations /Comments________________________

Collectors Name X71FDate/Time Sampled
Amount of Sample Collected Oe 4zy- -3L
Sample Description jdz '4Qfi
Store at" .C Ambient 5sC C -46C C Other________________________

* ~ ution -No more sample available C Return unused portion of sample C Discard unused portions
Ote InstructIons -Special Handling -Hazards ,S/£,)4,E-''CcQ

C Hazardous sample (see below) -) nhazardous sample

C: TOXIC -3 % hIn Irritant C Flammable (FPc 40*C)
C Pyrophorlc 0 Lachrymator 13 Shock sensitive
C Acidic Cl Biological C Carcinogenic -suspect
C Caustic C: Peroxide C Radioactive
C Other

Sample Allocation/ Ch in fosion:
Organization Name q~U
Received By Dt~cie.A, fIA'-t Tm 00
Transported By 0 'iIK almpeo
Commentis
Inclusive Dates of Possession___________________________

Organization Name
Received By Date Received _______Time _____

* Transported By_____________ Lab Sample No.________________
Comments
Inclusive Dates of Possession________________________________

O rganization Name
Received By__________________ Date Received _______Time _____

Transported By Lab Sample No.________________
Comments
Inclusive Dates of Possession________________________________

G-33



RADIAN6.u,.uATuON
CHAIN OF CUSTODY RECORD

Field SampleNo

Company Sampledl/Address I/7UA cPCC
Sample Point Description 9

Stream Characteristlcs:
Temperature Flow pH
Visal ObseratonsComments________________________

Amount of Sample Collectedn OA Q

Store at: 0 Amb ient 59C C 100 177 Other_ _____________

CautonZ Nomor sample available (-- Return unused Po lpn of sample 13 Discard n portions

Ote IsrctosSpecial Handling.- Hazards /~

0 Hazardous sample (see, below) ,/VNonhazardous sample

0 Toxic C Skin irritant 0 Flammable (FP'c 400C)
C Pyrophorle C Lachrymator 13 Shock sensitive
C Acidic C Biological C3 Carcinogenic .suspect

0 Caustic C Peroxide C Radioactive
0 COther

Sampe AiocatonlCIn of Possession-

Organization Name
K Received By ________atRcivdIAt T 0tl.0

Comments
Inclusive Dates of Possession_________________ ______________

Organization Name
x Received By Date Received______ Time_____

Transported By Lab Sample No.________________
Comments
Inclusive Dates of Possession_________________ ______________

K Organization Name
Received By________________ Date Received______ Time_____

* Transported By_____________ Lab Sample No.________________
* Comments

Inclusive Dates of Possession_________________ ______________
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RADIA
CHAIN OF CUSTODY RECORD

Field Sample No.---o/

Company Sampled/Address -1 . v B . / -O ~ (4
Sample Point Description

Stream Characteristics:Temperatur to Fl° F ow pH -7Z

Visual ObsevationslComments_ _ _ _ _ _ _,_ _ _

Collector's Name KA F Date/Time Sampled / j' -g

Amount of Sample Collected ef ,_ 7. Q VCA x - / -

Sample Description " 1t") At JA --
Storeat: C Ambient Xgr9C 0 -106C " - Other__

S Oauton -No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions -Special Handling- Hazards P (.,, 2:4 / 2.5

.C Hazardous sample (see below) X Nonhazardous sample

C Toxic - 0 Skin Irritant 0 Flammable (FP-C 400C)

oI Pyrophouc 0 Lachrymator [] Shock sensitive

C Acidic a Biological C Carcinogenic -suspect

, C Caustic C Peroxide C Radioactive

* COther

Sample AlIocationlChi of P 0lo-

Organization Name -Ak
Received By %

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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RADIAN
CMPOWA~IMO

CHAIN OF CUSTODY RECORD

Field Sample N.s

Company Sampled/Address I7/N 4.4 A 2 Z/ 2- 2 7
Sample Point Description

Stream Characteristics:
Temperature__________ Flow PH
Visual Observations IComnments________________________

Amount of Sample ColleFcted

Store at: C Ambient /ki C C 13- 100 C __ __ _ __ _ __ _ __ _ __ _ __

* No more sample available C Return unu" Prtin of sample C Discard unused portions
Insthrctns Specal Handling -Hazards 4 JL.1) ( Y /

C Hazardous sample (see below) Mhazardous sample

o Toxic 0 SAM Irritant C Flammable (FP-c 409C)
0 Pyrophoric 0 Lachrymator C Shock sensitive
0 Acidic L~ Biological C3 Carcinogenic -suspect
0 Caustic C Peroxide C Radioactive
0 Other

* Sample Allocation ICh noPossession:
Organizatlon Name A

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._______________
* Commentsa

Inclusive Dates of Possession ____________________________
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RADIANCO--MAS'ION

CHAIN OF CUSTODY RECORD

Field Sample No.---- - .. 3

CompanySampledlAddress "." A F Q - 02 7

Sample Point Description i -/

Stream Charactedstlcs. __

Visual ObservatlonslComments ' xpdND !9O

Collector's Name KA Pr DatelTme Sampled -/ 7 / 7' /
Amount of Sample Collected VO 2j
Sample Description
Store at: 0 Ambient fi°C 0 106C Other

,4auton No more sample available C Return unused portion of sample C3 Discard unused portions

Other Instructions -Special Handling • Hazards A/C L 2 /6/

0 Hazardous sample (see below) Non-hazardous sample

C Toxic C Skin Irritant C Flammable (FPc 409C)

3 Pyrophoric C L mhrymtor C Shock sensitive

C3 Acidic C Biological E Carcinogenic -suspect

C Caustic C Peroxide C Radioactive

0 Other

* Sample Allocation lCh oPosse ion:

Organization Name
Received By Date Received Time

Transported 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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RADIANCGMWIPIION

CHAIN OF CUSTODY RECORD/i o..,.o oFioeld Sampl O.d.m, .7-- 02 /
Company Sampled/Address

Sample Point Description

Stream Characteristics:
Temperature Flow pH
Visual Ob eiiaons/Commentsn

Collector's Name- , Date/Tme Sampl
Amount of Sample Collected .', _T V04
Sample Description
Sloeat. [ Ambient 15oC - o 100C Other

,(Caution -No more sample available. 0 Return unused portion of sample C rd unused portions

Other Instructions -Special Handling. Hazards ffLD 2 , / _

SHardous sample (am below) , o-hazardous sample

C TOXIC - Skin irritant 0 Flammable (FP-- 400Co
CPyophorlc - Lachrymator C Shock sensitive
C Acidic C3 Biological C Carcinogenic . suspect
C C Caustic 0 Peroxide C Radioactive
Z1 Other

Sample Allocatlon/Chi oif PQssessio
Organization Name ME asRecived By ,-(/ AAL Date Received .a-i0 -S -Time. O.

Transported By ": ( )Lab Sample No. VAW 3 -d -

* 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

G-38
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RADIAN
CGOWM TIONCHAIN OF CUSTODY RECORD

Field Sample No.

CompanySampiedlAddress ---TN Ke r A FB - -)P+ -
Sample Point Description Ae.l

Stream Characteristics:
Temperature low p H
Visual ObaevationlComents_________________________

Collector's Name KAEDate ITme Sampled-~7~ W/"
Amount of Sample Collected 2
Sample Description ! Y0 CJ6 '
Store at 1 Ambient 5;S'C 0 - 100C C Other__________________

XCaution.- No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Inatructiona -Special Handling - Hazards d ca4(~ e: e~Z

C Hazardous sample (se@ below) ,,>-onhazardous sample

O3 Toxic E C Skin Irritant C Flammable (FP-c A0C)

C Pyrophodtc E Lachrymator EC Shock sensitive
o Acidic C Biological C Carcinogenic -suspect
0 Caustic C Peroxide C Radioactive
0 COther

Sample Allocationl/Chain 0 P0 salon'
* Organization Name .i-&,;A 6: 4

ReeiedByQW- - -Date Receie iejj
* Transported By LbSml o

Commnents
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

Fild Sample NoT. 0 aO2

Company Sampledl/Address 1A1 ker A1-; /2c -0; -
Sample Point Description .1

Stream Characteristics:
Temperature__________ Flow PH
Visual ObservatonsComments________________________

Collector's Name_______________ Datel~me Sam led 2.i ~~
Amount of Sample Collected IaUJ4 Po \
Sample Description n A A) )AAve
Store M~. 0 Ambiefft X5-C4-J M-10-C 0 Other_______________

otrin-uNo:or sample available C Return unusedprtion of sample C Discard unused portions

Othr nstucion -Special Handling -Hazards POL 6D.6 /~ dp29!

C Hazardous sample (see below) /<Non-hazardous sample

C Toxic -C] Skin Irritant C Flammable (FP-c 400C)
C Pyrophoric C Lachrymator 13 Shock sensitive
C Acidic C Biological 0 Carcinogenic -suspect
0 Caustic C Peroxide C Radioactive
C Other

Sample Allocation/ Cha of o~eon:

Organization Name = 1
~~~~~~~~DaeReceived By.iIVA AIDt~cle ~19211±S Time 0 0

* Transported By Lab Sample No.-Oo

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 N 0 7F502 1

Company SampiedlAddress; t~/ oi, A F& ol-~ P 7Z1
Sample Point Description

Stream Characteristics:
Temperature_________ -Flow pH
Visual Observations /Comments________________________

Collector's Name ACFDateIimq Sampled , 30'
Amount of Sample Collected/ yat,6LIAC
Sample Description Qe' /
Store at: 0 Ambient >60Cr -106C C Other_ _____________

> Ccautlon - No more sample available C Return unused portion of sample C3 Discarsn~e portions

Other Instructions -Special Handling - Hazards koL-i ~2A~

C Hazardous sample (see below) /konhazardoua sample

C Toxic - Skin Irritant 0 Flammable (FP-c NOC)
C Pyrophoric C Lachrymator C Shock sensitive
C Acidic C Biological C3 Carcinogenic -suspect

* C Caustic C Peroxide C Radioactive
COther

Sample Allocation I ChalA of Rossesa n:
Organization Name.IA i I ACi
Received By : )AAVI1, Q- aeeeedTm
Transported By()Lbspeo LfXb30
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/IAddress1P / K A4 e /O L
Sample Point Description

Stream Characteristics:
Temperature Flow -PH
Visual Observations IComments_____________________________

Collector's Name Die,0te/Time Sampled I3 I ,'2/

Amount of Sample Collected -17 j.AA 5 +QV k
Sample Description a

Store at,. C Ambient ) C C - 10"C C Other_____________________

)Caution -No more sample available C Return unused portion of sample C Discard unused portions

Other Instructions -Special Handling - Hazards V 04 )15

C Hazardous sample (see below) \(Non.hazardoua sample

C Toxic C3 Skin Irritant 0 Flammable, (FP-c 409C)
C3 Pyrophoric C Lachrymator 0 Shock sensitive
C Acidic C Biological C Carcinogenic -suspect
C Caustic C Peroxide C -adloactive
1 COther

Sample Allocationl/Chain of 0o1161111111M
Organization Name 1
Received ByIDaeRcie L *kka2Tm c?-3

* Transported By Lbapoo
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. 1
Company Sampled IAddress- ;;TIa nX a~~v A6 i. -

Sample Point Description u

Stream Characteristics:
Temperature Flow pH
Visual Observations/Comments__________________ _____________

Collector's Name____________ Dats/Time Sapee4 /ibd 2
Amount of Sample Collected -I
Sample Description41 C
Store at: 0 Ambient ASC 1-1 00 C3 Other______________________

auton - No more sample available C Return unused pojn of sampeCDicr nsdotos

Other Instructions -Special Handling - Hazards_______________________

0 Hazardous sample (see below) /)onhazardous sample

0 Toxic 0 Skin Iritant Q Flammable (FP'c 400C)
0 Pyrophoric C Lachrymator C Shock sensitive
0 Acidic C Biological C Carcinogenic -suspect
0 Caustic C Peroxide Cl Radioactive
0 Other

Sample Allocation /Chain qf Pos ssia
Organization Name AA "L, ()ITm
Received By VVwMWDate Received 0 im
Transported B _ __ __ __ __ ___ __ __ __ __ __

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./:
Sample Point Description nmo"t

Stream Characteristics:
* Temperature__________ -Flow- _pH

Visual ObseratonsCommnts________________________

Collector's Name 1~~3Date/Time Sampled 2/Z/W 9
Amount of Sample Collected -7 JOLS
Sample Description - ~ ~ T UA Hd "A
Store at: C Ambient O C 0-106C C3 Other________________

Y 'Ca tion - No more sample available C3 Return unused portIo of sample C Discard unused portions
thrInstructions -Special Handling.- Hazards_________________________

C Hazardous sample (se below) ;4!on-hazrdous sample

C Toxic C Skin Inritant C Flammable (FP-C. 400C)
CPyrophoric 0 Lachrymator C Shock sensitive
C Acidic C Biological C Carcinogenic -suspect
0 Caustic 0 Peroxide C Radioactive
C: Other

Sample Allocation/ "CIo PwsI
Organization Name AI

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 -*-'. c, I

Field Sample No. ____-______

Company Sampled/Address -T 7 A- FS 1 k,( 2-o~ ,c 2 2- - 1 -7
Sample Point Description -/'4A\ I 3 - -
Stream Characteristics:

Temperature Flow pH

Visual Observations /Comments

Collector's Name \^,. ' t\ - e Date/Time Sampled5 l fr\ . i 2
Amount of Sample Collected 2. 0 V 0 Avi'A, 4 1,' /, ,

Sample Description +' I. .sc v itJ -r\.% I..)

Store at: ] Ambient -'5C 0 -10 C [Other

iCaution - No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions -Special Handling- Hazards.V( .. 6 () ( -CE -
M 6 , 62-5-( ZNI O- 14OLD

M Hazardous sample (see below) C Non-hazardous sample

Z "Toxic C Skin irritant C Flammable (FP< 4-.)
C Pyrophoric [ Lachrymator C Shock sensitive
C Acidic - Biological C Carcinogenic . suspect
C- Caustic C Peroxide El Radioactive
C3Other ..-

Sample Allocation/Chan oP Possession: - -

Organization Name -/,'V\ 1U..((' '6 '-bOL ,J
" Received By - I- .L L." u-, I Date Received ., .. .. 1 Time -C,

Transported By-' "1/.t 'L I LabSampleNo. . K'),

" 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 ZL~r /
Sample Point Description 376

* Stream Characteristics:
Temperature-i~ ~ Flow PH____________

Visual ObservationsIlComments..ZJ4C. KtJPL/~6t'&t/ -t'I ''

- Collector's Name L ) vDate/ITime Sampled X /JL/ ~
Amount of Sample Collected SU

Sample Description 6 ". 6, L,-#- Zt LZt"

- Store at: 0 Ambient 21PC C - 106C 0 Other_______________________

* Erbaution -No more sample available C Return unused portion of sample 13 Discard unused portions

* Other Instructions -Special Handling -Hazards _________________________

* L Hazardous sample (see below) C Non-hazardous sample

Li Toxic 0 Skin Irritant 0 Flammable (FP-C 400C)
1-] Pyrophoric L] Lachrymator 0 Shock sensitive
L Acidic (2 Biological C Carcinogenic -suspect
1-1 Caustic (2 Peroxide 0 Radioactive
El( Other

* Sample Allocation/IChain ofPossessionm
* Organization Name A 1, (A.

- Receved ByDate Received Time ~2C
Transported By - R. ()Lab Sample No. '~ 'I7&
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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APPENDIX H

Analytical Data

All samples for chemical analysis were submitted to Radian Analytical

Services' laboratory in Austin. The samples were logged in, and the
data reported out, in "batches". The following pages contain the
analytical data reports for the various batches of samples. Table

H-1 is a key for assigning the samples to the proper batch. Table
H-2 is a cross-reference between zones and corresponding laboratory

sample batches.

Also included in this Appendix are data submitted by the Oklahoma
State Department of Health.

H

"" H-I1

------------------------ '..
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TABLE H-i. LABORATORY BATCH BREAKOUT KEY

Lab #984-01-171. November 30. 1983 Lab #84-02-141, February 20. 1984
Zone 3 soils Existing Well 7, Landfill 4

leachate, pond
Lab #§4-01-172. January 30. 1984

PVC casing for extraction Lab #84-02-142. February 20. 1984
2B

Lab #84-02-061. February 10. 1984
T5-001, T5-002, T5-004, T5-005, Lab #84-02-143, February 20. 1984
T5-009, T5-011, T5-013, T5-014 3G

Lab #84-02-062. February 10. 1984 Lab #84-02-144. February 20. 1984
T5-015, T5-015dup, T5-016, T5-018, 4G, same split as 84-02-109
T5-019, T5-020, T5-020dup, T5-021

Lab #84-02-145. February 20. 1984
. Lab #84-02-063. February 10. 1984 T5-018, T5-019, trip blank

T5-022, T5-023, T5-024, T5-O25dup,
T5-026, T5-027 Lab #84-02-162. February 23. 1984

3C(A) soil for mod 625
Lab #84-02-087. February 14. 1984
Zone 4 soils -Lb #84-02-163. February 23, 1984

T5-005, T5-014, T5-016, T5-018,
Lab #84-02-102. February 15. 1984 T5-019 (resubmission for mod 625)

"- 1A, IB, 1C
Lab #84-02-209. February 28. 1984

Lab #84-02-103. February 15. 1984 4E.3 soil for mod 625
4A

Lab #84-03-042. March 8. 1984
* Lab #84-02-107. February 16. 1984 T6-001 to T6-021, trip blank

2A
Lab #84-03-130. March 20. 1984

Lab #84-02-108. February 16. 1984 Existing Well 2) 4 (mod 625)
3E, 3F, 3G

Lab #84-03-179. March 27. 1984
Lab #84-02-109. February 16, 1984 Existing Well 8
4G

Lab #84-02-140. February 20. 1984
Existing wells 1-6

H-3
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TABLE H-2. CROSS REFERENCE

Phase II (State 1) Wells Lab #84-
Zone 1A 02-102

B 02-102

C 02-102

Zone 2A 02-107
B 02-142

Zone 3E 02-108
F 02-108
G 02-143

Zone 4A 02-103
G 02-109, 144

Zone 5 001 (Base Wells) 02-061
002 02-061
004 02-061
005 02-061, 163
009 02-061
011 02-061
013 02-061

" 014 02-061, 163
* 015, dup 02-062

016 02-062, 163
018 02-062, 163, 145
019 02-062, 163, 145
020, dup 02-062
021 02-062
022 02-063
023 02-063
024 02-063
025, dup 02-063
026 02-063
027 02-063

Existing Wells
1 02-140
2 02-140, 03-130
3 02-140

4 02-140, 03-130
5 02-140
6 02-140
7 02-141
8 03-179

(Continued)

H-4
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TABLE H-2. (Continued)

Landfill 4 leachate 02-141

Pond 02-141

Zone 3 (soils) 01-171

Zone 4 (soils) 02-087

Zone 3 (625 soil) 02-162

Zone 4 (625 soil) 02-209

PVC Casing 01-172

Zone 6 03-042

H-S
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EDWARD H FITE. JR. M.O.. PRESIDENT JOAN K. LEAVITT. M i

W A T ATr TAYLOR. VSCE-40SSONT
HAROLD A TOAZ, SECRETARY

WALLACE BYRD. M.
JOHN 8 CARMICHAEL DD.S.
JAMIES A COX. JR.l. M.D.

LINDA M, JOHNSON. M.D
ROSERT D. McCULLOUGH. 11. 0.0
WALTER SCOTT MASON, III

1000 Northeast 10th StrWi
Poet Office Box 53551

Oklahoma City, Oklahoma 73152

March 21, 1984

Mr. William Little
Radian Corp
PO Box 9948
Austin, Texas 78766

Dear Mr. Little:

The State Environmental Laboratory Service of the Oklahoma State Department
of Health recently split some samples collected from the monitoring wells which your
organization has drilled at Tinker Air Force Base. Additionally, we recently sampled
wells at the Midwest Maintenance disposal site near Tinker. Capt. Darrell Cornell
asked that I provide copies of these analyses to you.

GC/MS scans of both purgables and extractables have been completed for all of
.. the Midwest Maintenance samples. Of the Tinker samples, only sample numbers

108821, 108787, 108786, and 108822 have been analysed for both purgables and
extractables. The remainder have only been analysed for purgables. When the
extractables analyses are completed we will share this information with you.

Should you have any questions, please contact me. I may be reached at (405)
271-5240.

Very truly yours

Judith A. Duncan, Chief

State Environmental Laboratory Service

JAD/jb

cc: Capt. Darrell Cornell, USAF HOSP/SGB

H-273

,o" .o -.- , ° o-. . . o. . . . . . ..,. . . . ..'.".°.. ."-.. .." o.-. V ° "o*.. °- • -oo-''. .'% o- - ' '..-.*°. * ,*. ". o o-



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

:AORLE * 108986 DATE COLLECTED 2/16/84 REPORT DATE 2/25/P'

RujJECT MIDWEST MAINTENENCE CODE PW-XMS

-AMPLE DISCRIPTION :SUPPLY WELL

COMP OUND PPB

DI-N-BUTYL PHTHALATE 1.4

BIS(2-ETHYLHEXYL) PHTHALATE 0.9

BUTYL BENZYL PHTHALATE

INDICATES COMPOUND IS TEN4TATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

-NALYST'S COMMENTS 1-7

.iNALYST__ _ _ _ _ _ _ _ _ _ _ _ _ _



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

'P"-ILE # i i0898S DATE COLLECTED 2/i6/84 REPORT DATE 2/2S/814

ROJECT : MIDWEST MAINTENENCE CODE PW-XMS

'AMPLE DISCRIPTION : SHOP (DRINKING WATER)

COMPOUND PPB

BIS(2-ETHYLHEXYL) PHTHALATE 7.2

BUTYL BENZYL PHTHALATE 0.3

"kNDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

ANALYST'S COMMENTS S H-275

iNALYST _

,. ". " . .- ".- ". " " . -. - . • - .,' .' '.' e* *'i " '.. . -' .- *".: . . * . . " ." ,= == • .*" . - . -. '. -. .,, ". -' ., .. 5., -, = =, =, ' : ' .' .
* -"

.S."



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

.'LE 1 108984 DATE COLLECTED 2/16/84 REPORT DATE 2/2S/84

ROJECT MIDWEST MAINTENENCE CODE PW-XMS

..:AMPLE DISCRIPTION , MW # 6

COMPOUND PPB

DI-N-BUTYL PHTHALATE 1.2

BIS(2-ETHYLHEXYL) PHTHALATE 0.7

DIETHYL PHTHALATE 0.4

t. N~~DICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

ANALYST'S COMMENTS H-276

... NALYST

. .



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

* r L 108983 DATE COLLECTED :2/1.6/84 REPORT DATE 2/25/04

.'ROJECT MIDWEST MAINTENENCE CODE PW-XMS

,;AMPLE DISCRIPTION MW * 2

COMPOUND PPB

DI-N-BUTYL PHTHALATE i.1i

BIS(2-ETHYLHEXYL) PHTHALATE 0.5

DIETHYL PHTHALATE 0.2

BUTYL BENZYL PHTHALATE 0.1

!

.K'-r4DICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

ANALYST'S COMMENTS H-277

.ANALYST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. . . . . . . . . . .. .. . . . . . . . . .. .. . . . . . .



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

Aiy*,LE 1 08982 DATE COLLECTED s2/16/84 REPORT DATE 2/25/P4

ROJECT MIDWEST MAINTENENCE CODE PW-XMS

AMPLE DISCRIPTION : MW # 1.

COMPOUND PPB

NONE DETECTED

;~INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

i~NALYSTIS COMMENTS H-278

:-'NNALYST __ _ _ _ _ _ _ _ _ _ _ _ _ _ _



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

1~E 08981 DATE COLLECTED 2/16/84 REPORT DATE 2/2S/84

ROJECT MIDWEST MAINTENENCE CODE PW-XMS

KAMPLE DISCRIPTION : FISHER WELL

-COMPOUND PPB

NONE DETECTED

:-4- NDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NES LIBRARY SEARCH

I'NALYST'S COMMENTS H-279

.1NALYST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

*- KL 108980 DATE COLLECTED 2/16/80 REPORT DATE 2/2S/84

R UJECT MIDWEST MAINTENENCE CODE PW-XMS

AMPLE DISCRIPTION :SUPPLY WELL NE OF SITE

COMP OUND PPB

DI-N-BUTYL PHTHALATE 0.9

BIS(2-ETHYLHEXYL) PHTHALATE 0.3

DIETHYL PHTHALATE 0.4

-XINDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NE4S LIBRARY SEARCH

* NALYST'S COMMENTS H-280

.: NALYST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

AMPLE 1 £08787 DATE COLLECTED 2/13/84 REPORT DATE 3/i3/8A

ROJECT TINKER CODE TF-XMS

-AMPLE DISCRIPTION MONITOR WELL * iA

COMPOUND PPB

i.4-DICHLOROBENZENE 4.8

BIS(2-ETHYLHEXYL) PHTHALATE i.i

1.2-DICHLOROBENZENE i.0

DIETHYL PHTHALATE 2.8

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

NAYS'SCOMMENTS H-281

-NALYST __ _ _ _ _ _ _ _ __ _ _ _ _ _ _

. . .. . . . . . . . . .. . . .



STATE ENVIRONMENTAL LABORATORY

GC/MS REPORT

AMPLE 4 108786 DATE COLLECTED 2/13/84 REPORT DATE 3/13/84

3ROJECT :TINKER CODE TF-XMS

2.-AMPLE DISCRIPTION MONITOR WELL i B

COMPOUND PPB

DIETHYL PHTHALATE 0.9

ISOPHORONE 0.4

.INDICATES COMPOUND IS TE14TATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

-NLSTSCOMMENTS H-282

-'NALY ST: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



BIiATE ENVIRONMENTAL LABORATORY

GC/M.3 REPORT

AMPLE # 108822 DATE COLLECTED 2/14/84 REPORT DATE 3/13/-.4

ROECT t TINKER CODE TF-XMS

-AMPLE DISCRIPrIoN MONITOR WELL tirC

COMP OUND PPB

- TRICHLOROE IIIENE 210

- i.i,2-TRICHLOROETHANE S.6

BIS(2-ETHYLHEXYL) PHIHALATE S.0

DIETHYL PHIHALATE 7.8

ISOPHORONE 4.0

.' INDICATES COMPOUND IS TENTATIVELY IDEN.TIFIED BY NBS LIBRARY SEARCH

NALYST'S COMMENTS H-283

ANALYST _



STATE ENVIRONMENTAL LABORATORY
* CC/MS REPORT

'",AMPLE * iO88S4 DATE COLLECTED 2/iS/84 REPORT DATE:

ROJFCT TINKER CODE :TF-XMS

AMPLE DISCRIPTION MONITORING WELL # 2A

COMPOUND PPB

TRICHLORQFLUOROMETHANE 3.8

i .i-DICHLOROETHANE. 2s

i *i i-TR ICHL-OROETHANE 4.2

TR ICHLOROETHENE 30.4

TETR AC HLOR GETHENE 12.2

K INDIrATES COMPOUND IS TENTATIVELY IDENTIFIED BY NFIS LIBRARY SEARCH

NALYST'S COMMENTS
H-284

WNALYST - _ _-_ _ _ _ _ _ _ _



Nl- I

7141AE ENVIRONMENTAL LABORATORY
CC/MS REPORT

.:AMPLE i09004 DATE COLLECTLD . 2/i7/B4 REPORT DATE

"ROJEC= TINKER CODE TF-XMS

'AiIPLE DISCRIPTI)N MONITORING WELL. I 2B

COMPOUND PPB

MO PURGEABLES DETECr*ED

*INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

:NALYST'S COMMENTS
H-285

-)NALYST ________

* . % .



STATE ENVIRON1MENTAL LABORATORY
CC/MS REPORT

AMPLE * i088S2 DATE COLLECTED 2/15/84 REPORT DATE

ROJECT :TINKER CODE TF-XMS

AMPLE DISCRIPTION MONITORING WELL I3E

COMPOUND PPB

NO PURGEABLES DETECTED

SINDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

*.NALYST'S COMMENTS

~NALYST ___________

H-286



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

-'AMPLE lt i 08851 DATE COLLECTED 2/I5/84 REPORT DATE

ROJECT TINKER CODE PW-XMS

AMPLE DISCRIPTION MONITORING WELL # 3F

COMPOUND PPB

NO PURGEABLES DETECTED

SINDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

)NALYST'S COMMENTS

A'NALYST _ _ _ _ _ _ _ _ _ _ _ _ _ _

H-287



STATE ENVIRONMENTAL LABORATORY

GC/MS REPORT

;AMPLE = 108853 DATE COLLECTED 2/iS/84 REPORT DATE

'ROJECT TINKER CODE TF-XMS

;AMPLE DISCRIPTION MONITORING WELL * 3G

COMPOUND PPB

METHYLENE CHLORIDE 786

TRANS-i.2-DICHLOROETHENE 259

i,2-DICHLOROETHANE 2680

TRICHLOROETHENE 2220

I£, 2-TRICHLOROETHANE 86

TOLUENE 132

CHLOROBENZENE 378

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

'.NALYST'S COMMENTS

.NALYST _ _......

H-288
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STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

-AMPLE # i08821 DATE COLLECTED 2/i4/84 REPORT DATE : 3/i3/64

ROJECT TINKER CODE : TF-XMS

.AMPLE DISCRIPTION MONITOR WELL # 4A

COMPOUND PPB

i,2-DICHLOROETHANE 2.7

TRICHLOROETHENE iOi

DIETHYL PHTHALATE 8.i

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

NALYST'S COMMENTS
H-289

NALYST

-7. . -... -.. . , - .... - -,



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

% AMPLE f iO88SO DATE COLLECTED 2/iS/84 REPORT DATE

.AMPLE DISCRIPTION MONITOR WELL # 4G

COMPOUND PPB

NO PURGEABLES DETECTED

K~INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

:tNALYST'S COMMENTS

iNALYST ___ _ _ _ _ _ _ _ _ _ _ _ _ _

H-290



STATE ENVIRONMENTAL LABORATORY
CC/MS REPORT

-:AMPLE 0 i900i DATE COLLECIED 2/17/84 REPORT DATE

• ROJECT TINKER CODE TF-XMS

;AMPLE DISCRIPTION POND (LAND FILL RD & WESi OF RESERVE ROAD)

COMPOUND PPB

NO PURGEABLES DETECTED

.X INDICATES COMPOUND IS 'TENTATIVELY IDFNTIFIED BY NBS LIBiRARY SEARCH

K' NALYST'S COMMENTS

NNALYST _________

H- 291

. . * *.**, *



STATE ENVIRONMFNTAL LABORATORY
CC/MS REPORT

.-AMPLE 1088384 DATE COLLECTED 2/16/84 REPORT DATE

ROJECT TINKER CODE TF-XMS

AMPLE DISCRIPTION MONITORING WELL 0 1 (OLD WELLS)

COMPOUND PPB

NO PURGEABLES DETECTED

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NE4S LIBRARY SEARCH

,NALYST'S COMMENTS

-NALYST _ _ _ _ _ _ _ _ _ _ _ _ _

H-292

- - --



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

-AMPLE # 109000 DATE COLLECTFD 2/17/84 REPORT DATE

;ROJECT TINKER CODE TF-XMS

AMPLE DISCRIPTION MONITORING WELL 1 3 (OLD WELL)

COMPOUND PPB

NO PURGEABLES DETECTED

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS L.IBR~ARY SEARCH

.- NALYST'S COMMENTS

ANALYST

H-293
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L - STATE ENVIRONMENTAL LABORATORY

GC/MS REPORT

'..AMPLE * 108998 DATE COLLECTED 2/1.7/84 REPORT DATE

::ROJrECT TINKER CODE TF-XMS

.AMPLE DISCRIPTION MONITORING WELL 4

COMPOUND PPB

-CHLOROBENZENE 1.1.

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NES LIBRARY SEARCH

.NAL.YST'S COMMENTS

oNALYST__ _ _ _ ______ __

H-294



SThTE ENVIRONMENTAL LABORATORY
CC/MS REPORT

'-AMPLE 0 108999 DATE COLLECTED 2/17/84 REPORT DATE

ROJECT TINKFR CODE TF-XMS

AMPLE DISCRIPTION MONITORING WELL # 5

COMPOUND PPB

NO PURGEABLES DETECTED

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH

.7NILYST'S COMMIENTS

iNALYST ____

11-295
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STATE ENVIRONM1ENTAL LABORATORY
CC/MS REPORT

:AMPLE 1 08997 DATE COLLECTED 2/17/841 REPORT DATE:

',ROJECT :TINKER CODE :TF-XMS

AMPLE DISCRIPTION :MONITOR WELL #5

COMP OUND PPB

NO PURCEABLES DETECTED

INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NES LIBRARY SEARCH

*.NALYsT'~S COMMENTS

:NALYST__ _ _ _ _ _ _ _ _ _ _

H-29 6



STATE ENVIRONMENTAL LABORATORY

CC/MS REPORT

'AMPLi - 109002 DATE COLLECTED 2/17/84 REPORT DATE

ROJECT TINKER CODE , TF-XMS

AMPLE DISCRIPTION MONITORING WELL f 6 (OLD WELL)

COMPOUND PPB

" TRANS-i.2-DICHLOROETHENE 38S

TRICHLOROETHENE 62.1

..

- INDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBRARY SEARCH 1

,-NALYST'S COMMENTS

;NALYST •___

H-297



STATE ENVIRONMENTAL LABORATORY
GC/MS REPORT

AMPLE # i09003 DATE COLLECTFD 2/57/84 REPORT DAlE-

".ROJECT TINKER CODE TF-XMS

AMPLE DISCRIPTICIN MONITORING WELL # 7

COMPOUND PPB

TRANS-i .2-DICHLOROETHENE 22.8

i -TR ICHLOR OETHENE i2

SINDICATES COMPOUND IS TENTATIVELY IDENTIFIED BY NBS LIBSRARY SEARCH

nNALYST'S COMMENTS

*)NALYST___________ ___

H-298

.................................................
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APPENDIX I

Correspondence with Federal, State and/or

Local Regulatory Authorities
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212-027-04

6 October 1983

Mr. James R. Barnett
Executive Director
Oklahoma Water Resources Board
Post Office Box 53585
Oklahoma City, Oklahoma 73152

Dear Mr. Barnett:

Radian Corporation is under contract to the U.S. Air Force Occupational
and Environmental Health Laboratory to conduct certain hydrogeologic
investigations at Tinker Air Force Base, Oklahoma. The work will include
installation of ground-water monitoring wells in the vicinity of known
or suspected hazardous waste disposal sites, so the drillers will utilize
EPA Level C personal protection equipment (full-face respirators, splash-
proof outer clothing, gloves and impervious footgear).

Radian has conducted a diligent search, both by letter and telephone,
for an Oklahoma-based firm to subcontract the monitor well drilling
effort. We are unable to locate a firm with the required equipment and
hazardous waste experience. Consequently, the search has been widened,
and suitable firms have been located here in Texas.

* This is not, in any way, to be construed as a reflection on the general
* level of competence of Oklahoma water well drillers. The practice of

monitor well installation, ev'-. though based on the same technology, is
different from that of production well installation. We also need a sub-
contractor who is experienced in the safety aspects associated with
hazardous waste sites. This project requires personnel who can maintain
a satisfactory production rate while maintaining adequate protection for
themselves, nearby personnel and the environment.

As we understand it, there is no reciprocity agreement between Texas and
Oklahoma for licensing of water well drillers. We further understand

* that, even though these wells at Tinker AFB are not production wells,
you wish them to be installed by a licensed driller. However, we have
found no Oklahoma-based, licensed firm with the requisite hazardous
waste site experience to undertake the project. Therefore, we request
that, for this project at Tinker AFB only, Radian Corporation and its
designated drilling subcontractor be exempted from the licensing require-

. Iments.

1-3
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- Mr. James R. Barnett

6 October 1983
Page Two.

The start of field work is being delayed, pending the outcome of this
action. We appreciate your early consideration and response.

Sincerely,

William M. Little
Project Director

WML: sg
cc: Mr. Baladi, OEHL/CVT

Dr. Sanders, OEHL/ECQ
CPT Cornell, Tinker AFB Hospital SGB

1-4
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212-027-04

31 October 1983

* Mr. Jenkins Dunbar
Oklahoma State Department
of Health
Industrial and Solid

* Waste Service
Post Office Box 53551
Oklahoma City, Oklahoma 73152

Dear Mr. Dunbar:

Radian Corporation is under contract to the U.S. Air Force Occupational and
Environmental Health Laboratory to conduct certain hydrogeologic investiga-
tions at Tinker Air Force Base, near Oklahoma City. The Air Force has pre-
viously provided you with the Statement of Work for the study. In support

* of tAat study, we are preparing to drill two shallow ground-water monitoring
wells, three soil borings and six deep ground-water monitoring wells. The
purpose of this letter is inform you of the contemplated drilling and well
construction procedures. Field work is expected to begin on or about 7
November 1983.

* Shallow Monitor Wells

Drilling locations will be specified by Radian. The anticipated average
depth of the wells is 30 feet. Actual depth of each well will be determined
in the field by the supervising Radian geologist. The cores for installing
the wells will be drilled by hollow-stem auger and core samples will be ob-
tained at five-foot intervals with a split-spoon sampler (ASTM D-1536).
Drilling and completion logs will be kept and samples retained by the super-
vising geologist.

*Well construction materials will be as follows:

1. Casing: two-inch diameter, flush joint, Schedule 80 PVC.

2. Screen: two-inch diameter, flush joint, Schedule 80 PVC,
0.010-inch continuous slot. Normal screen length will be
10 feet, to be reduced to 5 feet at the discretion of the
supervising geologist.

3. Sand/gravel pack: grain size compatible with screen slot
size, emplaced from bottom of hole to one foot above top
of screen.

4. Bentonite seal: two feet above top of sand pack.

8501 Mo-Pac Blvd. I P.O. Box 99481 Austin, Texas 78766 1(512)454-4797
1-5
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RADIAN
CRmPORATION

Mr. Jenkins Dunbar
31 October 1983
Page Two.

5. Grout: neat cement (Type I Portland cement) grout from the
top of the bentonite seal to the land surface.

6. Surface completion: The PVC casing is cut off to provide a
two to three foot stickup and a coupling with an end plug
cemented to the casing. A three-inch diameter guard pipe,
four feet in length, is placed over the exposed casing, and
seated in the cement. A locking cap lid is installed on the
guard pipe.

7. ALTERNATIVE FLUSH SURFACE COMPLETION: The PVC casing is cut
off 2-3 inches below the land surface, and a locking cap lid
cemented in place. The corehole is over-excavated, if neces-
sary, and a valve box or other flush cover cemented in place
with premixed concrete. Care is taken to maintain free drain-
age within the valve box. Radian will specify the surface
completion procedure to be used. Approximately three of the
wells will have flush completions.

8. Guard pipes or posts: Three-inch diameter steel posts, six
feet in length, with a minimum of 2 feet below ground, .3 feet
in length, with a minimum of 2 feet below ground, 3 each in-
stalled radially 4 feet from the wellhead (not required for
flush surface completion).

Deep Monitor Wells

These wells will be drilled to an approximate total depth of 125 feet at
locations to be specified by the supervising geologist. Well specifications
are as follows:

1. Drilling method - air rotary.

2. Casing - four-inch diameter, flush joint, Schedule 80 PVC.

3. Screen - four-inch diameter, flush joint, Schedule 80 PVC, ten
feet in length, with 0.010-inch continuous slot.

4. Sand/gravel pack: grain size compatible with screen slot size,
emplaced from bottom of hole to one foot above top of screen.

5. Bentonite seal: two feet above top of sand pack.

6. Grout: neat cement (Type I Portland cement) grout from the
top of the bentonite seal to the land surface.

7. Surface completion and guard posts: same as for two-inch
monitor wells.

1-6 .



RADIAN
CogPORAION

Mr. Jenkins Dunbar
31 October 1983
Page Three.

Soil Borings

In addition to the above, there will be three cores to a nominal depth of
30 feet. Actual depth of each core will be determined in the field by the
supervising Radian geologist. The cores will be drilled by hollow-stem
auger and samples will be obtained at five-foot intervals with a split-
spoon sampler (ASTM D-1536). Drilling logs will be kept and samples re-
tained by the supervising geologist. After the cores are advanced to total
depth, each will be grouted back to the surface as the augers are withdrawn.

Coordination

A licensed water well driller has been retained to conduct the drilling and
well construction. The Water Resources Board will be notified of the drill-
ing locations and appropriate records (Form 424-10 76) will be filed with
the Board after the wells are completed.

Please call me if you have any questions.

Sincerely,

William M. Little
Project Director

WML:sg
cc: Duane Smith, OK Water Resources Board

CPT Cornell, Tinker AFB Hospital/SGB
Dr. Sanders, OHEL/ECQ
Mr. Baladi, OEHL/CVT

1-7



RADIAN
7 November 1983

212-027-04

Mr. Jenkins Dunbar
Oklahoma State Department
of Health
Industrial and Solid
Waste Service

Post Office Box 53551
Oklahoma City, OK 73152

Dear Mr. Dunbar:

This is to confirm our telephone discussion today, concerning the hydro-
geologic investigations at Tinker Air Force Base.

1. Well construction - We note Oklahoma State Department of Health
concurrence in the proposed well construction procedures.

2. Well diameter - As we discussed, it is technically and financially
inappropriate to increase the proposed well diameter at Industrial
Waste Pit No. 2 from two to four inches.

3. Coordination - Radian intends to keep your office fully informed
of the progress of the investigation and to provide you with
ample opportunity to visit work in progress. However, it will
be necessary to schedule field visits at times that are mutually
convenient. Please remember that, when you visit the drilling
operation, you will need a minimum of EPA Level D personal pro-
tection equipment.

Please call me anytime you have questions about the Tinker AFB investigation.

Sincerely,

William M. Little
* Project Director

WML:sg
cc: Dr. Sanders, OEHL/ECQ

Mr. Baladi, OEHL/CVT
CPT Cornell, Tinker AFB Hospital/SGB

Blvd. IP.O. Box 9948/Austin, Texas 78766 (512)454-4797
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Fred B. Blood - Monitor Well Sampling

Kathey A. Ferland - Monitor Well Sampling
Lawrence N. French - Supervising Geologist
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MARSHALL F. CONOVER, P.E.

EDUCATION:

Graduate Studies, University of California, San Diego, CA.

* B.A., Physics, San Diego State University, San Diego, CA, 1963.

PROFESSIONAL EXPERIENCE:

Senior Program Manager, Radian Corporation, 1977-Present.

Assistant Project Manager, TRW Systems Group, 1968-1977.

Group Leader, Grumman Corporation, 1965-1968.

Sr. Flight Test Engineer, General Dynamics, 1958-1965.

FIELDS OF EXPERIENCE:

Mr. Conover is a Program Manager in the Research and Engineering Operations at
Radian. He develops new business and manages contracted projects that provide

* technical multidisciplinary services in failure analysis, research, engineer-
- ing, corrosion, alternate energy, and energy conservation.

"- In activities for the electric power industry, Mr. Conover has been responsi-
ble for many failure analyses of operational and R&D power plant components,
viz: a pump shaft and expansion bellows for a 500 KW R&D plant; and isobutane
turbine and heat exchanger tubes for Magma Power; and FGD expansion joint of
the City of Springfield, MO; a steam diffuser at The Geysers; and currently,
for EPRI, he is managing a project (RP 1195-8) to determine the cause of fail-
ures on downhole, high temperature, geothermal production pumps for binary
geothermal power plants.

Mr. Conover has managed many corrosion-related studies of geothermal power

plants for SDG&E, Reber, CA; DOE, Raft River, ID; a utility consortium in
Nevada, and Hawaii Electric, Puna, HI. In addition, Mr. Conover has also
directed several EPA projects aimed at determining the energy costs and plant
effluents resulting from more stringent national standards for sulfur dioxide
emissions from steam-electric power plants.

For five years Mr. Conover has been responsible for a DOE project to determine

materials selection guidelines for geothermal power plants. Mr. Conover and
dRadian staff members established relationships and visited geothermal power

plants in Japan, New Zealand, El Salvador, Mexico, Iceland, Italy as well as
the United States to gain knowledge of a broad spectrum of corrosion problems,

.. data and experience. From detailed analyses, the concept of site-specific
*- corrosion phenomena was reduced to an emperical concept that all geothermal
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Marshall F. Conover

resources fit into six corrosivity classes. Further, Mr. Conover's team
determined that only six key chemical species in the fluid were responsible
for the preponderance of corrosion.

Prior to joining Radian Corporation, Mr. Conover performed consulting engi-
neering to the United States Energy Research and Development Administration's
Office for Fossil Energy Development. In various senior project positions,

* Mr. Conover conferred with Fossil Energy Project Offices to establish their
annual plans for coal liquefaction and gasification, magnetohydrodynamics
(MHD), demonstration plants, advanced research, enhanced oil and gas recovery,
and in situ oil shale and coal gasification technologies. While in close
interaction with the MHD Office, Mr. Conover was instrumental in synthesizing
and translating their R&D requirements into procurements for development of
critical components for the U.S. coal-fired MHD power generation program. In
addition, Mr. Conover played a central role in formulating ERDA's plans for

* developing natural gas resources from the Western tight gas sands and Eastern

* gas shales.

As Fleet Command Support Center (FCSC) Assistant Project Manager for Site
Engineering, Mr. Conover was responsible for Field Offices at the London,
Norfolk, Honolulu, and Pentagon Command Centers (CC) as well as a support

. office at the customer's offices in Arlington, VA. His Site Engineering group
* represented the FCSC Project at the user's control centers; translated user
- requirements into scenarios for system specification input; and provided spe-
*'  cial support as needed. Site Engineering teams conducted detailed site con-

figuration surveys and developed site-unique specifications delineating the
FCSC design requirements for each FCSC facility with supporting television,

,- microfilm, projection, and communications equipment.

- For the Space Shuttle, Mr. Conover was responsible for payload accommodation/-
." interfaces, technical marketing pursuits and studies. He developed customer
- contacts, made presentations, assisted and/or monitored targeted procurements

at NASA Johnson, Marshall and Kennedy Space Centers per Business Development
* Plan. Also responsible for Shuttle/payload carrier computer interface work,
*' Mr. Conover's major concerns included requirements for implementation of pro-

cess auditing, function allocation coordination, requirements compliance and
. system design assessments, and panel/working group participation. As Lead

- Experiments Engineer for a project that produced the Skylab Experiments Opera-
tional Data Book, Mr. Conover's Task Force developed data specifications,

* acquired data per specifications for all 56 Skylab experiments and validated
* data via cognizant Principal Investigators/Engineers, and published and up-

dated data as designs progressed. Mr. Conover also organized and staffed a
Data Engineering Group which was responsible for the data systems and report-

ing of the Apollo Lunar Module (LM) thermal-vacuum mission simulation testing
at NASA/Johnson Space Center. This group performed instrumentation installa-

-. tion, data processing and analysis, vehicle checkout computer programming
requirements, instrumentation calibration data processing, and test evaluation
and reporting.
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For a vide range of Atlas Space Launch Vehicle payloads, Mr. Conover was
responsible for the flight test evaluations and reports. Extensive failure
analyses were conducted using instrumentation/telemetry data, photographic
data and laboratory simulations. Mr. Conover also functioned in an associate
contractor integrating role which required identification of other contrac-
tor's flight hardware problems, determination of corrective action, and com-

*munication of the flight problems resolution and status to the client.

PROFESSIONAL ACTIVITIES:

o Associate Fellow, AIAA, 1970-1974

o Geothermal Resources Council, 1978-1983

o Texas Solar Energy Society, 1979

o ASTM, E45.3, Subcommittee Chairman, 1980

o ASHRAE, TC 6.8, Research Subcommittee Chairman, 1982

LICENSE:

Registered Professionsl Engineer: Texas - SN 33369.

PAPERS AND PUBLICATIONS:

Conover, Marshall F., et al., Direct Utilization of Geothermal Ener2 for
Space and Water Heating at Marlin. Texas, NTIS DOE/ET/27059-1, Radian Cor-
poration, Austin, TX, May 1983.

Conover, Marshall F., et al., Corrosion Reference for Geothermal Downhole
Materials Selection, NTIS DOE/SF/11503-1, Radian Corporation, Austin, TX,March 1983.

Conover, M.F., "Designing Geothermal Power Plants to Avoid Reinventing the
Corrosion Wheel," Geothermal Resources Council Bulletin, Vol. 12, No. 3,
March 1983.

Conover, M.F., "A Corrosivity Classification System for Geothermal Resources,"
Geothermal Resources Council Bulletin Vol. 12, No. 2, February 1983.

Conover, M.F. and P.F. Ellis, "Corrosivity Classes and Materials Selection
Guidelines for Geothermal Energy Utilization Systems," AIChE Anaheim, CA
Meeting, June 1982.

Ellis, P.F., II and M.F. Conover, Materials Selection Guidelines for Geo-
thermal Energv Utilization Systems, NTIS DOE/RA/27026-1, Radian Corporation,
Austin, TX, January 1981.
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Conover, M.F., P.F. Ellis, and A.M. Cruzon, "Materials Selection Guidelines
for Geothermal Power Systems," Sourcebook on the Production of Electricity

* from Geothermal Energy, Joseph Kestin, Editor-in-Chief, DOE/RA/28320-2, GPO:
Washington, DC, August 1980.

Conover, M.F., P.F. Ellis, and A.M. Cruzon, "Materials Selectin Guidelines
for Geothermal Power Systems-An Overview," Geothermal Scaling and Corro-
±jM Casper/Pinchback, Eds., ASTM STP 717, Philadelphia, PA, 1980.

Ellis, P.F. and M.F. Conover, "Corrosion Engineering for Geothermal Heating
* Systems," Special Report No. 9: Commercial Uses of Geothermal Heat Geo-

thermal Resources Council, Davis, CA, June 1980.

Ellis, P.F. and M.F. Conover, "Materials (Alloys) Selection for High Tempera-
ture Downhole Instrumentation," Hifh Temperature Electronics and Instrumen-

* tation Seminar Proceedinas December 3-4, 1979, Publication Code SAND-80-
-. 0834C, Sandia Laboratories, Albuquerque, NM, May 1980.

Conover, M.F. and R.L. Miller, "Corrosion and Scaling in Direct Applications
of Geothermal Fluids," Presented at The Electrochemical Society, Los Angeles,
CA Meeting, October 1979.

Conover, M.F., P.F. Ellis, and D.A. Mitchell, "Premature Failure of Residen-
tial Geothermal Heating System Fan-Coil Units," Paper No. 274 presented at The

Electrochemical Society Los Angeles, CA Meeting, October 1979.

Conover, M.F. and P.F. Ellis, "Materials Selection Guidelines for Geothermal
*Energy Systems," Geothermal Resource Council Transactions, Vol. 3, September
*1979.

Conover, M.F. and L. Bennett, "Compression and R-Wave Detection of ECG/VCG
Data," NASA Tech Brief. B72-10391, July 1972.

Hellmann, R.F., M.F. Conover, E. Morrison, and G. Neilson, "Lunar Module
Thermal-Vacuum Simulation Utilizing Conformal Thermal Heater Control," AIAA

: Spacecraft Journal, Vol. 7, No. 2, February 1970.
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WILLIAM M. LITTLE

" EDUCATION:

-o M.S., Civil Engineering, University of California, Berkeley, 1974.

MLS., Hydrology, University of Arizona, Tucson, 1968.

B.S., Hydrology, 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.

Hydrologist, U.S. Army Environmental Hygiene Agency, 1973-1978.

Research and Technical Operations Officer, U.S. Army Engineer Nuclear Crater-
ing Group, 1969-1971.

* Graduate Student in Research, University 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. He is currently the Project Direc-
tor for hydrogeologic investigations of multiple waste disposal sites on

* Kelly Air Force Base, Texas, and Tinker Air Force Base, Oklahoma. These
investigations include monitoring well construction, ground-water sampling,
and contaminant transport assessment. He is responsible for program design
and execution, subcontractor selection, and managing and editing the final
report. He has recently completed a hydrogeologic investigation of a Super-

* fund site in western New York state. The project included monitoring well
* construction, definition of ground-water flow system, assessment of contam-

inant transport potential, and presentations to regulatory authorities.
*- Mr. Little served as Project Director and principal investigator.

He has served as Project Director and field manager for a large, multidisci-
D plinary characterization of an abandoned hazardous waste disposal site in

southern California. The waste materials consist of acid petroleum refinery
sludges. Major areas of investigation were: chemical characterization of

* wastes and geologic materials; quantification of sulfur dioxide and hydro-
*carbon emissions; and ground-water monitoring. Mr. Little was responsible for

managing the field operations and supervising report preparation.

Mr. Little has served as assistant Project Director and field manager for an
investigation of the ground-water quality impact of a spill of a coal-distil-
late liquid at an SRC pilot plant near Tacoma, Washington. The study involved
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*. detailed unsaturated zone coring and designing and constructing a series of
ground-water monitoring wells A Remedial Measures Plan was formulated and
adopted to remove contaminated materials and to prevent the further spread of
ground-water contamination. Following the evaluation of the spill event,
Mr. Little directed an expanded program to evaluate the ground-water quality
effects of overall plant operations. The possible sources of contamination

.- were identified and characterized. Mr. Little then developed a ground-water
monitoring program and supervised the installation of the monitoring network.
He designed and conducted aquifer pump tests to define aquifer performance and
interpreted the results.

Mr. Little has also conducted a program to evaluate the extent of ground-water
contamination by refinery operations and wastes at an oil refinery near
Duncan, Oklahoma. The initial assessment was based on site reconnaissance,
interviews with refinery personnel and a study of existing hydrogeologic and
process data.

Mr. Little has recently completed two environmental/regulatory fatal flaw
studies for lignite mines and associated power plants in East Texas. He was

" both Project Director, responsible for overall management and preparation of
the final report, and hydrology task leader, responsible for assembling data
on hydrologic conditions and assessing probable impacts. He has also recently

*. served as task leader for regulations review, impact analysis and permit
application preparation for a comercial-scale coal gasification facility in
Wyoming and ground-water hydrology task leader for environmental analysis of a
major lignite mine and associated syufuels plant in east Texas.

In another program, Mr. Little directed an evaluation of surface-water and
ground-water availability in the vicinity of the proposed Solvent Refined Coal-
II (SRC-II) demonstration plant and com-er.-,al facilities near Morgantown,
West V- rginia.

For a private industrial client, Mr. Little reviewed and evaluated the envi-
ronmental monitoring data from the vicinity of an in situ coal gasification
test in the Powder River Basin of Wyoming. The water quality impacts of the
test burn were assessed, and a program of aquifer restoration and hydrologic
testing recommended. Based on available hydrologic and geochemical data, a
conceptual model of the test site was developed. He also developed a ground-
water monitoring and contingency aquifer restoration program for a proposed

*future test. The program includes selection of well locations and parameters
,* for monitoring and specification of restoration strategies.

*, Mr. Little has also participated in an assessment of the environmental behav-
* ior of fluidized bed combustion (FBC) waste for EPA, IERL. Mr. Little was

responsible for the design, construction and operation of field cells for
testing FBC waste disposal alternatives and for the development of a prelim-
inary waste transport model. He has also been project director and hydrology
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task leader in the evaluation of the environmental suitability of an ash/
scrubber sludge disposal site. He was responsible for the overall management
of the program, evaluated the laboratory and hydrogeologic data and predicted
contaminant migration.

As a hydrologist with the Water Quality Engineering Division, U.S. Army Envi-
ronmental Hygiene Agency, Mr. Little served as a consultant to the Office of
the Surgeon General and to major commands and installations on hydrologic
aspects of water supply and wastewater disposal. He prepared design criteria
for programs of effluent and receiving water monitoring at Army manufacturing
and research facilities, evaluated ground-water pollution potential of waste
disposal practices, and reviewed draft NPDES discharge permits issued to Army
installations. He performed preliminary technical feasibility studies of land
treatment of wastewater including field investigations and trial systems
design. He conducted environmental impact statement data requirements review
and prepared and reviewed portions of environmental impact statements. 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 design 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. He directed and
, participated in preliminary adaptation of a two-dimensional, finite difference

model of a large, heterogeneous ground-water basin.

HONORARY AND PROFESSIONAL SOCIETIES:

American Geophysical Union, American Water Resources Association, National
* Water Well Association, Sigma Xi.

, CERTIFICATION:

,- AIPG Certified Professional Geological Scientist No. 6468.

PUBLICATIONS/REPORTS:

Numerous technical reports in the fields of water resources development,
ground-water contaminant migration, occurrence of radionuclides in ground
water, land treatment feasibility and receiving water monitoring, including:

02/01/84
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Little, W.M., "Hydrogeologic Investigations, Facet Enterprises, Inc., Elmira,
New York," Radian Corporation Final Report to Facet Enterprises, Inc.,
September 1983.

Little, W.M., et al., "McColl Site Investigation - Phase 1," Radian Corpora-
*tion Report to the Participants Committee, November 1982.

Little, W.M., et al., "Environmental Considerations and Air Quality Modeling
" for the Freestone County Project," Radian Corporation Report to Tenneco Coal

Company, March 1982.

Grimshaw, 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., "Environmental 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.M., et al., "Ground-Water Impact of SRC Pilot Plant Activities Fort
Lewis, Washington," Radian Corporation report to Gulf Mineral Resources Com-
pany, January 1981.

Little, W.M., et al., "Ground Water Modeling at an In-Situ Coal Gasification
Test," Radian Corporation Report to confidential industrial client, September
1980.

Little, W.M. and H.J. Williamson, "Recommended Ground-Water Monitoring and
Aquifer Restoration Programs, Future In-Situ Coal Gasification Test," Radian
Corporation Report to confidential industrial client, September 1980.

* Little, W.M. and W.C. Micheletti, "Recoumended Aquifer Restoration and Hydro-
" logic Testing Program for an In-Situ Coal Gasification Test," Radian Corpora-

tion Report to confidential industrial client, August 1980.

Grimshav, T.W. and W.M. Little, "Remedial Measures Plan for a Spill of Solvent
Refined Coal Liquid at the SRC Pilot Plant, Fort Lewis, Washington," Radian

- Corporation Report to Gulf Mineral Resources Company, August 1980.

Little, W.M., et al., "Hydrologic Evaluation of a Combined Ash/FGD Sludge
Storage Site, Craig Station," Radian Corporation Report to Colorado Ute Elec-
tric Association, July 1980.

* Little, W.M., T.J. Wolterink, and M.H. McCloskey, "Water Availability Apprai-
sal for the Proposed Solvent Refined Coal-lI Demonstration Plant, Monongalia
County, West Virginia," Radian Corporation Report to U.S. Department of

. Energy, February 1980.
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Little, W.N., "Water Quality Geohydrologic Consultation No. 24-0286-77," Twin
Cities Army Amunition Plant, Nev Brighton, MN, 21-23 July 1976, U.S. Army
Environmental Hygiene Agency, 11 January 1977 (six additional geohydrologic
consultations; sole author on two, senior on three, junior on one).

* Little, W.M., Drinking Water Consultation Visit No. 24-1301-77, Joliet Army
Anunition Plant, Illinois, 2-4 August 1976, USAEMA, 9 February 1977 (four
additional drinking vater consultations).

Little, W.M., Water Quality Geohydrologic Consultation No. 24-058-75/76, Land
Disposal Feasibility Study, Fort Polk, Louisiana, 2-29 April and 9-29 October
1975, USAIHA, 19 August 1976.

Little, W.M., Water Quality Geohydrologic Consultation No. 24-005-76, Land
Disposal Feasibility Study, Fort Dix, New Jersey, 21-30 July and 15-23
September 1975, USAEHA, 18 June 1976 (two additional land treatment evalua-
tions as part of water quality engineering special studies).

Little, W.N., Water Quality Monitoring Consultation No. 24-048-74/75, Aberdeen
Proving Ground, Maryland, 25-27 February 1974, USAIHA, 17 December 1974 (three
additional monitoring consultations).

Little, W.M., Water Quality Engineering Special Study No. 24-017-74, Mixing in
Receiving Waters, 7 September-24 October 1973, USAEHA, 3 January 1974.

Little, W.M., Analysis of Hydrologic Transport of Tritium, U.S. Army Engineer
Nuclear Cratering Group Technical Memorandum 70-7, Lawrence Radiation Labora-
tory, Livermore, CA, April 1971.

Little, W.M., An Engineering and Economic Feasibility Study for Diversion of
Central Arizona Project Waters from Alternate Sites, M.S. Thesis, Department
of Hydrology, University of Arizona, Tucson, AZ, 1968.
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RICK A. BELAN

EDUCATION:

M.S., Hydrology, University of Arizona, Tucson, 1972.

B.S., Geology, Kent State University, OH, 1970.

EXPERIENCE:

Staff Hydrogeologist, Radian Corporation, 1980-Present.

Groundwater Hydrologist, William F. Guyton and Associates, 1977-1980.

Captain, United States Army, 1972-1977.

Environmental Impact Assessment Officer, United States Army, 1975.

. Research Associate, University of Arizona, 1970-1972.

FIELDS OF EXPERIENCE:

Mr. Belan is currently conducting field investigations of various hazardous
waste sites at Kelly and Tinker Air Force Bases in Texas and Oklahoma, respec-
tively. These efforts, as part of the Air Force's Installation Restoration
Program (IEP), entail the installation of monitoring wells and hazardous waste
site soil sampling for chemical analysis. The results will be used to define
the site hydrogeology and waste site impacts, if any, on the local ground-
water system.

Mr. Belan is the hydrogeological project director for an Installation Restora-
tion Program investigating four hazardous waste disposal sites at Hill Air
Force Base, Utah. The field phase entailed the direction of the investigation
efforts for monitor well installation and completion, soil and ground-water
sampling, geophysical resistivity surveys and chemical analysis coordination.
The results of this effort were to determine the nature and extent of ground
water contamination and define the local hydrogeology.

As part of a remedial actions assessment of the McColl hazardous waste site in
California, he conducted the conceptual design and evaluation of a slurry
trench wall system. Containment wall materials were selected for laboratory
testing. Additional wall materials and installation costing, survivability,
and suitability were evaluated.

Mr. Belan conducted, as part of a remedial actions assessment of the Lipari
Superfund 'site in New Jersey, the conceptual design and costing of a dewater-
ing system. This included an impact assessment of the formations dewatering
on a slurry trench cutoff wall. The results of this evaluation provided dis-
charge information for a ground-vater treatability study.
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He worked on three Environmental Protection Agency Superfund projects. Two
projects entailed the hydrogeological evaluations of hazardous waste sites in
Louisiana and New Jersey with the results developing and supporting site
remedial measures activities. The third EPA Superfund activity was the evalua-
tion of a new potential waste isolation technology which had been tested. The
test attempted to isolate a large block of soil by slurry injection at depth
areally and vertically using a patented process. Mr. Belan supervised the
site investigation for determining the success of the technique to isolate the
soil block. This entailed directing a geophysical survey, and confirmation
soil borings to determine the soil isolation success of the test.

He coordinated and supervised the air rotary drilling and casing drive comple-
tion of a 270-foot monitoring well for an unused waste site containing mainly
petroleum refinery waste sludges. This upgradient well located in California
was drilled in difficult caving formations. The successful completion of this
well permitted the location of a third final downgradient monitoring well for
the clients.

In the area of solid waste management, Mr. Belan coordinated, supervised, and
documented the disposal of fluidized bed combustion byproducts from a synfuels
experiment sponsored by the Environmental Protection Agency. This project
entailed the coordination with local agencies for the disposal at an appro-
priate landfill, and hydration of the wastes to neutralize its exothermic
reaction prior to disposal.

Mr. Belan was instrumental in providing a hydrogeological assessment of an
inactive hazardous waste site in south central New York. The site is listed
by EPA as a priority site for action under Superfund. The result of the
assessment was the design and costing of a monitoring well program for the
client.

As the environmental baseline task leader and geological/hydrogeological team
member, Mr. Belan coordinated, developed and identified environmental con-
straints or issues for a New Mexico Synfuels Project Feasibility Study.
Analysis for this study for an industrial client permitted enumeration of
ground-water and surface-water environmental issues associated with two in-
mine and two plant sites disposal of hazardous/nonhazardous solid waste from a

* synfuels plant. The results of the study summarized the regional and site-
specific geology, ground-water and surface-water. The study identified mine
and plant environmental constraint areas concerning solid and liquid waste

*. disposal and also described the waste disposal options as to which mine or
plant sites the solid waste should go.

Mr. Belan conducted as part of a geothermal feasibility study a hydrogeolog-
ical assessment of two aquifers for potential utilization for each of four
U.S. military bases which are located in the vicinity of San Antonio, Texas.
This entailed the development of conceptual well depths, productivity esti-
mates, static water levels, water temperatures and water quality. These data
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were used to support benefit/cost analyses of a total geothermal systems
package that included costs of well completion and production, heat extraction
systems and projected heat demands.

He completed a state-of-the-art review of geopressured/geothermal fluids dis-
" -posal technologies and environmental problems associated with the disposal

techniques for the Texas Energy and Natural Resources Advisory Council
(TENRAC). The two primary disposal methods reviewed were injection wells and
surface discharge. From this study, Mr. Belan developed areas of geopres-
sured/geothermal fluids gaps to coumercialization. This review and subsequent
recommendations provided TENRAC with a means to evaluate Texas geothermal/
geopressured development especially towards commercialization and of potential
technology areas that merit further study with public funds.

Mr. Belan conducted a preliminary assessment of the feasibility of utilizing a
deep injection well for disposal of hazardous waste fluids from a prospective
lignite gasification plant in East Texas. This entailed identifying aquifer

*parameters and computing long-term injection affects in order to assess two
candidate aquifers for potential injection horizons.

As a staff hydrogeologist at Radian, Mr. Belan has experience in a wide range
of ground-water sampling and analysis efforts. He was the field task leader
and hydrogeological analyst for an environmental constraint study of a Lurgi
coal gasification plant in East Texas. The study was to be the basis of a
solid waste management plan for the plant site and the selection of a solid
waste disposal site. It provided the client with supporting information to be
used in obtaining state permits. Mr. Belan was the task leader for coordinat-
ing the air quality, ecology, surface water, and cultural impact portions of
the reports, and developing future site-specific environmental studies re-
quirements.

Mr. Belan analyzed aquifer testing methods and parameter data for an in-situ
coal gasification project in Wyoming providing regional and vertical charac-
teristics of the coal and overburden aquifers. The results became part of a
relicensing application prepared for the U.S. Department of Energy, Laramie,

Wyoming.

At refinery waste disposal sites in the area of Kenai, Alaska, Mr. Belan con-
ducted a hydrogeological evaluation. This entailed the field supervision and
interpretation of the drilling, geologic sampling, construction, and ground-
water sampling of monitor wells in and around the disposal sites. The data
obtained was used to define the local ground-water systems, sub-surface geol-

. ogy, and establish if any ground-water contamination had occurred.

Mr. Belan directed and conducted the production and injection testing of two
geothermal wells at Navarro College, Corsicana, Texas; one well was to supply
geothermal fluid for heat extraction and the other will be used for disposal
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of the same fluid. He analyzed the test data for well performance, and aqui-
fer parameters; providing a report and recommendations before final geothermal
system design.

Mr. Belan, at Radian, conducted an impact assessment of ground-water avail-
ability and development quantitatively and qualitatively for a proposed
petrochemical complex near the Texas Gulf Coast. His work involved developing
a hypothetical well field for producing 6,900 gallons per minute and assessing
the ground-water effects with time for varying aquifer conditions. Mr. Belan
analyzed the local ground-water qualities to establish present baselines and
if sufficient quality plant water could be available for use by the proposed
plant.

He assisted in the preparation of the geology and ground-water hydrology sec-
tions of an Environmental Information Document for a proposed lignite mine in
East Texas. He worked extensively on the supervision of the drilling, elec-
trical logging, sampling, and construction of the test and monitor wells
associated with this program with his former employer and, presently, with
Radian prepared the study results for inclusion into the report.

As a ground-water hydrologist with W. F. Guyton and Associates, Mr. Belan
provided hydrogeological field support for an overland liquid disposal facil-
ity for a client in Louisiana. In order to define the hydrogeology in and
around the disposal facility, Mr. Belan provided the field supervision and
interpretation of the mud rotary drilling, logging, completion, development,
and ground-water sampling of a series of monitor wells. This information
aided in defining what impacts, if any, the overland disposal would have on
the local ground-water system.

*. Also while Mr. Belan was working for W. F. Guyton and Associates, his varied
field tasks took him to Arizona, Nevada, and Texas. He assisted three large
utility power companies in the field supervision of the drilling, geophysical
logging, construction, pump and aquifer testing, and water quality sampling of
over twenty large production water wells along with a number of observation
wells. These wells were drilled on the different jobs by cable tool, mud
rotary, and reverse drilling methods. These activities were summarized in
well completion reports.*

* Mr. Belan completed with Mr. Guyton an in-depth analysis of the hydrogeology
of the property of Texas Electric Service Company for Texas Utilities Ser-
vices, Inc. for a prospective water supply, along with a well inventory of
property outside the client's area of interest. During this study proposed
water well field proposal consisting of 38 production water wells for a
projected new electrical generating station. This study included estimated
pumping rates, depths of wells, and estimated initial water quality for the
well field.
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As an officer in the United Stated Army stationed in West Germany in 1975,
Mr. Belan initiated, developed and provided Environmental Impact Assessments

*-- (ElA) for the U.S. Frankfurt Military Community, and initiated research for 44
U.S. military installations throughout West Germany, which were to be included
in the Frankfurt Master Plan. These studies were to define the environmental
problems, if any, of the military installations for remedial measures planning
and budgeting. His earlier duties included terrain/soils trafficability
studies and weather analysis, and the supervision, evaluation, and distribu-
tion of tactical information.

As a Graduate Research Assistant in the Department of Soils, Water and Engi-
neering at the University of Arizona,. Mr. Belan was responsible for the plan-
ning, research, development, and quantifying of Mountain Front Recharge of the
Tucson Santa Catalina Mountains under the supervision of his thesis director.
The results of the study were published in an Arizona Water Resources period-

ical.

HONORARY AND PROFESSIONAL SOCIETIES:

Certified Professional Geological Scientist (American Institute of Profes-
sional Geologists), Technical Division National Water Well Association,
Society of Petroleum Engineers, Sigma Gamma Epsilon Geology Honorary.

PUBLICATIONS/REPORTS:

Belan, R.A., Summary of Extended Water Level and Oil Thickness Measurement

Program Vicinity of Chemical Disposal Pits Nos. 1 and 2 Hill AFB, Utah, Radian
Corporation, Austin, TX, 1984.

Belan, R.A., Hill Air Force Base, Utah Installation Restoration Program Phase
II Hydrogeological Field Investigation, Volumes I, II, and III Draft Report,

* Radian Corporation, Austin, TX, 1983.

Belan, LA., W.M. Little, and L Glaccum, Geophysical and Soil Boring Field
Test Evaluation of Block Displacement Method, Whitehouse, Florida, Radian
Corporation, Austin, TX, and Technos, Inc., Miami, FL (Published and presented
paper at National Water Well Association Technical Conference, St. Louis, MO,
1983).

Stein, N.P., et al., Treatability Study of Contaminated Ground Water from the

Lipari Landfill, Pitman, New Jersey - Draft Report, Radian Corporation, 1983
(Developed the hydrology assessment section on the remedial action impacts and

* costs of a dewatering system).

Belan, LA., W.M. Little, and L Glaccum, Draft Report Foster-Miller Test Site
Evaluation, Radian Corporation, Austin, TX, and Technos, Inc., Miami, FL,

" 1982.

01/18/84 K-17

",-..-..---



RADIAN

* Rick A. Belan

* Radian Staff, Remedial Action Alternatives for the McColl Site, Fullerton,
California, Radian Corporation, Austin, TX, 1983 (Conducted the remedial
action assessment and materials selection for a slurry trench wall system).

*Radian Staff, Geothermal Resource Evaluation in the Area of Coso Hot Springs
KGRA (exact title client confidential), Radian Corporation, Austin, TX, 1983
(Evaluated geothermal reservoir testing results).

-. Radian Staff, Technical Review of Reports on Two Hazardous Waste Sites Near
Baton Rouge, Louisiana, Austin, TX, 1982 (Developed report evaluation criteria

- and reviewed reports on hydrogeological investigation results.)

Ajuera, K.T., W.F. Holland, N.P. Stein, R.A. Belan, and L.J. Holcombe, A
Report on Waste Disposal/Hydrology Study New Mexico Synfuels Project, Radian
Corporation, Austin, TX, 1982 (Environmental task leader, document editior,
authored activity impacts and hydrogeological sections).

- Belan, LA., J.C. Lippe, and J.P. Rossi, An Overview of Regional Geology and
Hydrology for Solid Waste Disposal Study, Radian Corporation, Austin, TX, 1982
(Environmental task leader and authored geological and ground-water sections
and document editor).

- Radian Staff, Volume I Final Report Life Cycle Cost-Effectiveness Studies for
- Direct Utilization of Geothermal Energy at Four Military Installations in
• -South-Central Texas, Austin, TX, 1982 (Authored hydrogeological parameter
*. development and environmental considerations).

Belan, LA., K.T. Ajmera, An Overview of Earth Resistivity Surveys - Technical
Memorandum, Radian Corporation, Austin, TX, 1982.

* Belan, LA., Technical Note, ETSP Soil Samples for Attenuation Capacity Analy-
sis, Radian Corporation, Austin, TX, 1981.

Belan, LA. and K.T. Ajmera, Technical Note, ETSP Preliminary Geotechnical and
Surface Water SWMP Related Field Studies and Preliminary Layout of Solid Waste
Disposal Site, Radian Corporation, Austin, TX, 1981.

Belan, R.A. and A.F. Ferguson, Geothermal Injection and Production Well Test
Results: Project Title - Water and Space Heating for a College and Hospital
by Utilizing Geothermal Energy, Radian Corporation, Austin, TX, 1981.

Belan, LA., et al., Sumary of the ETSP Solid Waste Disposal Area Selection
and Trade-Offs, Radian Corporation, Austin, TX, 1981.

Belan, LA., et al., Summary of Findings for the Fatal Flaw Assessment of the
Northern Area, Radian Corporation, Austin, TX, 1981.
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Belan, R.A et al., Technical Note, Environmental Constraint Screening of Mine
Property and Surrounding Areas for Solid Waste Disposal Siting near Troup,
Texas, (Environmental section Task Leader and authored ground-water section),
Radian Corporation, Austin, TX, 1981.

Radian Staff, Relicensing Application - Hanna Experimental In-situ Coal Gas-
ification Project, Hanna, Wyoming, (Provided analysis of supplied aquifer
parameter values pertaining to regional and vertical distributions and ranges
of applicability), Radian Corporation, Austin, TX, 1981.

Radian Staff, Compilation of Environmental Information for a Proposed Olefins
Complex, Brazoria County, Texas, (Author of ground-water baseline and develop-
ment), Austin, TX, 1981.

Radian Staff, Evaluation of Hydrogeology and Waste Management Options at
Tesoro Alaska Petroleum Company's Kenai, Alaska Refinery, (Author of hydro-
geology section), Austin, TX, 1980.

Guyton, W.F., R.A. Belan, and W. Stevens, Report on the Ground-Water Avail-
ability for Prospective Coal-Fueled Electric Generating Station in Ward
County, Texas, W. F. Guyton and Associates, Austin, TX.

R.A. Belan authored a number of Environmental Impact Assessments for U.S.
Military Installations for the Department of the Army, Federal Republic of

.* Germany.
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FRED B. BLOOD

EDUCATION:

M.S., Biology (Aquatic Ecology), Virginia Commonwealth University, 1973.

B.S., General Science (Biology and Chemistry), Virginia Polytechnic Insti-
tute, 1969.

EXPERIENCE:

Biologist, Radian Corporation, Austin, TX, 1981-Present.

Senior Consultant, Seagull Environmental Control, 1980-1981.

Technical Field Advisor, U.S. EPA Region V, Lay Engineering Contract, 1979.

Aquatic Ecologist, Law Engineering Testing Co., 1976-1979.

Staff Biologist, Virginia Electric and Power Co., 1973-1976.

Visiting Scholar, Smithsonian Institute, 1973.

Teaching Assistant, Virginia Commonwealth University, 1971-1973.

Teacher, Henrico County (Virginia) Public Schools, 1969-1971.

FIELDS OF EXPERIENCE:

At Radian, Mr. Blood is responsible for managing the collection, identifica-

tion, and interpretation of ecological data. His particular area of expertise
involves aquatic ecology and environmental toxicology. The following project
experience demonstrates his expertise.

Mr. Blood is currently task director on a U.S. EPA acid rain project. This
project was established to collect and analyze water from 3500 lakes to deter-
mine the extent and susceptibility of U.S. lakes to acid deposition. This
task involves varoius management functions including the preparation of audit
samples to verify collection procedures and intralaboratory consistency and
accuracy.

Mr. Blood has participated in U.S. Air Force IRP programs. The programs in-
volve interviews, site visits, and environmental monitoring igtnerally ground
water and soils). The purpose of the programs is to evaluate and document

*" potential contamination from past practices of handling of hazardous waste on
the bases. These studies have included five bases in Texas, Oklahoma, Utah,
and Louisiana.
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Mr. Blood is a task leader to evaluate mining applications for OSM. In this
capacity Apparent Completeness Reviews (ACR) and Technical Analyses (TA) are
being accomplished. Important issues include highwalls, large raptors, and
prey abundance in relation to reclamation plans.

Mr. Blood has also visited several non-ferrous industries to provide environ-
mental assessments in relation to U.S. EPA's Effluent Guidelines development
and/or to provide input to Environmental Impairment Liability insurance pro-
grams. Included in these studies were beryllium, aluminum, and nickel plants
and a circuit board manufacturer.

Mr. Blood was Project Director on a subcontract for the Cummins Creek lignite
project. Collection of aquatic ecological data, including analyses of fish,
and plankton data was performed. The study was expanded to include 20 sta-

tions including rivers, streams, cattle tanks, and SCS reservoirs.

As a task director, Mr. Blood was involved in assessing potential environ-
mental impacts from proposed mitigation procedures at a hazardous waste site
in Southern California. This task involved evaluation of ground water, air
quality, and transportation for the redisposal of 200,000 yd3 of hazardous
material.

As a task director, Mr. Blood was responsible for evaluating an urban lake
below an uncontrolled hazardous waste site (U.S. EPA Superfund Site). This
project involves the collection of biotic, water, and sediment samples. Ex-
tensive organic and metal analyses have been accomplished to document existing
conditions and derive a monitoring program for the future. A cost-effective
monitoring program based on empirical data and environmental fate modeling was
proposed.

Mr. Blood was Project Director of a study concerning six uranium mine reclama-
tion ponds in Southeast Texas. This study involved the quantification of
physico-chemical data, periphyton, fish, macrophytes, phytoplankton, zoo-
plankton, and aquatic macrophytes. Also included are limited chemical analy-
ses of the water column and detailed trace metal and radionuclide determina-
tions of water, sediments, and various aquatic biotic food chains. The eval-
uation included insights into the relative success and failure of reclamation
processes.

As an Ecology Task Leader, Mr. Blood was responsible for input into an envi-
ronmental assessment for a lignite gasification plant located in Northeast
Texas. This study includes all the standard terrestrial and aquatic studies
including wetlands, vegetative mapping, wildlife, and aquatic environments.

Mr. Blood has also been involved with environmental studies associated with a
synfuels plant on the Ohio River Floodplain in Kentucky. Responsibilities
included analyses of endangered and protected species, wetlands, fisheries,
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macroinvertebrates, and plankton. A NEPA-responsive study was accomplished.

He also provided input into three other lignite projects, either at an eco-
logical resources or aquatic resources level. These inputs were primarily
concerned with "fatal flaw" or other siting programs.

While with Radian, Mr. Blood has provided asbestos inspection services to
several VA hospitals and private hospitals, large State hospital in Ohio, air
monitoring consultation to many industries throughout Texas, and helped with
the training of laborers in several states. This last process provided the
attendees of the Northern California Laborers Training Center with official
certification by CAL-OSHA as asbestos workers and started a process where the
State may require more stringent respiratory protection of asbestos workers.
Mr. Blood has also participated in writing/ reviewing specifications, air
monitoring, and quality control for asbestos removal contracts throughout the
U.S.

As Senior Consultant for the Seagull Environmental Company, Mr. Blood had a
variety of responsibilities. Many buildings and structures were inspected and
evaluated by Mr. Blood, including work for various school districts, univer-
sities, and private industry. Mr. Blood made presentations on asbestos-
related problems at seminars and meetings sponsored by state and local envi-
ronmental health associations in Ohio and Illinois. He oversaw the training
of asbestos workers at numerous projects in states ranging from Illinois and
Florida to New Hampshire.

Mr. Blood served as Technical Field Advisor to the U.S. EPA asbestos-in-
schools program for Region V (Chicago). In this capacity he made over 60
presentations to 2,500 people across the six-state region. He inspected and
e'aluated more than 100 schools and provided advice to numerous contractors
and analytical laboratories in becoming involved in asbestos abatement activ-
ities.

As an Aquatic Biologist with Law Engineering Testing Company, Mr. Blood was
Project Director for a baseline aquatic survey for a paper mill in the Oconee
River, near Dublin, Georgia. The study included physico-chemical data, fish-
eries, periphyton, and macrobenthos collected at seven stations during four
seasons.

Mr. Blood was co-director for a water quality management study for the Corps
* of Engineers. The study involved two one-year studies of two reservoirs

(Carters Lake and Lake Allatoona) in Georgia. These studies involved twice
seasonal collections at over 15 stations on both reservoirs. Data collected
included: physico-chemical profiles, nutrients, trace metals, and organic
pesticides in the water column; fisheries; macrobenthos; zooplankton; peri-
phyton; Hester-Dendy substrates; algal growth potential; and trace metal and
organic pollutants in various portions of the aquatic food chain. All data
underwent rigorous QA/QC audits and were coded into the U.S. EPA STORET data

* base.
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* .As a biologist for Virginia Electric and Power Company, Mr. Blood was respon-
"- sible for biological analyses of aquatic environments associated with nine

operational sites and two site screening studies. The operation studies in-
cluded six estuarine and three freshwater sites. Mr. Blood studied thermal
and velocity discharge effects on macroinvertebrate and fish communities. He
also evaluated impingement and entrainment. Two sites, one estuarine and one
freshwater, included nuclear power stations and Mr. Blood supervised collec-
tions for radionuclide studies.

In the summer and fall following graduate school, Mr. Blood was co-holder of a
* visiting scholar fellowship to study the freshwater clams (Unionidae) of
* Virginia. He also attended a biological field camp sponsored by the Univer-
* sity of Montana on Flathead Lake, Montana. While in Montana, he studied

trophic states in two pot-hole lakes, snow algae, and physical geology.

As a graduate student, Mr. Blood was involved in various studies, including:
intensive catfish culture, primary productivity (conventional and as C14 );
fishery surveys, acid mine drainage, post-impoundment surveys, and his thesis
on freshwater clams.

While teaching general, earth, and biological sciences to eighth and ninth
graders, Mr. Blood participated in summer research projects. These studies
involved pre-impoundment surveys for a large recreational reservoir to be
utilized by a nuclear power plant and acid-mine recovery studies.

HONORARY AND PROFESSIONAL SOCIETIES:

Society of Environmental Toxicology and Chemistry, American Fisheries Society
(Certified Fisheries Scientist), Ecological Society of America, Sport Fishing
Institute.

PUBLICATIONS:

"Environmental Assessment of the Remedial Action Alternatives for the McColl
Site," Fullerton, CA, (Radian Report) 1983.

"Direct Utilization of Geothermal Energy for Space and Water Heating at
Marlin, Texas" (Radian and DOE/ET 27059-1), 1983.

"Reclamation Impoundment Study: An Analysis of Aquatic Habitats Created in
the Reclamation of Uranium Surface Mines in South Central Texas," (Radian
Report) 1983.

"Development of a Monitoring Program to Evaluate the Effect of Remedial
Actions at the Lipari Landfill on Alcyon Lake, Pitman, New Jersey," (Radian
Report) 1983.
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gcology - j& "Environmental Consideration and Air Quality Modeling for the
Edgevood and Mustang Creek Prospects and Associated Energy Park," (Radian
Report) 1981.

Aquatic Resources Chapter - jn "Preliminary Environmental Analysis Report
for Coal Gasification Plant, Henderson, Kentucky," (Radian Report) 1981.

* "Oconee River Biological Baseline Evaluation," (Law Engineering Report) 1980.

"Contract Report - A Water Quality Management Study of Carters Lake, GA," (Law
Engineering Report) 1980.

"Contract Report - A Water Quality Management Study of Lake Allatoona, GA,"
(Law Engineering Report) 1980.

"A 316(b) Study of the Lansing Smith Stem Plant," prepared for Gulf Power
Company (Law Engineering Report).

"A Preliminary Comparison of Two Oxidation Ponds with Different Trophic States
in Central Virginia," co-authored with J. Reed and G. Sasel, Va. J.
Science, 23 (2), 1973.

"A Laboratory Heated Raceway for Studying the Biology of Channel Catfish
(Ictalu ounctatus)," co-authored with J. Reed and G. Saeel, oZXg e-
.sjaZj Cis tuist, 35 (1), 1973.

"A Check List of Unionid Fauna (Mollusca:Bivalvia) in the Pamnkey River
. System, Virginia," co-authored with M. Riddick, Nautilus 38 (2), 1973.

* PROFESSIONAL PRESENTATIONS:

"Investigation of Nutrient Factors Limiting Phytoplankton Productivity in
Two Central Virginia Ponds" (with J. Reed, G. Samsel, and L Winfrey),
Annual Meeting, Associatioa of Southeastern Biologists, Mobile, AL, 1972.

"Preliminary Comparison of Two Oxidation Ponds with Different Trophic States
in Central Virginia," (with J. Reed, G. Samuel, and L Winfrey), Annual Meet-
ing, Association of Southeastern Biologists, Mobile, AL, 1972.

"Unionidae (Mollusca) of the Pamunkey River, Virginia" (with M. Riddick and
J. Reed), Annual Meeting, Association of Southeastern Biologists, Savannah,

GA, 1974.

"An Effects Assessment of Impingement at the Lansing Smith Steam Plant" (with
LA. Garrett), Annual Meeting, Association of Southeastern Biologists,
Tuscaloosa, AL, 1978.
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. "Strategies of Collecting Macro-invertebrates," Annual Meeting, Georgia Fish-
* eries Workers Association,l ^, GA, 1978.

"Asbestos in Schools, Its Evaluation, Its Solutions," 65 locations throughout
six states (MI, IL, OH, IN, MN, WI), 1979.
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KATHEY A. FERIAND

EDUCATION:

M.A., Regional Planning, University of North Carolina, Chapel Hill, NC, 1983.

B.A., English, University of Texas, Austin, TX, 1976.

* PERIENCE:

Staff Socioeconomist, Radian Corporation, Austin, TX, 1983-Present.

Survey Coordinator, Center for Health Services,.Nashville, TN, 1982.

Research Assistant, Department of City and Regional Planning, Chapel Hill, NC,
*1981-1982.

*Grants Administrator, American Insititute for Learning, Austin, TX, 1978-1981.

FIELDS OF EXPERIENCE:

- Ms. Ferland is in the Policy Analysis Division of Radian Corporation. Her
fields of expertise are resource economics, energy policy analysis, socioeco-

" nomic impact evaluation, and water resources. While at Radian, Ms. Ferland
has participated in projects concerning energy and comodity price forecasts,

*socioeconomic impact evaluation, and environmental regulations and permitting
* at hazardous waste sites.

Ms. Ferland was Leader of the commodity and energy price forecasting task for
an economic and technical feasibility study of electricity generation tech-
nologies for the Air Force. On this project, she reviewed several national
energy supply and demand models and regionalized price forecasts to the
southern California market. These forecasts served as the basis for indus-
trial gas price projections. At Radian, Ms. Ferland has also participated in
several projects related to hazardous waste. One involved assessing the

* supply and demand for technologies which degrade dioxins. In another study,
she assessed research needs in the national hazardous waste site cleanup pro-
graM.

Ms. Ferland has also conducted policy and project studies for local and state
governments and academic departments in the areas of water resources and haz-
ardous waste disposal. These studies include: an evaluation of the impact of
industrial location decisions on water supply and effluent treatment capaci-
ties; a projection of the impacts of watershed development on phosphorous con-

* centration in High Point Lake, North Carolina; an analysis of the use of
utility extension policy as a growth management tool; and evaluation of the
technical and financial options for controlling inactive hazardous waste sites
in North Carolina.
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- Her thesis, "Cost-Benef it Analysis and Environmental Standard Setting: A Case
Study of the Implementation of Executive Order 12291," examines the use of
economic analysis in the setting of vater pollution control guidelines. This
paper also analyzes the legal and organizational background influencing the
standard setting process for the steel industry BAT and BPT guidelines and

* evaluates the environmental modeling component of EPA's cost-benefit analysis.

* Ms. Ferland coordinated a survey to over 1200 people in rural Kentucky to
ascertain the health effects of contaminated drinking vater. She has experi-
ence in the initiation, design, implementation, and analysis of surveys.

Ms. Ferland performed administrative and management functions at the American
Institute for Learning, a not-for-profit educational institute. As a Grants
Administrator, she was responsible for all aspects of grants management, pro-
posal and budget preparation. and reporting.

* PROFESSIONAL SOCIETIES:

* American Planning Association.
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LAWRENCE N. FRENCH

*: EDUCATION:

M.A., Geological Sciences, University of Texas at Austin, 1979.

B.S., Geological Sciences, University of California at Riverside, 1975.

EXPERIENCE:

Group Leader, Radian Corporation, Austin, TX, 1982-Present.

Staff Geologist, Radian Corporation, Austin, TX, 1979-Present.

Geologist, Sargent and Lundy Engineers, Chicago, IL, 1978-1979.

Teaching Assistant, University of Texas at Austin, 1975-1976.

FIELDS OF EXPERIENCE:

At Radian, Mr. French is involved in a variety of hydrogeologic and geologic
studies. His roles in these studies range from collecting and analyzing
hydrogeologic data, interpreting and reporting results of investigations, to
directing interdisciplinary programs.

Mr. French has been involved in various aspects of ground-water investigations
at several hazardous waste disposal sites. He recently served as Project
Director for a study of PCB-contaminated soils at an industrial site in North
Texas. The study involved sampling and analysis of near-surface soils to

.- define the extent of PCI contamination. Remedial measures options were also
identified. Mr. French also developed a ground-water monitoring plan in
accordance with the Compliance Agreement between the state and the property

-. owner. As Ground-Water Task Leader, he supervised the installation of oni-
toring wells at an abandoned petroleum products waste dump in Southern

-California. This effort involved collection and logging of soil samples and
collection of water samples for chemical analysis. He later co-authored a
technical report on the occurrence and character of ground water at the site.
As Radian's involvement in the investigation continued, Mr. French prepared
technical designs and specifications for a permanent, post-remedial action
ground-water monitoring network. Mr. French has also been responsible for
field activities related to the USAF Installation Restoration Program at
Tinker AFB, Oklahoma. At Tinker, electromagnetics 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 evaluation of waste disposal practices at the base.

As part of a comprehensive hydrogeologic evaluation of a solvent refined coal
pilot plant in Washington, Mr. French supervised the installation of water
quality monitoring wells and conducted pumping tests for the evaluation of
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aquifer characteristics. He also supervised soil coring and sampling efforts
at the site of process fluid spill. Mr. French also served as Project Direc-
tor for a pre-closure evaluation of two hazardous waste impoundments at a wood
treatment plant in Washington. The plant had discharged vastewater containing
creosote and pentachlorophenol to the unlined impoundments, which are located
on floodplain sands and gravels of the Columbia River. A second site was also
examined in terms of disposal practices and the character and volume of
wastes. Results of the pre-closure survey were used for a definition of areas
of concern requiring closure and for the selection of ground-water monitoring
parameters based on the character and volume of wastes.

Mr. French has-participated in several ground-water studies for Western coal
mining programs. For a large surface mine in New Mexico, he was a principal
author of the cumulative hydrologic impat assessment conducted for the Office
of Surface Mining. Principal hydrologic concerns for individual mines were
identified and compared to predicted hydrologic impacts in order to determine
if material damage would result from mining. For a proposed comercial under-
ground coal gasification project, Mr. French was involved in the conceptual
design of an aquifer restoration program. Ground water would be withdrawn
from the burn cavity, treated at the surface, and reinjected into the coal
seam. As Task Leader for both geology and ground-vater hydrology tasks for a
feasibility study of a proposed lignite gasification facility, Mr. French
investigated waste disposal and ground-water supply issues. In addition,
Mr. French examined the feasibility of a deep well injection system for the
disposal of process wastewaters. This initial evaluation included the identi-
fication and characterization of possible injection zones, formation water
chemistry, probable injection rates and pressures, and subsurface migration of
waste fluids.

As a Project Director on a quick-response effort for the Department of Energy,
Division of Fossil Fuel Processing, Mr. French evaluated the water availabil-
ity for a proposed solvent refined coal demonstration plant in northwestern
Kentucky. This project consisted of a comprehensive appraisal of existing and
future water supplies, demands, and policies that affect water availability in
the vicinity of the demonstration plant.

While employed by Sargent and Lundy Engineers, Mr. French was involved in
detailed hydrologic and geologic studies for Preliminary and Final Safety
Analysis Reports (PSAR and FSAR) for several nuclear power plants. The PSARs
and FSARs involved detailed geologic mapping, inventory of water wells, analy-
sis of subsurface flow, and reviews of regional geologic features. In a study
conducted with the Illinois and Indiana Geological Surveys, Mr. French ana-
lyzed stratigraphic, structural, and hydrologic features at sites in the
Illinois Basin for a compressed air energy storage project. Mr. French
directed an extensive hydrogeologic and geologic study of potential sites for
a lignite-fired electric generation station in Walker County, Texas. Mr.
French also conducted the field program for an engineering soils exploration
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* effort at a construction site for a lignite-fired power plant in Harrison
County, Texas.

Mr. French supervised several field programs at Sargent and Lundy. These pro-
grams included: construction and testing of two industrial water wells near
Cincinnati; installation and testing of pneumatic piezometers at a nuclear
power plant excavation in northern Indiana; and aquifer testing and analysis
of hydraulic characteristics of the alluvial-glacial outwash aquifer near
Wausau, Wisconsin.

HONORARY AND PROFESSIONAL SOCIETIES:

American Institute of Professional Geologists, CPGS No. 6307; California
Registered Geologist No. 3804; Ground-Water Technology Division of the
National Water Well Association; Geological Society of America.

*PUBLICATIONS/REPORTS:

French, L.N. and J.L. Machin, "Cumulative Hydrologic Impact Assessment for
McKinley Mine," Radian Corporation, Austin, TX, January 1984.

Little, W.N. and L.N. French, "Rydrogeologic Aspects of the McColl Site,
Fullerton, California," Radian Corporation, Austin, TX, November 1982.

French, L.N., "Pre-Closure Evaluation of the Treated Wood Products Facility
and Site C, Lougviev, Washington," Radian Corporation, Austin, TX, May 1983.

Lacy, J.C., L.N. French, and T.W. Griushaw, "Regulation of the Hydrologic
Impacts of Underground Coal Gasification," in Proc. Sixth Underground Coal
Conversion Symposium, Shangri-La, OK, pp. V-79 thru V-88, July 1980.

French, L.N., et al., "Enviroumental Constraint Analysis of the Proposed
Coastal Send Coal Gasification Project,",Radian Corporation, Austin, TX,
August 1981.

White, D.M. and L.N. French, "Evaluation, Screening, and Prioritization of
Candidate Gulf Coast Lignite Resource Blocks," Radian Corporation, Austin, TX,
April 1981.

French, L.N. and J.L. Machin, "Water Availability Appraisal for the Proposed
Solvent Refined Coal-I Demonstration Plant, Daviess County, Kentucky," Radian
Corporation, Austin, TX, December 1979.

U.S. Bureau of Land Management, "Proposed Camp Swift Lignite Leasing (Draft
and Final EIS)," Radian Corporation, Austin, TX, September 1980.
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French, L.N., "Compilation of Environmental Information for a Proposed Olefins
Complex, Brazoria County, Texas," Radian Corporation, Austin, TX, July 1981
(author of Ground-Water Hydrology and Topography and Geology chapters).

Skinner, F.D., L.N. French, and D.E. Pusch, "Regulatory Reviev and Estimated
Costs for a Proposed In-Situ Gasification Facility," Radian Corporation,

Austin, TX, April 1982.
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JILL P. ROSSI

EDUCATION:

B.A. Geography, The University of Minnesota at Minneapolis, 1972.

EXPERIENCE:

Geographer, Cartographer, Policy and Environmental Analysis Division, Radian
Corporation, Austin, TX, 1980-Present.

Drafting and Graphics Assistant, Dam Safety Unit, Texas Department of Water
Resources, Austin, TX, 1979-1980.

Cartographer, Continental Map Inc., Austin, TX, 1978-1979.

Teaching Assistant, University College-Geology, University of Minnesota at
[" Minneapolis, 1972.

*" FIELDS OF EXPERIENCE:

At Radian, Mo. Rossi is responsible for producing maps and coordinating
graphics for the Policy and Environmental Analysis Division. She utilizes
data from a variety of technical disciplines (geology, hydrology, noise and
air monitoring, sociology, soils, and hydrogeology) to create maps which
clearly and concisely illustrate the vritten text. M. Rossi has been respon-
sible for york in the folloving projects:

o Develop base maps and coordinate graphics throughout an Envi-
ronmental lmpact Statement prepared for the U.S. Bureau of Land
Msnageme ut for a central Texas lignite mine;

o Develop color overlay method of mapping for site selection pro-
cess of comercial vaste disposal sites in Texas and south-
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 maps and coordinate the graphics for an Environmental
Impact Statement for a synfuels plant in Tennessee;

o Create base and thematic maps for Air Force Installation
Restoration Programs (Phase I and Phase II) for the following
locations: Kelly AFB, Texas; Hill AFB, Utah; Bergstrom AFB,
Texas; Cannon APB, Nev Mexico; England AFB, Louisiana; Tinker
AF, Oklahoma; and Reese AFB, Texas;
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o Map limestone deposits, lime plants, and limestone quarries in
the United States by county in a series of regional maps for
the Electric Power Research Institute;

o Map compliance/non-compliance with air pollution standards for
counties in the United States in a series of EPA regional maps;

o Nap concentrations of selected air pollutants in the El Paso,
Texas, area for a Texas Air Control Board study in a series of
quarterly and annual reports;

o Prepare aerial photography history of a wood preserving plant
for a coumercial client which included extensive research of
available aerial photography and interpretation of those photos
to determine historical features of interest;

o Prepare complex permitting schedules for proposed mines, energy
facilities, and hazardous waste handling sites;

o Preparation of base and thematic maps for various feasibility
studies, fatal flaw analyses, Environmental Information Docu-
ments, and Enviroental Impact Statements; and

o Research of available map resources, aerial photography, remote
sensing products, and apping technologies as required by indi-
vidual client needs.

While with the Texas Department of Water Resources, 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 standards, developed with her assistance, for the technical
reports written by the engineering section.

During her employment with Continental Map Incorporated, Ms. Rossi was in-
volved in all phases of four color map production. These included source
information procurement and classification, imaging base maps, scribing
plates, cutting specialties, sizing and adhering type, designing customer copy
panels, indexing streets and points of interest, photo-lab contact reproduc-
tion of base plates, and the final compositing of the four negative plates to
be sent to the printer. These maps included large metroplex areas, counties,
enlarged downtown sections, and simplified principle city thoroughfares.

While employed by the University of Minnesota as a Geology Teaching Assistant,
Ms. Rossi taught geology laboratory sessions, prepared geology lab work mate-
rials, tutored students, and assisted the professors by preparing classroom
presentations and grading and proctoring exams.
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ANN E. ST. CLAIR

EDUCATION:

M.A., Geological Sciences, The University of Texas at Austin, 1979.

B.A., Geology, Trinity University, 1973.

EXPERIENCE:

Department Head, Radian Corporation, Austin, TX, 1982-Present.

Group Leader, Radian Corporation, 1979-1982.

Senior Geologist, Radian Corporation, 1980-Present.

Staff Geologist, Radian Corporation, 1978-1980.

Research Scientist Associate, The University of Texas at Austin, Bureau of
Economic Geology, 1975-1978.

Research Scientist Assistant, The University of Texas at Austin, Bureau of
Economic Geology, 1973-1975.

FIELDS OF EXPERIENCE:

At Radian, Ms. St. Clair has had extensive experience in studies relating to
ground-water geology, vaste disposal, and environmental impacts. Her york has
included acquisition of data on ground water, assessment of water quality

.- impacts, and compilation and interpretation of geologic data including geo-
physical and core logs, and evaluation of Lmpacts of waste disposal and other
activities. In hazardous waste studies her work has also involved evaluation
of remedial action alternatives and interface with engineers, chemists and
other specialists regarding various aspects of hazardous waste investigations
including engineering design and cost of remedial action, control of emissions
and odors, and waste characteristics. As Department Head at Radian Ms. St.
Clair supervises the work of geologists, hydrologists, and ecologists and has
management and technical review responsibility for programs in these technical
areas.

Ms. St. Clair was Project Director for the second phase of a continuing study
at the McColl hazardous waste site in the Los Angeles area. In this phase,
data collected in Radian's Phase 1 field investigation of the site were eval-
uated and used in the selection and design of the remedial action plan for the

" site. The site, which is located adjacent to a residential and recreational

area, contains various hydrocarbon wastes, principally acidic refinery sludges
and drilling muds. Control of volatile emissions, odors, and the potential
for contamination of surface water and ground water were addressed in the
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- remedial action design. The design must meet strict criteria regarding expo-
sure to contaminants both during remedial action implementation and over the

*" long term.

Ms. St. Clair has major responsibility for studies being performed at several

uncontrolled hazardous waste sites, including sites identified as priority
sites for remedial action under Superfund. She was Project Director for the
first phase of a study to evaluate ground-water conditions at a Superfund site
in up-state New York which was used for disposal of wastes from a metal plat-
ing operation. The study included installation of monitor wells and test
borings and collection of soil and ground-water samples in order to define the
presence or extent of subsurface contamination. Based on the results of the
field investigation, recommendations for further study or remedial action were
developed. During the course of this program, Ms. St. Clair has been involved
in initial site evaluation and data collection, development of a site field
program, and interface with state and federal regulatory agencies.

Ms. St. Clair has had overall technical responsibility for a variety of activ-
ities for the EPA Solid and Hazardous Waste Research Division. These studies,
generally involving technical support of Superfund activities, have included a
field geophysical survey, treatability studies, column absorption/desorption
studies, hydrogeologic evaluations, review of feasibility studies, and evalua-
tion of remedial action technologies for approximately ten Superfund sites.
Ms. St. Clair's role included project management, technical supervision and
review, and agency coordination.

For the Lipari landfill Superfund site near Pitman, New Jersey, Ms. St. Clair
was responsible for coordinating a variety of technical activities as support
to EPA Region II. The site contains a variety of industrial wastes, of which
several volatile organic chemicals known to be extremely hazardous are of
primary concern. Leachate seeps enter surface streams adjacent to the site
and have resulted in a ban on fishing and boating in a lake 1000 feet down-
stream. Ms. St. Clair had overall responsibility for coordinating the follow-
ing activities at this site--cost-effectiveness evaluation of 32 remedial
action alternatives, preparation of an Environmental Information Document
assessing the environmental impacts of remedial action alternatives, defini-
tion of baseline conditions and design of a long-term monitoring program on
the lake, and a treatability study of the landfill leachate. For all these
activities Ms. St. Clair was the principal interface with EPA and had primary
technical review and management responsibility.

In a study for the EPA Municipal Environmental Research Laboratory, Ms. St.
Clair supervised development of a methodology for conducting evaluations of
cost-effectiveness of remedial actions at uncontrolled hazardous waste sites.
Under the Comprehensive Environmental Response, Compensation and Liability Act
(Superfurid), remedial actions conducted at Superfund sites must be demon-
strated to be cost-effective. The study involved review of technical and cost
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data on remedial technologies, evaluation of methodologies for cost-effective-
ness and related types of analyis, assessment of impacts of time and discount
rates on the evaluation, and development of the analytical framework and
guidance manual to be used by decision makers in selecting remedial measures.

Ms. St. Clair has participated in Radian's activities related to collection of
insurance underwriting information for Environmental Impairment Liability
(EIL) Insurance. She worked closely with Radian's parent company, Hartford
Steam Boiler Inspection and Insurance Company (HSB) in developing procedures
for collection of technical and engineering underwriting information and func-
tions in a Quality Assurance role by reviewing results of all Radian investi-
gations of this type. In 1981 Ms. St. Clair was Project Director for a risk
assessment of three power plants in the Boston area. The study involved brief
site visits and review of corporate and regulatory agency files in order to
assess the potential for gradual environmental impairment as a result of plant
activities. The study included assessment of ground-water conditions, waste
management practices, hazardousness of materials used on-site, population-at-
risk, and corporate approach to environmental matters. A report was prepared
containing information for use in underwriting Environmental Impairment (EIL)
Insurance.

During 1981, Ms. St. Clair was Project Director for a large program to develop
a waste management strategy for the Wyoming Coal Gasification Project. The
program involved chemical and physical analysis and regulatory classification
of power plant and gasification wastes and organic by-products. Based on the
results of the testing, recommendations were made for treatment and disposal
of wastes to meet applicable regulatory requirements. In addition, the study
included column leaching studies to assess impacts of mine disposal of plant
wastes, evaluation of ground water impact of disposal facilities at the plant
site, and preparation of applicable state and federal permit applications.

In 1980-1981, Ms. St. Clair was Project Director for a program to evaluate
waste disposal practices and ground-water conditions at a large petroleum
refinery in Kenai, Alaska. The study focused on development of a long-term
waste management strategy for disposal of refinery wastes, principally API
separator bottoms and crude tank bottoms, which have been designated as haz-
ardous wastes under RCRA. Initially Ms. St. Clair supervised design, in-
stallation and sampling of ground-water monitoring wells in the vicinity of
existing disposal sites in order to assess the water-quality impacts of past
disposal practices. Samples of all refinery waste streams and wastes from
existing pits were characterized for the purpose of developing a plan for
closure of existing pits and an ultimate waste management plan. Options were
evaluated with respect to technical feasibility (particularly in light of
climatic factors), environmental acceptability, regulatory compliance, and
economics.

In 1979, Ms. St. Clair was Project Director for an investigation of soil/
ground-water contamination and remedial action at a pesticide formulation
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facility in north Texas. The study was aimed at evaluating possible contam-
ination from underground waste storage tanks suspected of leaking. Ms. St.
Clair initially conducted sampling of soils in the vicinity of the tanks to
determine if leakage had occurred. She also designed and supervised instal-
lation of a network of ground-water monitoring wells in order to evaluate
ground-water flow at the site and to assess water-quality impacts of the sus-
pected leakage. During drilling, core samples were taken in both the unsat-
urated and saturated zone for chemical analysis. Ms. St. Clair performed slug
tests on the wells to provide data on aquifer properties. She also supervised
infiltration tests in order to evaluate the surface infiltration conditions
and to qualitatively assess the potential for leachate generation. Based upon
the results of this study, recommendations were made for further studies and
possible remedial actions.

In a study to determine impacts of a product spill at a Solvent Refined Coal-
II demonstration plant in Fort Lewis, Washington, Ms. St. Clair was respon-
sible for portions of the ground-water evaluation, including installation of
monitoring wells, measurements of water levels, and interpretation of hydro-
logic and chemical data. She was also involved in interfacing with state
regulatory agencies.

Ms. St. Clair was Project Director of a study for EPA Region III, evaluating
the suitability of land around the Cheswick Power Station near Pittsburgh,
Pennsylvania, for disposal of coal ash and scrubber sludge. The study was
conducted as technical support for enforcement actions brought by EPA Region
III concerning alleged violations of air emissions regulations from the coal-
fired power plant. In the event that installation of SO2 scrubbers was to be
required by EPA, this study was underaken to document the availability of land
for disposal of wastes from the scrubbers. During the study, Ms. St. Clair
supervised a multidisciplinary team evaluating the hydrogeology, transporta-
tion, land use, ecology, and economic factors affecting the acceptability of
sites in the vicinity of the plant for disposal of wastes.

In a study for EPA Region VII, Ms. St. Clair supervosed several protrams con-
cerned with suitability of soils for septic tanks and nitrate contamination of
ground water in Missouri. Ms. St. Clair supervised technical efforts on three
programs. One program involved detailed soils mapping and field examination
of septic tank failures in Greene County, Missouri, and in order to develop a
septic-tank suitability map. Another study focused on determination of any
relationships between water well construction practices and occurrence of
ground water contamination in Howell County, Missouri. It involved a field
survey for sampling of ground water and for obtaining information on well
construction. A third program was conducted to develop a regional map of
nitrate concentrations in ground water in the four-state area of EPA Region
VII. In addition to development of technical reports for each of these
studies, reports were prepared for lay readers.
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Ms. St. Clair was Project Director for a feasibility and site selection study
for an in-situ gasification project utilizing Texas lignite. The study
focused on evaluation of environmental factors that might affect project
feasibility. Ms. St. Clair was involved in overall project coordination as
well as studies related to environmental and hydrologic conditions at several
candidate sites.

(
As a research associate at the Bureau of Economic Geology, Ms. St. Clair was
involved in numerous studies requiring collection and interpretation of geo-
logic data, sampling and chemical analysis of ground water, and evaluation of
environmental and engineering impacts of man's activities. She was respon-
sible for the preparation of maps, technical reports, and presentations, as a
part of these programs.

PROFESSIONAL/TECHNICAL SOCIETIES:

American Institute of Profession Geological Scientists, Certified Professional
* Geological Scientist 4741; National Water Well Association, Ground Water Tech-

nology Division; Geological Society of America; Austin Geological Society.

PUBLICATIONS:

Radian Corporation, "Cost-Effectiveness Evaluation of Remedial Action Alter-
natives for the McColl Site, Fullerton, California," Final Report, June 1983.

Radian Corporation, "Environmental Assessment of the Remedial Action Alter-
natives for the McColl Site, Fullerton, California," Final Report, June-1983.

* Radian Corporation, "Evaluating Cost-Effectiveness of Remedial Action at Un-
controlled Hazardous Waste Sites," Draft Methodology Manual, January 1983.

St. Clair, A.E., N.H. McCloskey, and J.S. Sherman, "Development of a Framework
for Evaluating Cost-Effectiveness of Remedial Actions at Uncontrolled Hazard-
ous Waste Sites," Proceedings, Third National Conference on Management at
Uncontrolled Hazardous Waste Sites, Washington, DC, December 1982.

Radian Corporation, "Draft Environmental Information Document for Remedial
.. Actions at the Lipari Landfill, Pitman, New Jersey," July 1982.

Radian Corporation, "Cost-Effectiveness Assessment of Remedial Action Alter-
natives, Lipari Landfill," Revised Draft Report, June 1982.

St. Clair, A.E., et al., "Environmental Compliance Review and Risk Assessment
for Selected New England Electric System Power Stations," Final Report,
December 1981.
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Radian Corporation, "Preliminary Conceptual Plan for Solid Waste Management at
the Wyoming Coal Gasification Project," submitted to WyCoalGas, Inc., February
1981.

Radian Corporation, "Results of Waste Analyses and Preliminary Recommendation
of a Waste Management Strategy at Tesoro Alaska's Kenai Refinery," December
1980.

St. Clair, A.E., et al., "Evaluation of Hydrogeology and Waste Management
Options at Tesoro Petroleum Corporation's Kenai, Alaska Refinery," November
1980.

St. Clair, A.E., et al., "California Heavy Oil Production," Radian Corporation
report to the California Energy Commission, November 1980.

George, F.M., et al., "Assessment of Gulf Coast Lignite Marketability," Final
Report, August 1980.

St. Clair. A.E., et al., "The Availability of Western Coal for California
Use," Final Report to the California Energy Commission, June 1980.

St. Clair, A.E., et al., "Preliminary Fatal Flay Analysis for Siting a Gasi-
fication Plant in Panola County, Texas," May 1980.

St. Clair, A.E., et al., "An Investigation of Potential Soil/Ground-Water
Contamination at a Pesticide Formulation Facility in North Texas, Phase II,"
Draft Report, April 1980.

St. Clair, A.E. and J.L. Parr, "A Preliminary Investigation of Potential
Soil/Ground-Water Contamination at a Pesticide Formulation Facility in North
Texas," Phase I Final Report, October 1979.

Radian Corporation, "Preliminary Environmental Assessment for a Proposed Ole-
fins Complex, Brazoria County, Texas," August 1979.

Grimshaw, T.W., J.L. Machin, J.R. Mase, A.E. St. Clair, and F.H. Sheffield,
"Hydrology Related Regulatory Risks for Lignite Mining at a Prospect in
Eastern Texas and Western Louisiana," July 1979.

Garner, L.E., A.E. St. Clair, and T.J. Evans, "Mineral Resources of Texas
(map)," Bureau of Economic Geology, University of Texas, Austin, 1979.

St. Clair, A.E., "Mineral Lands in the City of Dallas: Bureau of Economic
Geology," University of Texas, Austin, Geological Circular 78-1, 1978.

St. Clair, A.E., T.J. Evans, and L.E. Garner, "Energy Resources of Texas
(map)," Bureau of Economic Geology, University of Texas Austin, scale
1:1,000,000, 1976.
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St. Clair, A.E., C.V. Proctor, W.L. Fisher, C.W. Kreitler, and J.H. Mc-Goven,
"Land and Water Resources, Houston-Galveston Area Council," Bureau of Economic
Geology, University of Texas, Austin, Land Resources Laboratory Map Series, 25
p., 4 maps, scale 1:125,000, 1975.
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Specifications of Ground Conductivity Meters
Utilized for Geophysical Surveys

(from manufacturer's literature, Geonics, Ltd.)

ONE MAN TVVO MAN

CONTINUOUS READING VARIABLE DEPTH

EM3I EM34-3
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tmg tie ground us"g a panted inductive electromagebc tecimrgue The in sukotanboll ncrease depth af exeleabion amt a 'easwy avalbl vertical cfls
sumneis direct run in inone per metor and surveys are caned out simitply htivly parSl.
bywtaversngthepo= .

The ondei rtec asCO Of peration af this Prate rio contactin Method of
The effecuee depth 01 exploration 'S apposn~ate SIe MeteS makigq it Sea tor measuring leinas conduchivity is that the dnpth 51 pnnetration is -Wneleadel1 of
onpnsM geophyrics. By nlimentaing ground contact. measwurim~ots are easily teraesC -~tub" fr t desSlmmed Solel by Ith instriee gaseus a them
Coined nOil is relts Of hNOt resistivity Such as gravel. permafrost and boeroc tercil spain and coil onieetation The IM34 3 can be used at tree hexed soacinio
Ovnu a unifone halt space the EMi1 reads dlenticaty with convenhional resistivity as t0. 20. Or 40 meters and Mt the vertical C505U1a las Seon) or horontal ca
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anpermiet on eatel as a layered eart 1 5 times the mitercoil spacntg For the horizonta cousins mode. however, calt mrs-
algigt errors are more serious than an the vertical mode so greater care most be

Tie advantge as the EM3l are the Spee with wrocP. surveys con be earnied out. exercrsed to achieve the maxiemum 60 meter depth
the abely, to precisely measure small Changes in conductivity, and the continuous
readout ~hc provides a previously uaotaimaotle lateral resolution Simple oparaten. survey Speed and straight forward dta interpretation makes nom

EMid 3ia verstle and cost eltectiv tool tor the enigeenig geophysicist

Specifications Seiiain
MEASURED QUANTITY Apptareet conductivity as te grorand in mitteaofs per

meter MEASURED QUANTITY Apparent conductivity as the ground an midlinhos. per
PRIMARY FIELD SOURCE Sete cented dipole transmitter meter

SENSOR SelCt-cnioe dip1011 receive PRIMARY FIELD BOUNCE Sel" cotained dipole transmsitter

INTERCOIL SPACING ioUrreer SENSOR So" cOnland doftereceiver
OPERATING FREQUENCY 9 a k~lo REFERENCE CABLE IWLiogiegt. 2 mire Shielded cabtle

PMRSFFIY 8dooksalli alalie C cels appox 0 hs lfe onL INTERCOIL SPACING I& 1 Otmoters at6 4 kHz
POWER SUPxtY B disabeakln el ap 0hslf o OPERATING FREQUENCY 0 20 meters at 1 6 k~ll

tinu~us uN40 motors at0 4 kHz
CONDUCTIVITY RANGES 3.10.30. 100.300. 1000mmhxsmter POWER SUPPLY Tranmtter 8 disposable'V celts

MEASUREMENT PRECISION tZ2% as fll scale Recorver B disposable V 'Ccells
MEASUREMENT ACCURACY tS% at 20 malieha per meter CONDUCTIVITY RANGES 3.10. 30.100. 300 mistesmeter

MGMELEME D tlel~priee MEASUREMENT PRECISIDN r. ifsfullscale deflection
OPERATOR CONTROLS elites switch MEASUREMENT ACCURACY ! 5% at 20 millmmes ear metal

* tl f " Swt hNOISE LEVEL '0 2 mille h fs Oar Bv2Bc

eCerse InehaaeCompeeslio DIMENSIONS Receiver Console 19 5 13 5 a26cm
OFMInerginee Corplinsaboa Transmtter Console 1 8x2c

DIMEHNSIONS BOOiM 4 0 Meters eatnddCiskm iaer
1 4 meters stored WEIGHTS Receiver Console 3 1 kg

console 24dwl2 xe18cm ReceiveCOl 32kg
SthippinCrate iS5 3 42 el28cin Transmitter Console 3 0kg

WEIGHT lestrinentWeorht 9 kigm Tronsoene Coil B 0kg
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1.0 PROJECT DESCRIPTION

The purpose of this project is to determine if environmen-
tal contamination has occurred from the waste disposal practices

at Tinker AFB, OK. The project consists of a variety of field
activities; the installation of wells and sample collection,

analysis of samples, and reporting. This safety plan is to

address the field activities.

The following activities are required in the field portion
of the project:

o Installation of six deep sampling wells utilizing an

air rotary drilling rig (open hole drilling prior to
well casing installation). These wells are not

situated directly over the waste site, but they may

pass through contaminated ground water.

o Drilling of five soil borings utilizing a hollow-stem

auger. These soil borings are directly over a waste
site.

o Collection of 16 well water samples, six from the
newly completed deep wells, eight from existing

shallow ground water wells, and two from the soil

boring holes.

o Collection of 30 soil samples from the soil boring

holes.

o Collection of five leachate samples from existing

seeps.

-" --. .. .. .~*.~I*.~ - 7



o Collection of four water samples from an existing

recreational impoundment.

o Performance of surface geophysical testing.

There exists a reasonable probability that all of these

" activities, with the exception of the geophysical testing, will

result in contact with waste contaminated materials. The waste

materials include pesticide containers, a wide variety of sol-

vents (including trichloroethylene), metal plating wastes, fuels

-and oils and radioactive wastes. It is considered highly im-

probable that radioactivity will be encountered in any samples

except the impoundment water samples, and there in low to back-

ground levels.
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2.0 RATIONALE OF SAFETY APPROACH

The Supervising Geologist is responsible for the proper

execution of the safety plan described herein which is for the

prevention of deleterious exposure to hazards associated with

the handling of toxic wastes. Additionally, typical safety

practices related to drilling activities must also be observed

(use of safety hats, shoes, and life vests in boat use, etc.).

These safety and health practices are to be observed by all

Radian personnel and subcontractor personnel.

The potential for worker exposure to fumes and vapors

requires gas-proof eye protection. This is accomplished by

using full-face respirators. Respiratory protection must include

organic vapor, acid gas, and fume protection. The expected con-

centrations should be within the capacity of air purifying res-

pirator protection. Ambient air monitoring will be performed to

provide an indication of excessive levels, which will then require

-. increased protections. The collection of and working with aqueous

samples requires splash protection, to be provided by coveralls

*[ and jackets. The handling of samples that may contain a wide

range of solvents, including trichloroethylene, requires two-

layer hand protection.

This safety program is established as a minimum requirement.

Variations from the program for greater protection will not be

discouraged. However, decreasing the protection must be author-

ized by the Supervising Geologist or the Project Director. Pro-

gram changes will be documented in the after-action report'.

M-9



i .................................

3.0 SAFETY TRAINING

Prior to the initiation of site activities, a training ses-

sion will be held to discuss the proposed work, associated safety

and health plans, and emergency response plans. All personnel

assigned to drilling activities and water sampling efforts will

be instructed regarding the potential health and safety hazards

associated with the work and protective measures available.

Specifically, the following topics will be covered in the train-

ing session:

o Potential routes of contact with toxic and/or corrosive

substances

- skin contact/adsorption

- eye contact

- inhalation

- ingestion

o Types, proper use, limitations and maintenance of

applicable protective clothing and equipment

- safety helmet

- industrial safety glasses

- chemical goggles

- chemical resistant gloves

- chemical resistant safety-toe boots

- chemical resistant body coverings (apron, blouse-,

trousers, coveralls)

o Respiratory protection using half- and full-

facepiece air purifying respirator with replace-

able filter cartridges

- Hierarchy of protective controls: engineered,

administrative, work practice, personal protective

clothing and equipment.

M-11
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- Forms of respiratory protection: air purifying

(disposal/reusable), air supplied, self contained.

- Selection of respiratory protection based on hazard:

dust, fume, mist, gas, irritant, warning properties.

- NIOSH certification/approval of respiratory protec-

tion equipment.

- Medical/physical/physiological fitness to wear res-

piratory protection (e.g., spirometry, clean shaven,

etc.).

- Reevaluation of respirator selection.

Use, limitations and maintenance of full-facepiece

air-purifying respirator: qualitative fit test,

routine inspection, replacement of parts, cleaning/

disinfection, storage.

- Use, limitations and maintenance of half-facepiece

air-purifying respirator: qualitative fit test,

routine inspection, replacement of parts, cleaning/

disinfection, storage.

o Reporting of accidents and availability of medical

assistance.

M-12
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4.0 PROTECTIVE CLOTHING AND EQUIPMENT

All monitoring well installation work will be performed by

persons wearing the following required personal protective equip-

ment:

o PVC bib overalls

o PVC jacket

o Gauntlet style, chemical resistant, Viton gloves over

butyl rubber gloves

o Chemical resistant safety toe, steel shank boots

o Respirator (full-facepiece air purifying)

o Safety helmet

Depending on site conditions and drilling conditions, other

items may be used for supplemental protection. Such items may

include:

o Tyvekg coveralls

o Chemical resistant apron

o Respirator (half-facepiece, air purifying)

o Chemical eye goggles or safety spectacles with side

shields

Because of the potential for migration of contaminants into
and through the shallow aquifer zone, well-defined disposal site
boundaries are uncertain. Several disposal sites have a high

potential for migration of contaminants. Most of the monitoring

wells will be installed in areas hydraulically down-gradient of

known disposal sites or in areas of unknown ground water flow

direction. Since the degree of contamination and potential
migration patterns of contaminants are not known, respirator
use will be required as a precaution during all drilling activi-
ties and well installation work. Full-facepiece air purifying
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respirators will be used with Ultra-Twin GMC Cartridges for acid

gases, dust and fume protection, and organic vapors. The Super-

vising Geologist may decide to implement the use of half-face-

piece, air purifying respirators depending on specific site and

drilling conditions. Only when well installation work is being

performed in areas hydraulically up-gradient of respective sites

and when there is considerable confidence that well locations

are outside zones of possible cross-contamination, may respira-

tor use be discontinued.

M-14
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*5.0 WORK ZONES AND DECONTAMINATION PROCEDURES

To minimize the transfer of hazardous substance(s) from

the site, contamination control procedures are needed. Contami-

nants must be removed from people and equipment prior to relo-

cation from a work zone.

5.1 Work Zones

Prevention of exposures and spread of contamination will be

controlled through the establishment of work zones. Two primary

work zones will be utilized and will be referred to as the (1)

Exclusion Zone and (2) Decontamination Zone.

The Exclusion Zone is the area where disturbance activities

are conducted and where contaminants are or may be present. Only

those properly trained individuals attired in the specific pro-

* tective clothing and equipment will be allowed to enter and work

in this zone.

The Decontamination Zone is the area where personnel and

equipment will be decontaminated before moving to the next site.

The Exclusion Zone will comprise a 25-foot radius circle

around the monitoring well and the Decontamination Zone will

comprise a 25-foot wide ring around the Exclusion Zone as shown

in Figure 5-1.

5.2 Decontamination Procedures

Personal protective equipment and drilling/sampling equip-

* ment can become contaminated in a number of ways including:
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Figure 5-1. Monitoring Well Work Zone.
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- Contacting vapors, gases, mists, or particulates in

the air.

- Walking through puddles of liquids or on contami-

nated soil.

- Using contaminated instruments or equipment.

Protective clothing and respirators help prevent the wearer

from becoming contaminated or inhaling contaminants, while good

work practices help reduce contamination of protective clothing,

instruments, and equipment. Even with these safeguards, contami-

nation may occur. Harmful materials can be transferred into

clean areas, exposing unprotected personnel. Or in removing

contaminated clothing, personnel may contact contaminants on

the clothing and/or inhale them.

Decontamination consists of physically removing contami-

nants. How extensive decontamination must be depends on a number

of factors, the most important being the type of contaminants

*involved. The more harmful the contaminant, the more extensive

and thorough the decontamination must be. Combining decontamina-

tion, the correct method of doffing personnel protective equipment,

and the use of site work zones minimizes cross-contamination from

* protective clothing to wearer, equipment to personnel, and one

*area to another.

Decontamination at the monitoring wells will be accomplished

by physically removing contaminants from the surfaces of personal

protective equipment and drilling/sampling equipment with deter-

gent water followed by rinse with clean water. The process will

be repeated (see Figure 5-2).

M-17
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Final rinse of drilling/ wash exposed skin

sampling equipment with 
surfaces

clean water
Remove respirators
and gloves

Rewash drilling/
sampling equipment with
detergent water r Final rinse of PPE

o with clean water

Rinse drilling/ Rewash PPE with
sampling equipment with detergent water
clean water 0

0
Rinse PPE with clean
water

Wash drilling/

* sampling equipment withdetergent water Wash PPE with
de n wdetergent water

Monitoring Well

°

Exclusion Zone

S

Figure 5-2. Monitoring Well Decontamination Procedures.
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6.0 SAFETY MONITORING

In addition to the use of personal protective equipment and

respirator protection, safety support plans are also necessary.

At Tinker AFB, safety support will constitute ambient air moni-

toring of hazardous and/or toxic materials for the protection of

Radian and Air Force personnel and emergency response in the

event of an employee injury or other medical emergency.

6.1 Ambient Air Monitoring

Ambient air monitoring will be performed using two techniques.
One technique will use the combustible gas meter (TLV Sniffer)

and the other will use colorimetric indicator tubes and the grab-

sampling method. All readings must be documented (minimum 2/hole)

in field notes.

Air monitoring will be performed during drilling activities

to determine if the respiratory protection chosen affords ade-

quate protection from contaminant concentrations found on-site.

6.1.1 TLV Sniffer

A Bacharach Instruments TLV Sniffer will be used to locate

7 on-site organic vapor concentrations that are higher than ambient

outdoor air concentrations. The instrument will be used to de-

termine general areas of elevated organic vapor concentrations,

and not as a precision analytical instrument. It is an instan-

taneous measuring instrument and displays concentrations on a

meter in parts per million (ppm), referenced to hexane.
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The TLV Sniffer displays a meter reading directly in parts

per million (ppm) volatile flammable vapor allowing an estimate

,* of combustible gas concentrations. The instrument can be cali-

brated to read directly in parts per million for any one of many

kinds of combustible gases. Factory calibration is for hexane

,- unless otherwise specified, though readings from other gases and

vapors may be interpretei easily by means of reading conversion

curves (Figure 6-1).

6.1.2 Grab-Sampling Using Colorimetric Indicator Tubes

A DraegerO kit with an assortment of indicator tubes will be

used to obtain quick analysis of unknown hazardous substances in
air. The Draeger tubes are colorimetric direct reading detec-

* tor tubes and -unction as "real time" hazardous condition indi-

cators. Samples will be collected during drilling activities.

" An initial screening tube (Polytest®) will be used for a general

qualitative test. This tube will give a positive reaction indi-

- cating the presence of ethyl acetate, benzene, acetone, alcohol,

and/or hydrocarbons. If a positive reaction does occur, more

', specific tests may be made using more specifically reacting

Draeger@ tubes. Table 6-1 lists the sampling strategy to be used

when obtaining grab-samples via Draeger® tubes at Tinker AFB.

In addition to the Polytest®, any of the detector tubes listed in

Table 6-1 may be used individually if the presence of that com-

*- pound is suspected.

The respirators selected for use at Tinker AFB have been

"- assigned protection factors by the National Institute for Occu-

pational Safety and Health (NIOSH). These respirator protection

factors are listed in Table 6-2. In event that sampling results

*indicate that the respective Threshold Limit Values (TLVs) may

be exceeded, concentrations should be compared to the Protection
.2

~M-20

'. , . ' , ", ,' . -. , . .,-.-.-. . '. -. . . - .' .- . %' % '. '..% .



100-- - O-XYLENE
I HEXANE

90 
T

______o_____ I OW*EN* OUE
Go -BENZENE/CS

2

70-

z
W 60 -

IdA
-" 40 -

0000, ETHYLENE
3* -ETHANOL

3VINYL CHLORIDE

20- We-METHANE

10-

0 2ooo oo OO 1 6600 00 o 1o000
1000 3000 5000 7000 9000

PPM CONCENTRATION IN SAMPLE

Figure 6-1. Conversion Curves Showing Relationship of PPM
Concentrations of Various Gases to Percent
L.E.L. Equivalents.

M-21

S• ...................•.••••Q•,• . . .. .-... .. .



0 0 "

04U

0 0a
0 0 0 00 wi " 1.

0 0n 0 0- 0n 0 h

"-4

o > o
V4

00 0 "4 V1
0% 0j 0 H45 "

0. 0. m.0. 0 N
CL~ ad0 O 0

1-4 0 0 0CJ 04 41 0
0 4 LA "41 U 0

4 P-4 0

> "4 h
* H 4 41 0d

4.4 0)0 41 4 1
a4 N1 "1 V. -4 ~

1-4 4 1U 4.0.
.01 0

m co CL 0. CL 0L a4 0d 41
u m Uo CL0 0. 0. 0. . "-4 0 Ia. -H "

.4 00 0 LA 0 0M 4 "
*0 C14 "4 "4 0) 4

o -H
Lb.. w0 "

"4 "4 m

"4 u 49 0) V4 Ai 4. 0
441 r. %C 0i V 404 U

o c co U " 41 0 c
0.. (V U " 0 A 0 00 r.

04 wt u "4q 0 0- . 1 h

> 4.' 41 0 0d h "441 "
"44 -hi 4 a 0. ~0 0 0

414 41 0" Q 0 m. 44 ha CL.4 CI h4
W) "40 41' 0 4.1 U "4 V4 s to0.0 0
W QU m 0) h 1 -4 "-4 0 00 C
0"-4 C'4 w0 hd .4 4 CA) w 00 ha

4j0 4 4
A.iZ 0d41 0i

o.~ 4 .1 C:O
0.0 04 U

0o 0 U 09
.0 0c 041- 00-

4 4- 41 "4
W0 -4 "a U U 41 .00c

z1. C* 0 10 '44 ~4444 = 4 4.5
01 0n -H w4 00
Ai 4. * 0 0 0a Ai

0 41 0 "4 "4.0"450
.U 0 01 414u4 0410 1 4

41 4 o 0) 0) 0- Ud i 00 h 0" "4
44 45 4 4 0 0 0 Q 0 00 w 244 4.H

>% ~ N 4' 0 ha '44 ha "4 U "
0 41 41 U- "4 R' 0 w' 44

0 00 4 41 0)0 41 0.

*- 22



| 
7'

TABLE 6-2. RESPIRATOR PROTECTION FACTORS

Type Respirator Facepiece Pressure Protection Factor

Half- or Quarter-mask, negative 10*
High-Efficiency AirPurifying

Full Facepiece, High negative 50*
Efficiency Air
Purifying

*" * These Protection Factors pertain to properly fitted facepieces
with new cartridges and filters.
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Factor associated with the particular respirator in use. If the

concentrations of contaminants are not conservatively within the
* listed Protection Factor, work activities will be terminated

until satisfactory respiratory protection can be obtained.

6.2 Personal/Site Hygiene

Punctured, internally contaminated, cracked, stubbornly

soiled, protective items will be disposed in sealed plastic bags.

Paper, rags, and other disposables used on-site or in equip-

ment/sample container clean up.will be disposed of in sealed

* plastic bags.

No food will be consumed on the exploration site. Employees

will thoroughly wash their hands, forearms and face before con-

suming food or beverages other than water held in disposal cups.

.v Drinking water will be available at the perimeter of the site

being investigated. Disposable cups will be used to consume

water after protective gauntlet gloves are removed.

Soil cuttings from augering which display contamination will

be removed from the site in suitable sealed containers for even-

tual disposal.

6.3 Emergency Medical Services

In the event of an employee injury or other medical emergency
on-site, the Supervising Geologist and other personnel trained in

first aid and CPR will immediately provide assistance. An MSA

model self-contained breathing apparatus (SCBA) will be nearby

for use by the Supervising Geologist and back-up geologist during

emergency rescue situations requiring respiratory protection.
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A portable eye/face wash unit will be in the immediate

proximity of any field work in progress. Flushing of the eyes

should be started immediately (within 15 seconds) and should

continue for 15 minutes whenever hazardous gas, liquid, dust or
particles that may be chemically contaminated, enter the eye.

Because contact lenses tend to hold contaminants in close-

proximity to the eye ball and inhibit flushing, contact lenses

will not be allowed on-site.

Additional first aid supplies will be kept in close proxi-

mity to field work activities for quick, easy access.

Medical emergencies that require outside medical assistance

- will be treated by the medical clinic at Tinker AFB. The clinic

. is in close proximity to the work site and is staffed with trained

* medical professionals. Pertinent communications information

regarding medical services will be made available to all personnel

during the safety training session.
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