AREA B GROUNDWATER
INVESTIGATION
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Overview of Topics

1 Brief background of Area B and previous work

1 Objectives of the current phase of work

J Brief summary of historical surface water data

] Status of field activities -- started in February 2011

J Review the schedule and anticipated path forward
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Previous Studies/Action

 The Army has been doing groundwater investigations at Area
B since 1974

* Bulk of the work conducted between 1992 up to the present
e 76 monitoring wells have been installed and sampled

« Surface water/sediment/soil sampling has been conducted
* Dye trace studies completed

* Waste removal and capping completed in former disposal
areas.
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Objectives of Current Study

* Further assess the depth and extent of the known
contamination

« Further assess the full range of possible chemical
compounds

* Further assess groundwater flow directions including
potential deep groundwater flow under Carroll Creek

* Further assess the potential for vapor intrusion into on
and off site buildings
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Summary of Surface Water Detections

. PCE/TCE not detected

® PCE/TCE detected below drinking water
standard (MCL)

@ PCE/TCE detected above drinking water
standard (MCL)
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Solvent Dilution Rapidly In Surface Water

‘ PCE/TCE not detected

® PCE/TCE detected below drinking water
standard (MCL)

PCE/TCE detected above drinking water
standard (MCL)
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» Low or non-detect concentrations found downstream of detections.




Status of Work
Completed or In
Progress



Status of Work

Existing well assessment and repair

(Camera and horizontal flowmeter surveys)

New well installation

Dye trace study

Spring and Seep Surveys
Direct Push Investigation
Vapor Intrusion Sampling

Groundwater/Surface Water Sampling

February 2011 to April 2011

April 2011 to Fall 2011

Pending ROEs

Pending ROEs

Pending ROEs

Pending ROEs

2011/2012



EXISTING WELL
ASSESSMENT



Existing Well Assessment & Repalr

* Assessed all wells inside the Area B Boundary

 Completed 91 down-hole video logs to assess condition of
screen/sediment load in bottom of existing wells and confirm well specs.

* Redeveloped 29 existing wells to remove sediment and ensure
representative groundwater samples.

« Completed general well repairs to surface casings such as replacing
damaged hinges, damaged lids, and damaged stick up casings. More
extensive repairs or well abandonments to be recommended to
EPA/MDE.

« Completed 78 horizontal flow meter surveys in 38 existing wells to
assess local flow directions at each well



Horizontal Flow Meter Survey

Fort Detrick Area B Location’ BMWS55D(78)
Horizontal Borehole Flowmeter Study Validation Result: Acceptable
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Test Statistics Rose Diagram of Flow Direction After Equilibration

Duration of full test: 74.0 minutes
Total number of colloid tracks 1631

End of equilibration period 25 minutes
Duration of test after equilibration 49.0 min

No. of colloid tracks after equlibration 873

Cross-Borehole Direction
Average 337 degrees
Standard Deviation 21 degrees

Cross-Borehole Velocity
Average 160 um/sec Notes:

Standard Deviation 61 um/sec 6102011

78 test intervals to assess micro-scale flow directions within existing wells
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General Groundwater Flow In Limestone/Karst

Fractures and voids present in the
subsurface

Groundwater flows from high head to low
head but indirectly via fracture drainage
system

Flow/discharge to creek




General Groundwater Flow In Limestone/Karst

Contamination follows fractures
ultimately discharging to creek but
complex flow path

Contaminant discharge to creek




Horizontal Flow Meter Survey

Figure 1: Plot of hypothetical
flow meter results. Black arrows
indicate generalized
groundwater flow direction
(toward stream). Red arrows
indicate hypothetical local flow
directions obtained from
horizontal flow meter.
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Groundwater Flow Similar to River

Drainage System

Figure 1: Black arrows indicate
generalized groundwater flow
direction (toward stream) if in
sand aquifer. Red arrows
Indicate hypothetical flow
directions obtained from
horizontal flow meter in karst
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Figure 2: With conduit network and
flow field superimposed on the
figure, it is evident that the flow
directions obtained from the flow
meter represent actual if complex
flow conditions.




WELL DRILLING
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Two drill rigs/crews operating

simultaneously

10 day on/ 4 day off work schedule

Currently in 5t 10

day drilling shift




Two drill rigs/crews operating
simultaneously

10 day on/ 4 day off work schedule
Currently in 5 10-day drilling shift
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Continuous Air,Monitoring Drilling




» Geophysical logging between each
drilling interval.

www ARMgeophysics net
1.888.WELL.LOG
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Depth ATV Amplitude
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screening permanent
wells.

Fracture clearly
visible on the
Optical and
Acoustical
Televiewer Logs

Boring ID: BMW-72



Down Hole Video Camera

High resolution camera is run down selected boreholes
to provide a clear image of subsurface

Drilling information, geophysical information, and video
all assist in location of fractures groundwater may be
travelling In

Show Video log

Imagine the result @ ARCADIS
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Boring Logs

Observations from
drilling, geophysical
logging, and videos
recorded on well logs.

Data is integrated and
used by the
partnership to
determine how the well
should be

built to obtair
the most
useful data

Boring ID: BMW-72

lin thickness indicates relative fracture rank; hatch = broken zone or wash-out; gray zone =
void. Lithology inferred from borehole observations and geophyiscal log.

Driller(s): Shannon Edwards and Sergic Flores, Ir.

Acronyms & Abbreviations: ft bgs = fast below ground surface; AMSL= above Mean Seal Level; NA = not available; 55 = stainless steel; PUC = polyvinyl chioride; ID/0D =
inner/outer dismeter; bkz = broken zone; ATV/OTV = acoustic/optical televiewer; HPFM = heat pulse flow meter; gpm = gallons per minute

ARCADIS PRELIMINARY LOG Boring/welliD:  BMW72
Site: Fort Detrick, Frederick, MD Start Date: 5/9/2011 Borehole Depth (ft bgs): 115
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E
£ e~ 2 b Well Diagram E c s 5 Drilling Geophysics Packer Test
ﬂ g H g' & E 5 i <date, geologist initials> E § 5 § | Observations Observations Observations
08 m< 3 $|&2 63 |8&
0 Approx. 43 bags of
— grout used for surface | Ambient HPFM up
o 370 14-in borehale casing. flow btw 52 and 21 B
(to 20 f) Top of weatherad (0.1 gpm). No flow
| - rock deeper. —
10 v Stressed HPFM 2t 0.54
_ - B-in ID steal Epm
~ 360 casing (to 20 ft) [ —ry —
4 SPAN Cuttings reddish-gray.
[ 20 5 I 215" open frac/void; ]
_ y yields 0.46 gpm
= 350 3 stressed; takes 0.11 e
sk £pm passive.
| ] )% 25.5" frac/void, no ]
30 e HPFM signature
| 02 Multiple lines of evidence
—40 - ot :S—lm:h bo;em;\e }. A Q: —
to 115 ft) <5/16, [ .45 H H N H
i i e ;ac?ag used tolidentify sampling|
A tﬂg 7%' Aa ZONES. |racsaassands;
o g8 e L) 52° frac yields 0.08 -
8 }‘-.‘-J.'c':'. gpm stressed; 0.1 gpm
r 320 AR passive. _
u
L 1 . RS |
B0, = 2 E; — ey - 62 5- £5' zone of open
1 8 w 2 fracs or washout in
B 30| & | Y& claystone interval T
- 13 -
70 ;
| 00| H® .
IES ]
B 200 I
| Frac's at 87 and 32 5,
| - ] E; 1 possibly closed |
a0 ﬁi" bedding planes.
)/ e B
o ] ", ' —
100 g
- 270 | A .
| .
110 PN
§ 260 s b
| 120 B
Motes: Surface elevation estimated. In fracture columin: fractures i from hysical log; ist(s): Andrew McDonzld (AM); Brian Jordan (BJ)




Well Drilling Path Forward

Continue to collect subsurface data

Continue to work interactively with EPA and MDE
to select appropriate intervals of the subsurface to
Install well screens

Drilling will continue for several months

Imagine the result @ ARCADIS



Future Work
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Dye trace study
Spring and Seep Surveys
Direct Push Drilling

Vapor Intrusion Sampling

Groundwater/Surface
Water Sampling

Evaluate deep groundwater flow and the potential for
off-site migration under Carroll Creek.

|dentify and sample discharge areas where
groundwater flows into surface water.

59 off-post borings to assess shallow groundwater
contamination.

Collect sub-slab and indoor air samples at 6 buildings to
assess potential impacts from shallow contamination.

Comprehensive sampling of existing/new wells and
surface water for broad suite of chemicals.
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Schedule & Path Forward

1 July 2011

© 2011 ARCADIS

Drilling continues through to Fall 2011

Comprehensive sampling can only be done
after all new wells installed

Other planned work dependant on obtaining
Right of Entry Agreements (ROES) from
private property owners

ROEs are in process with all property owners
contacted, briefed and provided with
agreements

35% of the properties have agreed.
Continue discussions with others including
the City and County.

2 ARCADIS



Future Work — pending ROEs

Dye trace study Fall 2011
Spring and Seep Surveys Fall 2011
Direct Push Investigation Fall 2011
Vapor Intrusion Sampling Fall 2011

Groundwater/Surface Water Sampling Spring/Fall 2012
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