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MOTIVATION

* MNA in 2014: multiple
sources of info, different

vintages, different focus, Nuturul Attenuution

need a library of Fuels and
- Example: 1999 MNA book Chlorinated Solvents

¢ Great info, but we’ve

learned a lot in the last 15 in lhE SUbSUff[]CB

years!

SOLUTION: Frequently-Asked Questions
document about MNA to easily

communicate MNA issues and
alternatives

Touo B, Wigoeweien  Hawam 5. Rirui
Cowmiez ). Newert  Joaw 1. Wiison




Answers to Frequently Asked Questions
About Managing Risk at LNAPL Sites




WHAT’S AN “FAQ” DOCUMENT?.

Frequently Asked Questions about Frequently Asked Questions about
Monitored Natural Attenuation In Groundwater Monitored Natural Attchuation In Groundwater

FEBRUARY 2014 FEBRUARY 2014

David Adamson and Charles Newaell David Adamson and Charles Newell
> Interactive Version : PDF Version

http://serd org/ -\ IhJironmental-Restoration/Contaminated-
e rbemrietomER-201211/




MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

NEW CONTAMINANTS FOR THE MNA LINEUP:

EMERGING ISSUES FOR EVALUTING MNA AS A REMEDY:
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FAQ 1: Do we still need IVINA?.

MNA from a Technical-Regulatory-Scientific Perspective:
3 Views on How MNA fits in (quotes from recent ITRC docs)

1. ) Active remediation | 2, ) (Natural Source Zone ' 3, ) Monitored natural

technologies rarely Depletion) is also of attenuation (MNA)
achieve complete significance because may also be a viable
remediation of all engineered remedial remedial alternative
contaminant mass; actions typically do not for situations in
thus, in effect, always completely which the potential
MNA is typically a remediate soils and for adverse impacts
component of NSZD may be useful to to public health or
every chlorinated- address the residual sensitive

solvent site hydrocarbon. environmental
remedy. receptors is very

low.




FAQ 2: How has MINA changed overitimes,

New technologies, concepts, and increasing use Through 2004

Timeline -
Natural Attenuation of hydrocarbons and chlorinated solvents

NOBIS protocol for

draft AFCEE protocol chlorinated solvents
proft (Europe) i
for fuel hydrocarbons | final AFCEE protocal | At m
U.S. EPA protocol DOE & ITRC

major oil for chlorinated solvents |  NRC Evaluation Eﬂmd

company draft AFCEE protocol I of MNA At;::lmwn

pratocols for chlorinated solvent: Protocols ject

or chlorinated solvents - )
ASTM fask group formed inferim U.S. EPAI final US. EPA e
MNA directive MNA directi . .
' = MNA experience, papers, proceedings.

1 1 2
draft ASTM standard released | o i and creative ideas ?

AFCEE
e P | Early MNA — Adapted
= petroleum hydrocarbons = chlorinated solveas from ITRC, 2008

10



FAQ 2: How has MINA changed overstimes;

KEY POINTS:

Move away from scoring systems
following National Research Council
review of early protocols

Better understanding of attenuation
processes

More contaminants, settings

Incorporate new generation of tools

R
REMEDIATION

11



FAQ 3: What are the mostimportantnewiVvilNA

developments?

New

New

New

New

Year

Contaminant

Measurement

Process

Tools

2000-
2005

2005-
2010

MTBE-TBA

Metals-Rads

Two types of rates

Compound-
Specific Isotopes

Molecular
Biological Tools

SEPAC -

Wonitored Natural Attenuation
of Inorganic Contaminants in
Ground Water

Techrical Juss o Axsexvrner

Evaition o inargenls Contamtnant o

A Guide for Assessing
Biodegradation and Source
Identification of Organic Ground
Water Contaminants usin,
Compound Specific Isotope
Analysis (CSIA)

Source
attenuation of
hydrocarbon
sites

Biogeochemical/
abiotic trans. of
chlor. solvents

Matrix diffusion

Oxidation of
chlor. solvents
at low DO

BIOChlor
MAROS
NAS
SourceDK

REMChlor
Mass flux
toolkit
BIOBALANCE
Scenarios for
chlor. solvents
MNA
Sustainability

N Probably the most important
“recent” development? .

12



developments?

FAQ 3: What are the mostimportantnewiVvilNA

New
Year Contaminant

New

Measurement

New
Process

2010- “Emerging
present | Contaminants”

NSZD

rix Diffusion
Toolkit

USER’S
MANUAL

CO, traps for

Natural source
zone depletion

PREMChlor
Matrix Diffusion

(NSZD) Toolkit

Source Scenarios for
attenuation of § metals/rads
chlorinated

Source History

solvent sites el

Attenuation in

low-k zones

Coming Attractions: ?eveloprﬁen; ar;d Val;’]da;ioln of" a QucBn‘nitat'ivs .Fn‘lmc;‘work an: Mt;g’aNiement
ESTCP ER-201129 xpectation Tool for the Selection of Bioremediation Approaches (| ’

Biostimulation and/or Bioaugmentation) at Chlorinated Solvent Sites

13



MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

NEW CONTAMINANTS FOR 'YHE vinA LIREUF:

VINL A 0 O U 0 —RNOW OOE W

EMERGING ISSUES FOR EVALUTING MNA AS A REMEDY:

14
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What is the philosophy behind MINA?.

Nature can

It is harder and more expensive to clean these
sites up than first thought.

help!

Nature is amazing and seems to be degrading or
sequestering some of these chemicals.

Let’s let nature do the job. ‘

But you have to do three things: ‘

hd

Protect J\ J

Understand

15



FAQ 5: What evidence is needed foriVilNAY,

Typically Multiple Lines of Evidence

Historical (based on
USEPA, 1999) WHAE WHEN

LOE 1: Historical “I shrink, Direct method to Always
contaminant mass therefore | demonstrate
reduction - monitoring am” decreasing trend
data vs. time
LOE 2: Hydrogeologic | Need to know} Indirect method to Most of the
or geochemical data more than demonstrate time
justitis degradation process
decreasing or rate
LOE 3: Field or Need to know Direct method to Rarely; used to
microcosm studies | for than LOE 1 demonstrate prove specific

or2 particular knowledge process

16




ARITHVETIC PLOT

r——
25 e

Time Since Firat

: Historical

contaminant mass
reduction

LOE: “Lines of Evidence”

LOE 2: Hydrogeologic

or geochemical data

LOE 3:
Microcosm or
Field data

17




FAQ 7: MNA for the source zoneitooy,

An emerging consensus: YES H 100
§
1. Long-term monitoring E 10
data showing source 3 1
attenuation 5 04
. 2 0.01
2. Source attenuation g o001 \ /& D
modeling tools (BIOChlor, 2 o0t | |
REMChlor, NAS) 0 v 3 6 ° 12 15
Time Since Beginning of Temporal Record (years)

Long-term temporal records from 22 monitoring
wells at 13 Untreated TCE Sites (Newell et al., 2006)

2004 survey of 191 plumes - MNA was the sole
remedy (no active source remediation) at 21% of
sites with CVOC concentrations > 10 mg/L
(McGuire et al., 2004) 18

18



FAQ 7: MNA for the source zoneitooy,

An emerging consensus: YES

ITRC, 2009
3. Source attenuation epreion ot s it TNAPE “[Natural source zone depletion
protocols (NSZD)] is of significance

Technology Overview

because engineered remedial
actions typical do not always
demonstrating Source completely remediate soils and

Zone Natural _ y Z,SZD n?;y l;e; u;eful tZ adlfiress
. e resiaua rocarbon
Attenuation (SZNA) y

4. Field studies

Methodology developed at Arizona St. Univ.

Loss Rate from Loss Rate Estimate
Loss Rate from

. Dissolved Transport Due to Vadose
D(::;‘::::)" Related Biodegradation Transport* SeIeCtEd reSU|tS from

=y =) NSZA studies at

Hydrogeology

5;;:::?; o Hydrocarbon Sand dune 500- 1600 600 - 1600 140,000 (0, Flux) several sites (Ekre et
Hydrocarbon Sand dune 300- 500 0 16,000 (0, Flux) al., ESTCP ER-0705
Chlorinated 0.27-0.79 Short Course, 2011)
NAS Jacksonville Silty sand, clay 12-32 -
Solvent (Vapor Flux)

Parris Island Gitlgi i Sitty clay, sand 18-5 . 022-0.68
Solvent stringers (Vapor Flux) 19




MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

NEW CONTAMINANTS FUR THE MINA LINEUF:

EMERGING ISSUES FOR EVALUTING MNA AS A REMEDY:

20
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FAQ 8: Can | apply MINA to metals;inorganics;
and radionuclides?.

YES, says USEPA

BER SEPA
Mfolnltored_Nactura'I Attenuation Monitored Natural At i M Natural ion
g “°"g“”'v"'° ontaminants in of Inorganic Contaminants in of Inorganic Contaminants in
Gaunc ater Ground Water Ground Water
Technical Basis for Assessment velume 2 o Volume 3
Assessment for Non-Radionuclides Assessment for Radionuclides Including
Including Arsenic, Cadmium, Chromium, Tritum. Raden, Strontium, Technafiur,
Copger, Lead, N ckel, Nitrate, Uranium, lodine, Radium, Therium,
Evolution of Inorganic Contaminant Plume Ferchiorate. and Salonium Cesi.m, and Pldten um-Americium
SN Anenson rceses s v 1.1

o

I B 4

T

Plume is not expanding and sorption is occurring

ID the attenuation mechanism and estimate rate
Determine capacity and sustainability

Develop monitoring and contingency measures .

Tiered Lines-of-

Evidence Approach
(similar to protocols for
organics)

AP W NP

by

21



FAQ 8: Can | apply MINA to metals;inorganics;

and radionuclides?

KEY POINTS: * Primary attenuation pathway for many

inorganics is transformation to less mobile forms

through co-precipitation or sorption

* Reactions are generally more complex and
highly influenced by geochemical conditions

C . Biological Reaction
ontaminant TR

Yes, degradation
Perchlorate Yes, degradation

Chromium (Cr), Selenium
(Se), Copper (Cu),
Cadmium (Ca), Lead (Pb),
Nickel (Ni), Zinc (Zn),
Beryllium (Be), Arsenic

Valence change,
generally
favorable

(As) (metalloid)

Uranium, Technetium, Valence change,
Strontium, Cesium, generally
Radium, lodine favorable

Aerobic

No
No

Valence change,
generally
unfavorable

Valence change,
generally
unfavorable

Yes (reactive iron)
Conflicting Data

Valence change,
generally favorable

Valence change,
generally favorable

Sequestration
No
No
Yes
(sorption, co-

precipitation)

Yes

(sorption, co-

recipitation
precipi ) .

22



FAQ 8: Can | apply MINA to metals;inorganics;

and radionuclides?

ADDITIONAL
GUIDANCE:

Scenaria 1 Scenatio 2

IWORP oW ORP  hgAGRP  nghORP  high ORF

WghOCC  lwCEC  AGACEC  AGhCEC

fow CEC
tghS0 lw SO igh SO

nighOR
enCEC
low SIO

cr{ily i 13 | =
“SCENARIOS” o Cradi
DOE, 2011 4
LB B B B
Pu =2 k
/u 7= o =] o] o]
oRP (\/ Cd, Cu, Ph, Zn [t = Dens 5=
. RP RP -
HesaredinFiki i letrr LOW orR: O\ HIGHORE \/ Ni = = S
Cation Exchange / / — ™ ke o fe o =
HIGH Low HIGH Low -
bacy (CEC) cEC cEC CEC cEC Se = &= =
7N\ 7 BN “8r,Cs R’ s s B
Sediment Iron Oxide HIGH  LOwW HIGH  LOwW , vmee e
Coatings & Solids Iron lron Iron Iron No. €io. e L] L o =
R ot bl [ | | | [ | [ | |
Scenario 1 Scenario 6
(Low ORP, (High ORP, /| voor iy mereagas Insreasing 5.1
HighCEC)) Scenario 5 |-oW CEC, I ok ity a50ve a1d 26low -7 I8 cocreasss moolly
Scenario 2 1 o [ ueouNuziey — Jilprees ATQ haeas 08
(Low ORP, | Scenario 3 Scenario4  |High Iron) T a7 ineressea masilty
E Low CEC) | (High ORP, (High ORP,
i High CEC,  Yebiydecreases Tanslames lo alher
T Ame e a0 =
Low lron) LOW venilly LLL e sowpH? valenee siwe
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FAQ 9: / can apply MINA to BTEX; butihow,

about oxygenates?.

Originally No, But Now YES USEPA MNA

Directive, o s 35

"AND T3DIRCROCND STORLCE TANK SITES

* Not promising in early protocols

MTBE had been found to “..migrate large distances and threaten
downgradient water supplies at the same sites where the BTEX
component of a plume has either stabilized or diminished due to
natural attenuation” and included MTBE among compounds “...that
tend not to degrade readily in the subsurface”.

» Lots of research and field work SEATE — ’T"""l""’e: "?;‘:"h rom
- - Monitored Natural Tertlary Butyl Alcohol
in the following 5-10 years, and Atnuston o WTBE 333 in Greund Water at
we ended up with a completely Disiine U aserground.
Storage Tank Sites

different story!




FAQ 9: / can apply MINA to BIEX; but:how.

about oxygenates?.

What do the Several plume studies have documented that majority of
data say? MTBE/TBA plumes are relatively short and/or attenuating

T Kamath et al., 2012
80 % g M Benzene (n = 42)
73% [ MTBE (n=4) *  MTBE exhibits similar

70 % “ITBA (n=34) characteristics to
02 6% BTEX in terms of
L3 53% median plume size
o ‘2 50% (142 ft) and
e 5 4% attenuation rate
S 2 (-0.63 yr?)
°3 3% sk e TBA also similar to
[Py}
0O c 2% 145 17%15% BTEX t;ut fewer are

o stable/shrinkin
102 5% 5% 5% 6% &
0% B | 0%
Shrinking Stable Expanding M Detached
Plume Length Stability at Individual Sites
25




FAQ 9: / can apply MINA to BTEXbutihow

about oxygenates?.

Class Anaerobic

YES (may require acclimation

period)

YES if electron acceptors are
readily available (may be
limited in methanogenic

conditions)

MTBE

YES (tends to be preferentially
degraded over BTEX)

Contaminant Biological Degradation

Aerobic
YES

YES

(generally faster than in
anaerobic conditions)

YES (tends to be preferentially
degraded over BTEX)

26
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FAQ 10: Which emerging contaminantsiare
MNA candidates?.

Dioxane, TCP, NDMA, Phthalates, and Maybe Others?

* DoD general goal for “Identify chemicals or materials that either
emerging contaminants: lack human health standards or have an
evolving science and regulatory status.”
e Other problems

* Prevalence at individual
sites is largely unknown 2)
* Absence of well-established

treatment technologies

* Absence of tools for 123-
establishing MNA (e.g., Trich Io;o;Jropane

CSIA, MBTs)

27
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FAQ 10: Which emerging contaminantsiare

NMNA candidates?

Contaminant Anaerobic Aerobic Degradation

YES
(mostly lab
Limited studies; car\ be Notdocumantad No .
cometabolic or (poor sorption)
used as a
carbon source)
Limited Moderate
Perfluorinated \{ery limited \{ery limited (areliable Ilght (prlma.mly electr.os.tatlc
(incomplete (incomplete +Fe(Ill) reaction sorption to ferric iron
Compounds . - .
pathway) pathway) has been minerals; limited organic
established) carbon sorption)
N No (several ex situ
Nitrosodimethyla YES L2 . . methods, No (poor sorption)
) (cometabolic) including UV
mine (NDMA) X
photolysis)
YES YES .
1,2,3- (slow, often (slow, Very !|m[ted Limited
. X . (reactive iron, .
G COICTGTIGTEREN . incomplete incomplete . (moderate sorption)
base hydrolysis)
pathway) pathway)

28
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MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

29

29



Yes, and more

“Stable isotope analyses can provide
unequivocal documentation that
biodegradation or abiotic
transformation processes actually
destroyed the contaminant.”
USEPA, 2008

A Guide for Assessing
Biodegradation and Source
Identification of Organic Ground
Water Contaminants using
Compound Specific Isotope

30



FAQ 11: Can isotopes prove contaminantsiore

being destroyed?.

KEY PRINCIPLE: Isotopic - Lighter isotopes are used preferentially during

Fractionation degradation, such that the remaining non-degraded
compound becomes enriched in the heavier isotope
carbon (13C/12C) 10
oxygen (180/160) s A
nitrogen (1SN/N) f: 2
chlorine (37Cl/35Cl) e ~.
hydrogen (2H/*H) 25 ~
-30 \'\3‘ -

KEY BENEFITS (continued next page): o0 o2 oa o8 oe 10

Fraction of TCE Remaining

* Demonstrating that parent ’"’]
compound is being degraded 20 f8 8
* Estimating the extent of f: 2
degradation © 2
-26
-28
613C data from several studies as 0.0 0.2 0.4 0.6 0.8 1.0

compiled in Hunkeler et al., USEPA, 2008 Fraction of Benzene Remaining 31




KEY BENEFITS (continued):

* Differentiating between destructive and
non-destructive pathways

» Differentiating between various
destructive pathways

* Demonstrating that complete degradation
has occurred

* Estimating rate of degradation

Source identification and differentiation

* Can be incorporated into reactive
transport modeling

7
87 CI-TCE (%)

15 r . - 20
- 15
E 10 10
£ 5
T s 0
Q -5

Q -10
0 100 200 00 400

8H MTBE %o

90

-110

U 0 elf =

‘/Expsaed from aerobic biodegradation
] via oxidation of the methy! group

1

1

l}

| x
I
|

* *Field Data
x 0 Anagrobic Microzosms
'l x ¥
oyl M *
ak( XX x
X
T~ from aerobic bi
X via cleavage of ether bond
X

<—Known range of §"C and §2H in MTBE in gasoline

-130
-40.0 -30.0 -20.0-10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0

8'%C MTBE %o

2-D plot of 63C and &?H in MITBE in groundwater
to associate natural biodegradation of MTBE in
groundwater with an anaerobic process (from

Example of CSIA-based reactive transport
modeling from ESTCP ER-201029 (see Van
Bruekelen et al., 2008 for method description)

Hunkeler et al., USEPA, 2008)
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help me with IVINA?

FAQ 12: How can molecular biologicalitools

1. ) Show that key organisms are present
(e.g., Dehalococcoides, Dehalobacter)

2. ) Show that key enzymes are present (e.g.,
vcrA, oxygenase-encoding genes)

3. ) Establish relative abundance of key
microbial populations

MBTs provide strong, but not definitive evidence of MNA

Our friend,
Dehalococcoides
(Apkarian and Taylor)

KEY ISSUE: Most tests focus on presence, not activity!
33

33



FAQ 12: How can molecular biologicalitools

help me with IVINA?

Evaluating chlorinated solvent degradation using PCR-
based methods for tracking Dehalococcoides (Dhc)

MNA Application MNA Limitations

* Many techniques cannot

*PCR/ qPCR * I|dentify if key organisms / differentiate between live
enzymes and inactive cells
* Determine if abundance of ¢ Attempts to correlate in situ
key biomarkers is increasing activity and gene expression

still in infancy

* Target mostly well-known
pathways (others in
development)

Others:
Stable Isotope Probing (SIP), microbial fingerprinting, microarrays, enzyme activity probes 3

34



FAQ 12: How can molecular biologicalitools
help me with IVINA?.

HOW TO COLLECT AND USE THE DATA?

* Groundwater or Soil using established
procedures
» starting at about $200 per sample/
target)

* Quantitative Rules for MNA.

* Specific recommendations for MNA

* Luetal., 2006: “generally useful”
attenuation rates of cis-1,2-DCE and
VC (> 0.3/yr) were associated with
sites where Dhc was detected, while
no attenuation was observed at sites
where it was absent

2

GUIDANCE PROTOCOL

Environmental Restoration Praject ER-0318

Application of Nucleic Acid Dased Tools for Monitoring
Monitored Natur, fon (MNA), Biosti <

amd Bionugmentation at Chlorinated Solvent Sites

January 2011

Dhc at 10 to 10° gene copies/L can
support MNA

Dhc at > 10° gene copies/Lis the
target threshold for ensuring
ethene production

35



INTERVIEW: John Wilson

1. What are the most important new developments you’ve seen since the
original protocols were developed in the 1990s?

2. How did you get involved in isotopes? What is the key message in the the
document you wrote with Hunkeler and others in 2008?

36



INTERVIEW: John Wilson (continued)

3. You just completed a Short Course at Battelle on calculating and applying
rates for MNA processes. What is the key message from your short
course?

4. You got involved in MNA statistics with your 2011 document: “An
Approach for Evaluating the Progress of MNA in Groundwater”. Why did
you write this one? Are you a pretty good statistician? Any thoughts on
sampling frequency?

5. What is the big question to answer for MNA?

37



BREAK FOR INITIAL Q&A

Go to:

http://serdp-estcp.org/Program-Areas/
Environmental-
Restoration/Contaminated-Groundwater/
Persistent-Contamination/ER-201211/

Or Google:
IIMNAII + IIFAQII+ IIESTCPII

Frequently Asked Questions about
Monitored Natural Attenuation in Groundwater

FEBRUARY 2014

David Adamson and Charles Newell

38



FAQ 13: How can you show attenuationithat

occurred before the start of imonitoringe:

By Using Clay Diffusion

Profiles or Tree Rings

“Source History” using soil data from
Low Permeability Zone (e.g., clay)

* Combo of high-res characterization
and inverse modeling

* Core acts like “tree ring” to provide
information on the source
concentration over time in
adjacent aquifer

New FREE software tool developed for applying
this method: http://www.serdp.org/Program-
Areas/Environmental-Restoration/Contaminated-
Groundwater/Persistent-Contamination/
ER-201032

280 m from source
(along transect)

CS: 42 years
{before source
removal)

$8: 42 years
(before scurce
removal)

CS: 5.75 years after
source removal

Distance (m from aquitard interface)
COTes e | —s multilevel

SS:5.75 years after § w0 e
source removal . 0 Removed|
£ +
ML-10

]
(Aug. 2000) 0 N W W e W

Time (vears)

0 50 100 150 200 250 300

TCE (mg/L)

Example of “Source History” estimate from
Chapman and Parker, 2005 - best fit with
Stepped Source (SS) (see inset)

39
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FAQ 13: How can you show attenuationithat
occurred before the start of imonitoringe:

ALTERNATIVE: Use actual tree rings as part of a “phytoforensic” approach

+ Assay cores for Cl for chlorinated solvents, S for petroleum hydrocarbons
e Applied at > 20 sites

Case Study 2: Energy-Dispersive X-Ray Fluorescence Showing Contamination by Chiorinated Solvent, Ca _
1988 Movin rage 9

500
2 400
g;w
62&) A
100 i

mm g 0 w £l 40 0 &0 0 € 80 ALY L] 120 130 140 150 160 17

= e 988 1993/1994 o ! |

Cl- patterns (shown on y-axis as x-ray fluorescence counts) over time in tree core (shown on x-axis in
mm of core). Pattern identifies potential exposure events (releases) in 1988 and 1993/1994, along
with continuing impact at date when core was collected (far right hand side)

(from Balouet et al., 2007)

40



FAQ 14: Can DO measurements beaproniem
for MINA studies?

YES, if not carefully done

Some early conclusions of ESTCP 2011-29 project:

* Great care should be taken to minimize oxygen
introduction by measuring at well head using a flow-
through cell

* Erroneous DO measurements are often recorded and
reported which can cause misinterpretation of

subsurface conditions

* Measured and actual DO concentrations rarely coincide

41



FAQ 15: What are CO, traps and how.doxthey,
help me show attenuation?.

A new tool for measuring natural source zone attenuation at LNAPL sites

*  What’s the principle?
e LNAPL is subject to degradation following release,
with essentially all being converted to CO,
* How do they work?
* Collect CO, that has migrated to surface using a
passive adsorption device installed at grade
» Correct for background/non-fossil fuel-related CO,
» Convert CO, to LNAPL attenuation rate (gallons/
acre/yr)

Example of Colorado State University CO, trap installation;
other approaches have been developed by Ariz. St. Univ. and
Univ. of Brit. Columbia a2




FAQ 15: What are CO, traps andhowidosxthey

help me show attenuation?.

Traps have been deployed at
UL LRI o yitiple sites and have
data say? documented large CO, fluxes

equivalent to 100s to 1000s of
gallons of LNAPL per acre per year

450 T

Equivalent to
> 3000 gallons of
= LNAPL degraded [=
per acre per year |

31 Carbon dovide n he vadesz 20ne

AN

Elevation (masi)

Creundatss fow TN B
—

FEIEEEEET

i N
" e o e et of e oy )

Sihotra et al., 2011

Example of field site
where CO, traps were
used to delineate LNAPL
natural loss rates.
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BREAK FOR POLL QUESTIONS
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FAQ 16: How

timeframes for MINA?

do | estimate rates and

Point Attenuation
Rate (Fig. 1)

Cvs. T Plot concentration over time at a

By extrapolating monitoring well data and the right rate...

Use of Rate Constant
Rate Constant  Method of Analysis Plume Plume Plume
Attenuation Trends? Duration?

Significance
Reduction in contaminant

single point

soint, liMe per year)

Reduction in dissolved

______ Lo

« Samples
=—Regression Line
e 80% confidence inteval

A --—85% confidence interval
© Intenim Goal

100
20000 20010 20020 20030 20040 20050 2006.0 20070 20080

Dote Sampled

from Wilson, USEPA, 2011

Example of extrapolation method to estimate MNA remediation timeframes 45
with confidence limits."*
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FAQ 16: How do | estimate rates and.

timeframes for MINA?

By using mass balance methods in simple models...

Simple mass balance model for first order
decay in source concentration Ksource (Per year)=

Mass discharge (kg/yr)

Mass (kg)

REMChlor Model

(Falta et al., 2007)

and

NAS Software

(Widdowson et al, 2005;

Chapelle et al., 2007)

W

' REMFuel

46
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Follow and understand USEPA Guidance

From USEPA Our Comments

Performance Monitoring
of MNA
Sample both
contaminated and
uncontaminated areas.
Monitor areas Use piezometers to better
supporting site understand groundwater
hydrogeology. flow

it is critical to get flow-
LR LR T RGO weighted concentrations
stratigraphic unit or from transmissive zones that
contaminant loading would be utilized by a
interval. receptor. This may mean
long well screens.

See graphics in USEPA 2004
doc

Source zones can change the
geochemical conditions

Be aware of changing
groundwater flow
directions.

Performance Monitoring of
MNA Remedies for VOCs in
Ground Water

Deg:
Products & Other

Concentration
High  Plume Fri
e M98 Geochemical Indicators

USEPA, 2004

a7
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FAQ 18: What is the new thinking about

monitoring frequency?.

KEY POINT:

Groundwater
monitoring data can

be highly variable, so
it may take many
years to establish
attenuation trends

SERDP ER-1705
Monitoring Variability
Study: Short-term
variability masks
long-term trend

Concentration (Log)

Time |

10000

Initial Year of Revew Cycle

Wilson, USEPA 1000 3 Final Year of Feview Cyce —_—
c WGoaks
Guidance, 2011: %
Focus on longer
review cycles to
answer these 10 ¢
questions EI B — —

200C.0 2005.0 20100 20150 2020.C
Date cf Sampling

Concent-ation pgiL)
=
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FAQ 19: Statistics for two questions:

How far and how long?.

Mann-Kendall Statistic

Confidence Factor

B (@D D

IfCOV <1,

Prob. Stable

< 1 -
S <0 ReLEEENLT Decreasing If COV > 1,

No Trend
Prob.
S>>0 Increasing
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FAQ 20, 21: Which computer modelsavorkiest

for MINA? Are MINA Redctions Sustainanies,

REMChlor and REMFuel
(Falta et al., 2007; USEPA, 2012)

Analytical model for
plume response

I—

Groundwater Flow
T

Example of Three Reaction Zones for Chlorinated Ethenes

PCESTCE—*cisDCESVCETH Source model uses Source model Plume model simulates mass
mass balance and provides mass balance based on advection,

“gamma’” to predict mass  dischargeinfoto  dispersion. retardaticn, and

[” Available organic carbon }

Dissolved organic carbon flux
= Smail

g Plume Zone 1 Plume Zone 2 Plume Zone 3 d!‘s:rsfr?;"ove{uﬁnie. plume model degradation reactions
H] Deeply Anaerobic Highly Asrobic Low or Background emner nafura M
2 High Decay Rates G Decay Rates attenuation odv rrlom gbnrtne"rerlnhed ation —
ﬁ'(‘;‘rspargmg here) source remediation (but all with smple flow field)
NAS Software
(Widdowson et al, 2005;
Long-Term and Unsustainabl Shortt Short-t
Chapelle et al., 2007) ot Term sonem T e,
sustainanity rao | and 1 longterm
Components of ‘ long-term | sustainable
MNA _ Large unsustainable | MNA sman
inability™ Dissolvedoxygen | | WA ) |
Dissolved organic carben |
[
'
|
|

Longem
susiainadiiy o




MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

WEW SUNTAWNIIVANTS FOR THE WiNA LINEUP:

ODW 04O % \/ 3 0 D pU

0. VWWNd 0 0

EMERGING ISSUES FOR EVALUTING MNA AS A REMEDY:
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FAQ 23: Do contaminants inJow-=permeaniiity.

units attenuate?

800
Sometimes, we think . T Time Needed for 99% TCE

Mass Removal in Rock

) 400 4 Matrix — Reaction Onl,
* Some evidence based on lab/
field studies, but simply not e \.\.\g
investigated much yet 0
. 0.0E+00 S.0E-09 1.0E-08 1.5€-08 2.0E-08
* Even slow attenuation could be
significant

Impact of Abiotic Degradation Rates in Rock
Matrix on Mass Reduction Timeframes
(data described in Schaefer et al., 2013)

Smaller pore throat size restricts migration of microbes,
flushing influx of nutrients/carbon sources, and growth density

IS RS G s  SETERe e N EVI = BB Salinity can be high and may limit microbial activity

for biological and biogeochemical reductive

dechlorination

L E WA BTN T el [Teee [ ) B Limited bioavailability of organic carbon
silts/organo-clays

OO E A ETEEN RO R RN EEIN Reactivity of mineral species may be limited due to
species dependence on microbial activity (e.g., iron reduction)
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FAQ 23: Do contaminantsinilow=permeonility

units attenuate?

Potential lines of evidence for low k
zone attenuation to support MNA

* Molecular biological data confirming
presence and/or activity of degraders
within low k zone

* Daughter product distribution suggests
greater extent of degradation in low k
zone relative to adjacent transmissive
zone

* Favorable geochemical conditions within

low k zone

* CSIA data showing higher fractionation
within low k zone

* Mineralogical analysis of low k zone soil
samples that show minerals capable of
abiotic degradation of contaminants

Example of high-resolution sub-sampling
of soil cores for assessing attenuation in
low-k zones
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FAQ 24: Why are interfaces importantyor.
NMNA?

Interfaces are where the action
is at many sites!

e Interfaces between groundwater
and surface water — hyporheic
zone

* Transitions between aerobic zones
and more reducing conditions

* Biogeochemical gradients at the
interface between different
geologic conditions

* Interface between vadose zone
and saturated zone

Sur‘ace Source Plume System
(V/este Site)

]

Plume Segment 2

Flume Secment

- iron-o<ide-rich sand
- High CRP
- High CEC [lences)

//' —
Reactive Facies: eadiment iron oxices, higﬁ CEC lensee
(Sandy aquifer malerial wilh lenses cf silt and clay)

Plume Segment 2

-Low ORP
-High CEC

Receptor
(Sueam)

Reective Faciea:
- Sail organic material
- Clay mirerals

‘Fine dzposits n
velley near stream)
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MNA?

FAQ 24: Why are interfaces importantyor.

KEY POINT: Big changes that occur across

short distances can drive attenuation

Hyporheic zone example (USGS
study by Landmeyer et al., 2010)

“MTBE, TBA, and TAME concentrations in
groundwater discharge in a 5-foot (1.5-m) thick
section of the hyporheic zone were attenuated
between 34% and 95%, in contrast to immeasurable
attenuation in the shallow aquifer during contaminant
transport between 0.1 and 1.5 miles (0.1 to 2.4 km)”.

Vadose zone example (Kurt, Shin,
& Spain, 2012)

Thin (2-3 mm) anaerobic/aerobic interface was
found to have a “remarkable capacity” to degrade
chlorobenzene (2000 to 4200 milligrams per meter
squared per day) and nitrobenzene.

indoor ground

€, J surface

aerobic zone

INTERFACE
C, emm—

anacrobic zone

source zone

Conceptual model for
vadose zone degradation
(from Devaull, 2007)
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FAQ 25: How do reactive mineral species
contribute to attenuation?.

Naturally-occurring minerals
can degrade contaminants

CVOC degradation that is
abiotically-mediated by a number
of reactive mineral species

Iron(ll) Sulfide (FeS)

Mackinawite —(Fe,,S )

Pyrite (FeS,)

Magnetite (Fe,O,)

Goethite (a-FeO(OH))

Hematite (Fe,O;)

Lepidocrocite (y-FeO(OH))

Green Rust--(Fe?* and Fe’* cations, O* and OH-
anions, with loosely bound [CO;]* groups
and H,0 molecules between the layers)

Basis for ZVI and other PRB
designs, but significant evidence
of natural attenuation in
anaerobic environments

g Y CO; +H;0
o i S

CHO CHO  Generis siestron doner organis compounds
CHO CHO CO; +H0 % Eibrisien
™ Sullal-cediing bactasium
Transgest

Charmisorpion Mediated Abiotic TCE Transormation
@ Reactive Minersl Focmation
®  Abioti TCE Tramformation
& iochomical Raaction

Example of abiotic TCE degradation by magnetite
(from ESTCP/AFCEE/NAVFAC, 2007)
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FAQ 25: How do reactive mineral species

contribute to attenuation?.

*  While contaminants are degraded
abiotically, formation of reactive
minerals typically have a biological

component
* e.g., biological iron reduction enlingon-uMinirieedia
and/or sulfate reduction to Responsible for Natural .
Attenuation of Chlorinated Organic

produce iron sulfide Compounds in Ground Water
e Methods for assessing abiotic ;
degradation capacity are available
and/or being developed
¢ E.g., magnetite in sediments via
magnetic susceptibility testing

* Current research suggests slow but
sustainable attenuation rates

EPA, 2009 -
detailed descriptions of
important methods
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FAQ 26: Whatis a low-risk site?-HowisiVINA
involved?

Low-Risk means MNA the rest of
the way

Recognition that at many sites
complete closure is difficult
and/or unattainable
Concentrations may be very low
and pose no significant risk
Being adopted as part of state
regulatory programs (e.g.,
California)

Low-Risk Site Closure

Manual to Accelerate Closure of Conventional

East West

Low-Risk Site Closure Guide for
Air Force (Farhat et al., 2012)
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FAQ 26: Whatis a low-risk site?-HowisiVINA

involved?

Do You Have a

ANSWERS FOR
SUPPORTI!

Complete CSM
that Reflects Key
Low-Risk Closure
Concepts?

Air Force LoRSC
W\ ELIIE]

Methodology to

Determine Low Risk

Sites — Parts | and Il

Il Are Sources
Controlled?

UESTIONS
1. Have o of he campanents of the Concsatual
Sile Mode! {CS) been evelusled? —
(Section 3.4 1) O O
1. Are I!WN any significantty mcoie source YES NO
maierials? — =
(Soction 321} QO
2. Is e source zane TTec of any crvironentaly YES NO
significent quentity of NAPL?
(Section 3.22) O O
3. I8 it pessiba that any fuchar source 7on
wstrancd by men dleson | YES WO
® e
4. Arc sources rolney sma’? YES NO
(Saction 3.2.4) o e
6. dl;l:y::;:\w} zona cancenfrations YES NO
(Seclion 325 ® @
6. Ishere evidence of on-going netural i W
ataniation processes inthe saume 7ona? —_—
(Section 3.26) ® ®
7. Wil future source remediation: only manginaly E
oo site congi =
e QO
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MNA THEMES

MNA AS AN EVOLVING TECHNOLOGY:

NEW CONTAMINANTS FOR 1HE MINA LINEUP:

EMERGING ISSUES FOR EVALUTING MNA AS A REMEDY:




FAQ 27: Can MINA be a stand-alonexemeayz;

When should you transition toWWINAY,

It depends T

I

* 1999 EPA Directive: [—‘ . Collct dota and el l
MNA should not be considered a default or N
o

presumptive remedy, and that it should be @
Ill. Enhancement
determine if possible?

applied “very cautiously as the sole remedy”
and that “source control will be fundamental lequlremems of
components of any MNA remedy.” e if Yes

Enhanced
Attenuation
(implement)

* Lots of data suggesting MNA
being used extensively
— Sole remedy

— Some source treatment with
MNA as sole grounwater remedy

sccep ble, hen

a0
h ance ent
eva

OCO@EDOO
I
|

* Many states have specific risk- Yes No
based criteria for MNA as “
default remedy (e.g., Florida)
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FAQ 27: Can MINA be a stand-alonexemeayz;

When should you transition toWWINAY,

1. Response actions—source

MNA Transition and -clnve
Flowchart, ITRC 2008

II. Collect data and evaluate |
risks and plume stability |
Are the risks acceptable? No
Is the plume stable or shrinking? @ T ——
determine if possible?

Are conditions sustainable?
Is the remediation timeframe acceptable? 'eq""ee'"s o
Are the cost-benefits acceptable?

Yes

Enhanced
Attenuation

CO@EDOO
i

(implement)
sccep ble, then
ance ent
eva
Enhanced Attenuation ves [ | No

(instead of MNA)
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FAQ 27: Can MINA be a stand-alonexemedyz,

When should you transition todVINAY,

NRC “Complex Sites” Report, 2012

Transition Assessment Concept

At many complex sites, contaminant concentrations
in the plume remain stalled at levels above cleanup
goals despite continued operation of remedial
systems. There is no clear path forward to a final end
state embodied in the current cleanup programs,
such that money continues to be spent, with no
concomitant reduction in risks. If the effectiveness
of site remediation reaches a point of
diminishing returns prior to reaching cleanup
goals and optimization has been exhausted, the
transition to monitored natural attenuation or
some other active or passive management
should be considered using a formal evaluation.
This transition assessment would determine whether
a new remedy is warranted at the site or whether
long-term management is appropriate.

MATIONAL RESEARCH COLNCIL
O AAPONALACAERES.

ALTERNATIVES FOR MANAGING
THE NATION'S COMPLEX
CONTAMINATED GROUNDWATER SITES
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FAQ 28: How can stakeholders considering

MNA make better decisions?.

Use SMART Objectives

“Absolute (objectives based on broad social values,

such as protection of public health) or funcﬁonal (steps
or activities taken to achieve absolute objectives, such as
supplying bottled water to affected residents). Functional
objectives are established to demonstrate attainment of
absolute objectives and have often been missing, difficult
to measure, or unattainable”

Functional * Specific
Objectives « Measurable
must be: + Attainable

* Relevant

* Time-Bound

from ITRC Integrated DNAPL Site Strategy (IDSS), 2012

S Specific=The objectives should specify what is to be
achieved through a remedial action. They should be
concrete, detailed, and well defined
« Diagnostic questions:

o What exactly are we going to do?

o Is the objective well understood?

o Wil this objective lead 10 a desired result?
S does not mean “shifting”!

Measurable—Nlanagers should be able to measure
whether or not the objectives are being met. Numbers,
quantities, or compansons should be specified, and the
uncertainty in key measurements should be understood.
* Diagnostic questions:
© How will we know that the change has occurred?
o Can these measurements be obtained?
M does not mean “magical’!

Attainable—Objectives should be realistic, given the
proposed time frame, political climate, and/or the amount
of money available
« Diagnostic questions
o Can we get this done in the proposed time frame?
© Do we understand the limitations and constraints?
o Can we do this with the resources we have?
o ls this possible?
o Has anyone else done this successfully?
« A does not simply mean “ambitious”!

»

£

Relevant—The objective should have & value and
represent a realistic expectation.
* Diagnostic questions:
o Does the outcome of the objective directly support
achievement of the absolute objective?
o Do we have the resources available to achieve this
objective?
* R does not mean “remarkable”!

Time-bound==The time allotted for achieving the
objective should be clearly defined and short enough to
ensure accountability.
+ Diagnostic questions:

o When will this objective be completed?

o Is someone still gaing to be accountable for

meeting the time frame?

« T does not mean ‘timeless"!

-
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INTERACTIVE “FAQ”

Easy to navigate

* Hosted on ESTCP and GSI
websites

* Does not require
download

Frequently Asked Questions about
Monitored Natural Attenuation in Groundwater

FEBRUARY 2014

David Adamson and Charles Newall L ETIS TA KE A

QUICK TOUR!

Interactive Version

http://serdp-estcp.org/Program-Areas/Environmental-Restoration/Contaminated-
Groundwater/Persistent-Contamination/ER-201211/
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INTERACTIVE “FAQ”

LET’S TAKE A 5 minute run-through of
QUICK TOUR! interactive version

67

67



FINAL Q&A

Go to:

http://serdp-estcp.org/Program-Areas/
Environmental-
Restoration/Contaminated-Groundwater/
Persistent-Contamination/ER-201211/

Or Google:
IIMNAII + IIFAQII+ IIESTCPII

Frequently Asked Questions about
Monitored Natural Attenuation in Groundwater

FEBRUARY 2014

David Adamson and Charles Newell
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