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Wrm 1s Causmg It?
J_J e Iems with Groundwater

= ":T adltlonal Remediation Technigues
* Zero Valent Iron Emulsion Technology

®* Surface Water Remediation
Techniques
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WhglhJs, causing aII thes i

greblems? "E"-

VigRyApellttion events: appened decades
SPENIETOre there was a good
uml~r= randing off subsurface water.

S ace pollution: more focus now but our
,Lr Hvities (impermeable surfaces) cause
n-off' to surface waters.

More people, more of the BIG life, more
pGHqun

- ®* Necessity (or sometimes regulation) is the
Mother of Invention
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DNAPL Groundwater
Contamination

‘ , Phase Liquids
: ense than water so they sink
ichloroethene

Sorbed
Gaseous
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water Contamination: Step 2
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water Contamination: Step 3




water Contamination: Step 4
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iieditional DNAPL |
Remediation hechnigues

Pump and Treat
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U ael rimarily fior * Treats only
C?[ I .'”att'loﬂ of dissolved phase
= n “vglzr;%ﬁea sl compounds
‘-""' —6ﬁ1pounds (ex. * Would have to
- polychlorinated treat for decades
_F biphenyls) * High capitol and
®* High cost and monitoring costs

liability issues
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TC = ' =
CE ( JHE:]H] NaNZeRNENS, SUTTICIENTIY. .
gEcted, in situlboiling of water and

Sontar lnant are induced, steam stripping

e €O ntaminant from the aqueous phase.

IAjE ctlon of steam into subsurface through a
= serles of wells

= | *Cfellectlon and neutralization of gaseous by-
"'-f-j‘ f—product (HCI)
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RGN« ost fior constant monitoring
= dUFing remediation process.
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' Jel costs to heat water

R" sults can reach 90% efficiency



B

ReUONEEGUERCY, HeanngJ’

.

———  me——

—

freguency heating and six-phase
me can efifectively enhance soil vapor
tien/air sparging (SVE/AS) in cold
cliggle es

_ gmg moderate radio freguency heating,
a-seﬂ temperatures reach 15-40°C.

, “* Estimated that this system is capable of

S—

heating a soil column up to 60 feet in
diameter under full-scale application.

®* non-uniform soil temperatures
* HIGH capitol costs
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SIXerPasetea tiﬂgJ‘.’

SIghEtemperature six-phase heating
fas lll“ N soil temperatures that varied
YWIERIE: adial distances from the heating
ejv: rodes

gﬁ =e’mperatures of 100°C were reached

~ within an 8- to 10-foot radial distance from

~ the electrodes, while they averaged 85°C

- (to a depth of 6-16 feet) within a 50-foot
diameter soil column.

* High capitol costs: machinery and
personnel
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IEcted into the subsurface; mineralizes
'rme cr tamlnant

141 e “solution primarily moves through
f‘éas' of least resistance

. Bypasses considerable DNAPL

* Oxidizes surface of DNAPL droplet

e Forms MnO, thus protecting remainder
of DNAPL
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Solu.’nj or mobilizes DNAPL

56lUbilization occurs in the presence of
rme

___? ﬁalllzatlon occurs by releasing DNAPL
ganglla held by capillary forces

* Potential for uncontrolled migration

* [ ike KMnO,, will travel through the most

permeable zones, bypassing much
DNAPL



SIGIEmediat | n/BIO@Ji@ﬁ%F\{%‘t’T
O s
|ryitiziElgle a population ofi chlorinated
SpIVERFCconsUmMing microbes or
IpEIEasing the population of such a native
_:T__._)C_ ;._ES
- mtlatlng a hew population is very difficult
" to sustain

* Bioaugmentation is more attainable.
Problem can be similar to KMnO, and

surfactants
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7~rr Valent lron
lm ,;ermeable Reactive Barriers
= ;—eats Dissolved Phase TCE

- __f,actlon of Elemental Iron With
= f_(?hlorlnated Aliphatic:
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-~ RCl + Fe + H* => RH + CI- + Fe+*?
~ * [ron Alone Will Not Degrade DNAPL

- Fe Is Hydrophilic (water loving)
- DNAPL is Hydrophobic (water hating)




’*ﬂ Iy Thought To Be Sequential
B CH.ClL, —CHCl—CH,

—— S 4 | 'é Studles Suggest Acetylene to be Major
"-' _F,T’athway

— -—-"‘—.'_z_,_.-

-~ C,HCl, "C,HCl "C,H, " CH,
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Water Table

Permeable R eactive Barrier

http://www.powellassociates.com/sciserv/3dtflow.html



zZene, Valent Iron E uIs

J€chnology ™

=1p) llﬁ zero Valent lron (EZ\V1)

Jlrrr ctant- stabilized, Biodegradable O/W
Enmr julsion

== :cintalns Nanoscale or Microscale Iron
= ﬂaartlcles Within Emulsion Droplet

—Reductlvely Dehalogenates Chlorinated
DNAPLs

* Draws DNAPL Through Hydrophobic Oil
Membrane

* Reductive Dehalogenation Occurs on the
Surface of the Iron Particle
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De iting What , Iron particles

sioned Before Aqueous medium
rch Began ——

Emulsion Con membrane

Micrograph of Nanoscale
Iron Emulsion Droplet
(Approximately 12 microns
in Diameter)



Control Free Phase Iron Emulsion
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igdce Water Remediatio

P'n/'ror:s“-' diation™
Memo ane Technologies
5_1 mentatlon Same problems as
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Phytoremediation, e

Eielytoremediation 1S al set of
PIPEESSES that uses plants to clean
soRtamination In ground water and
SUIgaCe Waters.

= % Jihere are several ways plants can be

i
F S . L
i
—

—  (sed for the phytoremediation. These
- mechanisms include enhanced
~ rhizosphere biodegradation,
hydraulic control, phyto-degradation

and phyto-volatilization.



JHced Rh/zosphere -
lJf L

:':_ iced rhizosphere biodegradation
leikes place In the soll surrounding
= plant roots. Natural substances
-_-.deased by plant roots supply
~ nutrients to microorganisms, which
~ enhances their ability to biodegrade
organic contaminants. Plant roots also
loosen the soil and then die, leaving
paths for transport of water and
aeration. This process tends tOJouII
water to the surface zone and drv the



Hydrauilic Eio'ntrol -

BEPENUING on thestype of tr@ef"llmaf'
210)e) - SEQS0N,, trees, camn act as organic
oumo: WihERMhEIReeLES FEaCh AN
'rovwro the water table and establish a
JENSENOOLE mass that takes up large
C|LIZIALE fities of water.

1) "to degradation

o ,yto -degradation Is the metabolism of
=~ contaminants within plant tissues. Plants
-produce enzymes, such as dehalogenase
and oxygenase, that help catalyze
degradation. Investigations are
proceeding to determine if both aromatic

and chlorinated aliphatic compounds are
aAamenable to nhvto-dearadation




/) Iatilization'
/rr olatlllzatlon OCCcurs as plants

Up water containing organic
tamlnants and release the

down organlc contaminants and
release breakdown products into air
through leaves.
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ViEmbranes forjuw;‘.
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WEtEr'S,

SENball SUBStances can pass through the

IEMIN; ne while other substances are
)l 19& =

Viembrane filtration can be used as an

Saiter native for flocculation, sediment

= purification techniques, adsorption (

= "_'-sand filters and active carbon filters,

~— [on exchangers), extraction and

distillation.
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http://www.lenntech.com/coagulation-flocculation.htm
http://www.lenntech.com/adsorption.htm
http://www.lenntech.com/sandfilter.htm
http://www.lenntech.com/ion_exchanger.htm

LWO Tactors that determine

aiiectivity off a membrane =

aroe

- Feedwater Membrane  Permeate




WhBiEabout Removing Sa
frofin! aters?"‘- =

When < alts need to be removed from

vvrlce, filtration and Reverse Osmosis

aieapplied. Nano filtration and RO

men ibranes do not work according to the

E——or inciple of pores; separation takes place

- -fby diffusion through the membrane. The
pressure that is required to perform nano
filltration and Reverse Osmosis is much
higher than the pressure required for
micro and ultra filtration, while

productivity is much lower.


http://www.lenntech.com/nanofiltration.htm
http://www.lenntech.com/rosmosis.htm
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