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Konference Battelle

http://www.battelle.org/media/conferences

The Ninth International Conference on Remediation of Chlorinated

and Recalcitrant Compounds (May 19-22, 2014) ?f
The Eighth International Conference on Remediation of X
Contaminated Sediments (Winter, 2015) 3

The Third International Symposium on Bioremediation and
Sustainable Environmental Technoloqgies (Spring, 2015)
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Evaluating Natural

Attenuation of Chlorinated
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> “Screening Tool”
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Limitations of the Preliminary Screening for Anaerobic Biodegradation
Processes Presented in the 1998 USEPA Technical Protocol for Evaluat-
mg Natural Avrenunanion of Chlorinared Solvenrs in Ground Water

Todd H. Wiedemeier (todd@thwa com)
(T.H. Wiedemeier & Associates, Inc., Comfer, CO)
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Biogeochemical Data for Screening Process

» VOC Analysis (8260)
» Dissolved Oxygen

> Nitrate

> Fe(ll)

> Sulfate

» Methane/Ethane/
Ethene

» Carbon Dioxide

» Hydrogen (Optional)
» Total Organic Carbon
» Redox Potential

» Alkalinity

> pH

» Temperature

» Chloride

m Interpretation

0-5

6-14

15-20

>20

Inadequate Evidence for Anaerobic
Biodegradation* of Chlorinated Organics

Limited Evidence for Anaerobic
Biodegradation* of Chlorinated Organics

Adequate Evidence for Anaerobic
Biodegradation® of Chlorinated Organics

Strong Evidence for Anaerobic
Biodegradation* of Chlorinated Organics

Concentration in
Most Contaminated
Analysis Zone Interpretation Value
Oxygen® <0.E mg/L [Tolerated. suppresses the reductive pathway at higher 3
jconcentrations
Oxygen* >5 mg/L Not tolerated; however. \C may be oxidized aerobically -3
Nitrate” [<1 mg/lL At higher concentrations may compete with reduciive pathway 2
lron II* >1 mg/L Reductve pathway possible; VC may be oxdized underFe(lll-f 2
reducing conditions
Sulfate” <20 mg/L At higher ions may compets with reduciive pathway 2
|5u|fde' =1 mg/L Reductve pethway possible a
Methane* [<0.5E mgiL VC oxidizes c
>0 £ mg/L Ultimate red ghter product. VC A 3
(Oxidation Reduction <50 millivelts (mV)  |Reducive pathway possible 1
[Potential* [ORP) <-100mV Reductve pathway likely 2
against Ag/AgCl
|electrode
pH" G<pH<® [Optimal range for reductive pathway [+}
5 > pH >0 [Outside optimal range for reductive pathway -2
[ToC > 20 mg/L ICarbon and energy source; drives dechlorination: can be 2
Inatural or anthropogenic
[Temperature® > 20°C At T >20°C biochemical process is accelerated 1
[Carbon Dioxide >2x background Ultimate oxicative daughter product 1
JAlkalinity [>2x background Resuits from interaction between CO: and aquifer minerals 1
Chioride® [>2x background [Daughter product of organic chiorine 2
Hydrogen >1 rd Reducive pathwa ssible, VC may accumulate 3
drogen <1 M VC oxidized [
Volatile Fatty Acds |> 0.1 mgiL i b i ion of more 2
>
[BTEX > 0.1 mgi [Carbon and energy source: drives dechlorination 2
[Tetrachlomethens Matorial reloased 4]
[Trichioroethene” Material released 3
Daughter product of PCE 2
DCE* Matenial released [
Daughter product of TCE -
It cis Is > 80% of total DCE It Is likely a daughter product
1.1-DCE can be chemical reacton product of TCA
= Material released [}
Daughter product of DCE 2
1.1.!-Trchoroethane® aterial released 0
DCA [Daughter product of TCA under reducing 2
Carbon Tetrachloride [Material released 0
Chloroethane* [Daughter product of DCA or VC under reducing conditions 2
|Ethene/Ethans >0.01mg/L [Daughter product of VClethene 2
>0.1 mg/L 3
Chioroform Material released o
Daughter product of Carbon Tetrachloride 2
[Dichioromethane Material released G
D:ughtw product of Chicroform

* Required asalysis. 2/ Potxts awarded only if it can be stown thar the compourd is a daughter product (i.e., not a coastituen: of thzsoul:e

NAPL).
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Manual hodnoti BRD

Vinyl
TCE cis-1,2-DCE  Chloride Ethene Ethane

nikoliv celou Skalu procesu, které v horninovém

prostfedi skuteéné probihaji
v dobée zpracovani nebyly k dispozici nastroje ﬁ
molekularni genetiky a isotopové analyzy, které =
umoznuji hlub$i porozuméni probihajicim
procesum
A v roce 1998 bylo k dispozici i malo dat o
sanacnich procesech
e O ookt picy & soukromaho soRon 163 & G2.1 072 400810188 oo
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Chlorinated Ethene Degradation
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Vinyl
cis-1,2-DCE  Chloride Ethene Ethane

L S 4 L 2
%

Oh
Al Biological Reduction

Biological Oxidation

-3 Abiotic Degradation

Dashed Where Suspected But Not Confirmed Beyond any Doubt
Copyright 2014 ® Todd H. Wiedemeier




aerobni oxidace — akceptor elektronu kyslik
substrat+ O, — H,0O + CO, + energie+biomasa

anaerobni oxidace — alternativni akceptory
elektronu

denitrifikace

substrat + NO;7 —— N, + CO,+ H,O energeticka

vytéznost

redukce manganu, redukce zeleza

redukce siranovych iontu
substrat + SO, — "H,S+CO,+ H,O
methanogeneze

substrat —— CH,+ H,O

chlorovane uhIovodlky vysoce ox1dovane latky
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Slozité molekuly

=

e priemce
Tékavé mastné kyseliny )
sukcinat zdroj uhl:kq a/nebo
alkoholy zroj |
laktat
Acetat + CI-
0.1-24nMH
//// —» (‘Dehalorespiracni) —, Eten, Hel
H H2 + C02 ¢
2 zdroj uhliku Acetat
Acetét ‘
- CO, + CH,

=

CH,

\

Acetat

Prahové

koncentrace H, : PCE-TCE 0.6 nM H,
DCEO0.1 -2.5nM H,
VC 2-24nM H,

(Rossi 2005)

Fe(ll) + CO,
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Dehalococcoides Gene Copies vs
Dissolved Oxygen Concentration
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Dissolved Hydrogen Concentration vs Dissolved
Oxygen Concentration
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Fe(ll) vs Dissolved Oxygen Concentration
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Methane Concentration vs Dissolved Oxygen
Concentration

N=3,315
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Dissolved Oxygen Concentration vs Oxidation-Reduction Potential
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ESTCP ER-1129 RZEhEEIE L
zahrnujici nove poznatky

1999 vs 2013
Maximum
Concentrations Ef
Total Ethenes:
13,180 vs 1,227 e
£
PCE: 13,000 vs 1,060 i
iCE: 160vs 118
cRCE -+ S50wvs 49
VC: ND vs ND
PCE Deg. Rate 0.6/yr s
' kdemicéL‘]dy askrhosektoru“,reg. (o .1 ./4.00/1.0189 S PR
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Koncept hmotnostniho toku

vyuzito prednasky:

zzzzzzzzzz

MINISTERSTVO SKOLSTVI,

Newell C.: Grams per Day: The State-of-the-Practice for Applying =
Mass Flux/Mass Discharge at Contaminated Groundwater Site &=




Koncept hmotnostniho prutoku/toku

Newell C.:Grams per Day: The State-of-the-Practice for Applying
Mass Flux/Mass Discharge at Contaminated Groundwater Site

Two Views of the World:
Concentration versus Mass Discharge

» Concentration-based approach may not account for
important site characteristics

But same maximum

groundwater

totozna koncentrace M eg a P i SS 'An t
v pozorovacim vrtu S i te S ite

Projekt ,Partnerska sit v oblast

akademické pudy a soukromého sektoru®, reg. ¢.: CZ.1.07/2.4.00/31.0189
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Definice hmotnostniho prutoku/toku
Hmotnostni prutok, Hmotnostni tok, M

J Imotnostni mnozstvi
Hmotnostni ‘za jednotku Casu B
mnozstvi na

jednotku plochy za
jednotku Casu

»* INTERSTATE

Projekt ,Partnerska sit v oblastech moderniho a
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Zpusob zjisténi hmotnostniho
prutoku/toku

1. Metoda pricnych profilu

Mass Flux Toolkit
To Evaluate Groundwater Impacts, Attenuation, and Remediation Aernatives

Transect
Calculate Flux
v
" Fe L 15 L T
“Fest Faoa L 623’ ro
- I 4 Impact of Flux o kankarenceschapnost
B 7‘*&\ - A '—.EL_ T-‘:{// = MO INVESTICE
Lo Lor L 7 L no VEDeLAT
v Fao— Fss e Fro
L ND L D ) L nD L ND Learn About Flux

Ahout Help

Version 1.0 Beta

Software Mass Flux Toolkit (Farhat et al. 2006) ke stazeni na: http://gsi-
net.com/software/free-software/mass-flux-toolkit.ntml
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Zpusob zjisténi hmotnostniho
prutoku/toku

, zdroj znecisténi
2. Metoda zachytu vrtem

- -

/

\proudnl
=

mrak rozpusteneth

méfi se Q a koncentrace C ~ kontaminantu

vrt

My = Q x Cvrt TN
zachyt_

VESTICE
) ROZVOJE
'DELAVANI

My = hmotnostni tok ~

INTERSTATE

Projekt ,Partnerska sit' v oblastech moderniho a ekologicky Setrného ¢isténi vod a pad se zaméfenim na vzajemné
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Zpusob zjisténi hmotnostniho
prutoku/toku

3. Metoda pasivnimi fluxmetry

—r
Propustné sorbenty =
« akumuluji kontaminant umeérnée g I
prutoku a koncentraci
Rozpustne tracery s
- uvolriuji stopovaé umérné ] =
prutoku
Odkaz: Hatfield and Annable
* INTERSTATE :
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Zpusob zjisténi hmotnostniho prutoku/toku

4. Matematickym modelovanim transportu 2
napr. REMChlor .+ RTINS -

ke stazeni software REMChlor: http://www.epa.gov/ada/csmos/models/remchlor.html

F‘;aéusmschargs vs. Distance at Time = 28.000 Yed | "o’ﬁ Discharge vs. Distance at Time = 34.000 Years ﬂgﬂgg Discharge vs. Distance at Time = 100.000 Years -
| ’ ' evropsky
5700 0.5700 0.5700 fs;:f\’lmCR
400 J\ 0.5400 0.5400
5100 \ 05100 05100 ——
—_ 2008 s 2014 o 2080
X s \ 0.4500 04500 — '\ﬁr
SSSSSSSSSSSSSSSSSSSS
O e \ om0 - PP I I I oo
t 3500 \ %o.sm 03900 I;’ 4
O) 3500 \ X 03600 X 03600 ;’Lf
[ o Komkaraneeschopnost
X \\ §, 0.3300 & 03500 e
~ a0 5 a000 ® ;3000 DO ROZVOJE
x \ = i VZDELAVANI
2700 \ o027 oW 02700
9 2400 N ; 0.2400 E 0.2400
2100 M 02100 @ 0.2100
N — : J =
[ T 0.1800 0.1800
.5 T 0.1500 Il'l 01500
Az200 ™ 0.1200 ™y 01200
O \\ I'f Ty
oo ~. 0.0800 0.0000
) 0600 e 0.0600 M~ 0.0600
O m [ s B
0300 0.0300 0.0300 =
E 0000 0.0000 0.0000
c 8328EE8282833888¢¢3 EZE8EE82853888 ;%% g8E8EEEEE3 38885338
SEfEgpeus ey BBgeyE2RgrEBE Ly BEogEgage8g gy
nnnnnnnnnnnnnnnnnnnnnnn FETERE 48 EE 5
D- t f S t To get REMChlor: google
Proj istance from Source (meters) rewchiorand era”  |pojeni
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Klasifikace velikosti kontaminacniho mraku
podle hmotnostniho toku

Plume Magnitude
Classification System Qi Mass Discharge |  Plume
(grams per day) | Category
<0.001 Mag1l Ef
0.001 to 0.01 Mag 2 =i
0.01to0 0.1 Mag 3 X
0.1to1 Mag 4 il
1to 10 Mag 5
10 to 100 Mag 6
100 to 1,000 Mag 7
1,000 to 10,000 Mag 8
10,000 to 100,000 Mag 9
Projel € propojeni
>100,000 Mag 10
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Vyuziti hmotnostniho toku pro definovani cilovych
parametru sanace podzemnich vod

TMDL is calculated to meet concentration
goal downstream

Point
Sources

Non-
Point
Sources

Total Maximum Daily Load (TMDL):

The allowable load to surface water from
multiple sources, both point and non-point

Stream: Concentration Water Supply Wells:
goal established in Concentration goals
mixing zone established in
pumped water

Mass Discharge (My) as a

Groundwater Remediation Metric:
Allowable concentrations in surface water
and from a well are used to develop a Mg
goal for groundwater plumes (ITRC, 2010).

Projekt ,Partnerska sit v oblastech moderniho a ekologicky ¢’ d. ‘ -
akademické pudy a soukromého sek”‘g%te-r———f -
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Issue Paper/

by Paul W. Hadley' and Charles J. Newell?
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Pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVAN(

Groundwater Remediation: The Next 30 Years
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Dekuji za pozornost
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MINISTERSTVO SKOLSTVI,
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