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OTEK & ARCADIS

OTEK was founded in Australia and is an alliance partner
of Arcadis. OTEK has 20 years experience and 8 offices
in Australia and China, and is recognized as one of the
top consultancies in Australia and the Asia Pacific region.
ARCADIS is ranked in the top 3 in the global environmental
market and 16500 experts worldwide, with over 80 years
experience. Together we have 120 staff in China
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OTEK performs approximately 600 environmental projects
per year in Australia, and with Arcadis we complete several
thousand projects worldwide, meaning we have a wide range
of examples to draw from with all types of contaminants,
and many remediation and treatment techniques involving
that latest technologies as well as refined use of proven
technologies.
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We bring our experience and 16,600 experts worldwide
together, OTEK and ARCADIS combine a deep knowledge
of the local conditions, where they work with fresh global
perspectives for unique, integrated solutions using the
world’s latest technologies.
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We focus on management and ensuring success using
practical solutions, combined with experts in fields, and
research and development projects to ensure the latest
technology is available.
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We specialize in:

BB DT

*  Environmental Due Diligence and Environmental Site
Assessment
PR TR A S R 3T A
*  Soil & Water Remediation
T4 ROk B HE
- Heavy Metals Impacted Soil =4 &5 Je 14
- Cr6+,Cd,Hg,As,Pb etc. A% . 7. fill, HY5E
- Petroleum and Oil Impacted Soil 47 il K 5 4L 115
- InSitu Chemical Oxidation(ISCO) & InSitu

Chemical Reduction (ISCR) JFifizfk 24 fb& i A4k

*  River/Silt Remediation
WL TR ER
- dredging/sediment remediation Biik. RIS
»  Ecological restoration and Ecological Impact

Assessment
BT 5 AW PPN

. Landfill remediation

AR LB E

*  Mining waste remediation
PRI YL

*  Water Treatment
IKALFE

- Industrial water LAV 7K
- Landfill Leachate 13325 Jg i b 7
- Impacted surface water and waste water 54} 3%

IK LR K

1

arcadis.com otek.com.au



f=2 ARCADIS

010K =

Hexavalent Soil & Water Remediation
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Chromium primarily exists in nature in the trivalent and
hexavalent states. Due to its widespread industrial use,
it has been found in many current and former industrial
sites and is often found in contaminated groundwater along
with complex mixtures of pollutants, which can make its
remediation more difficult.
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Many Cr(VI) compounds are highly soluble and exist in
solution as hydro chromate, chromate, and dichromate ions.
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Chromium is used in a wide variety of industrial applications
including the production of stainless and heat-resistant
steels, refractory products such as bricks and mortars,
and in pigments, metal finishing, leather tanning, and
wood preservatives. Both trivalent and hexavalent forms of
chromium are released into the environment as a result of
these industrial uses, as well as from the production and
combustion of fossil fuels, and the smelting and refining of
nonferrous base metals.
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The goal of remediation schemes is to reduce the
carcinogenic, soluble, and mobile Cr(VI) to the less toxic
and less mobile Cr(lll), which forms minimally soluble
precipitates. Successful removal of Cr(VI) hinges upon the
formation and stability of Cr(lll) precipitates.

BRI H bR i B0 T ST R BN A s R
FAC TR NRS S A SR A =04, TR BAR > B v
VUGE. MR BN 5 =R DT S5 I IR EVE A
Ko

Hexavalent chromium is toxic to human and ecosystems
as it is transported into cells via the sulfate transport
mechanisms, taking advantage of the similarity of sulfate
and chromate with respect to their structure and charge.
Trivalent chromium, which is the more common and stable
variety of chromium compounds, is not transported into
cells.
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OTEK can help by properly studying the soil, water and/
or groundwater chemistry, and other pollutants that may
have an affect on the chemical nature of the hexavalent
chromium that is present.
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In general, custom-blended carbon sources may not
be worth their high cost. We typically rely on lower cost
reagents like alcohols, lactate, sugars, and whey as our
carbon source.
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Together with Arcadis, we are committed to developing and
utilizing leading-edge technologies, continually looking for
ways to clean up impacted sites faster and at lower total
cost than ever before.

FAl15Arcadis —I8&, BUITRBAEHSEER, AliE
FHHIR B IG G, FHE AR 2 FT UK.

Our staff leads the industry in developing and publishing
innovative technologies to treat many forms of environmental
impacts. We hold more than 30 patents related to break-
through treatment technologies, and are well known for our
innovative, cost effective approaches to remediation.

FRATTH 53 AR FE R AR A BB A B AAL B - Fh A 55 1]
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Case Studies {5
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AVCO/Lycoming Superfund Site, Williamsport, PA
ARCADIS used IRZ™ technology to remediate a groundwater plume of VOCs,
_:3 ket =30 | hexavalent chromium and cadmium. We successfully assisted the client with
1+ IE renegotiating the ROD to replace a traditional, costly pump and treat system that
B was expected to operate for at least 20 years. Our client saved over $3,600,000
. by implementing our technology, and was allowed to terminate system operation
L 'l-I Ay iy
after only three years.
Arcadis FIFJIRZMEEAREE THIEREA A 7NN ARG TS G K. A8
HEEFKREWE, RO P HRODACE Tt £&40 . AR SNk S8 Rg, FREAN REHHRIE
DIZAT204E A BB BN BRI SEREIRA R B, B T 2360/, I RISAT 1 3ERSRMERE 1kig
\’f RE IR EROR J
(" . )
Hexavalent Chromium (Cr6+) Remediation Zfl: 7<$& 8T8
- Steel Company Hexavalent Chromium Soil and Groundwater Remediation Victoria, Australia + $1.5M+
Additional $15M Rem.
WO Y 245 22 MM AN R 22 B A0 4% 3 Bt N /KI5 43R . $1, 500, 000 +EiAh—T 1L F IR TiB R .
* 20 years of chromic acid leakage into the subsurface
200 REE RS, B RURE S Y.
»  Estimated 35,000 m3 of soil, and 1,260,000m3 of impacted groundwater.
KA =T BTSRRI — T NI SL 7 KB R 7K =2 520 .
Hexavalent Chromium (Cr6+) Solution 7<{/4&;8T85 &
After all primary sources were controlled or removed: /3= B Je 55 DA% il Bk G -
e Soil - was treated by polylactate polymer and a benign organosulfur compound, allowing for a controlled
release of its active components for long-term. Cr VI was directly precipitated as a hydroxide. The hydroxide
solids were stable under the low redox potential and oxidizing conditions.
3 - fiEH] T polylactate REWA RIEA B SHIREATALEE, KIS B S MR o ST B B
RN . S E A B R AR AT SR F AL A R T A5 AR E .
¢ Groundwater - treated by zero valent iron plus carbon (electron donor) mix. A sulfur component was added
to facilitate the biotic reactions. The results of a recent pilot trial demonstrated remediation was effective in
reducing hexavalent chromium concentrations from concentrations of up to 96mg/L to <0.002 mg/L.
HROK - RGPk (BT REWAAE. A SHRRINTSEED R 5l i) — AR s g 1R
\_ B, TERRMC/S ORI BE T TR B 2, WREE 962270/ FHI# <0, 002252 /Tt )
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Project Highlights/Successes
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Former Wood Treating
Facility / J&Jc AR b
I

Hexavalent
Chromium / i

RAEVG LA [, AT 3 SR KRB 50 H 54 I )2 5 1R
THRT04E G T H STl AVE BRI (8] 304 .
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.
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Abandoned Plating
Facility California
Confidential Client/
JEFEHAE) T, InRAE B
W, % s B AR

Hexavalent

Chromium / 7~#r4&,

TCE, DCE

Wit 34T TR A4y (I H L B ARCADTS3RAS % R 1 5l
W REAEYNRFRIRAE, HE— B3 TCEEAT 1wt it i B T 7S
st &

FEFEAT XSG B AE 7 405 I XA PR AR, A0 359 L I ey
AH

KKBEAL 7T XIEH A AR EIRKEE . /SIS IR BT BRI
TO9%LL b, AR R A T 98%, TCEIRFEREAL 1 97%; 34EN
B EA EYRE RS T 92 =l NKCF LR, T B UAE
FefE, FATBHT A B TR

Fonner Leather
Processing Facility,
Eastern United States/
Ji S 9 iz AR ER T, S

IRHB

Hexavalent
Chromium /7 Hr%

AN HEF R SE A 1 100% ) X AR &8 (VDD y5/KIEE GRS
T RIS = AR KT LA, RS IR AN 0. 010mg /L) .
2184 H B TR SEASE R 1) IX i B o R vE 2

Former Metal Plating
Facility, Eastern United
States

Confidential Client /J§i4%
)4 B ), R E R
BB, UG BARE

Hexavalent
Chromium /75444

ANHAW, TIXVEEA R (VDD R R 2 K T 95%,
ANAN, T IXETLR SO AL FEAIR 7 99% LA L.

JEWN)TIX AR (VD WREEREE T S50 % kI 7K-F LA
e

Metal Plating Facility
Midwestern United
States

Confidential Client /4
JE A, S5 e,
BE BARE

Hexavalent
Chromium /7 HH%%

A AR BRI TR E T e AR A

W25 I8 45 R IAIE T R Rk B 415 il X I i
(VDD IREESBEAR T 99% AL, EEBUE R 16 B H br

B S R TG K XIS BB R T8 ] XA TE RS
.

Ay RG BIEAE AT, 20109 B R 4 52 i o

Former Chromium
Plating Facility
Grapevine, TX
Confidential Client /

Hexavalent
Chromium /73144

J32 FHARCADTS FIFE A I 1298 i () &5 N 885 K AT TR EE (75
FKEZIE T T DX EAAM AR 3 R S 1) — 2% /MR D

HO R KA BRI T BRIEE NS, IFIEHE T EBIA IR NE

3L 35 FIARCADISHIHAR, A% MR EE AR 1788%, e, Nk

Manufacturing Facility
Hampton, lowa
Confidential Client /
JE SRl
Hampton, KP4k,
5 B

E9a

Chromium /7541 %%

E%W%Q%F, ) WREEFFAR T 90%; FEVENE 1L, IREEIRFSEFRE .

Grapevine, 5 11, . SR . AN IR

e P (R @f%ﬁ&%y%%@;%FEﬁj}&ﬁ A BEARARES” 33k
17 RA5 CEeld i B A MU B HEAT %05 o

Abandoned Hexavalent ol HPAT TR BB AL, AU S (T XL R

EZ NI TS B oKD OB RS AT
RS AR TS 20 T RN IBURT o B AT B

AEN G, AR E T UE IERE R AEFELLT .
ST REIR B P R AU K TR BLRAS o
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Confidential Client
New Jersey /

HE RO, WA

Hexavalent
Chromium / 74144

INEW, XSS IR IE R T 85795%, | X IS
WRFEBRAR T 99%LL Fs 3EEM, X PN ARIE I /S A e T FE B 42
TS = AR AU .

ARCADIS#eit T 1 X 38 AN 2 5 /K X 3k i BE (K BL7 R 56 RIS, X
J X JEBEEAT 7 AR, T LR E Vs K 3B Bl
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Metal Manufacturing &
Plating Site Eastern
Pennsylvania /4 )& fili&
HE, ®AVERIL
J‘I‘I/\%B

Hexavalent
Chromium/ 75
%, TCE I=& <&
&, Cadmium/
5%, lead /4%

N T BATRFREEANTRIEAR, WHR KR8 T LR &8
Wi R, ZEARRE— D neE T TCER H SR A PR .
ZANEEH BRI ARG B 10FIEE N KK 5
IR, 1% R G ETEEA R R K KRR TS 4
Wi TR RIENRSG, W AT & SIEANRE
frage N AT 7 EDN BER XIS Rgilt AT T, AT
M5 K S A TENA L

3N, TCEMRE AR 1730740%; [RINF, AR E 2 1 Seih
F AR RLR s AR FNE AN 12 H G, AT ACE B
FEMERG 7SN, ASRITCEMIIR PR 79%; L) Wit Fia s i
4T )G 15

Former Laboratory
Dallas, TX /)55 (525
5 S

Hexavalent
Chromium/7s &%
PCP

PAT T4 RvA B, i B S0 Wt 7K T I PCP,
FEXT LN K IR HEAT T 40

S HSAIRIE, T IX P AT X 5 7S A7 4 FIPCPIA FE BRI T 99%
Pl b

ARCADIS 73 55 g Wa & 34 I VAN BT (1) L Hh T & b AT 53 s ik
DA HARS L AAT IR R BT 7 s, fiifk Tk E R
R

Castle Mountain Mine,
CaliforniaViceroy Gold /
W hn A4 Je I Viceroy
Gold /A ]

Cyanide/ &4t

¥y, arsenic/

fift, mercury/

7K, chromium/
£, nitrate / iR L

j@itHeap Leach Pad FaEyk /HERIFLE, WIBMERTHE)E
WEMNIE T AR EEEMNFE N, heap leach TIEREY)
HR I EALISTLCR FERRAR T 90%, FEI54 T B bsE
AEHAE G, [R (R S Ak,

Ha TREMR X KR, %7 T20055F 4 THHONT P C4; 1k
Ah, B FUNRE] T RAT TR AL SRR K B ARSI K Ak
R RRKATA T A
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In-situ Precipitation of Chromium in Groundwater
Eastern U.S.

Project Goal - Regulatory closure of groundwater issues |Client )
related to Cr6+. Confidential

Strategy - In-situ chromium precipitation in the source area |Scope of Services

and at the property boundary using an anaerobic IRZ. - Pilot Study

ProjectAccomplishments - Source area Cré+ concentrations |- Design and implementation of an in-situ metals

reduced by up to 95% within 4 months. Greater than 99% | Precipitation system
reduction in Cr6+ concentrations at the property boundary |Performance Period
within 4 months. Decline in Cr6+ concentrations to below 2002 to Present
the laboratory method detection limit in the source area and | contaminants

at the property boundary within 3 years. - Cré+

THE CHALLENGE / BACKGROUND

This site, located in the eastern United States, was considered one of the oldest active cases with the prevailing
regulatory agency. Under regulatory pressure, the client contacted ARCADIS to explore innovative and aggressive
ways of remediating a plume of hexavalent chromium (Cr6+) extending off-site. ARCADIS was contracted in 2001
to implement a field test to demonstrate in-situ precipitation of Cr6+using an anaerobic in-situ reactive zone (IRZ).

Chromium impacts in site groundwater were related to historic facility plating operations. Previous investigations
identified the highest concentrations of Cr6+ of over 9 milligrams per liter (mg/L) in the groundwater directly beneath
the building.

In this area, groundwater is encountered at approximately 5 feet below ground surface (bgs) within a silty clay unit,
with impacts extending to a depth of approximately 15 feet bgs. Downgradient of the source area, impacts were
observed in an intermediate aquifer consisting of fine sand and silt unit between 15 and 30 feet bgs. The average
horizontal groundwater velocities in the shallow silty clay unit and the deeper fine sand and silt unit are 30 feet
per year and 100 feet per year, respectively. Cr6+ concentrations up to 8 mg/L extended to the property boundary
approximately 100 feet downgradient (approximately 1 year of groundwater travel).

Additional investigation downgradient of the property boundary has revealed that Cr6+ has been detected at
concentrations up to 8.5 milligrams per liter (mg/L) in the deeper unconsolidated and bedrock aquifers.

THE APPROACH

A pilot demonstration was implemented to treat Cr6+ in the source area via biologically stimulated pathways.
Specifically, the injection of degradable carbohydrates was used to stimulate microbial activity and support the
reduction of Cr6+ to trivalent chromium. The pathways involved in this process include direct microbial reduction
with Cr6+ serving as a terminal electron acceptor, abiotic reduction by reaction with by-products of iron and sulfate
reduction (ferrous iron and reactive sulfide) and abiotic reduction in the presence of organic acids (humic and fulvic
acids). The primary end product of these reactions is chromic hydroxide [Cr(OH)3], a precipitate that forms readily
under alkaline to moderately acidic conditions (5<pH<12).

The pilot demonstration was designed with two rows of injection wells (13 wells) in the upper formation to address
chromium in the source area and one row of injection wells (2 wells) in the lower formation to address chromium
migrating from the source area to the lower formation. The injection wells were installed as 1-inch wells using direct
push drilling methods. One row of injection wells in the upper formation and the two wells in the lower formation were
installed inside the on-site building to target the highest chromium concentrations. The pilot study was conducted from
June 2002 through January 2003 and consisted of monthly injection events and periodic performance monitoring.

THE RESULT

The pilot system was considered sufficient to meet the needs of a full-scale on-site remedy. Hexavalent concentrations
in the performance monitoring wells downgradient of the three lines of injection wells have been reduced to less than
0.010 mg/L. Source area treatment has been discontinued based on the results. Currently, off-site impacts are being
delineated with the maximum concentrations (8.5 mg/L) observed several hundred feet downgradient of the property
boundary. Plans for the next phase of the project will include delineation and remediation of the off-site impacts.
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Biological Reduction of Nitrate, Perchlorate,
Chromium and TCE Holiister, cA

Project Goal - Minimization of client’s long-term financial |[Client
risk. Whittaker Corporation

Strategy - Implement the lowest life-cycle cost groundwater |Scope of Services

and soil remedies. Proactively communicate with regulatory |- Pilot Study Design & Implementation

community to implement remedies. Resolve existing fate |- Full-Scale Remedial Design Groundwater Modeling
and transport data gaps to support remedy implementation. | pgrformance Period

Project Accomplishments - Successfully pilot tested and [2000 to Present

implemented in-situ biological reduction of perchlorate, |contaminants
VOCs and Cr6+ in site groundwater. Successfully pilot |_TcE

tested first commercial application of in-situ biological |. pgrchiorate
reduction of perchlorate in vadose zone soils via direct |. chromium
push injection. First commercial bioreactor to treat nitrate, |. gglenium
perchlorate and Cr6+ simultaneously. - Nitrate

THE CHALLENGE / BACKGROUND

This 94-acre facility in Hollister, California consisted of an operating dairy farm prior to 1957. From 1957 to 2007
the site operated as an ordnance manufacturing facility. Soil and groundwater at the site has been impacted by
perchlorate, chlorinated VOCs (volatile organic compounds) and hexavalent chromium (Cr6+). The site lies in an
area with many perchlorate-impacted properties regulated by the Central Coast Regional Water Quality Control
Board.

Cleanup at the site began in 1991 when VOCs, including trichloroethene (TCE), were detected in samples
collected from an on-site water supply well. Initial groundwater monitoring and remediation activities conducted
between 1991 and 1997 focused on VOC-related impacts and included the installation of a groundwater extraction
and treatment system (GETS) for shallow groundwater and multiple irrigation well-head treatment systems. The
emergence of perchlorate as a chemical of concern (COC) prompted a review of perchlorate impacts at the site in
1997. Subsequent investigations of the extent and magnitude of perchlorate in soil and groundwater confirmed that
perchlorate represented the most significant site COC and thus the primary regulatory driver.

Soil investigations found perchlorate concentrations as high as 1,500,000 micrograms per liter (ug/kg), TCE as high
as 6,500 pg/kg and Cr6+ as high as 81 pg/kg. Shallow groundwater has up to 500,000 pg/L of perchlorate, 90,000
pg/L of TCE and 250 ug/L of Cr6+. COC migration was previously influenced by two off-site irrigation supply wells
that served as vertical conduits and have now been shutdown. COC plumes have commingled to form a large diffuse
groundwater plume extending to approximately 350 feet below ground surface (bgs) and 300 ft downgradient of the
site. Seven source areas have been identified with soil impacts to 80 feet bgs and groundwater plumes intercept
three stratigraphic units.

Fon bhooun, ok sl 1040 Trmmba e ool Fom buad Sl
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(L o)
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THE APPROACH

ARCADIS was selected to work on the project in 2000 to evaluate potential applications of in-situ remediation and to
better understand the complex site hydrostratigraphy. ARCADIS implemented in-situ bioremediation and oxidation
interim measures that met regulatory- driven objectives to treat source areas while a long-term comprehensive
remedial strategy was developed. A series of investigations resolved key conceptual model data gaps and
demonstrated that the off-site wells were vertical conduits. The client then negotiated shutdown of the wells and is
currently working on permanent provision of alternate water supplies.

In completing the interim measures the ARCADIS approach included:

*  Reductions of perchlorate in groundwater to cleanup goals within two years using in-situ biological techniques.

*  Vadose zone in-situ treatment to remediate source area perchlorate.

* Vadose zone and groundwater modeling to refine risk-based soil clean-up goals and provide a design basis for
a proposed groundwater containment system.

*  Completed fate and transport modeling to determine lowest cost alternatives for the off-site VOC and perchlorate
plumes.

ARCADIS conducted a bench-scale test of a dynamic suspended bed bioreactor for treatment of nitrate, perchlorate
and Cr6+. Revised surface water discharge standards have forced an evaluation of selenium treatment options
and we are currently completing a bench-scale scale test of a modified bioreactor to treat selenium. Full-scale
construction is scheduled for 2008.

THE RESULT

ARCADIS project role has evolved from innovative technology applications to overall risk management strategy
development to a re-focused effort as part of a larger consultant team on implementation of the most technical
portions of the site remedy. Financial risk for our client has been minimized through the application of innovative
biological treatment methods at bench-and field-scale. Our adaptive design approach has provided simultaneous
treatment of multiple contaminants in a single process while allowing for treatment of other contaminants as treatment
requirements evolve.

-
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In-Situ Biological Reduction of Pentachlorophenol
and Chromium Dallas, Texas

Project Goal - Regulatory closure of environmental issues related to | Client
Cr6+ and PCP in soils and groundwater. Confidential

Strategy - Site investigation of soil and groundwater impacts, remedial | Scope of Services

approach evaluation through pilot testing and subsequent full scale |- Remediation and Regulatory Support
implementation. Excavation and off-site disposal of Cr6+ and PCP | performance Period

impacted soil satisfying Texas Risk Reduction Program (TRRP) |2001 to 2008

requirements. Contaminants

Project Accomplishments - Reduction of dissolved Cr6+ and PCP to |_pcp
below TRRP Protective Concentration Levels through creation of an in- | _ o+
situ treatment.

THE CHALLENGE / BACKGROUND

The Former Hayman Estate Property (the Site) was leased by the client between 1960 and 1972. During this time a
chemical blending operation in support of the water treatment industry resulted in releases of hexavalent chromium
(Cr6+) and pentachlorophenol (PCP) to the environment. The Site investigation identified an underground storage
tank (UST) during a Phase | Environmental Site Assessment (ESA) at the Site conducted in July 1994. Based upon
investigations related to closure of the UST in September 1995 and subsequent soil sampling events, approximately
5,000 cubic yards of chromium- impacted soil were excavated and removed from the area of the former UST. The
Texas Commission of Environmental Quality (TCEQ) issued a No Further Action (NFA) letter for chromium in soil
related to the former UST in June 1997. Additional investigations (unrelated to the UST) conducted in August 1997
identified PCP in soil beneath the Site building and along the northwest wall of the building. The PCP soil excavation
activities were described in the ARCADIS March 2001 Closure Report for PCP in Soil. The TCEQ issued a NFA letter
for PCP in soil in January 2003. Elevated concentrations of PCP and Cr6+ in groundwater still required remediation.

THE APPROACH

The ARCADIS approach to remediation of groundwater was to implement two overlapping IRZs, one for the
chromium and another for the PCP. Once a carbohydrate addition (such as a dilute solution of molasses and water)
is introduced to an aquifer, the native microorganisms preferentially utilize this substrate in a metabolic pathway.

Under reducing conditions, Cr6+ is reduced to trivalent chromium (Cr3+). It is precipitated and immobilized in the
soil matrix as a geochemically stable and insoluble chromic hydroxide precipitate. The chromic hydroxides readily
precipitate out of solution under alkaline to moderately acidic conditions. Only under extreme changes to pH or
oxidation state (not typically observed under environmental conditions) in the aquifer could the precipitate possibly
resolubilize.

More strongly reducing conditions created in the second IRZ enhanced PCP reductive dechlorination (degradation)
rates. During the reductive dechlorination of PCP, numerous mono-, di-, tri- and tetrachlorophenol degradation
products are formed. However, because of the many different species formed, these intermediary forms are generally
not present at detectable levels. Ultimately, PCP degradation leads to lesser chlorinated compounds, eventually ring
cleavage and finally mineralization to carbon dioxide and chloride.

THE RESULT

Based upon the success observed as a result of the 2001 pilot scale program, the program was expanded to a full-
scale system in May 2003. The results from the October 2007 sampling event indicate that Cr6+ and PCP have been
reduced below the applicable regulatory standards in all wells monitored as part of the site monitoring program.

g 2= . i y
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In-situ Treatment of Hexavalent Chromium
Eastern U.S.

Project Goal - Remediate a Cr6+ plume in groundwater | Client

extending off-site under a residential neighborhood. Confidential

Strategy - In-situ anaerobic chromium reduction and | Scope of Services

precipitation. - Remedy Design & Implementation
Project Accomplishments - 100% of the off-site Cré+ |- Regulatory Interface

plume remediated in 7 months (concentrations under the |- Strategy Development

laboratory detection limit of 0.010 mg/L), total Cr within only | Performance Period

12 months. Source area remediation nearly complete |2005 to present

within approximately 18 months. Contaminants

- Cr6+

THE CHALLENGE / BACKGROUND

In 2005, during redevelopment activities at a former industrial facility in the eastern U.S., which was historically used
for commercial and retail leather processing, hexavalent chromium (Cr6+) was discovered throughout the 2-acre site.
Understandably, discovery of Cr6+ brought redevelopment to a standstill. The site is underlain by a thin sequence
of overburden beneath which lies the regional shale and sandstone bedrock formation. Groundwater occurs within
the bedrock at an average depth of approximately 20 feet below ground surface, with flow controlled by secondary
porosity features (fractures, bedding planes, joints and faults).

Remedial investigations identified Cr6+ through the entire overburden soil profile at concentrations ranging up to
2,200 milligrams per kilograms (mg/Kg). Dissolved Cr6+ concentrations in the shallow fractured bedrock ranged up
to 12 milligrams per liter (mg/L), with a corresponding groundwater plume approximately 600 feet long by 500 feet
wide, extending well off- site beneath a residential neighborhood.

THE APPROACH

ARCADIS was selected to remediate the site. After assessing the extent of the impact, ARCADIS selected in-situ
precipitation to treat the Cr6+ impacts in groundwater using its patented anaerobic reactive zone technology. This
technology employs an easily degradable source of organic carbon to stimulate microbial activity in the aquifer,
eventually developing anaerobic and strongly reducing conditions. Under these conditions, Cr6+ is readily reduced
to Cr3+ by direct chemical reaction with ferrous iron and reactive sulfide formed in the reactive zone, as well as
direct microbial reduction (with Cr6+ serving as a terminal electron acceptor). At a pH above 3.5, the resulting
Cr3+ undergoes hydrolysis to form various chrome hydroxide species. What forms depends largely on pH and
ionic strength, but the goal is to form solid precipitates, such as pure amorphous chromic hydroxide [Cr(OH)3] and
mixed iron-chromic hydroxide. These precipitates subsequently become fixed in the aquifer matrix through filtration,
sedimentation and/or adsorption.

Prior to implementation of the technology, injection testing was completed to verify the ability of the aquifer to accept
the injection solution, the relationship between injection volumes and delivery radius, groundwater flow rates and
groundwater flow direction. The results indicated that an on-center well spacing of 120 feet could be supported, the
groundwater flow rate was between 1.5 and 3 feet per day and the flow direction was approximately 45 degrees
different from what would have been assumed by the hydraulic gradients alone. This information provided the
critical basis for completing the design of the in-situ remediation system.
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THE RESULT

During the first phase of implementation, preferential focus was given to the off-site plume. This was in large part
due to access limitations precluding more aggressive action in the source area. To facilitate remediation of the off-
site plume, four injection wells were installed along the downgradient property boundary. The regular and repeated
injection of carbohydrate reagent solution began in February 2006, observing the volume requirements determined
by the injection testing. By August 2006, injection wells positioned to treat part of the on-site plume were also brought
into service.

In response to the remedy, concentrations of Cr6+ (and total Cr) in groundwater were reduced dramatically. In fact,
100% of the off-site Cr6+ plume was eliminated in 7 months (concentrations under the laboratory detection limit
of 0.010 mg/L). Remediation of total Cr followed shortly after, dropping below 0.010 mg/L throughout the off-site
area within only 12 months. The result was a reduction in the plume footprint by approximately 74%. In addition,
significant progress was made in the on-site portion of the plume within the limited areas that were accessible for
treatment.

As part of the soil remediation in the source area, excavation flooding was completed to target residual Cr6+ within
the unsaturated bedrock and the shallow groundwater, as well as continued injections through wells. The majority of
the on-site plume has since been remediated, with both redevelopment and regulatory closure of this site expected
in the near term.
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