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Site Location
Chestertown MD USA
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e Background Information

er River Hospital Center 7.1 Acres
evelopment since 1935 as hospital

Dil release discovered May 1991 (10,000 Gal.t ank was
/ over a weekend)... likely leaking for years

> Water supply well 850 ft. (259 m) down gradient, shut
until remediation system was installed

1dwater remediation system installed 1991

Earth Data report indicated = 83,452 Gal. (315,900 L) of
L removed from site between 1991 to July 2012

on of MDE 12 month Closeout Monitoring  July 2012 to
2013, and the treatment system was shut off;

ovels of TPH (DRO) detected in June 2013 at Eight (8) of
teen (17) downgradient monitoring wells @

) & Treatment System Turned Back On!
holder Concerns Started Mounting!
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stertown Wellhead Protection Area (Unconfined Aq uifer)
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ology & Hydrogeology

ndwater and Surface water drains into the
ter River, a tidal tributary of Chesapeake Bay

h west)

ed sand and silty sand to approximately 120 ft.
ia Formation, primary aquifer near site;
sauken Formation, generally absent near site)

r-table elevations fluctuate seasonally between
> feet [Smear Zone] with depth to groundwater

nd 30 - 50 ft. bgs on-site

tertown’s water supply from an ‘Unconfined
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fer

for a changing world =—
US. Departirent of the nterior Power Plant Assessirent Program)
US. Geological Suvey Maryland Departient of Natural Resources
77°00 76°30
EXPLANATION “BALTIM ORE\_HARFORD N
39°30 |- ¥~ AN s
QUTCROP AREA OF THE AQUIA AQUIFER-Aquifer [~ [, N N ~J|

is inthe Aquia Formation of Paleocene age.

-+ APPROXIMATE DOWNDIP BOUNDARY OF THE |- |
. owson
—-20— POTENTIOMETRIC CONTOUR-Shows altitude at BZﬁ.TlM%RE :
which water level would have stood in tightly ey
cased wells. Dashed where approximately N N\
located. Contour interval 20 feet. National -
Geodetic Vertical Datumof 1929 (sea level). N L
WHLL—Nunrber is altitude of water level, infeet  |_—~/.
above or below (-) sea level, where water-level
measurenrents are available. Symbol indicates
average yield fromwell or well field, in gallons
per day, using 2004 and 2007 withdrawal data.
"2 Less than 10,000 gallons per day
O 10,000to 100,000
@ 100,000t 1,000,000
@ Greater than 1,000,000
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Prepared by West Trenton
Publishing Service Center.
Edited by Valerie M. Gaine.
Graphics by Tinothy W. Auer.

For additional information, contact:
Director

MD-DE-DC Water Science Center
L US. Geological Survey

5522 Research Park Drive
Baltinore, MD 21228

or visit our Web site at:

s
httpy/nd.water.usgs.gov ) 0 10 KILOMETERS

BASE FROM USGS DIGITAL LINE GRAPH, 1:250,000
Potentionetric Surface of the Aquia Aquifer in Southern Man
Septenber 2007

Stephen E. Curtin (USGS), David C. Andreasen (MGS), and Andrew W. Staley (|

Qpenfile Report 2009-1080
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Historical Product Levels (ft.) 1991 - 2013
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Recent Product Levels (ft.) 2013-2015
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takeholder Concerns

Chester River Chestertown
lospital Center Water Supply

ime to Closure * Hydraulic Control
>20 Yrs.) * Off-site TPH Migration
: e Risk to Well Field

ligh Costs $5S/yr. O&M (Town Aquifer)
nvironmental Risks e Legal Concerns

egal Liability  Communications
Nedia Relations [Did not know about 2012 closure]

ublic Perception e Public Perception

Maryland Department
of Environment (MDE)

Regulatory Oversight
Off-site Migration
Clean-up Standards
Mediation

Legal Concerns
Public Perception



‘eatment System Background

wver twenty (20) years CRHC'’s focus was:
emove liquid petroleum hydrocarbons (free product)

emediate the groundwater using a “Pump and Treat”

&T) system consisting of six (6) recovery wells, four (4) g
e-filters (sediment and Fe), and two (2) MYCELXCELX® } ’
tration units, with discharge to storm sewer

- expanded to Seven (7) Recovery wells and present
ion/treatment system

System Designed for 100-120 Gallons of groundwater
ninute (379 to 455 L/min) extraction rate requiring
ment (They have effective hydraulic control on-site)

3,452 Gallons (315,900 L) of LNAPL product recovered between 1991 - July 2012



Treatment System

ecovery wells pump into Pre-treatment Filtration
holding tank (wet well) system (sediment)




‘Pump and Treat’ - Treatment System

Discharge to Storm Sewer — Under MDE Discharge



‘Pump and Treat’ - Treatment System

(Holding Bag Filter Mycelx

Storm

Discha
I tan!(, sample (Pre-treatment) Treatment
ocation @ each (sample loc

well inflow)




Maryland Department of Environment GW Cleanup Standards for Type | and Il Aqu

Benzene Toluene Ethylbenzene Xylenes Total BTEX MTBE Naphthalene TPH-DRO TP
ug/L mg/L
5 1,000 700 10,000 NA 20 NA 0.047 (

Interim Risk Based Goal: < 1 |

n-Alkane  Aromatic Boiling Point Sample

Agency Range Range Range Preparation Analysis BACEGROUND:
Qe Organics) USEFA C10-C28 n'a 170-430°C sobvent extraction GCFD }lnu,.!yéic al Methods

Alaska C10-C25 n'a 170-400 *C solvant extraction GIFID

Wisconsin C10-C28 n/a 170-430 %C sofvent extraction GCFID RELATIONSHIP OF MADEP VPH/EPH/APH TO TPH AND GRO
Patroleurmn Hydrocarbons) Massachusatts 9-C36 -2 150-265 *C sofvent extraction GCFID

+ SPE fractionation
e Total Patroleum Hydrocarbons)  Connecticut C9-C36 n'a n/a solvent extraction GCFID
ange Crganics) LU= ERA Ce-C10 na 60-170°C purgestrap or GCFD
direct injection

Alaska Ce-C10 n'a 60-170°C purgestrap GCFID

Wisconzin o n'a G020 °C purgaetrap GEFID
Range Crganics) Florida CB-CA0 n/a n/a solvent extraction GFID
1 Volatile Organic Compounds) Wisconzin i n'a ED-EE‘{I “C purgatrap GEPID
nology and Remediation Series)  New York * * * * GEMS
eum Hydrocarbons) Texas C6-C35 n/a n/a salvent extraction GIFID

Washington CHC30 n'a n/a solvent extraction GCFID
roleum Hydrocarbons) Massachusetts C5-C12 C2-C10 36-220°C purgatrap GPID-FID

nies the FVOC analyte list as the Wisconsin GRO st minus naphthalene.

2 of Mew York document that provides guidance on the handling, disposal, andfor reuse of excavated petroleum-contaminated soll, with MADEP VPH/EPH/APH Guidance Document June 2001
MS per US EPA Methods 8250 and 8270, modified with short, specific analyte lists.




How Did We At IVEY Get Involved...
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SURFACTANT ENHANCED PUSH -PULL METHOD
Pilot Scale In -situ Application
July — August 2014

Completion of Three (3) Push -Pull Applications
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Injection and Extraction
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1:50 Ratio of lvey-sol
To Water For The
Pilot Scale
Application




IVEY Developed Field Testing Method for Surfacta
Has >96% correlation with laboratory testing
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Injection Radius of Influence
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SCALE:
AS SHOWN

DRAWN BY:

DATE:
01/02/2015

EBA ENGINEERING, INC.
4813 SETON DRIVE
BALTIMORE, MD. 21215
Tel: (410)358-7171 Fax: (410) 358-7213
www.ebaengineering.com

EBA

Appendix D Figure 3— Pilot Study Capture Zone During Extraction



TPH-DRO Mass Recovery Calculations

/-sol® Injection #1 426% Increase in TPH-DRO
/-sol® Injection #2 6,240% Increase in TPH-DRO
/-sol® Injection #3 6,846% Increase in TPH-DRO

/-sol® Injection #1 7,333% Increase in TPH-DRO
/-sol® Injection #2 5,133% Increase in TPH-DRO
/-sol® Injection #3 5,156% Increase in TPH-DRO

/-sol® Injection #1 Not Calculated (Missed Sample)
/-sol® Injection #2 18,966% Increase in TPH-DRO
/-sol® Injection #3 3,226% Increase in TPH-DRO

/-sol® Injection #1 948% Increase in TPH-DRO
/-sol® Injection #2 824% Increase in TPH-DRO
/-sol® Injection #3 3,737% Increase in TPH-DRO

Averaged TPH- DRO Concentration Pre Injection Event
[Pre_Ivey-sol injection TPH-DRO (ppm) X Concentrations

Averaged TPH- DRO Concentration Post Injection Event
[Post lvey-sol Injection TPH-DRO (ppm) X Concentrations

Mass Recovery =

[Averaged TPH-DRO Concentration Post Injection Event] )
[Averaged TPH-DRO Concentration Pre Injection Evel

= % Mass Recovery Increase For The lvey-sol ® Push- Pull Ex

Mass Recovery Calculations Completea
by EBA Engineering

EB.



SUMMARY

result of the investigations, analysis, and calculations of mass recovery the Tecl
' determined that in the Push-Pull wells recovery rates were significantly enhar

ne thousand percent (1,000%) to Eighteen thousand percent (18,000%) TPH

polation:

1bstantial soil and groundwater remediation results can be achieved from usi
ush-Pull’ Ivey-sol® process at the original up-gradient source area and the se
id to down-gradient regions of the TPH plume

fective for treating sorbed TPH in smear zone
1sy to inject ‘Push’ and does not require pressure using gravity feed

eld surfactant test minimized volume of groundwater extracted during the ‘P
1ase

cale:
DE approved full scale application in June 2015 (Priority Zone 1, 2, 3, 4 Approach)
arted Full Scale applications on August 31, 2015 (Early results look very promising)



CONTACT INFORMATION

lvey International Inc .
George (Bud) Ivey, B.Sc., CES, CESA, P.Chem., EP
President and Senior Remediation Specialist
Mobile: + 1 250 203 0867
Email: budivey@iveyinternational.com

Web: www.iveyinternational.com
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