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-EPA 101

ntroduce MNA Framework Document for
norganics in Ground Water

 Discuss MNA for organics vs. inorganics

- Site-specific examples: East Helena SF site, Klau-

Buena Vista SF site

SEPAE T~

Monitored Natural Attenuation

http://www.epa.gov/nrmrl/pubs/
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- Ground Water & Ecosystems Restoration Division
(Ada, OK)

- Ground Water Research
—Contaminant Transport and Fate

—DNAPL remediation (ISCQO, thermal); Metals
remediation (reactive barriers, monitored natural
attenuation); aquifer storage and recovery; geologic
carbon sequestration; CAFOs; nano-particle
applications
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<, A SEPA Technical Protocol for
\’ Evaluating Natural
United States Attenuation of Chlorinated
Environmental Protection Solvents in Ground Water
Agency

« MNA for organics, technical protocols

- Regional requests for inorganics protocol

« SAB reviews EPA’s MNA research progran

- MNA Inorganics project started in 2002
—EXxpert panel

» Writing completed in 2004

- Review of documents, revision

e Published volume 1 & 2 in 2007/2008, volume 3 In
2010



“EPA  OSWER Directive 9200.4-17P

Concepts described in Directive:

- Stable or shrinking plume
« Source control measures
- [dentify mechanism(s) of attenuation

- Demonstrate irreversibility of attenuation
process (“sorption”) — recognizes that many
Inorganic contaminants will persist in
subsurface
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Contaminant
Release

Generalized Site Scenario

Seepage into
Surface Water

Water Supply Well

Contaminant

Concentration
(above MCL or ARAR)

High

Low



Reduce

1] contaminant flux in

subsurface...

In-Situ
Treatment

Source
Removal/
Isolation

Use of MNA to
remediate dilute
portion of plume...

Contaminant

Concentration
(above MCL or ARAR)

High

|

Low
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vs. Organic contaminants

Organic Inorganic

F— -

L - - .
Original Plume Mop'le plume
Boundary shrinkage due to

degradation or
Immobilization onto
aquifer solids

Time
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Immobilized
inorganic
contaminant still
present on
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EPA  Contrast with MNA for Organics

ironmental Protection
Agency

» EXisting protocols do not include metals and metalloids

* “Immobilization” will likely dominate over
“transformation” (with some exceptions...)
— Nitrate/perchlorate reduction
—Radioactive decay
« Non-destructive mechanisms necessitate extensive

characterization
—Q: Where did the contaminant go?

- Few “complete” case studies
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» Attenuation due to some biogeochemical reaction

Contaminant + @=

“Reactants” “Attenuated”

Immobilization

Pbew) * COz gw) =2 (Sed)

Cu ew) T goethite(Sed) -> (Sed)

Degradation

6NO; gw) + benzene gy, + 6H" gy, + Microbe gqq) =

) g Or nonhazardous synthetic/natural organic carbon...



EPA Volume | — Technical Basis
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Monitored Natural Attenuation
of Inorganic Contaminants in

Ground Water
Volume 1
Technical Basis for Assessment

Evolution of Inorganic Contaminant Plume

- Regulatory Overview

* Tiered Analysis
Approach (TAA)

- Role of Modeling in TAA

« Technical Basis for NA In
Ground Water

 Site Characterization to
Support Evaluation of
MNA



Tiered Analysis Approach

Tier 1: Evaluation of
plume stability

Tier 2: Evaluation of
rate and mechanism(s)
of attenuation

Tier 3: Demonstrate
capacity & stability

Tier 4: Development of
long-term monitoring
plan, contingencies

Filume Evolufion
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“EPA Volume Il — NA of Non-Rads
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 Reviews on As, Cd, Cr,
SEPAE Cu, Pb, Ni, NO,, CIO,,

Monitored Natural Attenuation
of Inorganic Contaminants in and Se
Ground Water
Vol
Agsuengzrr?em for Non-Radionuclides e Occurrence and
Including Arseniq, Cadrr]ium, Chromium, . . .
et Salslny Distribution
« Geochemistry & NA
\
Processes

- Site Characterization

- Long-Term Stability &
Capacity

* Tiered Analysis

- References
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EPA Elements Addressed in Inorganics

Environmental Protection
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MNA Reference Document
Radionuclides
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- Attenuation processes occur and
Impact the long-term distribution
and behavior of contaminants

- Natural processes are not
sustainable In most cases

- EPA Ground Water Issue Paper
(EPA/600/R-07/092)

Metal Attenuation Processes at Mining Sites
http://www.epa.gov/nrmrl/pubs/

EPA MNA at Mining Sites

SEPA  Ground Water Issue

Metal Attenuation Processes at Mining Sites

Richard T, Wilkin
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East Helena SF
Site, MT

* Former lead
smelter

» Arsenic/Selenium
in groundwater,
offsite migration

» Lead/cadmium/zinc
in onsite
groundwater
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Total As
= 10 ppm




14

12

e >80% As(V)
10

o mixture
® >80% As(lIl)

> . B

r - w

= =R

e - >....__._.T_u._:_ e - = o

S /

(& - = = TR

nru = |

fd

©

3 _
S
-
(1]
o
G
=

20
15
a
]
a

nmental Pro 285

Agency

FPA Ground

United States

Enviro

S
<
___s]



wEPA Arsenic and Selenium Plumes

United States
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g

b VL . FILL TTORETE T
) e TGV < el
- - B # oy

®) o - | ® O ‘ o :
>50 >20 >5 >0.5<0.1 >1 >0.5 >0.1 >0.05 <0.05
As, mg/L Se, mg/L
19



<EPA

1)

2)

United States
Environmental Protection
Agency

Coprecipitation
commonly occurs
near plume edge
where there is rapid
change in redox

Adsorption is more
prevalent at pH<7,
since As Is anionic
and mineral surfaces
neutral or positively
charged

Arsenic Attenuation

Immobilization
Mechanism

Types of Solid Species

Precipitation

Metal arsenates/arsenites
Sulfides

Coprecipitation

Trace component in
oxyhydroxides or sulfides of Fe
and Mn

Adsorption

Surfaces of iron oxyhydroxides,
iron sulfides, clay minerals




EPA Arsenic - Precipitation
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» Direct precipitation
not anticipated
except at very high
As concentrations

S \ H.AsO,

................... $corodite

_ _ » Stability region for
Asiory) —> these precipitates

SO N HE. ‘ does not overlap

| RE Bt AsO,” | significantly with

Orpimentia™~2 o) common Eh-pH

Eh, V

25°C

=i Realgar(a) AsS.> 48"-\ range for GW




EPA Arsenic - Adsorption
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Agency Aqueous As Aquifer Fe-bearing Minerals

Eh, V
Eh, V

pH

® Adsorption of arsenic in aquifers shows a common link to the
abundance of Fe-bearing minerals

® Ferric oxyhydroxides (ferrihydrite, goethite) in oxic conditions
Ferrous sulfides (mackinawite, pyrite) in sulfate-reducing conditions

® As mobility highest under Fe-reducing conditions in the absence of
sulfate reduction



wEPA Arsenic — Characterization Data
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» Geochemical characteristics of GW — especially “redox
condition” & pH
® Changes in these parameters may dictate re-mobilization (solid
phase dissolution, As speciation)

» Mineralogical composition of aquifer
® Solid phase association critical for understanding capacity & stability

» Chemical speciation of arsenic
® As(V) & As(lll) oxyanions common, but others can be significant
(thioarsenic, organoarsenic)

150000

Thioarsenite
—T75As

Plume around ZVI
PRB

Response

DDDDDDD

Arsenite u L
m D I A_ I : I I
o 2 4 [ 2 10 12

Minutes
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»

>

Solid samples — preservation of redox condition
® Oxygen exposure usually most critical

Water samples (laboratory or field analysis)
® Prevent precipitation of dissolved constituents, e.g., Fe(ll)
® Preserve arsenic speciation
1) Minimize air exposure
2) Acidify, unless sulfide present (precipitates As,S,)
3) Filter and light exclusion (microbial, photocatalyzed
reactions)

Field methods for species analysis and/or separation are
available, but need to be tested under site-specific conditions.

I::) http://cluin.org/download/char/arsenic_paper.pdf




<EPA

United States
Environmental Protection
Agency

Klau — Buena Vista:
Efflorescent Salt Study

Rick Wilkin and Steve Acree — EPA/ORD, Ada, OK

Office of Research and Development
*National Risk Management Research Laboratory, Ground Water and Ecosystems Restoration Division, Ada, OK






SEPA Water Solubility of

United States

s Efflorescent Salts

- Conceptual Site Model — efflorescent salts provide a potential
source of inorganic contaminants during precipitation events...

—Scenario 1 — all elements associated with salts dissolve into
solution

—Scenario 2 — other mineral/water interface processes sequester
metals

—Are all components in the salts soluble?? — key question
« Experimental methodology — column test — No...

—High solubility of Mg-sulfates, e.g., hexahydrite 428 gm/kg
water; starkeyite 604 gm/kg water

« Batch mode dissolution w/variable water/solid ratio

—Compare water soluble fraction w/expectation from totals
analysis
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0.2gto
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Solid:H,0
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Water-
soluble
content in
solid,

ppm

Water Soluble
- Nickel

Contents

Nickel
300
250 3 Total
200 m H20
g
5150
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Arsenic
14
12 ] O Total
10 | H20
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o
e 6
4
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KBV01 KBV02 KBV03 KBV04 KBV05 KBV06 KBV07 KBV08 KBV09 KBV10 KBV 11

Results more complicated for As, because both pH and iron
content have on impact on arsenic solubilization/sequestration



\"A’EPA Water Soluble Contents - Mercury
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Mercury
10
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8
m H20
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S
o
4
2
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KBVO1 KBV02 KBV03 KBV04 KBVO5 KBVO06 KBVO7 KBVO8 KBVO09 KBV KBVM

Hg mainly insoluble (not completely though)

Behaviors, water solubility: Refractory [Cr, Hg, Pb, TI]
pH-dependent response [Ni, Zn, Mn]
other [As, Cu, Co]
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- Field-scale attenuation processes — “red” mineralogy,
Interaction with surface and groundwater

- Total Hg and MeHg values In salts
—Temporal variability
—Spatial variability

- Salt formation

—How & where, can metal/mobilization content be
controlled??

- MeHg in Water
—Dissolution of salts, other sources



“EPA Role of MNA in Site Cleanup
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Most likely used in combination with other
remediation technologies & institutional controls

in-Situ
Treatment
(FPRB)

Source
Removal

Contaminant

Concentration
(above MCL or ARAR)

High l

Low




SEPA Take Home Message

Environmental Protection
Agency

>»“Plume” composed of contaminant in GW and on aquifer sediments
® Need to account for reversibility of attenuation

Organic Inorganic
M |

I_ R |
Original Plume

Boundary

Dissolved plume
shrinkage due fo
decay or
immobilization onto
aquifer sediments

Dissalved Plume

Time

B B
<<<<<<
>>>>>>
<<<<<<
>>>>>>
=====

Inorganic
contaminant still
present in aquifer
sediments
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»Adequate understanding of hydrology

® Need to know where the GW is moving to understand where the
contaminant is being attenuated

Process
;u_ Trench _E"
River

Contaminated
Vadose
Zone '

SR

AV ¢ 9
Resaturated Uranium
Leaching Normal Flow =p

(PNNL, 2006)
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»Different inorganic contaminants have different chemical properties

® Mobility will depend on the “interaction” between contaminant
properties & GW chemistry

Methanogenic Fe Reducing

50,4 Reducing Mn Reducing
I

Denitrification
Aerobic
...................... R ™
Precipitation CrVl) Reduction Nitrate Adsorption to
of Sulfides and Co-precipitation Attenuation Aquifer Solids
with Fe Oxides
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»Models — need to be quantitative, i.e., move beyond CSM

® Quantitative # 3D Reactive Transport Model

0
Coprecipitation \ Adjacent
. % .\ upgradient/downgradient
o NV COH), .
Chromate Reduction > /
il PRB
l@E 1 : i p ’
+6 5 E ﬂ
o)) crit
o
Aguenus i
l -15§ cron? )
_ o Cr(OH)
Solid g crom),| 4
3
Fegg5Cro.05(0H)5 25°C
-20 SIS i e
0 2 4 6 8 10 12 14
pH
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» Tiered analysis process is a means of organizing site

characterization tasks

Take Home Message

Filume Evoiufion
Tier 1
. 3E . 2
Tier 2 38 -
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