U.S. Army Corps

of Engineers

New England District
Concord, Massachusetts

Former LO-58 Nike Battery Launch Site
Formerly Used Defense Site (FUDS)
Caribou, Aroostook County, Maine

Contract No. W91236-05-D-0036
Task Order No. 0036
DCN: MEFUDS36-061710-AABU

FINAL
BOREHOLE HYDROPHYSICS AND
GEOPHYSICS REPORT

JUNE 2010

| /SOLUTIONSH



FINAL

BOREHOLE HYDROPHYSICS AND GEOPHYSICS REPORT
FORMER LO-58 NIKE BATTERY LAUNCH SITE
FORMERLY USED DEFENSE SITE (FUDS)
CARIBOU, AROOSTOOK COUNTY, MAINE

Contract No. W91236-05-D-0036
Task Order No. 036
DCN: MEFUDS36-061710-AABU

Prepared for:

U.S. ARMY CORPS OF ENGINEERS
NEW ENGLAND DISTRICT
696 Virginia Road
Concord, Massachusetts 01742-2751

Prepared by:

WESTON SOLUTIONS, INC.
43 Constitution Drive, Suite 2 West
Bedford, New Hampshire 03110

June 2010

Work Order No. 03886.184.001



Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@w
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine
TABLE OF CONTENTS
Section Page
EXECUTIVE SUMMARY ..ottt nne e ES-1
1. INTRODUGCTION. ...ttt ettt sttt sbeesbe e sreebesneesneeae s 1-1
1.1 SCOPE OF WORK AND PURPOSE........ccccooiiiiiiiiinieneeieneeeeeseeeeee s 1-1
1.2 LIMITING CONDITIONS AND METHODOLOGY USED........cccccecvvurrrannen 1-1
1.3 REPORT ORGANIZATION......ociiiieieeieeieeie ettt ee s sseenaeseeens 1-2
2. LO-58 SITE GEOLOGIC, GEOPHYSICAL, AND HYDROPHYSICAL
INVESTIGATIONS AND RESULTS ..ottt 2-1
2.1 LO-58 SITE GEOLOGIC, GEOPHYSICAL, AND HYDROPHYSICAL
INVESTIGATIONS ...ttt sttt st 2-1
2,11 Sit€ DESCIIPLION. ..cccuviieeiiieeiieeeieeeeiieeeiee et e etee et e e e eiaeeeebeeeaeeeenenes 2-1
2.1.2  Geologic INVEStIZATION .....eevuiruiiriiiiieieeiieieetese e 2-3
2.1.3 Geophysical and Hydrophysical Investigations.............cccceeeveervercieennnens 2-3
2.1.3.1 Geophysical Investigation............ceceeveevueriineriieneenenieneeienn 2-4
2.1.3.2 Hydrophysical Investigation ............ccceeevercieerieenieenieenieereeenn. 2-4
2.1.3.3 Wire-Line Straddle Packer Testing/Groundwater Sampling .... 2-7
2.1.3.4 Data Quality ODJECtIVES.....cccveerriieiieriieeiieiee e 2-9
2.1.3.5 Well Repair ACHVILIES....c.ervirieiieiinieeieniecieeieeiese e 2-10
2.1.3.6 Investigation-Derived Waste .........ccceevierciienienieenieeieeiens 2-10
2.2 LO-58 SITE GEOLOGIC, GEOPHYSICAL, AND HYDROPHYSICAL
RESULTS ..ottt sttt et te et e nseenseenaensaenseennens 2-10
2.2. 1 TOPOZIAPNY ..ottt ettt et e 2-10
2.2.2  Soil and Overburden GeologY ........ccccccuievieriieriieeiieiieeieeiie e 2-11
2.2.2.1  S01l DeSCIIPION .....eeuviiieiiiiieiieiecteeeeeee e 2-11
2.2.2.2  Overburden GeologY..........ccvveriieruierireniieeieeiieereesee e e 2-11
2.2.2.3 Overburden Hydrogeology .......c.cccceviererniiniineencnicnieienne. 2-12
2.2.3  Bedrock GEOIOZY ....cccuieviiiiieiieeiieieeie ettt 2-13
2.2.3. 1 LithOlOZY....oioiieiieiieeiiee e 2-13
2.2.3.2  Bedrock FabriC........cccooueririiiniiiieieceeeceeee e 2-14
2.2.4 Bedrock Hydrogeology ........cooiemieiiiieiiiiiieieeieee e 2-16
2.2.4.1 Depth to Bedrock Groundwater.............ccceccverveerienieecreennnenns 2-16
2.2.4.2 Bedrock Groundwater Flow Velocity and Transmissivity ..... 2-17
2.2.4.3 Bedrock Fracture Interconnectivity ...........cceevveeeieeneerreenneenns 2-19
2.2.44 Bedrock Groundwater Horizontal Gradients ..............c.cc........ 2-25
2.2.4.5 Bedrock Groundwater Vertical Gradients ............ccccecuereennens 2-26

111



Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@w
Formerly Used Defense Site (FUDS) W%
A, SOLUTIONS

Caribou, Aroostook County, Maine

TABLE OF CONTENTS

(Continued)
Section Page
2.2.5 Bedrock Groundwater Quality..........cccceevieriiieniieniieieeieeieeeeee e 2-27
2.2.5.1 Drinking Water Well DW-1 Results.......c.ccccceeeviieeniiieennienns 2-28
2.2.5.2 Drinking Water Well DW-2 Results.......c..cccceverveniiinienennee. 2-29
3. LO-58 SITE CONCLUSIONS ...ttt 3-1
3.1 BEDROCK GEOLOGY ...cottetiiiieniieiestesteete ettt 3-1
3.2  BEDROCK HYDROGEOLOGY ...c.cooieiieiiriieieeieeeee ettt 3-2
3.3 BEDROCK GROUNDWATER QUALITY ...cootiiiiiinieieiieniteieeeeseeieeee s 3-4
4. LO-58 SITE RECOMMENDATIONS ..o 4-1
5. REFERENGCES. ...ttt 5-1

1v



Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@w
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine

LIST OF FIGURES

Title

Figure 1-1 Site Location Map

Figure 2-1 Site Plan

Figure 2-2 Overburden Thickness Map

Figure 2-3 Bedrock Surface Elevation Map

Figure 2-4 Bedrock Geologic Map

Figure 2-5 LO-58 Site Stereonets of Bedding and Joints/Faults

Figure 2-6 Bedrock Potentiometric Surface Map

Figure 2-7 Concentration Trends in Analytical Results for Well DW-1
Figure 2-8 Degradation Rate for Chlorinated Solvents for Well DW-1

Figure 2-9 Groundwater Parameter Trends for Wells DW-1 and DW-2

LIST OF TABLES

Title

Table 2-1 Well Construction Summary

Table 2-2 Summary of Bedrock Groundwater Elevations, April through May 2008
Table 2-3 Summary of Drinking Water Analytical Results

Table 2-4 Summary of Deionized Water Analytical Results

Table 2-5 Summary of Groundwater Parameters Measured During Wire-Line Straddle
Packer Low-Flow Sampling

Table 2-6 Summary of Drinking Water Well Wire-Line Straddle Packer
Sampling Analytical Results

G:\PROJECTS\03886184\001\REPORTS\LO-58 SITE\FINALGEOPHYS\FINALGEOPHYS.DOC 17 JUNE 2010



Final Borehole Hydrophysics and Geophysics Report
Former LO-58 Nike Battery Launch Site -
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine

LIST OF APPENDICES
(ON COMPACT DISK)

APPENDIX A ELECTRONIC FILES: RAW AND PROCESSED HYDROPHYSICAL
AND GEOPHYSICAL DATA; LABORATORY ELECTRONIC DATA
DELIVERABLE; ADR-REVIEWED FILES; PACKER TEST
MONITORING DATA; AND PRESSURE TRANSDUCER DATA

APPENDIXB HYDROPHYSICS™ AND GEOPHYSICAL LOGGING RESULTS
INCLUDING HYDROPHYSICS™ AND GEOPHYSICAL LOG
MONTAGE PLOTS

APPENDIXC WESTON FIELD RECORDS INCLUDING: EQUIPMENT
CALIBRATION RECORDS AND GROUNDWATER LOW-FLOW
SAMPLING RECORDS

APPENDIX D WESTON VALIDATED ANALYTICAL RESULTS MAY 2008
ON COMPACT DISK

APPENDIXE WESTON PRESSURE TRANSDUCER DATA SUMMARIES AND
CARIBOU, MAINE PRECIPITATION RECORDS, MAY 2008

G:\PROJECTS\03886184\001\REPORTS\LO-58 SITE\FINALGEOPHYS\FINALGEOPHYS.DOC . 17 JUNE 2010

V1



Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@w
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine \P/SOLUTIONS

LIST OF ACRONYMS

AMAC Adult Multiple Alternative Center

amsl above mean sea level

Analytics Analytics Analytical Laboratories, LLC

bgs below ground surface

BHG Borehole Hydrophysics and Geophysics

BOH Bureau of Health

C.G. Certified Geologist

CENAE United States Army Corps of Engineers, New England District
cis-1,2-DCE cis-1,2-dichloroethylene

COLOG COLOG, Division of Layne Christensen Company
COPC contaminants of potential concern

CSM Conceptual Site Model

DBCP 1,2-dibromo-3-chloropropane

DO dissolved oxygen

DQO data quality objectives

DRO diesel-range organics

EDB 1,2-ethylene dibromide

EPA U.S. Environmental Protection Agency

FEC fluid electrical conductivity

ft foot/feet

ft/day feet per day

ft*/day square feet per day

FUDS Formerly Used Defense Sites

gpm gallons per minute

GRO gasoline-range organics

HPL hydrophysical logging

LO-58 Site LO-58 Nike Battery Launch Site, Caribou, Maine
Maine HETL Maine Health and Environmental Testing Laboratory
MCL Maximum Contaminant Limits

MDEP Maine Department of Environmental Protection
Maine MEG Maine Maximum Exposure Guidelines

MGS Maine Geologic Survey

pg/L micrograms per liter

ORP oxidation-reduction potential
GIPROJECTS103886184\001REPORTSILO-58 SITE\FINALGEOPHYSIFINALGEOPHYS.DOC . 17 JUNE 2010

Vi1



Final Borehole Hydrophysics and Geophysics Report
Former LO-58 Nike Battery Launch Site

Formerly Used Defense Site (FUDS)

Caribou, Aroostook County, Maine

TGN

o SOLUTIONS

LIST OF ACRONYMS
(Concluded)

OTV

PDT

RL

SOW

TCE

TCP
TestAmerica
u.s.

USDA
USFWS
VFW

vocC

VSP
WESTON"
WSP

Optical Televiewer

project delivery team

reporting limit

Statement of Work
trichloroethylene
1,2,3-trichloropronane
TestAmerica Laboratories, Inc.
United States

U.S. Department of Agriculture
U.S. Fish and Wildlife Service
Veterans of Foreign Wars
volatile organic compound
Vertical Seismic Profiling
Weston Solutions, Inc.

wire-line straddle packer

G:\PROJECTS\03886184\001\REPORTS\LO-58 SITE\FINALGEOPHYS\FINALGEOPHYS.DOC

viii

17 JUNE 2010



EXECUTIVE SUMMARY




Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@w
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine

EXECUTIVE SUMMARY

This Borehole Hydrophysics and Geophysics Report (BHG Report) was prepared by
Weston Solutions, Inc. (WESTON®) to document field activities and interpretations for the
former LO-58 Nike Battery Launch Site (LO-58 Site) in Caribou, Maine, which is one of several
Formerly Used Defense Sites in northern Aroostook County, Maine. This BHG Report has been
prepared for the United States (U.S.) Army Corps of Engineers, New England District
(CENAE) in accordance with the Statement of Work (SOW) issued by CENAE to WESTON on
28 March 2007 (CENAE, 2007). In accordance with the SOW, the investigation included on-site
geological observations, borehole geophysical and hydrogeophysical logging, well rehabilitation
and maintenance, temporary water services, well repair, groundwater sampling and sample
management. WESTON’s geologic, geophysical, and hydrophysical investigations at the LO-58
Site were conducted in May 2008. The purpose of the investigation was to gather site-specific
geologic information using geologic, geophysical, and hydrophysical methods to update and
expand the bedrock groundwater dataset. The geophysical investigations were performed on five
bedrock monitoring wells (MW-01 through MW-05) and two drinking water wells; DW-1, the
Adult Multiple Alternative Center Well, and DW-2, the Veterans of Foreign Wars Well at the
LO-58 Site, and hydrophysical investigations were performed on two drinking water wells;

DW-1 and DW-2.

The following conclusions can be made from the geological, geophysical, and hydrophysical

data collected and interpreted by WESTON during the latest investigation at the LO-58 Site.
Bedrock Geology

= The LO-58 Site is located on the northwest face of a rock-cored drumlin, which was
subject to glacial action approximately 12,000 years ago. Vertical seismic profiling
did not identify acoustically-incompetent bedrock at the LO-58 Site. Thus, no
significant areas of weathered bedrock were identified.

= Despite conflicting references, bedrock beneath the LO-58 Site is the Silurian
Spragueville Formation which comprises interbedded pelite and limestone and/or
dolostone rocks of Silurian age. The nearest contact with another geologic unit, the
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Silurio-Ordivician Carys Mills Formation, is located approximately 900 feet (ft)
northwest of the LO-58 Site.

= The Chapman Synclinorium was formed during the first deformational or
compressional phase of the Acadian Orogeny which occurred during the lower to
middle Devonian Period, and resulted in a major, single, and steeply dipping
north-south cleavage in the bedrock.

= The bedrock bedding at the LO-58 Site strikes North 70° East and dips 12° East, as
well as a foliation striking North 5° West and dipping 78° West, but varies
significantly locally due to folding in two directions: the major folds are broad to tight
with axes oriented North 30° East, parallel to the axis of the Chapman Synclinorium;
the fold axes are also folded broadly on North 20° West axes.

= Three joint sets are present in the local bedrock: a near vertical set striking North 45°
East and dipping 80° West which is associated with the Acadian Orogeny; another
steeply-dipping set striking North 45° East and dipping 85° East, which is roughly
perpendicular to the first; and a shallowly-dipping set of sheeting joints that is
roughly parallel to the ground surface and bedding and decreases in frequency with
depth. The near-vertical sets of joints, particularly the North 45° East and dipping
85° East set, are often filled with calcite. The upper 60 ft of bedrock have similar
fracturing characteristics at drinking water well locations DW-1 and DW-2. However,
the deeper bedrock (below approximately 70 ft) surrounding well DW-2 contains
very few sheeting fractures and the aperture and water-bearing potential of the steeper
fractures are not as significant, resulting in different fracturing characteristics which,
by nature of its depth, do not appear in the bedrock surrounding well DW-1.

= Neither the available geologic literature nor the lack of local and regional
observations of karst topography indicate that the limestone of the Spragueville
Formation is subject to solution cavities.

Bedrock Hydrogeology

= The orientation, length, width, and interconnectedness of joints in the bedrock
beneath the LO-58 Site exert significant control over both groundwater flow direction
and contaminant distribution within groundwater.

= Bedrock groundwater elevations range from approximately 569 to 537 ft above mean
sea level (amsl) on 30 April and 564 to 531 ft amsl on 21 May 2008.

» The hydrophysical logs for well DW-1 indicate that ambient horizontal flow occurs
within the borehole. The volumetric flow rate observed in the DW-1 wellbore for the
depth intervals 27.3 to 31.7, 34.6 to 35.0, 40.4 to 48.6, 49.0 to 50.2, and 52.7 to
53.6 ft below ground surface (bgs) are 0.085, 0.011, 0.14, 0.018, and 0.058 gallons
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per minute (gpm), respectively. These flow rates equate to Darcy velocities or
specific discharges of groundwater in the aquifer of 2.84, 3.91, 2.53, 2.28, and
9.56 ft per day, respectively.

= During production testing, seven inflow zones were identified from the well DW-1
hydrophysical logs at 27.3 to 31.7, 34.6 to 35.0, 37.4 to 38.4, 40.4 to 48.6, 49.0 to
50.2, 52.7 to 53.6, and 54.4 to 58.1 ft bgs with flow rates ranging of 0.207, 0.195,
0.745, 2.00, 0.416, 1.65, and 0.838 gpm, respectively. The logs indicate the interval
40.4 to 48.6 and 52.7 to 53.6 ft bgs dominated flow during pumping, producing
3.65 gpm or 60 percent of the total flow. The transmissivity calculations for well
DW-1 indicate that the intervals 40.4 to 48.6 and 52.7 to 53.6 ft bgs exhibited the
highest transmissivities of approximately 129 and 111 square feet per day (ft*/day),
respectively.

= The hydrophysical logs for well DW-2 indicate ambient vertical flow occurring
within the borehole. Formation water migrates downward within the fluid column
beginning near the base of casing and at 31 ft.

* Four inflow zones were identified from the well DW-2 hydrophysical logs at 19.5 to
19.6, 30.4 to 31.6, 38.2 to 41.8, and 44.9 to 51.4 ft bgs at rates of 0.026, 0.297, 0.016,
and 0.074 gpm, respectively. The combined inflow of 0.413 gpm of these four
intervals is observed to migrate vertically downward through the borehole based on
the migration of the center of mass of the area under the curve. Groundwater exits the
borehole at depths of 96.4 to 97.0 and 189.5 to 191.0 ft bgs at rates of 0.370 and
0.185 gpm, respectively.

= In well DW-2, a fluid electrical conductivity anomaly was observed at the base of the
borehole at 280 ft. This early increase in mass is not the result of ambient flow, as
over the course of the ambient flow characterization, no additional groundwater
entered the borehole at this depth. As such, this water-bearing interval is not
considered to produce groundwater to the borehole under ambient conditions.

* During production testing, 11 inflow zones were identified from the DW-2
hydropysical logs, ranging in flow from 0.005 to 5.69 gpm, with the dominant inflow
zone at 30.4 to 31.6 ft, producing 5.69 gpm or 90 percent of the total formation
production rate. The transmissivity calculations for well DW-2 indicate that the
interval 30.4 to 31.6 ft bgs exhibited the highest transmissivity of approximately
216 ft*/day.

= Based on the observations from the synoptic potentiometric head measurements,
WESTON concludes that the dominant north-south fracturing present in bedrock
creates strong north-south anisotropy in the groundwater flow. Further, at well DW-1,
the shallower fractures do not appear to have any interconnectivity with fractures in
other wells, while the deeper fracture intervals are interconnected with fractures that
reach as far as monitoring wells MW-01, MW-03, and MW-05. Synoptic
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potentiometric head measurements did not identify bedrock fracture interconnections
beyond well DW-2.

= The fracture characteristics of the shallow bedrock surrounding the borehole at well
DW-1, and the number of those water-bearing fractures that are high-angle fractures,
results in an interconnected network of fractures around the well that have pressure-
equilibrated outside the influence of the borehole. The weak differential
potentiometric head that exists between the fractures results in primarily horizontal
groundwater flow within the well.

= In well DW-2, the fracture characteristics of the shallow bedrock are similar to those
surrounding the borehole at well DW-1. However, although there are high-angle
fractures identified in the deeper bedrock surrounding well DW-2, their aperture and
water-bearing potential are not as significant as those in the shallow bedrock, and the
upper and lower portions of the well have substantially different potentiometric
heads. The relatively strong differential potentiometric head that exists between the
upper and middle fractures results in vertical groundwater flow from the middle
fractures to the upper fractures within the well.

* In drinking water well DW-1, the peak toluene and gasoline-range organics (GRO)
concentrations were in shallow bedrock fractures, the peak chlorinated solvent
concentrations were in the middle bedrock fractures, and the peak diesel-range
organics (DRO) concentrations were in the deepest bedrock fractures; this pattern of
contamination indicates that the well may be impacted with hazardous substances
from three separate sources at the LO-58 Site. Further, the gradual increase or
decrease in contaminant concentrations at successive depth intervals demonstrates
that the uppermost and deepest fractures may be interconnected, and that
concentration gradients exist between them. However, the slight variations in
contaminant concentrations and the relatively small number of measurement points
were found to be inadequate to make statistically significant conclusions.

= The ratio of cis-1,2-dichloroethylene (cis-1,2-DCE) to trichloroethylene (TCE) was
compared between shallower and deeper intervals of well DW-1 in order to assess
possible greater TCE degradation and distance from the TCE source. The slight
increase in cis-1,2-DCE to TCE ratios with depth were found to be statistically
insignificant.

= A trace concentration of cis-1,2-DCE was detected in well DW-2. Based on the lack
of concentration gradients between adjacent fractures, these results demonstrate the
lack of interconnection between adjacent fractures in this well. Further, the trace
detection of cis-1,2-DCE in the second deepest (187.9 to 192.2 ft bgs) depth interval,
with no detectable TCE, supports two hypotheses:
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1. There is a small, but nonetheless significant deep bedrock connection between
wells DW-1 and DW-2, or a connection to a common source that is not
detectable in the synoptic potentiometric head measurements.

2. The detection of cis-1,2-DCE but no TCE at substantial depth and distance
from the presumed source area suggests that TCE degradation appears nearly
complete.

= The overall bedrock groundwater horizontal potentiometric gradients at the LO-58
Site are north-northwesterly beneath the eastern portion of the Site, northerly beneath
the northern portion of the Site, and northwesterly beneath the western portion of the
Site, generally consistent with topography.

Bedrock Groundwater Quality

= The analytical results for drinking water well DW-1 were consistent with previous
analytical results for this well. Laboratory analytical results from the wire-line
straddle packer (WSP) sampling of drinking water well DW-1 indicate the presence
of chloroform, cis-1,2-DCE, TCE, toluene, GRO, and DRO in one or more samples
collected from DW-1, and generally have increasing or decreasing concentration
trends with depth. None of the volatile organic compounds (VOC) were detected
above their Maine Maximum Exposure Guidelines (Maine MEG) or the
U.S. Environmental Protection Agency (EPA) Maximum Concentration Limits
(MCL) for drinking water. However, GRO or DRO concentrations in five samples
exceeded their 50 micrograms per liter (ug/L) Maine MEG.

= In well DW-1, the peak toluene and GRO concentrations are in shallow bedrock
fractures, the peak chlorinated solvent concentrations are in the middle bedrock
fractures, and the peak DRO concentrations are in deep bedrock fractures; this pattern
of contamination indicates that the well may be impacted with hazardous substances
from three separate and increasingly distant sources at the LO-58 Site.

= The analytical results for drinking water well DW-2 were generally consistent with
previous analytical results, with one anomaly. Laboratory analytical results from the
WSP sampling of drinking water well DW-2 indicate the presence of cis-1,2-DCE,
toluene, and DRO in one or more samples collected. None of the VOCs were detected
above their Maine MEGs or EPA MCLs for drinking water. However, GRO or DRO
concentrations in five samples exceeded their applicable 50 ug/LL Maine MEG. The
one anomaly in the well DW-2 analytical results is the detection of a trace
concentration of cis-1,2-DCE in the sample collected from the second deepest
(187.9 to 192.2 ft bgs) depth interval. Chlorinated solvents have not previously been
detected in samples collected from this well. However, the detection of cis-1,2-DCE
is likely due to the focused nature of the sampling at the single fracture zone;
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consistent with previous analytical results, subsequent sampling of the well did not
detect cis-1,2-DCE, likely due to dilution by water from other fractures within the
well borehole. Finally, the cis-1,2-DCE detection at the second deepest interval
provides evidence of the extent of chlorinated solvent impacts to bedrock
groundwater.

The geological, geophysical, and hydrophysical data collected as part of the LO-58 Site
investigation has eliminated many of the data gaps regarding groundwater flow and the nature
and extent of groundwater impacts from the LO-58 Site. As part of the next task required under

the SOW, WESTON will update the Conceptual Site Model for the LO-58 Site.
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1. INTRODUCTION

1.1 SCOPE OF WORK AND PURPOSE

This Borehole Hydrophysics and Geophysics Report (BHG Report) was prepared by
Weston Solutions, Inc. (WESTON®) to document field activities and interpretations for the
former LO-58 Nike Battery Launch Site (LO-58 Site) in Caribou, Maine, which is one of several
Formerly Used Defense Sites (FUDS) in northern Aroostook County, Maine (Figure 1-1). This
BHG Report has been prepared for the United States (U.S.) Army Corps of Engineers,
New England District (CENAE) in accordance with the Statement of Work (SOW) issued by
CENAE to WESTON on 28 March 2007 (CENAE, 2007). In accordance with the SOW,
WESTON provided field logistical support to the borehole hydrogeophysics team, including
providing all well rehabilitation and maintenance services, temporary water services, well repair,
field sampling and sample management, and water to support hydrophysical logging (HPL).
WESTON also procured a laboratory with a successful track record for providing staged
electronic data deliverables required by the U.S. Army Corps of Engineers FUDS guidance
(CENAE, 2007). Finally, as called for in the SOW, electronic files containing raw and processed
data collected during the geologic, geophysical, and hydrophysical investigation are included on
a compact disk in Appendix A. This compact disk also includes an electronic copy of the

BHG Report.

1.2 LIMITING CONDITIONS AND METHODOLOGY USED

This BHG Report was prepared according to the specifications provided in the SOW. As such;
the BHG Report is a description of the activities and findings of the 2008 investigation at the
LO-58 Site, to be used to assist the project delivery team (PDT) in planning, interpreting data,
and communicating. The BHG Report provides additional geological, hydrogeological, and
geophysical data that will be used to update the Conceptual Site Model (CSM) for the LO-58
Site. The target audience is the PDT (CENAE, 2007).
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The information within the BHG Report was gathered primarily during the May 2008 field
activities, supplemented as necessary by available documents at the Maine Geologic Survey
(MGS) offices, and interviews and previous investigations conducted at the LO-58 Site. The
information included in the BHG Report is limited by the quality of the previous investigations
and the material which was available for review. In addition, current site conditions are based on
the date of site investigation, the date of file reviews performed, and the information which was
available for review. Site conditions noted in this report cannot be guaranteed to cover future

activities or uses of the LO-58 Site.

1.3 REPORT ORGANIZATION

This BHG Report describes the activities and findings of the 2008 investigation at the
LO-58 Site. Section 2 of the BHG Report summarizes the activities and results of the geological,
geophysical, and hydrophysical investigations conducted by WESTON in 2008 to fulfill the
requirements of the SOW. Section 3 of the BHG Report presents the conclusions of the
WESTON 2008 LO-58 Site investigation. Section 4 of the BHG Report presents
recommendations for further work to address hydrogeological data gaps that remain for the
LO-58 Site following the 2008 WESTON investigation. Section 5 of the BHG Report includes
the references cited to support the BHG Report for the LO-58 Site.
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2. LO-58 SITE GEOLOGIC, GEOPHYSICAL,
AND HYDROPHYSICAL INVESTIGATIONS AND RESULTS

WESTON’s geologic, geophysical, and hydrophysical investigations at the LO-58 Site were
conducted in May 2008. The purpose of the investigation was to gather site-specific geologic
information using geologic, geophysical, and hydrophysical methods to update and expand the
bedrock groundwater dataset. The investigations were directed by Mr. Joseph Schmidl, a State
of Maine Certified Geologist (C.G.) (Certificate Number GE436). The investigations relied
heavily on the work of WESTON’s subcontractor COLOG, a division of Layne Christensen
Company (COLOG), which summarized the results of the geophysical and hydrophysical
investigations in the HydroPhysics™ and Geophysical Logging Results, which is included in
Appendix B (COLOG, 2009).

2.1 LO-58 SITE GEOLOGIC, GEOPHYSICAL,
AND HYDROPHYSICAL INVESTIGATIONS

2.1.1 Site Description

The LO-58 Site is a 17-acre parcel of land located at 253 Van Buren Road (Route 1) in
Caribou, Aroostook County, Maine (Figure 2-1). The LO-58 Site is owned by the
Lister-Knowlton Post #9389 Veterans of Foreign Wars (VFW) and is identified by the City of
Caribou Assessor’s Office as Map 14, Lot 50 (WESTON, 2007a). The entrance to the LO-58
Site from Van Buren Road is located at latitude 46° 52’ 55" North and longitude 68° 0" 38" West
(U.S. Fish and Wildlife Service, 2008). The magnetic declination at Caribou, Maine is 18° 12’
West; however, for the purposes of this report, geophysical data based on compass readings were

adjusted by 20° West (National Geophysical Data Center, 2009).

The property was acquired from the Town of Caribou in 1955 by the U.S. Government for the
construction of a Nike missile launching facility. The LO-58 Site was deactivated by the
Department of Defense in 1966 and following its decommissioning as a military facility in 1969,
the LO-58 Site was conveyed to the City of Caribou and used for storage of municipal property.
In 1970, the property was purchased by the current owner, the Lister-Knowlton VFW
Post #9389 (WESTON 2007a). Several components of the former launch site have since been
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deconstructed, including the subsurface portion of the Former Launcher Area, which was closed
by filling with soil in 1994, and the aboveground portion of the Former Warhead Building was
demolished in spring 2007, leaving only the concrete building pad in place.

The LO-58 Site is provided drinking water from two separate bedrock water supply wells. The
VFW Building, which is the former barracks building, is provided potable drinking water from a
6-inch-diameter, 284-foot (ft) deep bedrock well, in which the pump is set at 62.5 ft below
ground surface (bgs). The well is designated DW-2 and is located approximately 100 ft west of
the building in the parking area. The well is situated in a 4-ft by 4-ft concrete vault beneath the
parking area and access to the wellhead is acquired through a manhole (WESTON, 2007a). A
chlorine-based water-softening and bacterial treatment system has been installed on the water
supply to address hardness and elevated bacteria levels which have been reported in the water
supply; no other treatment system has been part of this system. The treatment system is located

in a utility room located in the eastern corner of the building (WESTON, 2009).

The Adult Multiple Alternative Center (AMAC) facility, which is located in the former
Generator Building, is provided potable drinking water from a 6-inch-diameter, 58-ft deep
bedrock water supply well designated DW-1, in which the pump is set at 50 ft bgs. Well DW-1
was installed in 1994 and is located approximately 25 ft east of the building. Prior to that date,
potable water for the building came from well DW-2. The well was installed following a break in
the water line which could not be repaired between the VFW and AMAC buildings. A
point-of-entry activated carbon water filtration system was installed and is monitored by the
Maine Department of Environmental Protection (MDEP) to remove any contaminants which are
present in the well DW-1 water supply. Historically, concentrations of trichloroethylene (TCE)
in drinking water from the well have exceeded the applicable MDEP action level of

2.5 micrograms per liter (ug/L) [Bureau of Health (BOH), 2000; WESTON, 2007a].

WESTON installed five bedrock groundwater monitoring wells (MW-01 through MW-05) in
October 2000. The bedrock monitoring well installations were performed using air-hammer
drilling techniques. The wells were installed at the site to evaluate the nature and extent of

groundwater contamination at the site, as well as to determine the direction of groundwater flow

in the local bedrock water-bearing zone (WESTON, 2007b). Table 2-1 summarizes the
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construction details for the two drinking water wells and the five bedrock monitoring wells at the

LO-58 Site.

2.1.2 Geologic Investigation

The geologic investigation included background research among available geologic references,
observation, and characterization of exposed bedrock at the LO-58 Site; measurement of bedrock
features, including bedding planes, fold axes, and fractures; and the measurement of water levels
in five bedrock monitoring wells and two bedrock drinking water wells during geophysical and
hydrophysical investigations. The geologic investigation was conducted by Mr. Joseph Schmidl,
C.G. The results of the geological investigation are presented in Subsection 2.2 of this

BHG Report.

2.1.3 Geophysical and Hydrophysical Investigations

The geophysical and hydrophysical investigations were performed on the five bedrock
monitoring wells (MW-01 through MW-05) and the two drinking water wells (DW-1 the AMAC
Well, and DW-2 the VFW Well) at the LO-58 Site. Table 2-1 summarizes the construction
details for these wells. In advance of the geophysical and hydrophysical investigations, pressure
transducers were installed in each of the seven on-site bedrock wells. The synoptic
potentiometric head measurement data from the pressure transducers were used to identify
potential hydraulic interconnections between wells. The results of this investigation are
summarized in Subsection 2.2.4.3. In addition, WESTON measured synoptic water levels in the
seven bedrock wells at the beginning and end of the geophysical and hydrophysical
investigations. Table 2-2 summarizes the bedrock groundwater potentiometric elevation data

obtained, which is further discussed in Subsection 2.2.4.1.
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2.1.3.1 Geophysical Investigation

The geophysical investigation included downhole geophysical logging of five bedrock
monitoring wells and two bedrock drinking water wells at the LO-58 Site. The geophysical
logging included the ten techniques listed in Table 1 of the SOW (CENAE, 2007):

= Natural Gamma Logs.
= Three-Arm Caliper Logs.

» Fluid Electrical Conductivity (FEC) Logs (temperature, dissolved oxygen (DO),
specific conductance, SHE-corrected oxidation-reduction potential (ORP), hydrogen
ion concentration).

= 8-, 16-, 32-, and 64-inch Normal Resistivity Logs.

= Single Point Resistance/Spontaneous Potential/Current Logs.
= Induction Logs.

= Vertical Seismic Profiling (VSP).

= Acoustic Televiewer Logs.

=  Optical Televiewer (OTV) Logs.

=  Full Wave Form Sonic Logs.

The geophysical investigation was conducted by Mr. Greg Bauer of COLOG, with the assistance
of COLOG’s subcontractor Mr. Mark Blackey of Geophysical Applications, Inc., who performed
the VSP task. The results of the geophysical investigation were presented in the HydroPhysics™
and Geophysical Logging Results (COLOG, 2009), which is included in Appendix B. The
pertinent results have been incorporated into Subsection 2.2 of this BHG Report.

2.1.3.2 Hydrophysical Investigation

The hydrophysical investigation included HPL of two bedrock drinking water wells at the
LO-58 Site. The HPL included ambient flow characterization, pumping flow characterization,
and wire-line straddle packer (WSP) testing techniques listed in Table 1 of the SOW. The
hydrophysical investigation was conducted by Mr. Greg Bauer of COLOG (COLOG, 2009). The

results of the hydrophysical investigation were presented in the HydroPhysics™ and
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Geophysical Logging Results (COLOG, 2009), which is included in Appendix B. The pertinent
results have been incorporated into Subsection 2.2 of this BHG Report.

In order to conduct the geophysical and hydrophysical investigations in drinking water wells
DW-1 and DW-2, the pumps and associated piping were removed from the wells, and the
AMAC and VFW Buildings were supplied with temporary potable water supplies. WESTON
collected drinking water samples before (8 May), during (15 May), and following (21 May) the
use of each temporary water supply to ensure that the temporary supply for each building
met MDEP drinking water standards. The water samples were submitted to TestAmerica
Laboratories, Inc. (TestAmerica) and Analytics Analytical Laboratories, LLC (Analytics) for
analysis for volatile organic compounds (VOC) by the U.S. Environmental Protection Agency
(EPA) Method 524.2 (Analytics, 2008a; 2008b; TestAmerica, 2008a). Table 2-3 summarizes the
results of these analyses, and shows that the trace VOCs detected in the temporary potable water
supplies were within Maine Maximum Exposure Guidelines (Maine MEG) and EPA Maximum

Contaminant Limit (MCL) standards (BOH, 2000; EPA, 2003).

However, as noted in an 11 June 2008 letter from CENAE to the VFW, samples collected on
8 May from the supplied water before it went through the VFW system contained
bromodichloromethane, bromoform, dibromochloromethane, compounds which are formed as
by-products of drinking water chlorination. The Caribou Utilities District treats its water with
sodium hypochlorite for disinfection. The sample of supplied water collected after going through
the VFW system contained TCE and dibromochloromethane. The difference in concentration of
the compound dibromochloroemethane from 1.3 pg/L to 3.1 pg/L in the samples from the
supplied water before and after the VFW system, respectively, indicated that the chlorination

byproduct concentration was increasing.

Since the VFW system includes a chlorination system and the alternate water supply provided is
also chlorinated, the result was over-chlorination of the drinking water. As a result of the above,
the VFW chlorination system was taken off-line and the system flushed to reduce concentrations
of compounds resulting from the over chlorination. The chlorination system remained off-line
while the alternate water supply was being used. Samples were collected again on 15 May after

the system was flushed and indicated the presence of the following chlorination byproduct
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compounds:  dibromochloromethane,  bromodichloromethane, and bromoform. The
concentrations were all below the more conservative of the MCL and Maine MEGs.

Tetrachloroethene was not detected in the sample collected on 15 May.

A final sample was collected on 22 May once the VFW was taken off the alternate water supply
and reconnected to its own well and before restarting the chlorination system. Toluene was the
only compound detected at a concentration of 1.0 pg/L, below the EPA MCL of 1,000 pg/L.
Toluene has not been detected in the well previously and may be a laboratory contaminant. The
VOC concentrations will continue to be monitored as part of the existing drinking water

monitoring program (CENAE, 2008).

In addition, the HPL of drinking water wells DW-1 and DW-2 required the well boreholes to be
flushed with deionized water generated on-site from the potable water source; this water was
similarly tested before its use to ensure that no contamination was introduced to the
drinking water wells. The water samples were submitted to TestAmerica and Analytics for
VOC analysis by EPA Method 524.2; the initial sample, collected on 5 May 2008, was
also analyzed for 1,2-ethylene dibromide (EDB), 1,2-dibromo-3-chloropropane (DBCP), and
1,2,3-trichloropronane (TCP) by EPA Method 504.1; further analysis by EPA Method 504.1 was
not performed because of the favorable initial results (Analytics, 2008a; 2008c; 2008d; 2008e;
2008f). During initial testing of the deionized water and before the water was introduced to either
drinking water well, it was discovered that the deionization process was introducing
tetrahydrofuran at concentrations greater than the Maine MEG of 70 pg/L (There is no EPA
MCL for tetrahydrofuran.) (BOH, 2000; EPA, 2003). Through iterative sampling, the source of
the contamination was traced to a newly-recharged deionized water filtration unit, and the
problem was eliminated with the replacement of the filtration unit. The replacement filtration
unit initially contained chloroform above the Maine MEG but below the EPA MCL, but this
condition quickly passed following continued flushing, and did not recur, as documented by
subsequent samples (BOH, 2000; EPA, 2003). Table 2-4 summarizes the water analytical results
for the deionized water and associated samples of influent water, and shows that the trace VOCs
detected in the deionized water were below Maine MEGs and EPA MCLs (BOH, 2000;
EPA, 2003).
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2.1.3.3 Wire-Line Straddle Packer Testing/Groundwater Sampling

WESTON performed WSP sampling at both of the drinking water wells in May 2008 as part of
the geophysics program designed to expand site characterization. WESTON retained the services
of COLOG to perform WSP sampling on the two drinking water wells DW-1 and DW-2. Based
on the results of the HPL investigation described in Subsection 2.1.3.2, the highest-producing
zones in each well were targeted for WSP testing, with the objective of distributing sampling
points along the entire length of the borehole to the extent possible. The zones targeted for WSP
testing were first isolated and sampled utilizing low-flow methodology for VOCs, gasoline-range
organics (GRO), and diesel-range organics (DRO). The groundwater parameters measured to
confirm equilibrium conditions were achieved during low-flow sampling are summarized in

Table 2-5, and the Groundwater Sampling Logs and equipment calibration records for these

sampling activities are included in Appendix C. After collecting the samples, each zone was

tested for transmissivity and hydraulic conductivity.

The same WSP (including the integral pump) was used to sample drinking water well DW-2 and
well DW-1. Drinking water well DW-2 was sampled first, from the shallowest to the deepest
interval, as it was expected to be the least contaminated, having historically lower groundwater
contaminant concentrations and being farther from the known sources of contamination. The
WSP was not decontaminated between sample intervals, as the WSP was lowered through the
shallower intervals to reach the deeper intervals, and thus, could not be protected from
cross-contamination between intervals. Following sampling the six depth intervals of well
DW-2, the WSP (including the integral pump) was decontaminated before use in drinking water
well DW-1. Equipment rinsate blank sample RB-051808-01 was collected from the WSP
following its decontamination. The detection of DRO in the equipment rinsate sample indicates
that the equipment decontamination was not entirely successful. Following decontamination of
the WSP, drinking water well DW-1 was sampled, this time from the deepest to the shallowest
interval. The detection of DRO in the first depth interval of well DW-1 sampled at a
concentration three times that detected in the equipment rinsate blank suggests that, although the
decontamination of the WSP was not entire successful, it was not likely to result in false positive

results of this concentration level in the samples collected from well DW-1.
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The groundwater samples were submitted to TestAmerica and Analytics for analysis for VOCs
by EPA Method 524.2, EDB, DBCP, and TCP by EPA Method 504.1, GRO by the Maine Health
and Environmental Testing Laboratory (Maine HETL) Method 4.1.17 and DRO by Maine HETL
Method 4.1.25 (Analytics, 2008g; TestAmerica, 2008b). The analytical results were validated
according to EPA Region 1 functional guidelines and were found to be useable, as qualified.
Table 2-6 lists the zones targeted in each well and the laboratory analytical results from the WSP
sampling, and the data validation records are included in Appendix D.

The analytical results for drinking water well DW-1 were consistent with previous analytical
results for this well, when the difference between previous point-of-entry sampling and 2008
WSP sampling methodologies are accounted for. Laboratory analytical results from the WSP
sampling of drinking water well DW-1 indicate the presence of chloroform, cis-1,2-
dichloroethylene (cis-1,2-DCE), TCE, toluene, GRO, and DRO in one or more samples collected
from well DW-1, as shown in Table 2-6 and discussed further in subsequent sections. None of
the VOCs were detected above their applicable or EPA MCLs for drinking water (BOH, 2000;
EPA, 2003). However, GRO or DRO concentrations in three samples exceeded their 50 pg/L
Maine MEG. The groundwater quality implications of these data are further discussed in
Subsection 2.2.5.

The analytical results for drinking water well DW-2 were generally consistent with previous
analytical results, when the difference between previous point-of-entry sampling and 2008 WSP
sampling methodologies are accounted for. Laboratory analytical results from the WSP sampling
of drinking water well DW-2 indicate the presence of cis-1,2-DCE, toluene, and DRO in one or
more samples collected from DW-2; chlorinated solvents had not previously been detected in
samples collected from this well. None of the VOCs were detected above their applicable
Maine MEGs or EPA MCLs for drinking water (BOH, 2000; EPA, 2003). However, DRO
concentrations in two samples, the shallowest and deepest intervals, exceeded their applicable
50 pg/L Maine MEG (There is no EPA MCL for DRO.) (BOH, 2000; EPA, 2003). The
groundwater quality implications of these data are further discussed in Subsection 2.2.5.
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2.1.3.4 Data Quality Objectives

The data quality objectives (DQO) for the investigation were described in Sections 3 and 5 of the
June 2007 Final Management Work Plan, Borehole Hydrogeophysics and Conceptual Site
Model Development at the Former Nike Battery LO-58 and Well Investigation at the Former
Loring Air Force Base Communications Annex, Formerly Used Defense Sites Caribou and
Perham, Maine (WESTON, 2007a). The DQOs for laboratory reporting limits (RL) were
included in Table 5-1 of the Final Management Work Plan. In general, the laboratory RLs met
the DQOs, with the notable exception of the vinyl chloride RLs for samples analyzed by EPA
Method 524.2 in Report Numbers 61245 (RL equals 10 pg/L), 61287 (RL equals 2 pg/L), 61307
(RL equals 2 pg/L), 61408 (RL equals 0.5 pg/L), 125508 (RL equals 0.5 pg/L), and 125630
(RL equals 0.5 pg/L) (Analytics, 2008b; 2008c; 2008e; TestAmerica, 2008a, 2008b).

The analytical results were validated according to EPA Region 1 Data Validation Functional
Guidelines and were found to be useable, as qualified (EPA, 1996). The validated analytical

results, including the Data Review Checklist for each data report, are included on Appendix D.

The data validator identified a relatively small number of issues among the analytical results,

which led to the following data qualifications:

= The concentrations and detection limits for methylene chloride in samples analyzed
by EPA Method 524.2 from Report Number 61245 were estimated, because
calibration quality control criteria were not met.

= The result for tetrahydrofuran in sample COLOGDI-050808 analyzed by EPA
Method 524.2 from Report Number 61276 was estimated, as the result was above the
calibration range.

= The positive results below the action level for DRO in samples analyzed by Maine
HETL Method 4.1.25 from Report Number 61399 were estimated, because of
detection of DRO in rinsate blank sample RB-051808-01. Professional judgment was
used in not qualifying the results as not detected.

= The result for toluene in samples LS58DW1-0508-051, LS58DW2-0508-189, and
LS58DW2-0508-265 analyzed by EPA Method 524.2 from Report Number 125630
was qualified as not detected, because of the detection of toluene in rinsate blank
sample RB-051808-01.
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Of the identified issues, only the possible DRO and toluene cross-contamination potentially
impact the interpretation of the groundwater analytical results. For the purposes of this
BHG Report, WESTON has considered the qualified results as usable and has interpreted the

results accordingly.

2.1.3.5 Well Repair Activities

During the reinstallation of the pumps in the drinking water wells following the geophysical and
hydrophysical investigations, repairs were made to the pumps and ancillary equipment. For
drinking water well DW-1, the repairs were limited to the replacement of a centralizer which was
found to be broken when removed from the well. For drinking water well DW-2, the repairs
included the replacement of a plastic fitting which was worn by use, the installation of a
pitless adapter, and the extension of the well casing by approximately 4 ft in order to meet
current installation standards. The repairs were performed by WESTON’s subcontractor

St. Pierre and Sons, a Maine-licensed plumber.

2.1.3.6 Investigation-Derived Waste

Investigation-derived waste generated during the geophysical and hydrophysical investigations
included purge water from the two drinking water wells, detergent-water solutions and rinse
water used for equipment decontamination, and non-hazardous solid waste, such as used
personal protective equipment, plastic tubing, and cardboard boxes. In accordance with industry
standards, purge water was discharged to the ground surface in the vicinity of the well from
which it was purged (since its infiltration does not adversely impact the formation from which it
came), decontamination fluids were discharged to the ground surface, and non-hazardous solid

waste was double-bagged and disposed of with municipal solid waste.

2.2 LO-58 SITE GEOLOGIC, GEOPHYSICAL, AND HYDROPHYSICAL RESULTS

2.2.1 Topography

Consistent with the typical location of Nike missile batteries, the LO-58 Site is located on a

topographic high, east of Van Buren Road (see Figures 1-1 and 2-1). The LO-58 Site is located
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on the northwest face of a rock-cored drumlin. Elevations at the LO-58 Site vary by
approximately 60 ft, from approximately 540 ft above mean sea level (amsl) at the former
Barracks Building which is located at the bottom of the hill near Van Buren Road, to
approximately 600 ft amsl at the former Launcher Area which is situated at the topographic high
for the property (WESTON, 2007a).

2.2.2 Soil and Overburden Geology
2.2.2.1 Soil Description

Based on the Aroostook County Soil Survey, Northeastern Part [U.S. Department of Agriculture
(USDA), 2008a], soils at the LO-58 Site are primarily mapped as Caribou gravelly loam, with
slopes varying from 0 to 15 percent. Caribou soils are well drained soils formed on loamy till

plains and ridges and have moderate permeability (USDA, 2008b).

2.2.2.2 Overburden Geology

Based on the Surficial Geologic Map of Maine (MGS, 1985a), overburden underlying the
property is primarily glacial till consisting of a heterogeneous mix of sand, silt, clay, and stones,
with local occurrences of boulders and was deposited directly by glacial ice. The till is generally
massive, but may contain beds and lenses of variably washed and stratified sediments.
Subsurface investigations performed at the LO-58 Site have generally confirmed these mapped
subsurface conditions, although no inclusions of washed or stratified sediments have been noted.
Site-specific observations document that overburden thickness at the LO-58 Site varies
depending on location and ranges from 0 ft bgs at the former Launcher Area to approximately
16 ft bgs near the former Test Building. Bedrock outcrops are present along the southern edge of
the former Launcher Area (WESTON, 2007a). Figure 2-2 presents an isopach map of
overburden thickness at the LO-58 Site.

Based on the results of previous environmental investigations, the contaminants of potential
concern (COPC) attributable to releases from the LO-58 Site are VOCs associated with fuel and
chlorinated solvents associated with missile maintenance (WESTON, 2000). The VOCs

associated with fuel include benzene, toluene, ethylbenzene, xylene, naphthalene, and
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trimethylbenzenes. Based on historical information, the primary chlorinated solvent associated
with missile maintenance is TCE, which has also been detected in on-site soils, although the
concentrations of TCE detected were sufficiently low that a clear soil source of TCE has not
been identified (WESTON, 2001). Tetrachloroethylene, commonly present in trace
concentrations in solvent-grade TCE, as well as cis-1,2-DCE and chloromethane, breakdown
products of TCE, are also COPCs for the LO-58 Site, due to their detection in on-site soils
(WESTON, 2000).

The COPCs associated with fuel have been detected in soil and soil vapor samples associated
with former underground storage tanks located near the Former Missile Assembly and
Test Building, as well as soils in the vicinity of the Former Launcher Area and Former Fueling
Platforms, and south-southeast of the AMAC Building at the LO-58 Site (WESTON, 2000). The
COPCs associated with missile maintenance (specifically, TCE) have been detected at soil
sample locations SB-13 which is northwest and downslope of the Former Launcher Area, and
SB-34 which is immediately southwest of the AMAC Building. In addition, TCE was detected in
soil vapor samples associated with soils in the vicinity of the Former Launcher Area and south-

southeast of the AMAC Building at the LO-58 Site (WESTON, 2000).

The COPC:s attributable to releases from the LO-58 Site are both volatile and susceptible to both
aerobic and anaerobic degradation with the degradation rates of the chlorinated solvents
substantially lower than those of the fuel-related VOCs. Further, the solubility of the COPCs in
water is relatively low. Due to these characteristics, mobility of the COPCs is moderate, and the
attenuation factors for the COPCs at the LO-58 Site are moderate to high. In the context of the
BHG Report, the presence of dissolved VOCs in groundwater at the LO-58 Site comprises
evidence of a release to the environment from the previously mentioned soil source(s), and the

groundwater analytical data serve to quantify the extent of the release.

2.2.2.3 Overburden Hydrogeology

Subsurface investigations into overburden groundwater at the LO-58 Site have indicated that
there is little or no saturated thickness in the overburden (WESTON, 2007b). WESTON
concludes that surface water that infiltrates the overburden percolates downward until coming in

contact with the bedrock surface. At the bedrock surface, groundwater flows along the surface of
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the bedrock beneath the LO-58 Site until reaching a point of infiltration, such as a fracture or a

weathered bedrock zone (WESTON, 2007b).

2.2.3 Bedrock Geology

As noted above, the depth to bedrock at the LO-58 Site varies depending on location ranging
from O ft bgs at the former Launcher Area to approximately 16 ft bgs near the former
Test Building (WESTON, 2007b). Figure 2-3 presents a contour map of bedrock elevations at
the LO-58 Site. Observation of the bedrock surface can be made in the vicinity of the former
Launcher Area, and previous soil boring records indicate that there is little or no weathered
bedrock at the overburden-bedrock interface. This is consistent with the geologic history of the
LO-58 Site which indicates that any weathered bedrock at the site would have been eroded
during the final Wisconsin glacial advance, and that there has been insufficient time for
appreciable bedrock weathering during the subsequent 12,000 years. This condition is to be
expected on the northwest face of a rock-cored drumlin which was subject to glacial action
approximately 12,000 years ago. Vertical seismic profiling did not identify acoustically-
incompetent bedrock at the LO-58 Site (COLOG, 2009). No rock quality designation data are
available for any of the bedrock wells at the LO-58 Site. Finally, a notable linear depression in
the bedrock surface is present between locations SB-22 and SB-43 which may be indicative of a

fracture zone.

2.2.3.1 Lithology

Based on the 1:500,000-scale Bedrock Geologic Map of Maine, bedrock underlying the property
is mapped as the Siluro-Ordivician Carys Mills Formation, and the datalayer used to generate
Figure 1 of the SOW used this reference (MGS, 1985b). However, based on the 1:62,500-scale
Geologic Map of the Caribou and Northern Presque Isle Quadrangles, Maine, bedrock beneath
the LO-58 Site is mapped as the Silurian Spragueville Formation (MGS, 1985c¢). To reconcile the
conflicting references, WESTON relies on the smaller-scale map which not only provides greater
control but used more recent data from outcrops at the LO-58 Site to determine the contact
boundary between the Spragueville and Carys Mill Formations; thus, WESTON concludes the
bedrock beneath the LO-58 Site is part of the Spragueville Formation, as depicted in Figure 2-4.
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The Spragueville Formation comprises interbedded pelite and limestone and/or dolostone rocks
of Silurian age (MGS, 1985b). This formation is weakly metamorphosed and contains local
occurrences of prehnite and pumpellyite. The Spragueville Formation contains distinctive,
rounded nodules resulting from bioturbation (Lopez, 2003). The Spragueville Formation is
interpreted as submarine fan sediments that are closely related to the older Carys Mills

Formation (Lopez, 2003).

Observations of bedrock in outcrops at the LO-58 Site confirm that the local bedrock is gray,
“nubbly”, interbedded, weakly metamorphosed mudstone and limestone. The bedding surfaces
are clearly visible in the rock, both in outcrops and in OTV logs of boreholes, and contain the
“nubbly” bioturbation features associated with the Spragueville Formation (Lopez, 2003).
Consistent with the available information regarding the thickness and extent of the Spragueville
Formation, no geologic contacts were encountered on or beneath the LO-58 Site. The nearest
contact with another geologic unit, the Silurio-Ordivician Carys Mills Formation, is located

approximately 900 ft northwest of the LO-58 Site (MGS, 1985c¢).

2.2.3.2 Bedrock Fabric

Based on the Geologic Map of the Caribou and Northern Presque Isle Quadrangles, Maine and
other geologic references (MGS, 1985b; 1985¢c; Lopez, 2003), bedrock underlying the property
is located on the east limb of the Chapman Synclinorium. The axis of the synclinorium trends
north-northeast and dips to north. The Chapman Synclinorium was formed during the first
deformational or compressional phase of the Acadian Orogeny, which occurred during the lower
to middle Devonian Period, and resulted in a major, single, and steeply dipping north-south

cleavage in the bedrock (Lopez, 2003).

The Geologic Map of the Caribou and Northern Presque Isle Quadrangles, Maine identifies the
bedrock bedding at the LO-58 Site as striking North 70° East and dipping 12° East as well as a
foliation striking North 5° West and dipping 78° West (MGS, 1985¢). Site-specific observations,
from both bedrock outcrops and OTV logs, indicate that the local bedrock is folded in two
directions: the major folds are broad to tight with axes oriented North 30° East, parallel to the
axis of the Chapman Synclinorium; the fold axes are also folded broadly on North 20° West axes.

Three joint sets are present in the local bedrock: a near vertical set striking North 45° East and
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dipping 80° West, which is associated with the Acadian Orogeny; another steeply-dipping set
striking North 45° East and dipping 85° East, which is roughly perpendicular to the first; and a
shallowly-dipping set of sheeting joints that is roughly parallel to the ground surface and bedding
and decreases in frequency with depth (Billings, 1972; COLOG, 2009). The near-vertical sets of
joints, particularly the North 45° East and dipping 85° East set, are often filled with calcite.

The planar features in bedrock that are intercepted by drinking water wells DW-1 and DW-2
were measured by COLOG and plotted as tadpoles on the geophysical logs as well as plotted
onto Schmidt stereonets. Figure 2-5 presents a stereonet plot of bedding planes and measured
joints. The stereonet plots for well DW-1 show two clusters of data; one for the low-angle
features (near-horizontal joints and bedding) which has about 90° of variability from North 45°
West to North 45° East, dipping West, and a second pair of steeply dipping features
(near-vertical joints) which are further grouped in two clusters, one at North 25° West and a
smaller cluster at North 65° West, both dipping East. The feature ranks (ranked from 0 for
fractures with minimum flow capacity to 5 for fractures with maximum flow capacity) indicate
that both the low angle and steeply-dipping features contain members where significant flow is
present (COLOG, 2009). The stereonet plots for well DW-2 are appropriately more complicated,
inasmuch as they represent a greater length of bedrock borehole data. The primary data cluster
for well DW-2 is centered on steeply-dipping features (near-vertical joints) oriented North 45°
East and dipping East which has approximately 45° of lateral spread. The feature rank plot
reveals that there are a small number of features which do not appear on the contour plot due to
low frequency. Within these data are a set of steeply-dipping features (North 45° West to
North 45° East, with a slight concentration around North 45° East, dipping West); there are
relatively few low-angle features in this dataset (COLOG, 2009).

The upper 60 ft of bedrock have similar fracturing characteristics at drinking water well locations
DW-1 and DW-2. However, the deeper bedrock (below approximately 70 ft) surrounding well
DW-2 contains very few sheeting fractures and the aperture and water-bearing potential of the
steeper fractures are not as significant, resulting in different fracturing characteristics which, by

nature of its depth, do not appear in the bedrock surrounding well DW-1.
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Further, as noted in Subsection 2.2.3, Figure 2-3 indicates a linear depression in the bedrock
surface is present between locations SB-22 and SB-43 which may be indicative of a fracture
zone. The orientation of the linear depression is approximately North 70° West, which is nearly
parallel with the North 65° West cluster of joints noted in the geophysical log of well DW-1,
supports the hypothesis that the feature is a fracture zone.

2.2.4 Bedrock Hydrogeology

As noted in Subsection 2.2.3, there are no significant deposits of weathered bedrock at the
LO-58 Site, and overburden groundwater is assumed to discharge directly from the glacial till
overburden to competent bedrock. Groundwater flow through bedrock at the LO-58 Site is solely
via fracture flow; the mudstone and limestone beneath the site are not reported to have any
primary porosity. In addition, although solution cavities are common in certain limestone
deposits, neither the available geologic literature nor the lack of local and regional observations
of karst topography indicate that the limestone of the Spragueville Formation is subject to
solution cavities (MGS, 1985b). Thus, it may be concluded that the orientation, length, width,
and interconnectedness of joints in the bedrock beneath the LO-58 Site exert significant control
over both groundwater flow direction and contaminant distribution within groundwater

(Freeze & Cherry, 1979).

2.2.4.1 Depth to Bedrock Groundwater

Figure 2-6 depicts the bedrock groundwater elevation contours for May 2008. Bedrock
groundwater depths were measured in each of the five monitoring wells at the LO-58 Site on
30 April 2008, upon installation of the pressure transducers, and on 21 May 2008, upon the
retrieval of the same. Bedrock groundwater depths were measured in drinking water wells
DW-02 and DW-01 at the LO-58 Site on 5 and 6 May 2008, respectively, upon installation of the
pressure transducers, and on 21 May 2008, upon the retrieval of the same. The first groundwater
depths for the drinking water wells were measured shortly following their shut down and the
removal of their pumps and associated piping and are not considered to represent equilibrium
conditions; thus, only the 21 May 2008 groundwater depth data are considered usable for the

calculation of groundwater flow directions (see Subsections 2.2.4.4 and 2.2.4.5). Table 2-2
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summarizes the groundwater depth data and groundwater elevation calculations; note that the
elevation measurements for the drinking water wells are estimated from available maps and are
not the result of a precise survey, and the groundwater elevations calculated for those wells are
considered approximate. Rainfall was very limited between 30 April and 21 May 2008, which is
reflected in the roughly 10 ft drop in water levels across the LO-58 Site during this period.
Bedrock groundwater elevations range from approximately 569 to 537 ft amsl on 30 April and
564 to 531 ft amsl on 21 May 2008. Figure 2-6 depicts the groundwater elevations measured on
21 May 2008.

2.2.4.2 Bedrock Groundwater Flow Velocity and Transmissivity

The hydrophysical logs at ambient conditions for drinking water wells DW-1 and DW-2 provide
the data required to calculate volumetric flow rates and specific discharge rates for the bedrock
fractures examined. The hydrophysical logs under production conditions for drinking water wells
DW-1 and DW-2 provide the data required to calculate interval-specific inflow rates. Finally, an
estimation of transmissivity of the fractures at each well can be made using an equation after
Hvorslev, assuming steady-state radial flow in an unconfined aquifer. By applying the HPL
results under the two pressure conditions (ambient and production conditions), the interval
specific transmissivity can be calculated for each identified water producing interval. The
specific calculations, formulae, and references for the methodology are included in the
HydroPhysics™ and Geophysical Logging Results, which is included as Appendix B to this
BHG Report (COLOG, 2009).

Beyond the measurements and calculations performed within drinking water wells DW-1 and
DW-2, WESTON has obtained precipitation records from the Caribou Airport for the period that
the pressure transducers were in place, and notes that precipitation of greater than 0.5-inches
occurred on 8 and 20 May 2009. WESTON has summarized the precipitation records in a table
in Appendix E. Comparison of these records to the pressure transducer data summaries also
included in Appendix E indicate that there appears to have been a fairly rapid (approximately
6 hours) response in wells DW-1 and DW-2 to the rainfall event on 8 May, where a slight
increase in potentiometric elevation was noted. However, a similar response was not noted to the

20 May rainfall event, in part due to interference by pumping activities at well DW-1.
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The relatively rapid response is consistent with the relatively thin overburden deposits at the

LO-58 Site.
AMAC Well (DW-1)

The hydrophysical logs for well DW-1 illustrate significant change at several intervals
throughout the length of the borehole. These dramatic changes in the FEC profiles with respect
to time are associated with ambient horizontal flow occurring within the borehole. Numerical
modeling of the reported field data suggests the volumetric flow rate observed in the wellbore for
the depth intervals 27.3 to 31.7, 34.6 to 35.0, 40.4 to 48.6, 49.0 to 50.2, and 52.7 to 53.6 ft bgs
are 0.085, 0.011, 0.14, 0.018, and 0.058 gallons per minute (gpm), respectively. Correcting for
convergence of flow at the wellbore and factoring the length of the interval, these flow rates
equate to Darcy velocities or specific discharges of groundwater in the aquifer of 2.84, 3.91,

2.53,2.28, and 9.56 feet per day (ft/day), respectively (COLOG, 2009).

During production testing, seven inflow zones were identified from the well DW-1
hydrophysical logs, at 27.3 to 31.7, 34.6 to 35.0, 37.4 to 38.4, 40.4 to 48.6, 49.0 to 50.2, 52.7
to 53.6, and 54.4 to 58.1 ft bgs with flow rates ranging of 0.207, 0.195, 0.745, 2.00, 0.416, 1.65,
and 0.838 gpm, respectively. The logs indicate the interval 40.4 to 48.6 and 52.7 to 53.6 ft bgs
dominated flow during pumping, producing 3.65 gpm or 60 percent of the total flow. The
transmissivity calculations for well DW-1 indicate that the intervals 40.4 to 48.6 and 52.7 to
53.6 ft bgs exhibited the highest transmissivities of approximately 129 and 111 square feet per
day (ft*/day), respectively (COLOG, 2009).

VFW Well (DW-2)

The hydrophysical logs for well DW-2 also illustrate significant change at several intervals
throughout the length of the borehole. These dramatic changes in the FEC profiles with respect
to time are associated with ambient vertical flow occurring within the borehole. Formation water
migration as a result of downward vertical flow within the fluid column is indicated by the
increase in FEC over time, beginning near the base of casing and at 31 ft. Numeric modeling of

the reported field data suggests groundwater enters the wellbore at 19.5 to 19.6, 30.4 to 31.6,
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38.2to 41.8, and 44.9 to 51.4 ft bgs at rates of 0.026, 0.297, 0.016, and 0.074 gpm, respectively.
The combined inflow of 0.413 gpm of these four intervals is observed to migrate vertically
downward through the borehole based on the migration of the center of mass of the area under
the curve. The modeling suggests groundwater exits the borehole at depths of 96.4 to 97.0 and
189.5 to 191.0 ft bgs, at rates of 0.370 and 0.185 gpm, respectively. Evidence for these outflow
zones is observed in the logs for well DW-2, where the velocity of the water slows within the
borehole (“downstream” of an outflow zone), and a change in slope, or truncation, of the FEC
log is observed. The flow rates are based on the rate of increase of mass at their respective
intervals. Of particular note is the FEC anomaly observed at the base of the borehole at 280 ft.
This early increase in mass is not the result of ambient flow. Notice the mass at this depth, or
area under the curve, does not increase with time but instead disperses. During removal of the
plumbing at the conclusion of the emplacement, groundwater was momentarily allowed to enter
the borehole at this depth near the bottom of the borehole. Over the course of the ambient flow
characterization however, no additional groundwater entered the borehole at this depth. As such,
this water-bearing interval is not considered to produce groundwater to the borehole under

ambient conditions (COLOG, 2009).

During production testing, 11 inflow zones were identified from the DW-2 hydropysical logs,
ranging in flow from 0.005 to 5.69 gpm, with the dominant inflow zone at 30.4 to 31.6 ft,
producing 5.69 gpm, or 90 percent of the total formation production rate. The transmissivity
calculations for well DW-2 indicate that the interval 30.4 to 31.6 ft bgs exhibited the highest
transmissivity of approximately 216 ft*/day (COLOG, 2009).

2.2.4.3 Bedrock Fracture Interconnectivity

Three sources of data collected during May 2008 provide information regarding the
interconnectivity of bedrock fractures: synoptic potentiometric head measurements from the five
bedrock monitoring wells and two drinking water wells, the results of ambient and pumping HPL

flow characterization, and the results of WSP groundwater sampling.
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Synoptic Potentiometric Head Observations

Potentiometric head measurements were collected via data water level transducers installed in
the monitoring and drinking water wells and programmed to record measurements at 1-minute
intervals. The transducers were installed prior to commencing any work activities at the
LO-58 Site and remained in each well location until after the completion of work. WESTON
recorded the times of the beginning and ends of significant events, such as pump removal and
well purging, and compared these times to observed changes in potentiometric head elevation in
nearby wells. Charts illustrating the water table elevations at the LO-58 Site during the
May 2008 field program are included in Appendix E. WESTON also created a log which
documents the major field activity start and stop times for each location which is also included in
Appendix E, which was used as an interpretation aide by cross-referencing site activities with

potentiometric head fluctuations.

The most notable change in water table elevation, not including the start/stop and removal of the
transducers themselves, occurred on 14 May 2008, during the production testing of DW-1. Data
measurements collected from MW-01, MW-03, and MW-05 indicate that when production
testing began in DW-1, potentiometric head elevations decreased almost immediately in each of
the three wells. As expected, after the completion of production testing in DW-1, the
potentiometric head elevations rebounded to the static level. The same relationship was observed
in these wells during the transmissivity and hydraulic conductivity testing performed in DW-1
with the WSP on 19 and 20 May 2008. The strongest relationship during the transmissivity and
hydraulic conductivity evaluation was observed when the 41.2- to 51.9-ft and the 51-ft to 58.1-ft
intervals were isolated with the WSP system. A slightly weaker correlation between the three
monitoring wells and DW-1 was observed during the isolation of the 33.75- to 38.5-ft interval.
However, the 33.75- to 38.5-ft interval also produced less than half the yield of the two deeper
intervals. No other significant bedrock fracture interconnectivity was noted within the synoptic

potentiometric head measurements.

As noted in Subsections 2.2.3 and 2.2.3.2, Figure 2-3 indicates a linear depression in the bedrock
surface is present between locations SB-22 and SB-43 which has been interpreted as the

expression of a fracture zone. The orientation of the linear depression is approximately North 70°
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West, and includes wells DW-1 and MW-01. Based on the observations from the synoptic
potentiometric head measurements, WESTON concludes that the North 65 to 70° West fracturing
present in bedrock creates strong anisotropy in the groundwater flow in the vicinity of well
DW-1. Further, at well DW-1, the shallower fractures do not appear to have any
interconnectivity with fractures in other wells, while the deeper fracture intervals are
interconnected with fractures that reach as far as monitoring wells MW-01, MW-03, and
MW-05.

Flow Characterization Observations

Ambient HPL testing identified primarily horizontal flow across well DW-1 and downward
vertical flow within the fluid column in well DW-2. The direction of groundwater flow across a
well is an indicator of the interconnectedness of the individual fractures within the well.

A quantitative analysis of the fracture densities and relative apertures (ranks) was conducted
which is documented in Tables A-1 and A-2 included in Appendix A. The overall fracture (ranks
1 to 5) density in well DW-1 is 0.67 fractures per foot (fractures/ft), and the overall fracture
density in well DW-2 is 0.57 fractures/ft. These calculations indicate that the overall fracture
density in well DW-1 is only 15 percent greater than the overall fracture density in well DW-2.
Further, there are a total of six rank 3 and 4 fractures in well DW-2 (only two of which are
located in the uppermost 58 ft) compared to a total of six rank 3 (but no rank 4) fractures in well
DW-1, which also supports a conclusion that the bedrock at wells DW-1 and DW-2 are similarly
fractured. Considering fractures with dips greater than or equal to 60° to be “high-angle”, and
only considering open fractures (ranks 1 to 5), the high-angle fracture density in well DW-1 is
0.26 fractures/ft, and the high-angle fracture density in well DW-2 is 0.43 fractures/ft. These
calculations demonstrate that the high-angle fracture density in well DW-1 is only 60 percent
that of well DW-2 which may be due to well DW-2 extending into deeper bedrock than well
DW-1. When high-angle fracture density in the top 58 ft of both wells is compared, the high-

angle fracture density is identical, but the well DW-1 fractures tend to be larger.

The fractured bedrock surrounding the borehole in DW-1, and the number of those water-bearing

fractures that are high-angle fractures, results in an interconnected network of fractures around
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the well that have pressure-equilibrated outside the influence of the borehole. The weak
differential potentiometric head that exists between the fractures results in primarily horizontal
groundwater flow within the well. In well DW-2, the fracture characteristics of the shallow
bedrock are similar to those surrounding the borehole at well DW-1. However, although there are
some high-angle fractures identified in the deeper bedrock surrounding well DW-2, their
aperture and water-bearing potential are not as significant, and the upper and lower portions of
the well have substantially different potentiometric heads. The relatively strong differential
potentiometric head that exists in well DW-2 between the upper and middle fractures results in
vertical groundwater flow from the upper fractures to the middle fractures within the well
(COLOG, 2009).

Wire-Line Straddle Packer Sampling Observations

The migration of groundwater is often much more complicated in fractured bedrock than in
porous media, and the inconsistencies in trends observed in the discussion of the following
groundwater analytical results may well be due to such complications. As described in
Subsection 2.2.5.1, summarized in Table 2-6, and depicted in Figure 2-7, toluene and GRO were
detected in drinking water well DW-1 in four of the five depth intervals tested, with
concentrations decreasing with depth from the shallowest to deeper intervals, not detected in the
second deepest interval, but appearing again in the deepest interval. This pattern of
concentrations suggests that the primary source of these substances is proximal to the shallowest
bedrock fractures, and that there is very limited communication between the uppermost fractures
and the deepest fractures tested, but perhaps not in the vicinity of well DW-1. Thus, the shallow
concentrations, in combination with the pressure transducer data, suggest that the primary source
of the toluene and GRO contamination is proximal to the well, and that the deeper source of the

toluene and GRO contamination may be from a more distant source.

Conversely, DRO was only detected in the middle interval (41.2 to 51.9 ft bgs) of drinking water
well DW-1 and the deepest interval (56.6 to 58.0 ft bgs) where it was greatest. The deep
concentrations suggest that the primary source of the DRO contamination is distal to this well; a

separate source from the toluene and GRO detected in shallow bedrock.
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The concentrations of cis-1,2-DCE and TCE detected in drinking water well DW-1 are relatively
low, ranging from a few times the detection limit to just below the detection limit, which makes
any conclusions regarding these data tentative. The concentrations of cis-1,2-DCE and TCE in
drinking water well DW-1 increased from the shallowest interval to the middle interval (41.2 to
51.9 ft bgs) and decreased in the intervals below the middle interval. Of further interest is the
ratio of cis-1,2-DCE to TCE between different intervals, as depicted in Figure 2-8. A higher
cis-1,2-DCE to TCE ratio would indicate a relatively higher concentration of daughter to parent
compound and imply greater degradation and distance from the TCE source. The slight increases
in cis-1,2-DCE to TCE ratios with depth shown in Figure 2-8 were found to be statistically

insignificant.

In drinking water well DW-1, the peak toluene and GRO concentrations were in shallow bedrock
fractures, the peak chlorinated solvent concentrations were in the middle bedrock fractures, and
the peak DRO concentrations were in deep bedrock fractures; this pattern of contamination
indicates that the well may be impacted with hazardous substances from three separate sources at
the LO-58 Site. Further, the gradual increase or decrease in contaminant concentrations at
successive depth intervals demonstrates that the adjacent fractures are interconnected, and that
concentration gradients exist between adjacent fractures. However, the slight variations in
contaminant concentrations and the small number of measurement points were found to be

inadequate to make statistically significant conclusions.

The laboratory analytical results (also summarized in Table 2-6) from the WSP sampling of
drinking water well DW-2 indicate the presence of cis-1,2-DCE, toluene, and DRO in one or
more samples collected. The detection of cis-1,2-DCE was anomalous for well DW-2 as
chlorinated solvents had not previously been detected in samples collected from this well. Refer
to Subsection 2.2.5.2 for a discussion of the likely reason for this anomalous result. None of the
VOCs were detected above their Maine MEGs or EPA MCLs for drinking water (BOH, 2000;
EPA, 2003). However, DRO concentrations in samples collected from the shallowest (16.0 to
20.0 ft bgs) and deepest (265.0 to 284.0 ft bgs) depth intervals exceeded the 50 pug/L. Maine
MEG (There is no EPA MCL for DRO.) (BOH, 2000; EPA, 2003).
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In addition, groundwater parameters collected during sample collection, summarized in
Table 2-5 and depicted in Figure 2-9, may provide further evidence of the nature of groundwater
flow at the LO-58 Site. First, there appears to be a inverse relationship between pH and
temperature. In both drinking water wells DW-1 and DW-2, temperatures were lowest and pHs
were highest in the deepest intervals, although comparably low pH and the second lowest
temperatures are noted in the shallowest interval of well DW-1 as well. However, the opposite
relationship was not as clear in either well. In drinking water well DW-1, the highest
temperatures are associated with the second lowest pHs (in the 33.8 to 38.5 ft interval), but
equally low pH is associated with mid-range temperatures in the 51.0 to 58.1 ft interval. In
drinking water well DW-2, second highest temperature and lowest pH was noted in the third
deepest interval (37.0 to 41.7 ft bgs), while the highest temperatures occurred in the shallowest
interval, associated with mid-range pH values. Refer to Subsection 2.2.5.2 for further discussion
of these results. High temperature and low pH may indicate shallow, short flow paths from
surface water infiltration, and low temperature and high pH are typically found in deeper, longer-
flow paths from areas of groundwater recharge. The deepest intervals in both wells support the
longest flow path conclusion, while the shallowest intervals do not, emphasizing the complexity
of groundwater flow through fractured bedrock. However, the slight variations in groundwater

parameters shown in Figure 2-9 were found to be statistically insignificant.

Second, DO and ORP results collected during sample collection were also assessed. In drinking
water well DW-1, DO and ORP were lowest in the middle interval (41.2 to 51.9 ft bgs), which
corresponded to the highest concentration of dissolved chlorinated solvents. In drinking water
well DW-2, DO and ORP were lowest in the second deepest interval (187.5 to 192.2 ft bgs),
which corresponded to the only detection of dissolved chlorinated solvents in this well. Refer to
Subsection 2.2.5.2 for further discussion of these results. Typically, DO and ORP values
decrease as a result of the consumption of oxygen (an electron receptor) during aerobic
biodegradation of petroleum hydrocarbons, such as DRO and GRO (which are electron donors).
As aerobic biodegradation processes consume available oxygen, bacteria are forced to shift
toward reductive chlorination which allows the biodegradation of chlorinated solvents (which are
less efficient electron receptors) (Wedemeier, et al., 1997). It is suspected that the general lack of
DO and ORP reduction is due to the relatively low DRO and GRO concentrations detected in

groundwater which provide insufficient carbon load to reduce the DO and ORP in the
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groundwater. The lower DO and ORP values noted in the middle depth interval of well DW-1
and second deepest interval of well DW-2 may be indicative of higher contaminant
concentrations in an upgradient area where substantial biodegradation has occurred. However,
the slight variations in groundwater parameters shown in Figure 2-9 were found to be statistically

insignificant. Refer to Subsection 2.2.5.2 for further discussion of these results.

2.2.4.4 Bedrock Groundwater Horizontal Gradients

In porous media aquifers, the vertical and horizontal vectors comprising the gradient, as
determined by water table elevations, is fairly constant near and between wells. For this reason,
overburden groundwater horizontal gradients can often be clearly defined and depicted
graphically. However, in fractured bedrock aquifers, water-bearing fractures penetrated by wells
can have similar to nearly opposite local flow vectors or directions depending on fracture
orientation, recharge zone locations, ambient or pumping conditions, and fracture
interconnectivity. Because of the complex, anisotropic flow systems in bedrock aquifers, it is
difficult to make specific statements regarding groundwater horizontal gradients without

comprehensive, site-specific data such as that collected using HPL methods.

Figure 2-6 depicts the overall bedrock groundwater horizontal potentiometric gradients for
May 2008. The overall bedrock groundwater horizontal potentiometric gradients at the
LO-58 Site are north-northwesterly beneath the eastern portion of the site, northerly beneath the
northern portion of the site, and northwesterly beneath the western portion of the site, generally
consistent with topography. Seasonal variations in groundwater elevations have not been noted at

the LO-58 Site (WESTON, 2007a).

The complexity of the bedrock groundwater horizontal potentiometric gradients is illustrated by
the results of synoptic potentiometric head measurements performed by WESTON in May 2008.
The location of drinking water well near the center of the LO-58 Site monitoring network is
nearly ideal for the characterization of bedrock groundwater horizontal potentiometric gradients
and flow directions, as it is uniquely surrounded by other bedrock groundwater monitoring
points. As described in Subsection 2.2.4.3, synoptic potentiometric head measurements during
pumping of drinking water well DW-1 and three bedrock monitoring wells, MW-01, MW-03,

and MW-05 showed strong responses indicating that these four locations are along the same
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groundwater flow path. In contrast, during the same synoptic potentiometric head measurement
period, there was no observable response at drinking water well DW-2, which is located to the
west, and either hydraulically-downgradient or cross-gradient of well DW-1. Although the
May 2008 overall bedrock groundwater horizontal potentiometric gradient suggest a potential
connection between wells DW-1 and DW-2, the contemporaneous synoptic potentiometric head
measurements (which represent actual, rather than theoretical conditions, and thus bear much

greater weight) indicate the contrary.

As noted previously, ambient HPL testing identified primarily horizontal flow across well DW-1
at least in the proximity of the well. The moderately-fractured rock surrounding the borehole in
DW-1, and the number of those water-bearing fractures that are high-angle fractures, results in
an interconnected network of fractures around the well that have pressure-equilibrated outside
the influence of the borehole. The weak differential potentiometric head that exists between the

fractures results in primarily horizontal groundwater flow within the well (COLOG, 2009).

2.2.45 Bedrock Groundwater Vertical Gradients

Hydrophysical, pressure transducer, and groundwater parameter data collected from drinking
water wells DW-1 and DW-2 provides information regarding the variations in hydraulic head
between individual fracture zones at the LO-58 Site which can be used to document bedrock

groundwater vertical potentiometric gradient.

Drinking Water Well DW-1 Results

The fractured rock surrounding the borehole in DW-1, and the number of those water-bearing
fractures that are high-angle fractures, results in an interconnected network of fractures around
the well that have pressure-equilibrated outside the influence of the borehole. This has resulted in
weak differential potentiometric head between the fractures which results in primarily horizontal
groundwater flow within the well (COLOG, 2009). The exception to this general statement is the
shallowest depth interval of well DW-1 which has temperature/pH and pressure transducer data

which indicate that it appears to be isolated from the fractures immediately below it.

G:\PROJECTS\03886184\001\REPORTS\LO-58 SITE\FINALGEOPHYS\FINALGEOPHYS.DOC 17 JUNE 2010

2-26



Final Borehole Hydrophysics and Geophysics Report

Former LO-58 Nike Battery Launch Site - T@N
Formerly Used Defense Site (FUDS) W%

Caribou, Aroostook County, Maine _—

Additional vertical groundwater flow information can be obtained from groundwater quality
data. The concentrations of cis-1,2-DCE and TCE increased from the shallowest interval to the
middle interval (41.2 to 51.9 ft bgs) and decreased in the intervals below the middle interval.
However, the slight variations in contaminant concentrations were found to be inadequate to
make statistically significant conclusions. These data indicate downward migration through
bedrock.

Drinking Water Well DW-2 Results

In well DW-2, the fracture characteristics of the shallow bedrock are similar to those surrounding
the borehole at well DW-1. However, although there are high-angle fractures identified in the
deeper bedrock surrounding well DW-2, their aperture and water-bearing potential are not as
significant as those in shallow bedrock, and the upper and lower portions of the well have
substantially different potentiometric heads. Table DW-2:4 in the HydroPhysics™ and
Geophysical Logging Results indicates that the differential head, the difference between ambient
and production pressure (converted to ft), gradually increases with depth, with the deepest
fracture interval (265.0 to 284.0 ft bgs) having a pressure head of approximately 130 ft. The
relatively strong differential potentiometric head that exists between the upper and middle
fractures results in vertical groundwater flow from the middle fractures to the upper fractures
within the well (COLOG, 2009).

2.2.5 Bedrock Groundwater Quality

As described in Subsection 2.1.3.3 and summarized in Tables 2-5 and 2-6, WESTON performed
WSP sampling at drinking water wells DW-1 and DW-2 in May 2008 in order to obtain detailed,
and fracture zone-specific, data regarding groundwater quality and contaminant distribution. The
following discussion of the vertically-segregated bedrock groundwater analytical results
integrates bedrock hydrogeology conclusions from Subsection 2.2.4 to make additional
conclusions regarding bedrock groundwater quality and its implications regarding the fate and
transport of groundwater contaminants beneath the LO-58 Site. As noted in Subsection 2.2.4.3,
typically DO and ORP values decrease as a result of the consumption of oxygen (an electron

receptor) during aerobic biodegradation of petroleum hydrocarbons, such as DRO and GRO
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(which are electron donors). As aerobic biodegradation processes consume available oxygen,
bacteria are forced to shift toward reductive chlorination which allows the biodegradation of

chlorinated solvents (which are less efficient electron receptors) (Wedemeier, et al., 1997).

2.2.5.1 Drinking Water Well DW-1 Results

Trace concentrations of chloroform (near the RL and two orders of magnitude below its
Maine MEG) were detected in three of the five intervals tested and do not appear to result from
the known releases of hazardous materials at the LO-58 Site (BOH, 2000). Toluene and GRO
were detected in a pattern of concentrations that indicates that the primary sources of these
substances are the shallowest bedrock fractures, and that there is some communication between
these fractures and the second and third uppermost fractures tested. Thus, the shallow
concentrations, in combination with the pressure transducer data, indicate that the primary source
of the toluene and GRO contamination is proximal to the well, and that the source of the toluene
and GRO contamination detected in the deepest testing interval may be from a more distant
source. Conversely, the pattern of DRO concentrations indicate that the primary source of the
DRO contamination is distal to the well; a separate source from the toluene and GRO detected in

shallow bedrock.

The concentrations of cis-1,2-DCE and TCE detected in drinking water well DW-1 are relatively
low, ranging from a few times the detection limit to just below the detection limit, making
statistically significant conclusions impossible. However, the apparent pattern of concentrations
of cis-1,2-DCE and TCE suggests that the source of chlorinated solvents in this well may be in
the middle fracture zone, and that the dissolved chlorinated solvents may be degrading as they

migrate downward through bedrock fractures.

The peak toluene and GRO concentrations are in shallow bedrock fractures, the peak chlorinated
solvent concentrations are in the middle bedrock fractures, and the peak DRO concentrations are
in deep bedrock fractures; this pattern of contamination suggests that the well is impacted with

hazardous substances from three separate and increasingly distant sources at the LO-58 Site.

It is suspected that the general lack of DO and ORP reduction in groundwater at the LO-58 Site
(see Table 2-5) is due to the relatively low DRO and GRO concentrations detected in
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groundwater, which provide insufficient carbon load to reduce the DO and ORP in the
groundwater. The lowest DO and ORP values noted in well DW-1 may be indicative of higher
contaminant concentrations in an upgradient source area where substantial biodegradation has

occurred.

Because the DO and ORP results do not appear to be reduced by aerobic DRO/GRO degradation,
another source of organic material must be found to account for the reduced DO and ORP
results. One potential source which is both proximal to drinking water well DW-1 and associated
with chlorinated solvents is the septic system for the AMAC Building. WESTON hypothesizes
that the organic loading (non-hazardous) in the septic system may be the source of the anaerobic
conditions which could facilitate TCE biodegradation. However, the slight variations in
contaminant concentrations were found to be inadequate to make statistically significant

conclusions.

2.2.5.2 Drinking Water Well DW-2 Results

The concentration of DRO detected in the sample collected from the shallowest depth interval of
well DW-2 was particularly high (1,050 pg/L) and is interpreted to represent a release from a
proximal source; drinking water well DW-2 is located in a parking area, which could be the

source of the DRO.

The one anomaly in the well DW-2 analytical results is the detection of a trace concentration of
cis-1,2-DCE in the sample collected from the second deepest (187.9 to 192.2 ft bgs) depth
interval. Chlorinated solvents have not previously been detected in samples collected from this
well. However, the detection of cis-1,2-DCE is likely due to the focused nature of the sampling
at the single fracture zone; consistent with previous analytical results, subsequent sampling of the
well did not detect cis-1,2-DCE, likely due to dilution by water from other fractures within the
well borehole. Finally, the cis-1,2-DCE detection at the second deepest interval provides

evidence of the extent of chlorinated solvent impacts to bedrock groundwater.

As noted above, it is suspected that the general lack of DO and ORP reduction in groundwater at
the LO-58 Site (see Table 2-5) is due to the relatively low DRO and GRO concentrations

detected in groundwater which provide insufficient carbon load to reduce the DO and ORP in the
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groundwater. In drinking water well DW-2, the relatively low DO and ORP results in the second
deepest (187.9 to 192.2 ft bgs) depth interval correlate well with the 1,2-DCE detection in this
depth interval (as shown in Tables 2-5 and 2-6, the depth interval with the highest ratio of
cis-1,2-DCE/TCE shows the greatest degree of biodegradation and also has the lowest DO/ORP),
and support the conclusion that biodegradation of TCE is occurring. Further, the relatively low
DO and ORP results in this depth interval correlate well with the chlorinated solvent
concentrations detected in this depth interval and provide a mechanism for the biodegradation of
TCE to 1,2-DCE. Based on the apparent isolation of the shallow and deepest sampling intervals
of drinking water well DW-2 by the second deepest interval, it appears that the DRO detected in
the deepest interval of well DW-2 is from an even more distal source. However, the slight
variations in contaminant concentrations were found to be inadequate to make statistically
significant conclusions; therefore, WESTON hypothesizes that source of 1,2-DCE in well DW-2
may be the same as the source for well DW-1, possibly, the septic system for the AMAC

Building.
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3. LO-58 SITE CONCLUSIONS

As discussed in greater detail in Section 2, the following conclusions can be made from the
geological, geophysical, and hydrophysical data collected and interpreted by WESTON during
the latest investigation at the LO-58 Site.

3.1 BEDROCK GEOLOGY

= The LO-58 Site is located on the northwest face of a rock-cored drumlin which was
subject to glacial action approximately 12,000 years ago. Vertical seismic profiling
did not identify acoustically-incompetent bedrock at the LO-58 Site. Thus, no
significant areas of weathered bedrock were identified.

= Despite conflicting references, bedrock beneath the LO-58 Site is the Silurian
Spragueville Formation which comprises interbedded pelite and limestone and/or
dolostone rocks of Silurian age. The nearest contact with another geologic unit, the
Silurio-Ordivician Carys Mills Formation, is located approximately 900 ft northwest
of the LO-58 Site.

= The Chapman Synclinorium was formed during the first deformational or
compressional phase of the Acadian Orogeny, which occurred during the lower to
middle Devonian Period, and resulted in a major, single, and steeply dipping
north-south cleavage in the bedrock.

= The bedrock bedding at the LO-58 Site strikes North 70° East and dips 12° East, as
well as a foliation striking North 5° West and dipping 78° West, but varies
significantly locally due to folding in two directions: the major folds are broad to tight
with axes oriented North 30° East, parallel to the axis of the Chapman Synclinorium;
the fold axes are also folded broadly on North 20° West axes.

Three joint sets are present in the local bedrock: a near vertical set striking
North 45° East and dipping 80° West which is associated with the Acadian Orogeny;
another steeply-dipping set striking North 45° East and dipping 85° East which is
roughly perpendicular to the first; and a shallowly-dipping set of sheeting joints that
is roughly parallel to the ground surface and bedding and decreases in frequency with
depth. The near-vertical sets of joints, particularly the North 45° East and dipping
85° East set, are often filled with calcite. The upper 60 ft of bedrock have similar
fracturing characteristics at drinking water well locations DW-1 and DW-2. However,
the deeper bedrock (below approximately 70 ft) surrounding well DW-2 contains
very few sheeting fractures and the aperture and water-bearing potential of the steeper
fractures are not as significant, resulting in different fracturing characteristics, which,
by nature of its depth, do not appear in the bedrock surrounding well DW-1.
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= Neither the available geologic literature nor the lack of local and regional
observations of karst topography indicate that the limestone of the Spragueville
Formation is subject to solution cavities.

3.2 BEDROCK HYDROGEOLOGY

= The orientation, length, width, and interconnectedness of joints in the bedrock
beneath the LO-58 Site exert significant control over both groundwater flow direction
and contaminant distribution within groundwater.

= Bedrock groundwater elevations range from approximately 569 to 537 ft above mean
sea level (amsl) on 30 April and 564 to 531 ft amsl on 21 May 2008.

= The hydrophysical logs for well DW-1 indicate that ambient horizontal flow occurs
within the borehole. The volumetric flow rate observed in the DW-1 wellbore for the
depth intervals 27.3 to 31.7, 34.6 to 35.0, 40.4 to 48.6, 49.0 to 50.2, and 52.7 to
53.6 ft below ground surface (bgs) are 0.085, 0.011, 0.14, 0.018, and 0.058 gallons
per minute (gpm), respectively. These flow rates equate to Darcy velocities or
specific discharges of groundwater in the aquifer of 2.84, 3.91, 2.53, 2.28, and
9.56 ft per day, respectively.

= During production testing, seven inflow zones were identified from the well DW-1
hydrophysical logs at 27.3 to 31.7, 34.6 to 35.0, 37.4 to 38.4, 40.4 to 48.6, 49.0 to
50.2, 52.7 to 53.6, and 54.4 to 58.1 ft bgs with flow rates ranging of 0.207, 0.195,
0.745, 2.00, 0.416, 1.65, and 0.838 gpm, respectively. The logs indicate the interval
40.4 to 48.6 and 52.7 to 53.6 ft bgs dominated flow during pumping, producing
3.65 gpm or 60 percent of the total flow. The transmissivity calculations for well
DW-1 indicate that the intervals 40.4 to 48.6 and 52.7 to 53.6 ft bgs exhibited the
highest transmissivities of approximately 129 and 111 square feet per day (ft?/day),
respectively.

= The hydrophysical logs for well DW-2 indicate ambient vertical flow occurring
within the borehole. Formation water migrates downward within the fluid column
beginning near the base of casing and at 31 ft.

= Four inflow zones were identified from the well DW-2 hydrophysical logs at 19.5 to
19.6, 30.4 to 31.6, 38.2 t0 41.8, and 44.9 to 51.4 ft bgs at rates of 0.026, 0.297, 0.016,
and 0.074 gpm, respectively. The combined inflow of 0.413 gpm of these four
intervals is observed to migrate vertically downward through the borehole based on
the migration of the center of mass of the area under the curve. Groundwater exits the
borehole at depths of 96.4 to 97.0 and 189.5 to 191.0 ft bgs, at rates of 0.370 and
0.185 gpm, respectively.

= In well DW-2, a fluid electrical conductivity anomaly was observed at the base of the
borehole at 280 ft. This early increase in mass is not the result of ambient flow, as
over the course of the ambient flow characterization, no additional groundwater
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entered the borehole at this depth. As such, this water-bearing interval is not
considered to produce groundwater to the borehole under ambient conditions.

* During production testing, 11 inflow zones were identified from the DW-2
hydropysical logs, ranging in flow from 0.005 to 5.69 gpm, with the dominant inflow
zone at 30.4 to 31.6 ft, producing 5.69 gpm or 90 percent of the total formation
production rate. The transmissivity calculations for well DW-2 indicate that the
interval 30.4 to 31.6 ft bgs exhibited the highest transmissivity of approximately
216 ft*/day.

= Based on the observations from the synoptic potentiometric head measurements,
WESTON concludes that the dominant north-south fracturing present in bedrock
creates strong north-south anisotropy in the groundwater flow. Further, at well DW-1,
the shallower fractures do not appear to have any interconnectivity with fractures in
other wells, while the deeper fracture intervals are interconnected with fractures
that reach as far as monitoring wells MW-01, MW-03, and MW-05. Synoptic
potentiometric head measurements did not identify bedrock fracture interconnections
beyond well DW-2.

= The fracture characteristics of the shallow bedrock surrounding the borehole at well
DW-1, and the number of those water-bearing fractures that are high-angle fractures,
results in an interconnected network of fractures around the well that have pressure-
equilibrated outside the influence of the borehole. The weak differential
potentiometric head that exists between the fractures results in primarily horizontal
groundwater flow within the well.

= In well DW-2, the fracture characteristics of the shallow bedrock are similar to those
surrounding the borehole at well DW-1. However, although there are high-angle
fractures identified in the deeper bedrock surrounding well DW-2, their aperture and
water-bearing potential are not as significant as those in shallow bedrock, and the
upper and lower portions of the well have substantially different potentiometric
heads. The relatively strong differential potentiometric head that exists between the
upper and middle fractures results in vertical groundwater flow from the middle
fractures to the upper fractures within the well.

* In drinking water well DW-1, the peak toluene and GRO concentrations were in
shallow bedrock fractures, the peak chlorinated solvent concentrations were in the
middle bedrock fractures, and the peak DRO concentrations were in the deepest
bedrock fractures; this pattern of contamination indicates that the well may be
impacted with hazardous substances from three separate sources at the LO-58 Site.
Further, the gradual increase or decrease in contaminant concentrations at successive
depth intervals demonstrates that the uppermost and deepest fractures may be
interconnected, and that concentration gradients exist between them. However, the
slight variations in contaminant concentrations and the relatively small number of
measurement points were found to be inadequate to make statistically significant
conclusions.
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= The ratio of cis-1,2-DCE to TCE was compared between shallower and deeper
intervals of well DW-1 in order to assess possible greater TCE degradation and
distance from the TCE source. The slight increase in cis-1,2-DCE to TCE ratios with
depth were found to be statistically insignificant.

= A trace concentration of cis-1,2-DCE was detected in well DW-2. Based on the lack
of concentration gradients between adjacent fractures, these results demonstrate the
lack of interconnection between adjacent fractures in this well. Further, the trace
detection of cis-1,2-DCE in the second deepest (187.9 to 192.2 ft bgs) depth interval,
with no detectable TCE, supports two hypotheses:

1. There is a small, but nonetheless significant deep bedrock connection between
wells DW-1 and DW-2, or a connection to a common source, that is not
detectable in the synoptic potentiometric head measurements.

2. The detection of cis-1,2-DCE but no TCE at substantial depth and distance from
the presumed source area suggests that TCE degradation appears nearly complete.

= The overall bedrock groundwater horizontal potentiometric gradients at the LO-58
Site are north-northwesterly beneath the eastern portion of the Site, northerly beneath
the northern portion of the Site, and northwesterly beneath the western portion of the
Site, generally consistent with topography.

3.3 BEDROCK GROUNDWATER QUALITY

= The analytical results for drinking water well DW-1 were consistent with previous
analytical results for this well. Laboratory analytical results from the WSP sampling
of drinking water well DW-1 indicate the presence of chloroform, cis-1,2-DCE, TCE,
toluene, GRO, and DRO in one or more samples collected from DW-1,. None of the
VOC were detected above their Maine MEG or the EPA MCL for drinking water.
However, GRO or DRO concentrations in five samples exceeded their 50 pg/L Maine
MEG.

= In well DW-1, the peak toluene and GRO concentrations are in shallow bedrock
fractures, the peak chlorinated solvent concentrations are in the middle bedrock
fractures, and the peak DRO concentrations are in deep bedrock fractures; this pattern
of contamination indicates that the well may be impacted with hazardous substances
from three separate and increasingly distant sources at the LO-58 Site.

The analytical results for drinking water well DW-2 were generally consistent with previous
analytical results with one anomaly. Laboratory analytical results from the WSP sampling of
drinking water well DW-2 indicate the presence of cis-1,2-DCE, toluene, and DRO in one or

more samples collected. None of the VOCs were detected above their Maine MEGs or EPA
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MCLs for drinking water. However, GRO or DRO concentrations in five samples exceeded their
applicable 50 pg/L Maine MEG. The one anomaly in the well DW-2 analytical results is the
detection of a trace concentration of cis-1,2-DCE in the sample collected from the second
deepest (187.9 to 192.2 ft bgs) depth interval. Chlorinated solvents have not previously been
detected in samples collected from this well. However, the detection of cis-1,2-DCE is likely due
to the focused nature of the sampling at the single fracture zone; consistent with previous
analytical results, subsequent sampling of the well did not detect cis-1,2-DCE, likely due to
dilution by water from other fractures within the well borehole. Finally, the cis-1,2-DCE
detection at the second deepest interval provides evidence of the extent of chlorinated solvent

impacts to bedrock groundwater.
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4. LO-58 SITE RECOMMENDATIONS

The geological, geophysical, and hydrophysical data collected as part of the LO-58 Site
investigation has eliminated many of the data gaps regarding groundwater flow and the nature
and extent of groundwater impacts from the LO-58 Site. Based on the availability of data
regarding groundwater flow and the nature and extent of groundwater impacts at most likely
groundwater targets at the LO-58 Site, bedrock drinking water wells DW-1 and DW-2, CENAE

recommends no additional environmental investigations to address the minor outstanding data

gaps.

As part of the next task required under the SOW (CENAE, 2007), WESTON will update the
CSM for the LO-58 Site. As the LO-58 Site CSM will assess all potential migration pathways, it
may identify data gaps not strictly related to the hydrogeology of the site which may result in

additional recommendations for further investigative activities.
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Figure 2-5
LO-58 Site Stereonets of Bedding and Joints/Faults
Borehole Hydrophysics and Geophysics Report

Drinking Water Well DW-1
Schmidt Projection with Contours Schmidt Projection with Feature Ranks

B

Drinking Water Well DW-2
Schmidt Projection with Contours Schmidt Projection with Feature Ranks

From HydroPhysics™ and Geophysical Logging Results, 2009.
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Figure 2-7 (WEST BN

Concentration Trends in Analytical Results for Well DW-1
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Well DW-1 Concentrations versus Depth
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Figure 2-8

Degradation Rate for Chlorinated Solvents for Well DW-1
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Ratio of cis-1,2-Dichloroethylene to Trichloroethylene versus Depth
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Figure 2-9 AWESTEN]

Groundwater Parameter Trends for Wells DW-1 and DW-2
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report
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Table 2-1

Well Construction Summary

Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Well ID MW-01 MW-02 MW-03 MW-04 MW-05 DW-1 DW-2
Ground Elevation (ft amsl) 577.3 587.6 567.5 603.4 575.9 571 546.5
Protective/Steel Casing Elevation (ft amsl) 578.96 590.13 571.07 605.84 575.88 573 539.5
Top of Inner Casing Elevation (ft amsl) 578.79 589.36 570.63 605.45 575.72 na na
Casing Stickup, construction log (ft) 1.66 2.53 3.57 2.44 -0.02 na na
Casing Stickup, measured (ft) 1.66 2.53 3.57 2.44 -0.02 2.4 -6*
Well Total Depth, construction log (ft bmp) 142 62 a7 82 82 na na
Well Total Depth, measured (ft bmp) 143.1 61.6 47.85 82.7 77.8 58.1 284
Casing Diameter (inches) 2 2 2 2 2 6 6
Screened Interval Elevation (ft amsl) 435.69to | 527.76 to | 521.78 to | 522.751t0 | 497.92to | 514.9t0 | 524.51t0

445.69 537.76 531.78 532.75 507.92 563 255.5

Casing Bottom Elevation (ft amsl) 435.69 527.76 521.78 522.75 497.92 514.9 255.5
Depth to Water (ft bmp) 28.27 34.32 20.10 40.82 25.32 25.92 8.86
Groundwater Elevation (ft amsl) 550.52 555.04 550.53 564.63 550.4 547.08 530.64

Notes:
na = not available

Elevations for well DW-1 and DW-2 are approximate and not the result of a precise survey.

ft bmp = feet below measuring point
ft amsl = feet above mean sea level

Groundwater depth measurements were made on 21 May 2008.

* = Following fieldwork, well casing was raised 4 ft to meet current construction guidelines; current stickup is -2 ft.
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Table 2-2

Summary of Bedrock Groundwater Elevations, April through May 2008
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Measuring Depth to Water Groundwater Elevation

Ground Point (ft bmp) (ft amsl)

Elevation | Elevation
Well ID | (ft amsl) | (ft amsl) |30-Apr-2008|21-May-2008|30-Apr-2008|21-May-2008
MW-01 577.3 578.79 16.95 28.27 561.84 550.52
MW-02 587.6 589.36 19.83 34.32 569.53 555.04
MW-03 567.5 570.63 9.95 20.10 560.68 550.53
MW-04 603.4 605.45 25.36 40.82 580.09 564.63
MW-05 575.9 575.72 14.93 25.32 560.79 550.40
DW-1 571 573 18.87 25.92 554.1 547.1
DW-2 546.5 539.5 2.54 8.86 537.0 530.7

Notes:

Elevations for well DW-01 and DW-02 are approximate, and not the result of a precise survey.
Groundwater depth for well DW-01 reported for 30 April 2008 was measured on 6 May 2008.
Groundwater depth for well DW-02 reported for 30 April 2008 was measured on 5 May 2008.
ft bmp = feet below measuring point.

ft amsl = feet above mean sea level.
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Table 2-3 IWESTEN|

Summary of Drinking Water Analytical Results
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Maine EPA
Station Name| Maximum | Maximum | Maine | VFW Spigot VFW Tap AMAC Tap VFW Tap VFW Tap AMAC Tap
Field Sample ID| Exposure |Contaminant| Action | vFwW-SPIGOT VFW-TAP AMAC-TAP  |VFW-TAP-051508|VFW-TAP-052108 052108
Guideline Limit Level*

Sample Date|  (ug/L) (ug/L) (ug/L) 5/8/2008 5/8/2008 5/8/2008 5/15/2008 5/21/2008 5/21/2008
Volatile Organic Compounds by EPA Method 524.2 (ug/L)
Bromodichloromethane 6 NE 3 0417 2.2 05U 1.1 05U 05U
Bromoform 44 NE 22 2.4 3.6 05U 6 05U 05U
Chloroform 70 80 35 05U 4.9 05U 0.69 05U 05U
Dibromochloromethane 4 NE 2 1.3 3.1 05U 3.5 05U 05U
Toluene 1,400 1,000 500 05U 05U 05U 05U 1.0 05U
Trichloroethene (57 5 2.5 0.4J 3.4 05U 0.26 J 05U 05U

Notes:

NE = Standard not established.

Bold = Substance Detected

EPA = United States Environmental Protection Agency

VFW = Veterans of Foreign Wars

AMAC = Adult Multiple Alternative Center

* =The action level used by the State of Maine is one-half the Maine Maximum Exposure Guideline or EPA Maximum Contaminant Level, whichever is lower.
** = the 1992 Maine Maximum Exposure Guideline of 5 pg/L remains the "relevant and appropriate ", and supercedes the 2008 Maine Maximum Exposure Guideline of 32 pg/L.
Pink Highlight = Result exceeds the State of Maine action level.

pg/L = Micrograms per liter (parts per billion)

J = Quantitation approximate.

U = Not detected.
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Table 2-4

Summary of Deionized Water Analytical Results
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

) Maine EPA Colog DI - Culligan
Station Name : . . VFW - Colog DI VFW - Spigot CFD - Colog DI Colog DI - Old Tank | Tank w/ Carbon Filter [Colog DI - Culligan Tank
Maximum Maximum Maine
Exposure |Contaminant| Action
Field Sample ID| gyideline Limit Level* CologDI-050508 VFW-SPIGOT CologDI-050508 COLOGDI-051108 01DI&C 011360T DI only
Sample Date]  (ug/L) (ug/L) (ug/L) 5/5/2008 5/8/2008 5/8/2008 5/11/2008 5/12/2008 5/12/2008
Volatile Organic Compounds by EPA Method 524.2 (ug/L)
Acetone 6,300 NE 3,150 5U 5U 5U 26 105 2U
Bromodichloromethane 6 NE 3 0.5U 0.4J 0.5U 2U 2U 2U
Bromoform 44 NE 22 05U 2.4 0.5 U 2 U 2 U 2 U
Chlorobenzene 47+ 100 23.5 0.5 0.5 U 0.6 2U 2 U 2U
Chloroform 70 80 35 0.3J 0.5 U 0.5 U 86 2 U 2 U
Dibromochloromethane 4 NE 2 0.5U 1.3 0.5U -- -- --
Methy! ethyl ketone (MEK) 170** NE 85 5U 5U 14 14 10 U 10U
n-Propylbenzene NE NE NE 05U 05U 05U 2U 2U 2U
Tetrahydrofuran 70 NE 35 85 D 25U 96 J 40 5U 5U
Trichloroethene i 5 2.5 0.5U 0.4 05U 2U 2U 2U
1,2-Ethylene Dibromide, 1,2-Dibromo-3-Chloropropane, and 1,2,3-Trichloropronane by EPA Method 504.1 (ug/L)
No analytes detected [ NE | NE | NE | [ - — ~ = =
Notes:

EPA = United States Environmental Protection Agency

NE = Standard not established.

J = Quantitation approximate.

U = Not detected.

VFW = Veterans of Foreign Wars

* =The action level used by the State of Maine is one-half the Maine Maximum Exposure Guideline or EPA Maximum Contaminant Level, whichever is lower.
** = the 1992 Maine Maximum Exposure Guideline for this substance remains the "relevant and appropriate ", and supercedes the higher 2008 Maine Maximum Exposure Guideline.
ug/L = Micrograms per liter (parts per billion)

Bold = Substance detected.

Blue Highlight = Exceeds Maine Maximum Exposure Guideline.

D = Result from dilution analysis.

-- = Not analyzed
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[ ] Table 2-5 AWEST, EN|

Summary of Groundwater Parameters Measured During Wire-Line Straddle Packer Low-Flow Sampling
Maine Formerly Used Defense Site LO-58
Borehole Hydrophysics and Geophysics Report

Well DW - 1 (AMAC Well)
Depth Interval (feet below ground surface) 24.98 to 33.15 33.75t0 38.5 41.2 to 51.9 51 to 58.1 56.6 to 58.1

Time 15:53 15:58 16:03 11:45 11:50 11:55 18:00 18:05 18:10 9:15 9:20 9:25 18:57 19:02 19:07
Purge Rate (Milliliters/minute) 100 100 100 120 120 120 720 720 720 1,000 1,000 1,000 90 90 90
Temperature (Degrees Centigrade) [3%] 13.16 13.06 13.04 16.44 16.44 16.44 15.42 15.37 15.58 14.26 14.26 14.33 11.87 11.85 11.84
Specific Conductivity (Microsiemens/ centimeter) [3%] 438 439 440 454 463 466 433 434 433 458 458 461 422 424 426
pH (standard units) [+/-0.1] 7.34 7.33 7.33 7.17 7.17 7.17 7.35 7.34 7.32 7.16 7.17 7.18 7.36 7.36 7.36
Oxidation/Reduction Potential/Eh? (millivolts) [+/-10] 70.1 72.9 75.0 15.9 15.3 145 1.8 -4.8 2.1 106.2 106.1 104.2 215.0 214.8 214.6
Dissolved Oxygen (Milligrams/ Liter) [10%] 8.50 8.46 8.48 8.65 8.49 8.48 5.29 5.43 5.34 7.30 7.26 7.32 10.00 9.93 9.90
Turbidity (Nephelometric Turbidity Units) [10%] 10.27 9.79 9.86 3.80 3.50 3.90 6.48 6.37 6.31 12.00 11.00 10.00 16.00 14.00 15.00

Well DW - 2 (VFW Well)

Depth Interval (feet below ground surface) 16.0 to 20.0 28.5t0 32.5 37.0to 41.7 94.5 to 98.5 187.9 to 192.2 265.0 to 284.0

Time 15:21 15:26 15:31 18:15 18:20 18:25 12:04 12:09 12:14 15:19 15:24 15:29 18:43 18:48 18:53 21:39 21:44 21:49
Purge Rate (Milliliters/minute) 44 45 44 5,909 5,909 5,909 800 800 800 750 750 750 700 700 700 600 600 600
Temperature (Degrees Centigrade) [3%] 18.48 19.11 18.87 8.78 8.72 8.76 17.29 17.08 17.09 12.66 12.42 12.58 9.16 9.15 9.14 7.84 7.79 7.77
Specific Conductivity (Microsiemens/ centimeter) [3%)] 429 425 430 448 450 450 444 446 451 435 435 436 428 428 429 227 225 224
pH (standard units) [+/-0.1 unif] 7.68 7.68 7.67 7.62 7.61 7.61 7.39 7.39 7.39 7.43 7.42 7.42 7.71 7.70 7.70 8.26 8.28 8.30
Oxidation/Reduction Potential/Eh? (millivolts) [+/-10 units] 162.9 162.1 162.1 126.7 123.4 122.3 178.0 178.7 178.7 195.6 195.1 192.6 141.2 141.0 140.5 119.4 117.6 116.4
Dissolved Oxygen (Milligrams/ Liter) [10%] 9.45 9.28 9.33 11.60 11.59 11.58 9.15 9.17 9.16 9.82 9.84 9.72 3.37 3.16 2.97 7.16 7.03 6.95
Turbidity (Nephelometric Turbidity Units) [10%] 50.00 51.00 52.00 <1 <1 <1 5.50 5.80 5.30 79.00 66.50 47.20 47.00 45,00 44.00 103.60 | 102.40 | 101.30

Notes:
AMAC = Adult Multiple Alternative Center
VFW = Veterans of Foreign Wars
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Summary of Drinking Water Well Wire-Line Straddle Packer Sampling Analytical Results

Table 2-6

Maine Formerly Used Defense Site LO-58

Borehole Hydrophysics and Geophysics Report

Maine EPA
Welll Maximum | Maximum | Maine DW-1
Field Sample ID| Exposure |Contaminant| Action LS58DW1-0508-29 LS58DW1-0508-34 LS58DW1-0508-34E LS58DW1-0508-41 LS58DW1-0508-51 LS58DW1-0508-56
Sample Date| Guideline Limit Level* 5/20/2008 5/20/2008 5/20/2008 5/19/2008 5/19/2008 5/18/2008
Depth Interval (ft bgs)]  (ug/L) (ug/L) (ug/L) | (water) 24.98 to 33.15 33.75 t0 38.5 41.2 to 51.9 51.0 to 58.1 (bottom) 56.6 to 58.1 (bottom)
Volatile Organic Compounds by EPA Method 524.2 (ug/L)
Benzene 6 5 25 05U 05U 05U 05U 05U 05U
Chloroform 70 80 35 0.52 05U 05U 0.24J 05U 0.34J
cis-1,2-Dichloroethylene 70 70 35 05U 0.44 ) 0.45 7] 1.2 0.96 0.52
Toluene 1,400 1,000 500 120 D 25 22 12 05U 22
Trichloroethylene 5** 5 25 1.8 2.5 2.5 3.4 3.1 2
1,2-Ethylene Dibromide, 1,2-Dibromo-3-Chloropropane, and 1,2,3-Trichloropronane by EPA Method 504.1 (pg/L)
No analytes detected [ | | | [
Gasoline Range Organics by the Maine Health and Environmental Testing Laboratory Method 4.1.17 (ug/L)
Gasoline Range Organics | 50 [ NE [ NE ] 156 [ 24 | 23 [ 14 10 U 27
Diesel Range Organics by the Maine Health and Environmental Testing Laboratory Method 4.1.25 (ug/L)
Diesel Range Organics 50 [ NE [ NE ] 50 U | 50 U | 50 U [ 51 J° 50 U 350 J*
Maine EPA DW-2
Welll Maximum | Maximum Maine
Field Sample ID| Exposure |Contaminant| Action LS58DW2-0508-16 LS58DW2-0508-28.5 LS58DW2-0508-37 LS58DW2-0508-94.5 LS58DW2-0508-189 LS58DW2-0508-265
Sample Date| Guideline Limit Level* 5/16/2008 5/16/2008 5/17/2008 5/17/2008 5/17/2008 5/17/2008
Depth Interval (ft bgs)|  (ug/L) (ug/L) (ug/L) 16.0 to 20.0 28.510 32.5 37.0t0 41.7 94.5 to 98.5 187.9 to 192.2 265 to 284.0 (bottom)
Volatile Organic Compounds by EPA Method 524.2 (ug/L)
Benzene 6 5 25 05U 05U 05U 05U 05U 05U
Chloroform 70 80 35 05U 05U 05U 05U 05U 05U U
cis-1,2-Dichloroethylene 70 70 35 05U 05U 05U 05U 0.23J 05U
Toluene 1,400 1,000 500 2.4 05U 05U 5.5 2.3 U 0.79 U
Trichloroethylene 55 5 25 05U 05U 05U 05U 05U 05U
1,2-Ethylene Dibromide, 1,2-Dibromo-3-Chloropropane, and 1,2,3-Trichloropronane by EPA Method 504.1 (pg/L)
No analytes detected [ | | [
Gasoline Range Organics by the Maine Health and Environmental Testing Laboratory Method 4.1.17 (ug/L)
Gasoline Range Organics | 50 [ NE [ 25 ] 10 U | 10 U | 10U [ 10 U 10U 10 U
Diesel Range Organics by the Maine Health and Environmental Testing Laboratory Method 4.1.25 (ug/L)
Diesel Range Organics 50 [ NE [ 25 ] 1,050 [ 50 U | 50 U [ 50 U 50 U 80 J°

Notes:

NE = standard not established

Hg/L = micrograms per liter (parts per billion)
ft bgs = feet below ground surface

Bold = substance detected

Blue Highlight = Exceeds Maine Maximum Exposure Guideline
EPA = United States Environmental Protection Agency
* =The action level used by the State of Maine is one-half the Maine Maximum Exposure Guideline or EPA Maximum Contaminant Level, whichever is lower.
** = the 1992 Maine Maximum Exposure Guideline of 5 pg/L remains the "relevant and appropriate “, and supercedes the 2008 Maine Maximum Exposure Guideline of 32 pg/L.
Pink Highlight = Result exceeds the State of Maine action level.
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D = Result from dilution analysis
J = Quantitation approximate

J* = Diesel range organics quantitation approximate due to detection in rinsate blank

U = substance not detected at the listed detection limit
U' = Toluene qualifiued as not detected due to detection in rinsate blank
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HydroPhysical™ and Geophysical Logging Results
Former LO-58 Nike Battery Launch Site,
Maine Formerly Used Defense Sites (FUDS)
Caribou, ME

I. Executive Summary

The results of the HydroPhysical™ and geophysical logging performed in two open boreholes and five 2-
inch PVC wells at the Former LO-58 Nike Battery Launch Site, Maine Formerly Used Defense Sites
(FUDS) in Caribou, Maine identified water-bearing fractures ranging in flow rates from 0.005 to 5.69
gpm. High-angle fractures with aperture were identified in each of the two open boreholes and wireline
straddle packer testing indicated the high-angle fractures are likely providing a vertical conduit for
hydraulic communication outside the influence of the borehole. Fracture-specific transmissivities
calculated using the hydrophysical data in the two open boreholes range from 0.20 to 220 feet’/day.
Fracture-specific FEC did not vary significantly between the boreholes, with FEC ranging from 321 to
597 uS/cm.

Ambient testing identified horizontal flow in DW-1 and downward vertical flow within the fluid column
in DW-2. The difference is likely due to the highly fractured borehole in DW-1 with some of those
water-bearing fractures high-angle, resulting in an interconnected network of fractures that have pressure-
equilibrated outside the influence of the borehole. In DW-2, a significantly deeper borehole, though there
are still high-angle fractures identified, their aperture and water-bearing potential are not as significant
and likely lack the vertical hydraulic potential in the middle portion of DW-2.

Please refer to Table Summary:1 for a complete summary of the HydroPhysical™ logging results. All
depths reported herein are referenced to the top of steel or PVC casings.



Table Summary 1: Summary of Hydrophysical Logging Results; Weston Solutions; LO-58; Caribou,

ME.
szlcl::izvl?llow In.t erval . .
Well Wat.er Interval of Flow | Rate During Specific F?ow Transmissivity Interv.al-Spemfic Fl u,ld
D Bearing (feet) Ambient Rate Du.rmg (f2/day) Electrical Conductivity
Interval # . Pumping (uS/cm)
Testing
(gpm) (gpm)
1 27.3-31.7 0.085 0.207 8.51E+00 376
2 34.6 - 35.0 0.011 0.195 1.28E+01 376
3 37.4-384 0.000 0.745 5.18E+01 428
DW-1 4 40.4 - 48.6 0.140 2.00 1.29E+02 357
5 49.0 - 50.2 0.018 0.416 2.76E+01 375
6 52.7-53.6 0.058 1.65 1.11E+02 375
7 54.4-58.1 0.000 0.838 5.82E+01 375
1 19.5-19.6 0.026 0.01 2.95E+00 321
2 30.4-31.6 0.297 5.69 2.20E+02 378
3 38.2-41.8 0.016 0.374 1.43E+01 528
4 449 -51.4 0.074 0.081 2.82E-01 512
5 96.4-97.0 -0.370 0.000 1.48E+01 432
DW-2 6 143.3 - 144.3 0.000 0.008 3.20E-01 432
7 179.2 - 183.0 0.000 0.015 6.00E-01 431
8 189.5-191.0 -0.185 0.051 9.45E+00 429
9 191.4-218.3 0.000 0.008 3.20E-01 429
10 227.4 - 228.2 0.000 0.005 2.00E-01 597
11 243.7-279.2 0.000 0.024 9.61E-01 597

summary.xls
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II. Introduction

In accordance with COLOG’s proposal dated February 23, 2007, COLOG has applied HydroPhysical™
(HpL™) and geophysical logging methods and wireline straddle packer methods to characterize the
formation waters and orientation of identified fractures and features intersecting two open boreholes and
five PVC wells at the Former LO-58 Nike Battery Launch Site, Maine Formerly Used Defense Sites
(FUDS) in Caribou, Maine. The objectives of the investigation were to:

1) Evaluate temperature and fluid electrical conductivity under pre-testing conditions.

2) Identify fractures and features intersecting the borehole and evaluate their orientation.

3) Characterize and quantify flow in the borehole under both non-stressed (ambient) and stressed
(pumping) conditions.

4) Evaluate the vertical distribution of flow and interval-specific permeability for all identified water-
producing fractures or intervals.

5) Sample and stress test water-bearing intervals using the WSP to acquire depth-specific groundwater
samples.

6) Apply surface geophysical methods and downhole methods to estimate subsurface velocities.

The two open boreholes logged with the hydrophysical and geophysical logging methods at the LO-58
site are: DW-1 (AMAC well) and DW-2 (VFW well). The five PVC wells tested are: MW-1, MW-2,
MW-3, MW-4 and MW-5. The geophysical and hydrophysical logging methods used to achieve the
objectives were HydroPhysical™ logging, optical televiewer, acoustic televiewer, 3-arm caliper, natural
gamma, water quality (pH, ORP, DO), EM induction conductivity, electric resistivity, VSP, wireline
straddle packer, downhole video and full waveform sonic. The two open boreholes were tested under
both non-stressed, or ambient, conditions and stressed, or pumping, conditions to fully evaluate the water-
bearing horizons intersecting the boreholes. The PVC wells were not hydrophysically tested. All depths
reported herein are referenced to the top of steel casings in the case of the open boreholes and PVC
casings in the case of the wells.

COLOG’s logging of the three subject wellbores was performed over the period of May 5™ through May
20", 2008.
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III. Methodology
A. HydroPhysical™ Logging (HpL™)

The HydroPhysical™ logging technique involves pumping the wellbore and then pumping while injecting
into the Wellbore with deionized water (DI). During this process, profiles of the changes in fluid
electrical conductivity of the fluid column are recorded. These changes occur when electrically
contrasting formation water is drawn back into the borehole by pumping or by native formation pressures
(for ambient flow characterization). A downhole wireline HydroPhysical™ tool, which simultaneously
measures fluid electrical conductivity (FEC) and temperature is employed to log the physical/chemical
changes of the emplaced fluid.

The computer programs FLOWCALC and/or BOREII (Hale and Tsang, 1988 and (Daughtery and Tsang,
2000) can be utilized to evaluate the inflow quantities of the formation water for each specific inflow
location. FLOWCALC is used to estimate the interval-specific flow rates for the production test results
based on “hand-picked” values of FEC and depth. The values are determined from the “Pumping” and
“Pumping During DI Injection logs”. Numerical modeling of the reported data is performed using code
BORE/BOREII. These methods accurately reflect the flow quantities for the identified water bearing
intervals.

In addition to conducting HydroPhysical™ logging for identification of the hydraulically conductive
intervals and quantification of the interval specific flow rates, additional logging runs are also typically
performed. Prior to emplacement of DI, ambient fluid electrical conductivity and temperature (FEC/T)
logs are acquired to assess the ambient fluid conditions within the borehole. During these runs, no
pumping or DI emplacement is performed, and precautions are taken to preserve the existing ambient
geohydrological and geochemical regime. These ambient water quality logs are performed to provide
baseline values for the undisturbed borehole fluid conditions prior to testing.

For interval-specific permeability estimations, COLOG utilizes Hvorslev’s 1951 porosity equation in
conjunction with the HpL™ results. Several assumptions are made for estimating the permeability of
secondary porosity. First, the type of production test COLOG performs in the field may significantly
affect the accuracy of the transmissivity estimation. The permeability equation is relatively sensitive to
overall observed drawdown. For a high yield wellbore, drawdown will usually stabilize and an accurate
observed drawdown can be estimated. However, for a low yield wellbore, drawdown usually does not
stabilize but instead, water level continues to drop until it reaches the pump inlet and the test is complete.
In this case COLOG utilizes the maximum observed drawdown. The inaccuracy arises in the fact that
overall observed drawdown does not stabilize and therefore is more an arbitrary value dependent on the
placement of the pump downhole. Secondly, in an environment where flow originates from secondary
porosity the length of the interval is derived from the either the thickness of the fracture down to 0.1 feet
or the thickness of the fracture network producing water. This assumption of a fracture network
producing water versus a porous media is not how the permeability equation was designed to be used. In
lieu of a more appropriate equation unknown to COLOG at this time, COLOG utilizes Hvorslev’s 1951
porosity equation based on its sensitivity to interval-specific flow which can be measured accurately,
drawdown which can be measured accurately in the case of a high yield wellbore and its insensitivity to
effective radius. The insensitivity to effective radius is critical when an observation well is not available
to measure drawdown at a known distance from the subject wellbore.

Appendix A includes COLOG's Standard Operating Procedure for Hydrophysical Logging.



How to Interpret HydroPhysical™ Logs

Figure HpL:1 below is an example data set for an ambient flow evaluation. The data represents HpL™
logs acquired immediately after deionized (DI) water emplacement for ambient flow evaluation. For
ambient flow evaluation the wellbore fluids are first replaced with DI water (termed “emplacement”),
then a series of fluid electrical conductivity (FEC) logs are acquired over a period of a time to monitor
ground water entering the wellbore under natural pressures and migrating either vertically or horizontally
through the wellbore. The wellbore fluids are replaced with DI water without disturbing the ambient free-
water level by injecting DI water at the bottom of the wellbore and extracting wellbore water at exactly
the same rate at the free-water surface. However, at the beginning of the DI water emplacement, a
slightly depressed free-water level (approximately one tenth of a foot below ambient free water-level) is
achieved and maintained throughout the test. This procedure is implemented to ensure that little to no DI
water is able to enter the surrounding formation during DI water emplacement. By acquiring FEC logs
during the emplacement of DI water and by continuously measuring water level with a downhole pressure
transducer the emplacement can be properly monitored and controlled to minimize the disturbance of the
recorded ambient water.  After the wellbore fluids are replaced with DI water, the injection and
extraction pumps are turned off and in most cases the downhole plumbing is removed from the wellbore.
A check valve is installed in the pump standpipe to ensure water in the standpipe does not drain back into
the wellbore. While the plumbing is removed from the wellbore DI water is injected from the top of the
wellbore to maintain ambient water level. Often a baseline FEC log is acquired during the final stages of
the emplacement of DI water to provide baseline conditions just before the ceasing of pumping. Figure
HpL:1 illustrates ambient flow entering the wellbore at depths of 150.0 to 152.7, 138.8 to 139.0, 132.7 to
133.4, 122.3 to 123.1 and 118.0 to 118.1 feet. The location of these intervals is illustrated by the sharp
increases or “spikes” in FEC. The increase in FEC over time at these four intervals is characteristic of
ambient inflow. The upward vertical trend in this inflow is also apparent from the FEC logs. For
example, the dominant inflowing zone at 138.8 to 139.0 feet illustrates a major growth in FEC above the
inflow “spike”, and little growth below the “spike.” The zone at 118.0 to 118.1 feet is the termination of
all inflow into the well. The sum of the four inflow zones make up the outflow of this zone, and this
value, along with the value of the four inflow zones is computed using code BOREII.

COLOG uses three types of tests to identify the water-bearing intervals in a wellbore under stressed
conditions. In the lowest yield environment (less than 0.5-0.7 gpm) a slug test approach is utilized. In a
relatively low-yield wellbore environment a pump after emplacement (PAE) test is conducted, and in a
relatively medium to high-yield wellbore environment a pump and inject (PNI) test is conducted. The
decision on the type of test to perform on a specific wellbore is made in the field based on the ability of
the wellbore to recover to ambient free-water level when a disturbance in water level is introduced into
the well, i.e. inserting tools and/or pluming into the well.

In a low-yield wellbore environment a slug or PAE test is utilized to identify the water-bearing intervals
under stressed conditions. These tests are similar in protocol and involve first a replacement of wellbore
fluids with DI water in a manner identical to that of the emplacement during an ambient flow evaluation.
Often a baseline FEC log is acquired during the final stages of the emplacement of DI water to provide
baseline conditions just before the ceasing of injection pumping. Following the cessation of injection
pumping, the extraction pump is left used to either pull an instantaneous slug (slug test) or is used to
pump at a relatively steady low rate of flow in the wellbore (approximately 1-2 gpm). During this time
numerous FEC logs are acquired over time. The location of water-bearing intervals is apparent by the
sharp increases or “spikes” in FEC over time. The rate at which these intervals inflow is calculated using
BOREII and is based on the rate of increase of mass (area under the curve using the FEC log as the
curve). Flow direction is easily determined by tracking the center of mass of the area under the curve. In



FIGURE HpL:1. EXAMPLE OF HYDROPHYSICAL LOGS DURING AMBIENT FLOW
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most cases, if pumping is being conducted flow is traveling up the wellbore towards the pump which is
situated inside casing.

Figure HpL:2 is an example data set from a production test (stress test) from the same wellbore as above.
The data represents HpL™ logs acquired during a PNI test. The set of FEC logs on the right of this figure
(FEC1303, FECI1310, FEC1320, and FEC1329) illustrate the condition of the wellbore during
development pumping. In the case of this example, the wellbore was stressed at a rate of approximately
10 gpm until a relatively steady-state condition was achieved in the wellbore. A steady-state condition is
apparent when the FEC logs begin to repeat as they do in figure HpL:2. Repeatable FEC logs indicate
that the hydrochemistry of the water inflowing to the wellbore is not changing over time (steady-state)
and that the flow rates of all inflow zones is also not changing over time. Additionally, the drawdown is
monitored continuously to observe a “slowing down” in the rate of increase of drawdown. When
drawdown (water level) is stable, the inflow rates of the various inflow zones are assumed to be steady.
By contrast, if DI water injection is begun in the early stages of pumping when drawdown is still
increasing, i.e. water level is dropping rapidly, the inflow rates of the various inflow zones would increase
with time as less wellbore storage is used to maintain a particular pumping rate. The remaining FEC logs
(FEC1435, FEC1450, FEC1503, and FEC1516) illustrate the conditions in the wellbore during pumping
and injection procedures. Fluid was extracted from the wellbore at a rate of approximately twelve gpm
while DI water was simultaneously injected at the bottom of the wellbore at a rate of approximately two
gpm, until a relatively steady-state condition existed in the well. Water-bearing intervals in the wellbore
are identified by changes or “steps” in FEC throughout the FEC logs. The flow rate of these intervals is
computed using BOREII and/or Flowcalc software. Every location that the FEC increases in these logs is
a zone of inflow. Similarly, where the logs decrease in FEC indicates a zone of inflow with water lower
in FEC than the water in the wellbore. A zone exhibiting a decrease in FEC on the injection logs should
also decrease at the same depth on the development (pre-DI water injection) logs. Please see Appendix B
for a detailed discussion of code BOREII used to numerically model the reported field FEC logs.
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FIGURE HpL:2. EXAMPLE OF HYDROPHYSICAL LOGS DURING A 10 GPM PRODUCTION TEST
WITH EXAMPLE INTERPRETATION.

0 50 100 150 200 250 300 350 400
1 10 L L | L L | L L | L L L | L L L ]l‘ L L L L | L L L L | L L L 1 10
| FEC logs acquired during DI water :f
] injection at 2 gpm, extraction at 12 gpm. Upflow 'Jl i
. /:‘. -
1 lsi Bottom of casing B 115
| P & s
] Inflow i
1201  The logs indicate three dominant inflow —120
1 zones at 118.0 - 118.1 feet (outflow during ‘ i
|  ambient test),132.7 - 133.4 and 138.8 - 139.0 j ——» — FECI303 |
. . . Inflow
{  feet (major inflow during ambient test). -
FEC1310
125 —125
] . — FECI320 I
: Upflow g FEC1329 I
130 { —130
] P\ —— FECI1435 -
1 —— FEC1450 i
| InﬂowI 4 |
1357 ) —— FEC1503 135
| j —— FECI516 |
] Inﬂowl L{ i
140 — 140
145 — 145
| TUpﬂow
150 — 150
| InﬂowI
| FEC logs acquired during development Il i
155 pumpingat 10 gpm prior to DI water ’J 155
i injection. ({ i
160 ' i — T i T ' T T - ' 160
0 50 100 150 200 250 300 350 400

10

Fluid Electrical Conductivity (LS/cm) Hpl-2.dg4



Sensitivity of Transmissivity to Effective Radius

An estimation of transmissivity (T) has be made for all identified water-bearing intervals using an
equation after Hvorslev (1951) assuming steady-state radial flow in an unconfined aquifer:

. L m(fi)
27‘CAhW rw

where K is the hydraulic conductivity, q; is the interval specific inflow rate calculated using HpL™ results
(or “Delta Flow” from the table which equals “Interval-Specific Flow Rate During Pumping Conditions”
minus “Ambient Flow Rate” if any), r,, is the borehole radius, r. is the effective pumping radius, Ah,, is
the observed maximum drawdown and L is the thickness of the zone through which flow occurs. The
thickness, or length of the interval is calculated using a combination of both the HpL™ data and other
geophysical data such as optical televiewer data. L can usually be estimated with a high degree of
confidence based on both of those data sets. Q;, or Delta Flow, can also be estimated accurately using
code BOREII (see Appendix B) for the HpL.™ data sets. Ah,, is estimated with a high degree of confidence
using Cologs’ downhole pressure transducer and a laptop to record water-level data every second.
Additionally, the borehole radius is confirmed quite readily from caliper data or core data. For this
example, r, equals 0.20 feet, r. has been assumed to be approximately 100 feet and the observed
maximum drawdown was estimated at 9.98 feet (the drawdown plot). By applying L and q; from the
HpL™ results under the two pressure conditions, the interval specific transmissivity can be calculated for
each identified water-producing interval.

T=KL=

Colog utilizes Hvorslevs’ 1951 equation when an observation well a known distance away with
measurable drawdown is not available. Essentially, Hvorslevs’ 1951 equation is similar to the prevalent
Theis equation minus the observation well drawdown information. In replace of the observation well
drawdown data Hvorslevs’ equation uses an assumed “effective radius” divided by the borehole radius.
One benefit to using Hvorslevs’ 1951 equation when observation well data is unavailable is the
insensitivity of the equation to the assumed effective radius as this is the only “unknown” variable in the
equation. All other variables are known or calculated with a high degree of confidence. Only the
effective radius is unproven, or unsupported, but its value can be estimated with some degree of accuracy.

The following example will illustrate the insensitivity of Hvorslevs’ 1951 equation to the assumed
effective radius of an aquifer. The greatest magnitude of change in this example between r. of 50 feet and
1. of 300 feet is 2.22 feet’/day transmissivity.

Interval Length Q;- Borehole Transmissivity | Transmissivity | Transmissivity
(feet) of Delta Radius Using r. of Using r. of Using r. of
Interval | Flow (feet) 50 Feet 100 Feet 300 Feet
(feet) (gpm)

118.0 — 118.1 0.1 3.997 0.20 6.78 x E" 7.63 x E”! 8.98 x E"!
1223 —123.1 0.8 0.335 0.20 5.68 x E® 6.39 x E® 7.53 x E®
132.7-133.4 0.7 1.217 0.20 2.06 x E”! 2.32 x E” 2.73 x E”!
138.8 —139.0 0.2 3.961 0.20 6.72 x E" 7.56 x E"! 8.90 x E"!
150.0 — 152.7 2.7 0.197 0.20 3.34 x E® 3.76 x E® 443 x BV

1"




B. Optical Televiewer (OBI)

The optical televiewer provides the highest resolution available for fracture and feature analysis in
boreholes. This technology is based on direct optical observation of the borehole wall face. Precise
measurements of dip angle and direction of bedding and joint planes, along with other geological
analyses, are possible in both air and clear fluid filled boreholes.

Theory of Operation

A small light ring illuminates the borehole wall allowing a camera to directly image the borehole wall
face. A conical mirror housed in a clear cylindrical window focuses a 360° optical “slice” of the borehole
wall into the camera’s lens. As the optical televiewer tool is lowered down the hole, the video signal
from this camera is transmitted uphole via the wireline to the optical televiewer surface instrumentation.

The signal is digitized in real time by capturing 360 pixels around a 0.5 mm ring from the conical image.
The rings are stacked and unwrapped to a 2-D image of the borehole wall. A digital fluxgate
magnetometer is used to determine the orientation of the digital image. A secondary mechanical compass
is imaged along with the analog signal to insure proper orientation of the digital image.

The optical televiewer image is an oriented, 2-D picture of the borehole wall unwrapped from south to
south or north to north depending on the software used (Figure 1). Planar features that intersect the
borehole appear to be sinusoids on the unwrapped image. To calculate the dip angle of a fracture or
bedding feature the amplitude of the sinusoid (h) and the borehole diameter (d) are required. The angle of
dip is equal to the arc tangent of h/d, and the dip direction is picked at the trough of the sinusoid (Figure

).

3 w 130 270 0 90 180
S o T 1 71 1
]

st BIFS Log
)

r 5

\ 1

Dip Direction = Orientation of Sinusoid Minimum
Dip Angle = ArcTan h/d
where: h = height of sinusoid

d = borehole diameter

Figure 1: Geometric representation of a north dipping fracture plane and corresponding log.

Sinusoidal features were picked throughout wells by visual inspection of the digital optical televiewer
images using interactive software. The software performed the orientation calculations and assigned
depths to the fractures or bedding features at the inflection points (middles) of the sinusoids. Features
were subjectively ranked for flow potential using COLOG’s Ranking System for optical televiewer
features included in this report. The features picked along with their assigned ranks, orientations and
depths are presented in tables for each well. Orientations are based on magnetic north and are corrected
for declination. The Stereonet plots and Rose Diagrams provide useful information concerning the
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statistical distribution and possible patterns or trends that may exist from the optical televiewer feature
orientations.

Interpreting Optical Televiewer Data

Data acquired from the optical televiewer is typically in the form of dip direction/dip angle, i.e. 230/45.
When plotted in 2-D color, the fractures and features intersecting the borehole appear as sinusoids as
discussed above. Using the software program WellCAD version 3.2, the user identifies the
features/fractures and has the software assign and record a dip angle and direction based on the above
algorithm as described in the “Theory” section. The data can easily be converted into table format for
display in Excel or any tabular editing program. From the data table, rose diagrams and/or stereonets can
be generated if requested.

Rose Diagrams

A rose diagram is a polar diagram in which radial length of the petals indicates the relative frequency
(percentage) of observation of a particular angle or fracture dip direction or range of angles or dip
directions. Rose diagrams are used to identify patterns (if any) in the frequency of dip angles or
directions for a particular data set. Figures 3 and 4 are example rose diagrams from an optical televiewer
data set of fractures and features.

270—25 20 15 = 5—10—15—20—-25—90

Figure 3: Example rose diagram from an optical televiewer data set illustrating the frequency (%) of dip angles.

Figure 3 above indicates, from an example data set, that approximately 16 percent of the
fractures/features have a dip angle between 0 and 10 degrees, approximately 27 percent of the
fractures/features have a dip angle between 11 and 20 degrees, approximately 25.5 percent between 21
and 30 degrees, approximately 6 percent between 31 and 40 degrees and 22 percent between 41 and 50
degrees. A quick glance at Figure 3 identifies a pattern of dip angle where greater than 50 percent of the
fracture/features identified have a dip angle between 11 and 30 degrees. Additionally, no high-angle
(greater than 50 degrees) fractures/features were identified from this data set.

13
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Figure 4: Example rose diagram from an optical televiewer data set illustrating the frequency (%) of dip direction.

Figure 4 (example data set) above indicates, with a quick glance, that the majority of the fractures/features
dip in the direction of northwest.  Specifically, approximately 62 percent of the identified
fractures/features have a dip direction of 280 degrees (west) to 20 degrees (north).

Stereonets

For stereonets, COLOG utilizes a Schmidt net, an equal-area plot of longitude and latitude used in
plotting geologic data such as the direction of structural features. Here, the angle indicates dip direction
and the distance from the center indicates the dip magnitude. The further from the center the shallower
the dip angle. Figure 5 below is an example stereonet diagram from an acoustic televiewer data set of
fractures and features.
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Figure 5: Example stereonet from an optical televiewer data set illustrating the frequency (%) of dip direction and dip angle in 2-
D space.

Figure 5 above indicates, with a quick glance, that two distinct patterns exist in the example data set. A
cluster of fractures/features with similar dip direction of approximately 110 degrees and similar steep dip
angles is apparent. A second cluster, slightly less dense, is apparent with similar dip directions of
approximately 170 degrees (almost due south) and similarly steep dip angles.

Please refer to the following Ranking System for Optical Televiewer Features for an explanation of the
qualitative ranks assigned each optical televiewer feature identified.
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Ranking System for Optical Televiewer Features

Color
Rank Code

Observation

Flow Rating
System

Gray

Red

Magenta

5 Green

Non-flow feature
(bedding, healed

fracture, staining,
foliation, vein, etc.)

Weak feature

(not continuous around
the borehole)

Clean, distinct feature

Distinct feature with
apparent aperture

Very distinct, wide
possible interconnected
fracture

Major fracture zone
with large openings.

Sealed, no flow

Partial open crack

Continuous
Open crack

Wide open crack
Or cracks

Very wide crack
or multiple
interconnected
fractures

Major fracture with
large openings or
breakouts

This ranking system is based on a system developed and applied by Paillet (USGS, WRD, Borehole Research
Project) as a subjective evaluation of permeability potential. In general, the higher the rank, the greater the
likelihood of fracture interconnection and subsequent increased permeability. Tadpoles represent individual
features, where the tail points in the direction of dip (clockwise from the top, 0-359). The head is positioned
vertically according to the median depth of the feature and positioned horizontally according to the feature dip
angle (0-90 from horizontal).
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C. Facsimile 40 - Acoustic Televiewer (FAC-40 ATV or ABI-40)

The FAC-40 ATV, from Advanced Logic Technologies (ALT), provides a detailed, oriented image of
acoustic reflections from the borehole wall. A unique focusing system resolves bedding features as small
as 2 mm and is capable of detecting fractures with apertures as small as 0.1 mm. The acoustic image is
precisely oriented using a 3-axis magnetometer with dual accelerometers, which also combine to measure
deviation (or drift) of the borehole trajectory.

Theory

The FAC-40 transmits ultrasonic pulses from a rotating sensor and records the signals reflected from the
interface between the borehole fluid and the borehole wall (Figure 1). The amplitude of these reflections
is representative of the hardness of the formation surrounding the borehole, while the travel time
represents the borehole shape and diameter. As many as 288 reflections may be recorded per revolution
at up to 12 revolutions per second. The digital amplitude or travel time data are presented using a variety
of color schemes that represent the borehole wall.

This ATV image is an oriented, 2-D picture of the borehole wall unwrapped from north to north (Figure

2). Planar features that intersect the borehole appear to be sinusoids on the unwrapped image: To
calculate the dip angle of a fracture or bedding feature the amplitude of the sinusoid (h) and the borehole
diameter (d) are required. The angle of dip is equal to the arc tangent of h/d, and the dip direction is
picked at the trough of the sinusoid (Figure 2).

Sinusoidal features are picked by visual inspection of the amplitude and travel time images using
interactive software called WellCAD, version 4.1. The software performs the orientation calculations and
assigns a depth to the fracture or bedding feature at the inflection point (middle) of the sinusoid. Features
may be subjectively ranked for flow potential using the ranking system developed by the USGS presented
in Table 1. Statistical analysis of the fracture/feature data such as stereonet plots and rose diagrams
provide useful information concerning the statistical distribution and possible patterns or trends that may
exist in the set of fracture/feature orientations.

BootEcho

Sync Reflection
Pulse
Multiple

ATV Signal

Figure 1: Returned signal.
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Figure 2: Geometric representation of a fracture plane and corresponding ATV log.

Acoustic Televiewer Caliper Log

An unconventional caliper log may be generated from the travel time data acquired by the Fac-40 acoustic
televiewer. Using WellCAD version 3.2, an estimation of the distance from the probe to the borehole
wall can be made by incorporating the travel time of the acoustic signal with an estimation of the velocity
of the wellbore fluid. The time it takes the acoustic signal to travel through a known viscous medium and
back to the probe is directly related to the distance between the signal generator and the borehole wall
provided the borehole fluid viscosity remains constant and the probe is properly centralized. The distance
from the probe to the borehole wall is then corrected for the radius of the probe producing a borehole
diameter in inches.

Applications

The high resolution reflection images and the precise travel time measurements make the FAC-40 ATV a
versatile tool. Possible applications include:

Fracture detection and evaluation
Detection of thin beds

Determination of bedding dip
Lithological characterization

Casing inspection

High resolution caliper measurements
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Ranking System for Acoustic Televiewer Features

Color
Rank Code

Observation

Flow Rating
System

0 Gray

1

2 Blue

3 Red

4 Magenta
5 Green

Non-flow feature

(bedding, healed
fracture, vein, etc.)

Weak feature

(not continuous around
the borehole)

Clean, distinct feature

Distinct feature with
apparent aperture

(visible on travel-time
image)

Very distinct, wide
possible interconnected
fracture

Major fracture zone,
visible on both the
amplitude and travel
time images

Sealed, no flow

Partial open crack

Continuous
Open crack

Wide open crack
Or cracks

Very wide crack
or multiple
interconnected
fractures

Major fracture with
large openings or
breakouts

This ranking system is based on a system developed and applied by Paillet (USGS, WRD, Borehole Research
Project) as a subjective evaluation of permeability potential. In general, the higher the rank, the greater the
likelihood of fracture interconnection and subsequent increased permeability.
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D. 3-Arm Caliper

The caliper log represents the average borehole diameter determined by the extension of 1 or 3 spring-
loaded arms. The measurement of the borehole diameter is determined by the change in the variable pot
resistors in the probe, which are internally connected to the caliper arms.

Caliper logs may show diameter increases in cavities and, depending on drilling techniques used, in
weathered zones. An apparent decrease in borehole diameter may result from mud or drill-cutting
accumulation along the sides of the borehole (mudcake), a swelled clay horizon or a planned change in
drill bit size. The bottom of the boring can also induce a small diameter reading from the caliper due to
the caliper leaning up against on side of the borehole. The caliper log is often a useful indicator of
fracturing. The log anomalies do not directly represent the true in-situ fracture size or geometry. Rather,
they represent areas of borehole wall breakage associated with the mechanical weakening at the borehole-
fracture intersection. Caliper anomalies may represent fractures, bedding planes, lithologic changes or
solution openings. Generally, in solid bedrock caliper log anomalies indicate the intervals where
fractures intersect boreholes.

COLOG records the caliper log with either a single-arm caliper measurement using the decentralization
arm of the density probe or a separate stand-alone three-arm caliper. Calibrations of the probe are done
routinely on the bench and in the field directly before the tool is placed into the borehole. Calibration
standards consist of rings of known diameters that are placed over the extended arms as the tool response
at these diameters is recorded. Additionally, as with other geophysical measurements, a repeat section
may be collected and compared with original logs for consistency and accuracy.

Fundamental assumptions and limitations inherent in these procedures are as follows:

e Excessive borehole diameters (greater than 36 inches) may limit the range of borehole caliper
measurements. Holes greater than 12 inches must be logged with extended arms for hole diameters
up to 36 inches.

e Since the caliper probe is an electro-mechanical device, a certain amount of error is inherent in the
measurement. These errors are due to: 1) averaging hole diameter using three arms, 2) non-linearity
of the measurement resistor, 3) tolerance in the mechanical movement of the caliper arms
(mechanical hysteresis).
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E. Natural Gamma

The natural gamma log (also known as gamma or gamma ray log) provides a measurement recorded in
counts per second (CPS), that is proportional to the natural radioactivity of the formation. Actual counts
depend upon the detector size and efficiency but are often normalized in API units. 200 API units equal
the detector response in a specially constructed physical model designed to simulate the typical shale. For
most of COLOG's gamma probes, 1 API unit is approximately equal to 1.25 CPS. The depth of
investigation for the gamma log is typically 10 to 12 inches. Gamma logs provide formation clay and
shale content and general stratigraphic correlation in sedimentary formations. In general, the natural
gamma ray activity of clay-bearing sediments is much higher than that of quartz sands and carbonates.
Gamma logs are also used in hard rock environments to differentiate between different rock types and in
mining applications for assessment of radioactive mineralization such as uranium, potash, etc.

Gamma radiation is measured with scintillation Nal detectors. The gamma-emitting radioisotopes that
naturally occur in geologic materials are Potassium40 and nuclides in the Uranium238 and Thorium232
decay series. Potassium40 occurs with all potassium minerals, including potassium feldspars.
Uranium?238 is typically associated with dark shales and uranium mineralization. Thorium232 is typically
associated with biotite, sphene, zircon and other heavy minerals.

The usual interpretation of the gamma log, for hydrogeology applications, is that measured counts are
proportional to the quantity of clay minerals present. This assumes that the natural radioisotopes of
potassium, uranium, and thorium occur in exchange ions, which are attached to the clay particles. Thus,
the correlation is between gamma counts and the cation exchange capacity (CEC). Usually gamma logs
show an inverse linear correlation between gamma counts and the average grain size (higher counts
indicate smaller grain size, lower counts indicate larger grain size). This relation can become invalid if
there are radioisotopes in the mineral grains themselves (immature sandstones or arkose), and if there are
differences in the CEC of clay minerals in the different parts of the formation. Both of these situations
are possible in many environments. The former situation would most likely occur in basal conglomerates
composed of granitic debris, and the latter where clay occurs as a primary sediment in shale and another
as an authigenic mineral deposited in pore spaces during diagenesis.

The assumption of a linear relationship between clay mineral fraction in measured gamma activity can be
used to produce a shale fraction calibration for a gamma log in the form:

Csh = (G-Gss) / (Gsh - Gss)

Where Csh is the shale volume fraction, G is the measured gamma activity; Gss is the gamma activity in
clean sandstone or limestone; Gsh is the gamma activity measured in shale.

Calibration of the gamma logging tool is usually performed in large physical models such as the API test
pits in Houston, or the DOE uranium calibration test pits. In hydrogeology, the gamma measurement is
usually a relative log and quantitative calibrations are not routinely performed. However, the stability and
repeatability of the natural gamma measurement is routinely checked with a sleeve of known
radioactivity. It is also common to routinely check the gamma log by repeat logging a section of a well.
Natural radioactive decay follows a Gaussian distribution; that is, approximately 67% of the radioactive
response occurs within + the square root of the count rate. For instance, if a background radiation of 100
CPS is being measured, there is approximately + 10 CPS variability.

Fundamental assumptions and limitations inherent in these procedures are as follows:
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The natural gamma ray log, as with all nuclear or radiation logs, have a fundamental advantage over
most other logs in that they may be recorded in either cased or open holes that are fluid or air filled.

Borehole fluid and casing may attenuate the gamma values.

Excessive borehole rugosity, often caused by air drilling, may degrade natural gamma ray log results.
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F. Electrical Measurements

All electrical logs require the presence of the borehole fluid to carry the current from the probe to the
formation, and therefore these devices do not work above fluid level. Quantitative formation electrical
resistivity, spontaneous potential and qualitative single point resistance can be measured with a combination
tool. The operational features of each measurement is discussed under the measurement heading.

16-inch and 64-inch Normal Resistivities

Formation resistivity is dependent on the fluid salinity, permeability, and connected fracture paths within the
depth of investigation of the measurement. Measured resistivity is also controlled by particle surface
conduction in clastic environments. The resistivity measurement decreases in larger diameter boreholes and
areas in which the borehole has been broken out, and/or highly fractured. The above responses allow
interpretation of lithologic types, correlation of beds, estimation of fluid quality and possible fractured zones.

A constant current is supplied to the downhole current electrode and the resulting voltage drop is measured
on the return electrodes 16" and 64" away from the current electrode. The resistivity of the surrounding
media (which includes the borehole fluid) is derived from Ohm's Law and the geometry of the electrode
arrangement. The static electric field which results from the geometric arrangement of electrodes is ideally a
sphere 16" or 64" in radius (for the short and long normal functions respectively). The presence of the
borehole diameter and mudcake affects the measurement sphere by decreasing the lateral extent, and
increasing the vertical extent. Borehole corrections based on the borehole fluid resistivity can be made, but
these corrections do not address the effects of vertical averaging. Accurate interpretation of the logs
minimizes this averaging effect. The influence of the borehole size becomes less with smaller diameter
boreholes. Calibration of the 16" and 64" normals is performed in the field with a resistance box which tests
a range of known resistivities from 0.0 ohm-m to 10,000 ohm-m.

Single Point Resistance (SPR)

The SPR measurement is controlled by rock and fluid parameters in much the same way as resistivity logs.
SPR is a simple system of two electrodes (the resistivity current electrode) and a surface electrode. Current
is passed through the formation and voltage differences are measured between the two electrodes. The
measured resistance includes the resistance of the cable, borehole fluid, and the formation around the
borehole. The current density is higher near the borehole electrode and surface electrode. Since the current
density at the surface electrode is constant, formation variations close to the probe produce the resistance
changes visible on the logs. Since there is a single downhole electrode, not an array, the log effectively
shows a point measurement. This gives a very "responsive", high vertical resolution measurement. Though
the single point resistance cannot be calibrated quantitatively, its instantaneous response is a good boundary
indicator, and does show a more well defined response than the 16" or 64" normals.

Spontaneous Potential (SP)

The SP is a measurement of the naturally occurring potential in the borehole. This naturally occurring
potential is most often caused by a concentration gradient between the borehole fluid and formation fluid
(electro-chemical), and requires the presence of a clay rich/porous media interface to occur.
Reduction/oxidation (redox) interfaces and streaming potentials (electro-kenetic) caused by the flow of fluid
in or out of the borehole are also causes for the occurrence of spontaneous potential. In fresh water
environments where the drilling fluid is natural or the salinity is near the formation pore fluid salinity the
electro-chemical potential is minimized. The absence of sulfide mineralization or fluid movement into or out
of the formation may minimize the redox and streaming potentials.
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Fundamental assumptions and limitations inherent in these procedures are as follows:
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The range within which a given device is accurate is different for the different measurement
techniques. This range shall be specified for each device, and the appropriate device shall be selected
for the borehole under investigation.

The properties of the borehole and borehole fluid influence the response of normal resistivity logs in
what is commonly known as “Borehole Effects”. As the hole diameter increases, these effects
become more pronounced. These effects have been quantified, and log data may be corrected based
on standard techniques.

The geometry of the logging probe such as the positions of the source and measurement electrodes
of resistivity type probes affects the measurement values.

The ability of a given measurement to accurately measure resistivity across a thin bed is a function
of the geometry and of the resistivity contrast and bed thickness.

The distance away from the borehole which influences a given measurement is a function of the
geometry and the radial distribution of electrical properties.

The log should be recorded with the tool moving up the borehole, but measurements can be made
while logging downward also. In fact, in deep wells, it is suggested that data be recorded while
running in the well, just in case hole conditions or tool problems prevent getting a good log in the up
direction.

The electric resistivity measurement is adversely affected by metalic or ferrous material in the
vicinity of the probe.

Electric resistivity measurements can not be performed through PVC, fiberglass or steel casing.



G. Fluid Temperature/Resistivity (Conductivity)

Geothermal gradients in the near surface earth are usually dominated by conduction, and are generally
linear increasing with depth due to the relative constancy of the thermal conductivity of earth materials.
Convective heat flow within the borehole fluid is caused by formation fluid entering or leaving the
borehole at some permeable interval. Therefore, deviations from the linear thermal gradient can be
attributed to fluid movement. Both the thermal gradient and fluid resistivity profile of the borehole fluid
can be obtained with the same probe. The temperature is measured with a thermistor and the fluid
resistivity is measured with a closely spaced Wenner electrical array.

Slope changes in both the temperature and fluid resistivity logs may be indicative of fluid flow between
the formation and the borehole. Both responses are affected by drilling method, time since circulation,
mud type or additives and well development procedures.

A differential temperature log is a calculated curve that amplifies slight slope changes in the temperature
gradient and can assistance in the interpretation of the fluid temperature log. As the probe is lowered
downhole, small changes in the slope of the temperature curve are identified by a differential curve that is
plotted from a center zero line. The differential temperature is constructed by using a temperature point at
one depth and subtracting a point at a lower depth throughout the entire logged interval.

(temperature value Depth 1) - (temperature value Depth 2) = differential value

In real time the differential values are calculated across the acquisition digitizing interval (e.g. 0.1 to 0.5
ft). Because of the small digitizing interval the calculated real time differential curve may only identify
larger temperature gradient deviations. Another differential temperature can be constructed in post
processing over a larger sample interval (sometimes up to 2 ft). This log commonly provides a more
diagnostic differential curve and is used frequently in the temperature profile interpretation.

The fluid resistivity in the borehole is controlled primarily by the salinity. Therefore, salinity
stratification, or the introduction of a fluid of different water quality into the borehole, can be observed by
changes in the fluid resistivity log. Often, the exchange of fluid between the formation and the borehole,
influences both the temperature and the fluid resistivity so that the response is evident in both logs.

Temperature corrected resistivity can be converted to equivalent NaCl salinity in parts per million
(Bateman and Konen, 1977). A salinity profile can then be plotted which indicates the general water
quality trend of the borehole fluid. If the assumption is made that the borehole fluid is in equilibrium
with the formation fluid, then the borehole salinity profile can be interpreted as a formation fluid salinity
profile. Differences between these profiles from well to well, may contain information concerning the
extent of hydraulic connectivity in the area.

Fundamental assumptions and limitations inherent in these procedures are as follows:

e The borehole temperature log is usually the first log run in a borehole and, unlike virtually all other
logs, is run while the probe is moving down the hole. The exception to running this probe first,
however, would be if any optical measurement is to be acquired. The idea is that the logging of the
temperature/resistivity probe may stir up the wellbore fluids inhibiting the optical device.
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The recorded borehole temperature is only that of the fluid surrounding the probe, which may or
may not be representative of the temperature in the surrounding rocks.

In most wells the geothermal gradient is considerably modified by fluid movement in the borehole
and adjacent rocks.

Temperature logs are generally recommended for uncased fluid-filled boreholes, but may be used in
fluid-filled cased wells for some applications.



H. Full Waveform Sonic

Full Waveform Sonic Methodology

Digital full-waveform sonic (FWS) data is acquired with a Mount Sopris Instruments 2SAF probe, that
can be configured with two or three receivers at fixed separations from the sonic transmitter. The
acquisition software allows the real-time viewing of the waveforms as they are written directly to hard
disk. The waveforms can also subsequently be viewed and processed for amplitude, frequency, and
velocity information. Functionality and repeatability of the probe is monitored by logging in an
ungrouted, fluid-filled, steel pipe, and by repeat logging of boreholes at each project.
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Figure: Real-time presentation from the sonic acquisition software, illustrating the output of a 2SAF configured with
two receivers.
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Figure: Example of a typical waveform pair with the tube wave annotated.

The FWS log, recorded in the time domain at two or three downhole receivers, consists of interacting
sonic waves generated by a 30 kHz acoustic energy pulse from the downhole transmitter. Sonic logs can
only be obtained in the fluid filled portion of the borehole, and the propagation of these waves is
controlled by the borehole wall/fluid interface, at which head waves are critically refracted and
complicated reflections occur.

Sonic transit time is the compression-wave travel time, per foot of rock, and represents the inverse of
velocity (i.e., greater transit time equals slower velocity). Often referred to as "delta-T" because it is the
difference in arrival times between two receivers spaced one foot apart, transit time can be used to
characterize rock lithology, consolidation, and presence of discontinuities. These characterizations,
however, usually require calibration from core data unless regional relationships are available. Transit
times are also used to help in the processing of seismic reflection and refraction data.

The tube wave is a guided fluid wave that travels along the borehole wall/fluid boundary at a velocity
slightly slower than the speed of sound in water.
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Figure: Probe schematic for the 2SAF sonic probe.

Vertical stacking of the individual waveforms creates the full waveform display, which uses a banded
presentation to represent the sinusoidal nature of sonic waves. By convention, black bands represent high
amplitude waves above the centerline, dark gray is the low amplitude portion of the positive wave, while
light grey is the low amplitude portion of the negative wave below the centerline, and white is the high
amplitude portion of the negative wave. The degree of discontinuity of the rock is reflected by the
deviation from parallel banding in the FWS VDL display. The velocities and other information obtained
from sonic logs are used to determine the lithology, formation porosity, cement bonding, formation
weathering, rock strength, and to identify fractures.
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I. Formation Conductivity (Induction)

The induction measurement is made by using a magnetic field to induce electric currents in the material being
surveyed. Because the magnitude of these electric currents is proportional to the conductivity of the media
being measured, the magnetic field generated by the induced electric current is measured.

The tool is designed to measure formation conductivity in millisiemens per meter (mS/m) which is converted
to resistivity in software. This probe also measures the rate of change of the magnetic susceptibility as a
percent of primary magnetic field, however the tool has been optimized for conductivity readings and the
magnetic susceptibility measurements are qualitative. For the purposes of this investigation, the magnetic
susceptibility measurements provided no additional information and were not plotted.

Fundamental assumptions and limitations inherent in these procedures are as follows:

e The EM induction measurement is adversely affected by metallic or ferrous material in the vicinity
of the probe.

e The EM induction measurement can be effected, though not adversely, but the conductivity of the
wellbore fluid present and the fluid in the formation.

e Because the EM induction measurement is spherical, major borehole washouts may effect the
measurement of formation conductivity at that depth.

e The EM induction measurement can be performed through PVC casing if need be.

29



26

MW-1 Geophysical Report

1.0 Geophysical Logging

On May 5™ and May 8", 2008, downhole geophysical investigations were performed in boring
MW-1. The geophysical logs performed were: ambient fluid temperature and fluid conductivity,
natural gamma, EM conductivity and vertical seismic profiling (VSP). The data for these logs are
presented in the MW-1 Geophysical Summary Plot at the end of this well report.

1.1 Ambient Fluid Temperature/Fluid Conductivity

On May 5™, 2008, an ambient fluid temperature and electrical fluid conductivity (FEC) profile
was acquired in MW-1 to a depth of 142.5 feet. The ambient temperature log is relatively
featureless with the exception of an anomaly at approximately 48.9 feet. As this anomaly is at a
depth corresponding to blank PVC casing, this anomaly is likely not the result of flow. At the
screened interval of interest of 133.0 to 143.0 feet the ambient fluid temperature and FEC profiles
are relatively featureless. The ambient FEC profile registers a nominal 294 to 296 puS/cm at the
screened interval. The ambient temperature profile registers a nominal 6.70 degrees C at the top
of the fluid column and 5.11 degrees C at the interval of interest.

1.2 Natural Gamma

On May 5", 2008, a natural gamma profile was acquired in MW-1 to a depth of 141.7 feet. The
natural gamma profile is relatively featureless ranging in gamma counts of 22 to 91 counts per
second (CPS).

1.3 EM Induction Conductivity

On May 5", 2008, an EM conductivity profile was acquired in MW-1 to a depth of 140.5 feet.
The EM conductivity profile registers an anomaly at 133 feet indicating the top of the screened
interval and at 21.7 feet indicating water level. The EM conductivity log registers a nominal 175
mSeimans/meter above 133 feet and 183.6 mSeimans/meter below 133 feet.

1.4 Vertical Seismic Profile (VSP)

On May 8™, 2008, a vertical seismic profile (VSP) investigation was conducted in MW-1 to a
depth of 140 feet. Four distinct intervals of specific velocity were observed in MW-1 at 15 to
47.5,47.5t0 77.5,77.5 to 130 and 130 to 140 feet, registering 5,706, 8,200, 12,400 and 3,338 feet
per second (fps). The deepest calculated velocity is derived from low P-wave energy data. As
such, the calculated value of 3,338 fps is suspect. The higher velocity value is consistent with
limestone bedrock.
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MW-2 Geophysical Report

1.0 Geophysical Logging

On May 7™ and May 8", 2008, downhole geophysical investigations were performed in boring
MW-2. The geophysical logs performed were: ambient fluid temperature and fluid conductivity,
natural gamma, EM conductivity, vertical seismic profiling (VSP) and water chemistry (pH,
ORP, DO). The data for these logs are presented in the MW-2 Geophysical Summary Plot at the
end of this well report.

1.1 Ambient Fluid Temperature/Fluid Conductivity

On May 7™, 2008, an ambient fluid temperature and electrical fluid conductivity (FEC) profile
was acquired in MW-2 to a depth of 61.7 feet. The ambient temperature log indicates an anomaly
at the top of the screened interval at 52 feet. Above 52 the temperature log registers a nominal
6.01 degrees C. Below 52 feet the temperature log registers a nominal 5.15 degrees C. The
temperature profile is featureless within the screened interval. The ambient FEC profile registers
a nominal 368 uS/cm at the top of the screened interval at 52 feet and is observed to increase with
depth to 377 uS/cm at 61.7 feet (TD).

1.2 Natural Gamma

On May 7" 2008, a natural gamma profile was acquired in MW-2 to a depth of 57.6 feet. The
natural gamma profile indicates a high-gamma count anomaly at 46 to 50 feet. The natural
gamma profile ranges from 16 to 92 CPS.

1.3 EM Induction Conductivity

On May 7™, 2008, an EM conductivity profile was acquired in MW-2 to a depth of 59.4 feet. The
EM conductivity profile does not register usable data, for unknown reasons, though the anomalies
have the character of registering metal nearby. It is possible there is rebar or other metal under
the asphalt in the immediate vicinity of the well. Two different EM conductivity probes were
utilized on MW-2 and both registered the same result, along with repeat logs.

1.4 Vertical Seismic Profile (VSP)

On May 8™, 2008, a vertical seismic profile (VSP) investigation was conducted in MW-2 to a
depth of 57.5 feet. Three distinct intervals of specific velocity were observed in MW-2 at 5 to 15,
15 to 30 and 30 to 57.5 feet, registering 5,936, 1,921 and 7,178 fps.

1.5 Water Chemistry (pH, ORP, DO)

On May 7", 2008, an ambient pH, oxidation-reduction potential (ORP) and dissolved oxygen
(DO) profile was acquired in MW-2 to a depth of 61.8 feet. The pH profile registers a high-pH
anomaly at water level, which is typical of this type of log. Below water level the pH
measurement decreases with depth until the top of screened interval at 52 feet. Below 52 feet the
pH registers a nominal 7.45 through the screened interval. The DO measurement registers regular
low-DO anomalies every 4 feet approximately, perhaps the result of casing joints. Within the
screened interval the DO measurement increases with depth, registering 2.36 to 2.47 percent.



Ly Project: LO-58 Well ID:  MW-2 Date Logged: 7 May 2008
T Location:  Aroostook County, Caribou, ME | Log Ref.: Top PVC Casing Hole Diameter: 8" Nom. to TD
Depth Logger: 61.6 ft Log Ref. Elev.: 589.36 ft above MSL | Csg Size/Type: 2"PVC
%@ Depth Driller: 62 ft bgs Recorded by: G. Bauer Witnessed by:  A. Fuller
Gamma: Gamma SN# 311, depth err. 0.10 ft, speed 10 ft/min o | Ground Elevation: 587.6 ft aMSL. « | All depths here referenced to top PVC casing unless noted otherwise.
3 | Cond.Res.: 2PIA SN# 2041, depth err. 0.10 ft, speed 10 ft/min £ | Natural Gamma log includes K, U, and Th. E | Measured casing stick up above ground surface: PVC 1.75 ft, Steel 2.54 ft.
3 o Fluid Temp: HpL SN# A, depth err. 0.08 ft, speed 5 ft/min & Jwater Quality logs performed under ambient conditions. & | Steel outer casing total depth 13.3 ft bgs, estimated from induced cond. log.
] ©| Fluid Cond/pH/O2: WQ SN# 3048, depth err. 0.08 ft, speed 4.5 g Ambient Water Level about 27.4 ft (25.7 ft bgs). g Other well consturction info taken directly from drilling report.
ft/min © | Suspected metel underground affecting logs. Missile pad area. © [ Measured and drill report PVC stickup differ.
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MW-3 Geophysical Report

1.0 Geophysical Logging

On May 6™ and May 8", 2008, downhole geophysical investigations were performed in boring
MW-3. The geophysical logs performed were: ambient fluid temperature and fluid conductivity,
natural gamma, EM conductivity, vertical seismic profiling (VSP) and water chemistry (pH, DO).
The data for these logs are presented in the MW-3 Geophysical Summary Plot at the end of this
well report.

1.1 Ambient Fluid Temperature/Fluid Conductivity

On May 6™, 2008, an ambient fluid temperature and electrical fluid conductivity (FEC) profile
was acquired in MW-3 to a depth of 48.4 feet. The ambient temperature log indicates an anomaly
at the top of the screened interval at 39 feet. Below 39 feet the temperature log registers a
nominal 6.38 to 6.63 degrees C. The temperature profile is featureless within the screened
interval. The ambient FEC profile registers approximately 663 uS/cm at the top of the screened
interval at 39 feet and 643 uS/cm at near TD. The FEC observed in MW-3 is notably higher than
other wells on site.

1.2 Natural Gamma

On May 6™, 2008, a natural gamma profile was acquired in MW-3 to a depth of 47.5 feet. The
natural gamma profile is relatively featureless with gamma counts ranging from 50 to 69 CPS,
with the exception of the low gamma counts that are likely the result of near-surface effect.

1.3 EM Induction Conductivity

On May 6™, 2008, an EM conductivity profile was acquired in MW-3 to a depth of 46.5 feet. The
EM conductivity profile is rather erratic below 31.5 feet registering approximately 100 to 150
mSeimans/meter. Below 43.1 feet the conductivity log registers -1,400 mSeimans/meter —
possibly the effect of metal near the well.

1.4 Vertical Seismic Profile (VSP)

On May 8™, 2008, a vertical seismic profile (VSP) investigation was conducted in MW-3 to a
depth of 45 feet. Three distinct intervals of specific velocity were observed in MW-3 at 5 to 20,
20 to 30 and 30 to 45 feet, registering 2,031, 3,435 and 11,492 fps. The deepest interval was
calculated using a two-point calculation between 30 and 45 feet due to high scatter in the data set.

1.5 Water Chemistry (pH, DO)

On May 6", 2008, an ambient pH, oxidation-reduction potential (ORP) and dissolved oxygen
(DO) profile was acquired in MW-3 to a depth of 48.4 feet. The pH profile registers a low-pH
anomaly at 39 feet. Below 39 feet the pH registers a nominal 7.57 with a minor high-pH anomaly
at 42.3 feet. The DO measurement registers a low-DO anomaly at 39 feet, the top of the screened
interval. Below 39 feet the DO registers 10.67 to 10.8 percent.



Ly Project: LO-58 Well ID:  MW-3 Date Logged: 6 May 2008
T Location:  Aroostook County, Caribou, ME | Log Ref.: Top PVC Casing Hole Diameter: 8" Nom. to TD
Depth Logger: 48.85 ft Log Ref. Elev.: 570.63 ft above MSL | Csg Size/Type: 2"PVC
m Depth Driller: 47 ft bgs Recorded by: G. Bauer Witnessed by:  A. Fuller
Gamma: Gamma SN# 311, depth err. 0.10 ft, speed 10 ft/min o | Ground Elevation: 567.5 ft aMSL. « | All depths here referenced to top PVC casing unless noted otherwise.
3 | Cond./Res.: 2PIA SN# 2041, depth err. 0.10 ft, speed 10 ft/min £ | Natural Gamma log includes K, U, and Th. E | Measured casing stick up above ground surface: PVC 3.38 ft, Steel 3.79 ft.
3 ] Fluid Cond: HpL SN# A, depth err. 0.10 ft, speed 5 ft/min & Jwater Quality logs performed under ambient conditions. & | Steel outer casing total depth 16.0 ft bgs, estimated from induced cond. log.
] ©| Fluid Temp/pH/O2: WQ SN# 3048, depth err. 0.08 ft, speed 4.0 g Ambient Water Level about 13.7 ft (10.32 ft bgs). g Other well construction info taken directly from drilling report.
ft/min © © [ Measured and drill report PVC stickup differ.
Geophysics Water Quality Well Data
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MW-4 Geophysical Report

1.0 Geophysical Logging

On May 6™ and May 8", 2008, downhole geophysical investigations were performed in boring
MW-4. The geophysical logs performed were: ambient fluid temperature and fluid conductivity,
natural gamma, EM conductivity and vertical seismic profiling (VSP). The data for these logs are
presented in the MW-4 Geophysical Summary Plot at the end of this well report.

1.1 Ambient Fluid Temperature/Fluid Conductivity

On May 6™, 2008, an ambient fluid temperature and electrical fluid conductivity (FEC) profile
was acquired in MW-4 to a depth of 82.3 feet. The ambient temperature log is relatively
featureless in the interval of interest, ranging in temperature from 4.16 to 4.13 degrees C. The
ambient FEC profile indicates some stratification of wellbore fluids inside the blank casing at 58
feet. Below 58 feet the ambient FEC profile registers a nominal 416 to 421 uS/cm within the
screened interval. A minor high-FEC anomaly is observed at 79 feet within the screened interval.

1.2 Natural Gamma

On May 6™, 2008, a natural gamma profile was acquired in MW-4 to a depth of 81.2 feet. The

natural gamma profile is relatively featureless ranging in gamma counts of 29 to 75 counts per
second (CPS).

1.3 EM Induction Conductivity

On May 6™, 2008, an EM conductivity profile was acquired in MW-4 to a depth of 80.1 feet. The
EM conductivity profile registers an anomaly at 72 feet indicating the top of the screened interval
and 31.2 feet indicating water level. The EM conductivity log registers a nominal 176
mSeimans/meter above 72 feet and 186 mSeimans/meter below 72 feet.

1.4 Vertical Seismic Profile (VSP)

On May 8", 2008, a vertical seismic profile (VSP) investigation was conducted in MW-4 to a
depth of 80 feet. Three distinct intervals of specific velocity were observed in MW-3 at 5 to 30,
30 to 47.5 and 47.5 to 80 feet, registering 4,529, 6,548 and 6,678 fps. The deepest interval was
calculated using a two-point calculation between 47.5 and 80 feet due to high scatter in the data
set.
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Project: LO-58 Well ID:  MW-4 Date Logged: 6 May 2008
Location:  Aroostook County, Caribou, ME Log Ref.: Top PVC Casing Hole Diameter: 8" Nom. to TD
Depth Logger: 82.7 ft Log Ref. Elev.: 605.45 ft above MSL | Csg Size/Type: 2"PVC
Depth Driller: 82 ft bgs Recorded by: G. Bauer Witnessed by:  A. Fuller

Gamma: Gamma SN# 311, depth err. -0.08 ft, speed 10 ft/min o | Ground Elevation: 603.4 ft. aMSL. « | All depths here re