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Disclaimer

The findings and conclusions in this
presentation have not been formally
disseminated by the U.S. EPA and
should not be construed to represent
any agency determination or policy.
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Plan for Presentation

» Context for evaluating water and
contaminant flux from upland
groundwater to downgradient surface
water bodies

* Tools for assessing hydraulic pathway
from groundwater to surface water

* Tools Implementation — Site Case
Study (Arsenic)
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wEPA Conceptual Site Model

United States
Environmental Protection
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wEPA Conceptual Site Model

United States
Environmental Protection
Agency
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wEPA Conceptual Site Model

United States
Environmental Protection
Agency

Questions at the GW/SW Transition Zone:
« Spatial variation of exchange flow?
» Temporal variability of exchange flow?
« Magnitude and direction of exchange flow?

« Can we identify and track plume discharge?
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“EPA  Characterization Tools

Upland Groundwater



* |nstall monitor wells or piezometers
— Determine groundwater elevation
— Determine aquifer properties
— Measure groundwater chemistry

« Determine flow direction and magnitude
— Calculate groundwater potentiometric surface
from a network of wells/piezometers (sitewide)
— Calculate flow gradient and direction for a
subset of wells/piezometers (targeted)
— 3PE: A Tool for Estimating Groundwater
Flow Vectors
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wEPA Characterization Tools — Upland GW

United States
Environmental Protection
Agency

 EPA 600/R-14/273
September 2014

* Provides background and
technical guidance on

+pE: Azooitor O appropriate application of

Groundwater Flow Vectors N evaluat|0n technology

" : * Provides spreadsheet-

based analysis tool for
calculating flow gradient,
velocity, and direction
from measured
groundwater elevations
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wEPA Characterization Tools — Upland GW

United States
Environmen tal Protection
Agency

3PE — Three Point Estimator

« Implementation of a three-point mathematical solution
to calculate horizontal direction and magnitude of
groundwater flow

« Applicable within portions of the groundwater flow
field with a planar groundwater potentiometric surface

« Groundwater seepage velocity estimated using
Darcy’s Law

— hydraulic gradient from 3PE calculation
— estimates of hydraulic conductivity and effective

porosity
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<EPA

United States

Characterization Tools — Upland GW

Environmental Protection
Agency

“3 Points”
monitor wells/piezometer
locations 'Y

Estimated/measured
aquifer properties
7

Project: SITE NAME || 5/22/14 12:00 AM ||
Location: Location or Other Information
Date: Date Range for Data or Other Informatjén Vector Inspector
Well Location
Well Name X Coordinate (L)| Y Coordinate (L) Vector Inspector Row of Interest: 11
RSK12 630,520.67 3,027,093.09 1 Must be between 22 and 66
RSK15 630,585.33 3,027,062.01 1 /
RedCoveSwW 630,653.23 3,027,174.78 1 Statistics / /
Head (L) RSK12 RSK15 RedCoveSwW / /
Principal Hydraulic Conductivity Components Maximum = 218.59 218.56 217.93 K
Kmax = 65.0000 LT} Minimum = 216.24 216.19 215.94
Kmin = 65.0000 () Average = 217.29 217.21 216.82 \Q/
Orientation of Kmax= 90.00( (degreesfrom N) Range = 2.35 2.37 1.99
B= 0.00]degrees from X axis
Hyd. Grad. (L/L) | Velocity (L/T) Hydraulic Gradient Vector is BLUE Suggested
Effective Porosity = | 0.25| {-) || Maximum = 0.008335 2.167081 Groundwater Velocity Vector is RED Scaling Factors
Minimum = 0.000558 0.144360 Hyd. Grad. Scale Factor = 11,000.00 9,340.90|
User input cells are shaded green. Average = 0.003210 0.834701 Velocity Scale Factor = 100.00 35.93
HYDRAULIC HEAD DATA SET MUST NOT CONTAIN BLANK LINES
Angle
Hydraulic Head (L) Hydraulic Gradient Groundwater Velocity Between Head Planar Equation Constani
BGELS \ Vectors Drop (ft)
Magnitude Direction Magnitude Direction
Date/Time RSK12 RSK15 RedCoveSW (L) (deg) [(Tay] (deg) (deg) A B
10/19/2006 218.03 217.90 217.33 0.004556 49.56 1.184458 49.56 0.00 0.70 -0.003467089 -0.00295514
4/26/2007 218.59 218.56 217.46 0.008335 28.48 2.167081 28.48 0.00 1.13 -0.003974909 -0.007326058
9/10/2007 217.77 217.63 217.19 0.003726 58.21 0.968636 58.21 0.00 0.58 -0.003166636 -0.001962636

“3 Points” — measured groundwater elevations
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SEPA Characterization Tools — Upland GW

Environmental Protection
Agency

« 3PE Output for each round of synoptic
measurements

— Magnitude and direction of hydraulic gradient
— Magnitude and direction of groundwater velocity

RSK12 - - . . . . . .
Wells RSK1S Direction and Magnitude of Hydraulic Gradient Hydraulic Gradient and Velocity Vectors
RedCoveSW Direction Measure d from North Clockwise (degrees) 3,027,2000 5/22/1412:00 AM i ] o
360 ! 108-02 -> Hydraulchradlept Dl.rem.on
) -> Groundwater Velocity Direction
—&— FDIRECTION
3,027,1800
—&— HMAGNITUDE REdCOVESW
300
\H\ N 8.0E-03
Il fl N 3,027,160.0
I [ 1
{1 Al \
[ [ I\
20 | 4 [ [
[ - I
P ‘, ¢ '\‘ ,//.‘l‘ | I‘ | - 3,027,800
A \
g \ / \ ‘,‘ |‘ ‘I \ 6.05-03 E‘
3 | ‘l‘ [ | B =
| | P
é 180 i - ,/i \‘I‘ g > 3027,1200
g . | 1/ |‘ / \ H
s ﬂ | \ z
- | 40803
;E ‘Q ‘ |‘ \ S vg 3,027,1000
& 10 M / \ F
2 \f 9 \ / \\'. \ * . &
= / f at ! ®
g . \ 4 Ve \a | / 4
3 - \[ VA !0 t . \I / £ 3,027,080.0
= S A / 2.0E-03
© . Y/ \ % ) ? ﬁo,‘-’ .
R L N RIS W Ve RSK15
I \ A Wow|/ 4 ‘H-ﬂ 5,027,060.0
. ~— - * \
e *
o 0.0E+00
10/1/05 9/30/08 3/30/10 9/20/12 3/20/14 3/28/16 9/28/18 3,027,040.0
530,500.0 630,520.0 6305400 6305500 6305800 630,600.0 6306200 6306400 630650.0
X (L)
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Characterization Tools

GW/SW Transition Zone
(Surface Water Body)
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Characterization Tools —

Transition Zone

* Qualitative Tools or Approaches (Where)

— Visual observations in surface water body
(discolorations, sheens)

— Detailed spatial chemistry sampling for
contaminants or plume indicators

— Detalled spatial geophysical measurements
(resistivity, electromagnetic surveys)

— Detailed spatial temperature contrast
measurements (indirect or direct)

 Critical first step to defining CSM and devising a
site characterization network
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Characterization Tools —
ntedSoes Transition Zone

Agency

<EPA

o et * S0OUrces of Information

Surface-Water Interactions

S — EPA-542-R-00-007, Proceedings of
- -4 e the Ground-Water/Surface-Water
fﬁ,;«;.,;*ut_~, Interactions Workshop (Part 3 —
S —— Case Studies)

— EPA-540-R-06-072, ECO
Update/Ground Water Forum Issue

smeco upans Paper
jssuePaper — EPA-600-R-10-015, Evaluating

Potential Exposures to Ecological
Receptors Due to Transport of
Hydrophobic Organic Contaminants
In Subsurface Systems
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Characterization Tools —

Transition Zone

« Quantitative Tools (How Much & Direction)

— Flow balance calculations to estimate GW
contribution to baseflow (quantity)

— Piezometer-Stilling Well installations in surface
water body (direction, quantity estimate)

— Seepage meter measurements: snap-shots or
continuous (quantity and direction)

— 1D-2D-3D Groundwater-Surface Water flow
models (major undertaking; data intensive)

— Quantify Seepage Flux using Sediment
Temperatures
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Characterization Tools —

Transition Zone

« EPA 600/R-15/454
December 2014
* Provides background and
technical guidance on
appropriate application of
porie e 2”8 technology
* lllustrates use of
spreadsheet-based
analysis tools for
calculating seepage flux
magnitude and direction
from sediment
temperature profile data
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Modeling Seepage Flux

Seepage Flux Calculations

« Theoretical basis for heat flux modeling has been
around for decades

« Several modeling programs have been developed In
either freeware format or free plugins for commercial
software programs

» Wide variety of commercial devices available to
measure temperature and other sediment properties
(model input parameters)

— Range of accuracy and resolution for temperature
(price range)

— Snap-shot versus continuous logging capabilities

SHC 3.61.1 Contaminated Sites - Technical Support



EPA Modeling Seepage Flux

United States
Environmental Protection
Agency

« Heat conduction

O
O I -
® —— Influenced by GW SW
= ) Water temperature gradient
2 . .
= 4 Winter « Heat convection
Q Heat "
£ Cond it mf_luenced by flow up
B -1- ¥ summer (discharge) or flow down
N NG (recharge)
=
o - Water « Shape of temperature
QO : ) i
m o profile influenced by
£  7Q) magnitude and direction
@ -37Sediment of GW flow
Adapted from: Conant (2004) Ground Water,
42:243-257
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EPA Modeling Seepage Flux

United States

Environmental Protection
Agency

Temperature Profiles (Summer)

Discharge (flow up) Recharge (flow down)
High Surface Low Low High
Water
q; q; q; q;
01 | I — O
:/ ! I / !
[ | [
Heat ° Heat o
> : o B : 2
_ 5 Conduction %I | & Conduction 21 L
< & ¥ 2| 15 ¥ = O
o 9 ol 19 oy )
@ E * gl ] gl 2
a g Water =1 s Water =1 =1
118 Advection g! : - Advection s r
g (Heat Convection) z : :% (Heat Convection) % :
3 o 13 It o
5 i 21 15 2
. Sediment ) I T
T T T T T T T 011 T T T T T T 1 T T
10 15 20 10 15 20
Temperature Temperature

Adapted from: Conant (2004) Ground Water, 42:243-257
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Modeling Seepage Flux

Seepage Flux Calculations: Two principal modeling
approaches

« Steady-State Models based on temperature gradient
— Contrast between SW and GW temperature
— Temperature at minimum of 3 depths

* Transient Models based on propagation of daily
(diurnal) temperature cycle down sediment profile

— Dependent on usable diurnal temperature signal
from two depths

— Change in amplitude and timing for diurnal signal
across depth interval

SHC 3.61.1 Contaminated Sites - Technical Support



<EPA Modeling Seepage Flux

United States
Environmental Protection
Agency

« Steady-State and Transient Model Systems
— temperature contrast across vertical boundaries
— sediment properties (heat transport, transmissivity)
— direction and magnitude of seepage flow

Steady-State Transient

_|

D)

A\/TV\I 3

£ 3
Q o
) —
e e e =
o)

Temperature Time
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Modeling Seepage Flux

« Spreadsheet-based models that implement calculations
using several derived analytical solutions

« Steady-State Models
— Schmidt et al (2007) 2 sediment depths + regional GW
temperature
— Bredehoeft and Papadopulos (1965) 3 sediment depths
* Transient Models
— McCallum et al (2012) 2 sediment depths, diurnal
amplitude ratio and phase shift
— Hatch et al (2006) 2 sediment depths, only diurnal
amplitude ratio
« Output from models is equivalent to Darcy Flux (specific
discharge)
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<EPA Modeling Seepage Flux

United States
Environmental Protection
Agency

« Steady-State Workbook - Spreadsheet-based calculation tool

umse | Water & Sediment Calculate Seepage
wc,- o] wmio | Properties
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<EPA Modeling Seepage Flux

United States
Environmental Protection

* Transient Workbook - Spreadsheet-based calculation tool

Water & Sediment Properties

SITE NAME:

LOCATION ID: = (o = EC | o)
DESCRIPTION: Calculate Seepage
NOTE: This Modelrequires a temperature time-series of 24-hour duration & a pL.= Jl'(lns.C)
minimal of 12 samples per 24-hour-period.

Clear Time-Series Data
Temperature Time-Series of To Temperature Time-Series of Tz qz= cm/day

| Date/Time | To | Date/Time | Tz |

| wiyyyhemm | %t | wjdiyyyyhemm | ¢ |

7/12/2014 0:00 24.51 7/12/2014 0:00 21.07

7/12/2014 1:00 24.38 7/12/2014 1:00 21.07

7/12/2014 2:00 24.20 7/12/2014 2:00 21.07

7/12/2014 3:00 24.07 7/12/2014 3:00 21.07

7/12/2014 4:00 23.88 7/12/2014 4:00 21.01

7/12/2014 5:00 23.70 7/12/2014 5:00 21.01

7/12/2014 6:00 23.51 7/12/2014 6:00 20.94

7/12/2014 7:00 23.45 7/12/2014 7:00 20.94

7/12/2014 8:00 23.45 7/12/2014 8:00 20.88

7/12/2014 9:00 2263 7/12/20149:00 20.82

7/12/2014 10:00 23.95 7/12/2014 10:00 20.82

7/12/2014 11:00 24.26 7/12/2014 11:00 20.82

7/12/2014 12:00 24.51 7/12/2014 12:00 20.82

7/12/2014 13:00 24.70 7/12/2014 13:00 20.82

7/12/2014 14:00 24.82 7/12/2014 14:00 20.88

7/12/2014 15:00 24.88 7/12/2014 15:00 20.88

7/12/2014 16:00 24.88 7/12/2014 16:00 20.54

7/12/2014 17:00 24.88 7/12/2014 17:00 20,94

7/12/2014 18:00 24.76 7/12/2014 18:00 21.01

7/12/2014 1%:00 24.63 7/12/2014 1%:00 21.01

7/12/2014 20:00 24.51 7/12/2014 20:00 21.07

7/12/2014 21:00 24.45 7/12/2014 21:00 21.07

7/12/2014 22:00 24.32 7/12/2014 22:00 21.07

7/12/2014 23:00 24.20 7/12/2014 23:00 21.07

7/13/2014 0:00 24.13 7/13/2014 0:00 21.01

Measured Temperatures (24-hour period)
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EPA Modeling Seepage Flux

United States
Environmental Protection
Agency

Temperature Profile Data

* Sensors have non-volatile
memory & programmed
for unattended data
acquisition

* Temperature monitoring
network installed in 1-2
days

* Deployed for 2-3 months
& retrieved in 1 day — data
downloaded and analyzed
using Workbook Tool
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EPA Modeling Seepage Flux

United States
Environmental Protection

 Data collection can be configured to allow potential use of

both model types _ _
Give daily

Continuous temperature logs... temperature profiles
30
| | | | | |
A
25 B8 *7] i
- W
H
20 ’g o N
‘E):: ; — +60cm E
o 15 = == +0Ccm g
£ 5
2 —E = -30cm 2 50 — -
10 — -60cm §
— 120 =
120cm % -100 — —
5 - -150cm a
0 ' -150 -
— — — — — — — —
— = = = = = = = L B B B
-] ] -] ] = ] (] (]
™~ ™ ™ ™ ™ ™ ™ ™ 12 14 16 18 20 22 24
S 5 8§ & § & 9§ ©§
o = & = =5 = 5 & Temperature (°C)
=

26 SHC 3.61.1 Contaminated Sites - Technical Support




Tools Development &

Implementation

Steven Acree

Methods and best practices for measuring groundwater
hydraulics; 3PE Workbook (with Milovan Beljin)

Robert Ford

Methods and best practices for measuring seepage flux
In surface water bodies

Bob Lien
Seepage Flux Workbooks

Randall Ross

Equipment development for sediment temperature profile
data acquisition; 3PE Workbook (with Milovan Beljin)

27 SHC 3.61.1 Contaminated Sites - Technical Support



SEPA Tools Development &

Tl e Implementation

Agency

Standard Operating Procedures (Internal EPA/ORD)

« Upland Groundwater
— Elevation Surveys (very critical in low gradient areas)
— Slug Tests (manual, pneumatic) to assess hydraulic
conductivity of screened aquifer interval
— Manual Water Level measurements
— Use of Automated Pressure Transducers/Data Loggers for
continuous records of water level measurements

 These measurements all present potential sources of
error that need to be controlled as much as possible

* Presumes that the well/piezometer was properly
constructed and developed to insure representative of
aquifer condition
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SEPA Tools Development &

Tl e Implementation

Agency

Standard Operating Procedures (Internal EPA/ORD)
« Seepage Flux (Surface Water Body)

— Installation of Temporary Piezometers with Stilling Wells to assess
vertical gradient

— Thermal Conductivity measurement for saturated sediments
(important model input parameter)

— Snap-Shot Temperature Profile measurement for submerged
sediments (still a work in progress; issues with thermal
conduction)

— Sediment Temperature Profile Logging using commercial
temperature logging devices (range of options; deployment
configuration is important to insure usable data)

« Current EPA/ORD recommendation is to always try to
collect an independent measure of vertical gradient
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Application lllustration

e Initial Site Characterization to
Inform Remediation Design

* Monitoring Remedy Performance
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EPA Application Illustration

United States
Environmental Protection
Agency

| = * Historical, un-

WO shepley's ) lined landfill

* Arsenic
contamination in
GW derived from
waste and natural

922600

Sanitary

922400 Landfill 7"- ! l ™, fiL- f; : SOUFCES

Incinerator _

Northing (m) MASP NAD83

A « Contaminated
i groundwater
1 discharging to
. «, part of adjacent
Location of Commereigl Development & I ] 15 August 1952 )
I recreational lake

922200 —%

191800 192000 192200 192400 192600
Easting (m) MASP NAD83
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<EPA

United States
Environmental Protection

Agency

A Nested Piezometers, Cove Piezometers
O Seepage Flux, Chemistry (Water & Sediment)

e—

74

Application lllustration

Monitoring
Approach
* GW hydrology

o

Grassland

and chemistry
* Flow gradient and

71

| 71
Woodland
J
Capped 4
Landfil g A seepage flux in
§ cove
§ n A e .
« SW chemistry
A Woodland - .
» Sediment
L Patchy _ C h e m IStry
I 4|0 m;‘:‘tecs I Grassland < 7
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<EPA Application Illustration

United States
Environmental Protection
Agency

Flow Net Analysis — GW Table from Site Wells

922750
~~
=
N
(@)
£ 922700
c
T RSK 8-12 RSK 36-43
O RSK 13-15 w0
Z ; , o7 I8
i T 2 9 ounding
922650 [ LY Sl
2 R e 2185,
Segment 3 ISR NS 2
92260 — n—

19210 192150 192200 192250 192300

Easting (m)
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<EPA Application Illustration

United States
Environmental Protection
Agency

| — /

Upland Flow Net Analysis

 Arsenic plume
flowing from
landfill toward
cove

* Nested
piezometers
used to evaluate
magnitude &
distribution of
arsenic flux

40 meters
| ] | 1 |
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<EPA Application Illustration

United States
Environmental Protection

Agency

Picture of cove from north shore

-

April 2007

Fia
~
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Picture at central
cove from boat next
to contaminated
seepage area

April 2007




Application lllustration

Seepage Flux
Aug-Sep 2011

—
74
Grassland
71

Woodland

J
9TB (PZ13)

2.0 = 0.9cm/d

Capped o S A
Landfill 53
§ A
—_5TB (PZ5)
Wood'and | 14.3 = 1.0 cm/d

L Patchy _

| 49 mlletezs | Grassland (m

SHC 3.61.1 Contaminated Sit Technical Support
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EPA Application Illustration

United States
Environmental Protection

Agency
W hatinfluences SW concentrations? ~ * Sediment arsenic
| N concentrations variable
5 (5 within cove — correlate
o with iron
B Contaminated ° :
| i A PZ5 Ipcatlon shows
] A PZ13 sustained discharge
| 7 with plume chemistry
| signhature in deep SW
GW Discharge * PZ13 Ioca_tlon shows
High As, Fe, K variable discharge-
Low DO
recharge & no plume
Sediment Recycling : : :
igh As, Fo— Low K chemistry signature in
Variable DO deep SW
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Application lllustration

* Initial Site Characterization
— Does plume discharge to cove? [Yes]
— Are sediments and surface water impaired by plume
discharge? [Yes]
— Unacceptable Human Health and Ecological
Exposure Potential
 Non-Time Critical Removal Action

— Cut off on-going contaminated GW discharge to the
cove in Plow Shop Pond

— Remove existing contaminated sediments derived
from historical contaminated GW discharge
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<EPA Application Illustration

United States
Environmental Protection
Agency

Hydraulic Barrier Wall (2012) Sediment Removal in Cove (2013)

Capped &
Landfill

40 meters

 Monitoring Remedy Performance
— Does remedy influence GW-SW hydraulics?
— Does groundwater show recovery trend?
— Does surface water show recovery trend?

39 SHC 3.61.1 Contaminated Sites - Technical Support



GW Potentiometric Surface

9-10 July 2013 (0.2-ft contour) e Limited monitoring

\ during 2012-2013 due
to remedy
construction activities

« Upland GW
monitoring
recommenced 2012
(RSK12, RSK15, SW)

« Cove monitoring
recommenced 2014
(green circle)
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EPA Application Illustration

United States
Environmental Protection

Agency
3PE R SK15-RSK12-5W
922690 1 O Pre-Installation North
& Postlnstallation 0 Middle Cove
- 0.009
922680 L0.008 =
L0007 o
L =
F0.006 =
. L0005 o
g 922670 - - 0.004 g:_
O L0003 @
% L0002 =
o 922660 4 L 0.001 %
o i
. 270 Looon 2
=
E 922650 4
2 .
£ Pre-Installation
[»]
= 929640 Years 2006-2011
Post-Installation
922630 1 180 Years 2012-2018
South
922620

T T T T T T T T T T T T T 1
192170 192180 1921490 192200 192210 192220 192230
Easting (m MASP NAD83)
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<EPA

United States

Application lllustration

Environmental Protection

Agency

« GW arsenic concentrations decreasing in aquifer at
primary area of contaminant flux (RSK12)

 Arsenic concentrations less changed southwest of cove

West of Cove (RSK12) Southwest of Cove (RSK15)
1000 1000
= ] V¥ Barrier Wall v i
Install

O good )\ Installed : | 800
Q
— h | r
:__T 600 - I - 600
=) ] S ! I
= 4004 | . 400
= _ , , _
g 200 - : | - 200
< | | I

0 — T T 1 T T T T 1 — T T 1 T T T T T T 0

2005 2008 2011 2014 2017 2005 2008 2011 2014 2017

Calendar Year

Calendar Year

—+ Upland (water table)
—/\— Upland (mid-depth)
—O— Upland (above bedrock)
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EPA Application Illustration

United States
Environmental Protection
Agency

« GW Flux = (3PE Seepage Velocity) x (Porosity)
» Arsenic Flux = (GW Flux) x (GW Concentration)

View from upland out to cove

68 —

66 —

64 -

X-y(avg)
GW Arsenic 710 pg/L (Median)
Arsenic Flux 108 mg / d-m?
60 —

Elevation, m NAVDS88

= pland Ground Surface
== Upland Bedrock Surface
—— Upland GW Elevation

O Cove Piezometer
- - - Cove SW Elevation

1 September 2011 - - - Cove Sediment Surface

| $ O
62 iRSKlO GW Flux 15.2 m/d-m? (K 19.8 m/d)
58

4

56

w w * w * w * w * w * w
0 4 8 12 16 20 24

Relative Distance, m
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EPA Application Illustration

United States
Environmental Protection
Agency

Median Flux Reduction Factors

Flow 2.9 Barium 7.6
Arsenic 4.3 Ammonium 12.8
150
25 - It v Barrier Wall
] /\ - ! - 125
20 a . | !
| | gl /'\ / . - 100
|
154 \: O !
4 L | - 75
_ \ :
1 = ! u
10 - \‘ | = Lo
v .
5 : — 25
|
|
| -
O T I T I T | T I T I T I T I T I T I T I T | T I T 0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
—O— Groundwater Flux, m*/d Calendar Year GW Arsenic Flux, mg / d-m?
€ Measured

Interpolated
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EPA Application Illustration

United States

Environmental Protection
Agency

« Compare upland GW flux to cove seepage flux
— Darcy Flux (3PE) = “Effective Porosity” x “GW Velocity”
* Flow conservation indicates independent measures should

be comparable

19 August2008
13.6 cm/d-m? Darcy Flux (3PE) S

4 RSK8  Cove Piezometer
58 Water Elevation

- — Ground/Sediment Surface
56 | T | T | T | T | T
0 10 20 30 40 50

Relative Distance, m

% 68 —_ Shoreline 13.8 cm/d-m? Seepage Flux (Temperature)

g | \l
66 _ — ——

% 1 RSK12 > 2 _
64 - RSK11

= ]

= 62 - RSK10

_g 1 RSK9

< 60 -

=

Q@

L
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EPA Application Illustration

United States
Environmental Protection
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EPA Application Illustration
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EPA Application Illustration
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 Exceedances of Ambient WQ Criteria decreased in surface water
« Short-lived spikes due to sediment dissolution concurrent with
NOM degradation
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<EPA Application Illustration
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Non-Time Critical Removal Action
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Application lllustration

 Evaluation of local groundwater flow conditions
In upland GW and surface water body useful to
Interpret contaminant transport behavior

 This information can help guide design of the
site characterization effort (e.g., sample
locations) and remedy design

« Seepage flux information needs to be tied to
other lines of evidence or data types to
understand contaminant behavior and facilitate
site management decisions
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Application lllustration

« Methods to assess groundwater flow and
seepage flux are relatively easy to implement
and provide for great flexibility in site monitoring

* There Is a range of equipment choices and
mathematical tools that can be matched up with
available resources

« Knowledge gained from determination of water
flux benefits assessments of degradation,
design of reclamation efforts, and monitoring of
restoration success.
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