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ASSESSMENT OF CONTAMINATED GROUNDWATER PLUME IMPACT

» Conduct onsite and offsite investigation of a site to determine the lateral and vertical extent
of contamination in soil, soil gas, and groundwater from the source areas to the required

cleanup goals / maximum contaminant level (MCL) boundary of the groundwater plume(s)
migrating toward a Water Supply Well (WSW).

» Have the contaminants from the onsite source area(s) of a site migrated vertically through

the vadose zone to form a groundwater plume in the underlying unconfined and confined
aquifer(s)?

» If yes, then, delineate the migration pathways along which the plume(s) has been migrating
toward a WSW generally located hydraulically downgradient.
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DETERMINE VERTICAL AND LATERAL EXTENT OF
CONTAMINATION ONSITE AND OFFSITE

Figure 2: Multi-Level System, Nested Wells, an

(((((((((( -Ground Surface Completions)

» Dirilling, soil, soil gas, and groundwater sampling to depths of
background / required cleanup levels, starting at the source area(s)
and expanding outwards.

Lab analyses of samples chemicals of concern (CoC), and QA/QC and
tabulate analytical results.

Install cluster, nested, or multi-level system (Transects) groundwater
monitoring wells (MWs) screened laterally in the same soil

formation(s) as the aquifer zone(s) in the WSWs, to depths below
the MCL iso-concentration contour. These wells determine
horizontal and vertical hydraulic gradients in the plume(s), plume
flow pathways and locations and extent of plume hot spots along
plume-preferred migration pathways. This helps concentrating S mwm,
remediation at the hot spots. Vertical downward gradients indicate
plume migration to deeper zones.
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Install and monitor sentinel MWs between the MCL boundary and = ; j' - |
the WSW screened in the same stratigraphic unit(s) to proactively i
protect WSWs and expedite plume remediation and containment

before it impacts the WSWs.
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Construct lithologic cross-sections along and across the plume axis. plot significant si1(e R
CoC concentrations at each sampling depth to show lateral and vertical
distribution of contaminants in soil and soil gas in the Vadose Zone.
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ISO-CONCENTRATION MAPS OF CoCs IN SOIL MATRIX SAMPLES COLLECTED
FROM SHALLOW INTERMEDIATE, AND DEEP PORTIONS OF VADOSE ZONE
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PLOT CoC SOIL VAPOR SAMPLE CONCENTRATIONS FROM MULTIPLE VADOSE ZONE DEPTHS
ZONES AT BORING LOCATIONS
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Adapted from: June 2022, RI/FS STUDY, Rl Report, ORANGE COUNTY NORTH BASIN, OCWD
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GROUNDWATER MONITORING AND REPORTING

» Perform monthly, quarterly, annual Groundwater Monitoring (GWM) and
submit reports as required by the state/federal environmental regulatory
agencies. Continue GWM of required compliance and sentinel wells until
required remedial cleanup goals are achieved.

» Construct, include, and periodically update groundwater elevation contour
maps (do not include elevation(s) caused by pumping well inefficiency and
losses that are lower than those representative elevations from surrounding
MWs), determine flow direction and plot horizontal and vertical hydraulic
gradient vectors, and iso-concentration plume maps . Downward vertical
gradients indicate plume migration to deeper aquifer zones.
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AQUIFER PUMPING TESTING TO DETERMINE AQUIFER CHARACTERISTICS BEFORE
EXTRACTION/INJECTION / REMEDIATION WELL INSTALLATIONS

» Use pumping well and observation wells/piezometers (same and deep screen depth aquifer intervals). Use surveyed top of the
casing elevations, pressure transducers, data logger, and Data analysis software.

» Step-drawdown test — for specific capacity, aquifer loss and well loss, and well inefficiency — Hantush-Bierschenk method.

» Constant dlscharge test — 8, 24, or 72 hours; optimum Q and drawdown, K, T, S, extent of cone of depression, optimum spacing

foiv nchtlon wells and capture zone extent.
7, g Rec«:ve‘ry test — Theis. \

| > sie ppropriate methods for pumping test data analysis, some are:Theis, Jacob time/distance drawdown (Confined Aquifer
S Non-Steady state); Hantush-Jacob (Steady state); Hantush Inflection-point, Neuman-Witherspoon (Leaky Confined);
N o curve-fitting (Unconfined Unsteady state).

-
Install GW extraction well(s) / remedial injection well(s) at aquifer test-based well spacing within the Source area/CoC hot

spots’area(stoT‘P'qmg & Treat (P&T) and Ex-situgreatment, in-situ ipjection of chemicals, bioremediation, if warranted. Start

-

soil, soil gas, and.groun o WCG area(s), and expand outward.

Perform remedial system(s) progress monitoring and required periodic reporting.
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CAPTURE ZONE ANALYSIS

INlustration of Horizontal Capture Zone (Shaded) - Map View
A —— I [ 1 t
Extraction Well \

Illustration of Failed Capture (Map View)

!
\
1

Capture Zone

ha™Y

Flowlines

Regional Flow
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Illustration of Vertical Capture Zone (Shaded) - Cross-Section View Extraction

Partially Penetrating I ground surface we“ Actual Capture Zone
Extraction Well X . T

Capture Zone
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Vertical capture does not encompass the entire aquifer thickness for this partially penetrating well. The top Escaped plume due to the gap between the Capture Z0nes

figure does not convey this, which demonstrates the need to perform a three-dimensional analysis. If vertical
anisotropy is present (Kx > Kz), then the greater the vertical anisotropy, the shallower the vertical capture
zone will be.

Figure 1. Illustration of horizontal and vertical capture zones. Fioure 2 Illusnvation Of falled capture
g . § ’

MCL iso-concentration contour Plume escaped through gaps between
envelops around the capture zone. adjacent capture zones impacts water well.




Drawdown and Capture are Not the Same
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Resulting Water Table
Due to Pumping

Downgradient Extent 7
of Capture Zone

Drawdown is the change of water level due to pumping. It 1s calculated by subtracting water level under pumping

conditions from the water level without pumping.

Cone of Depression is the region where drawdown due to pumping is observed.

Capture Zone is the region that contributes the ground water extracted by the extraction well(s). It is a function of
the drawdown due to pumping and the background (i.e.. without remedy pumping) hydraulic gradient. The
capture zone will only coincide with the cone of depression if there is zero background hydraulic gradient.

Assumprtions:

Capture Zone Width Calculation, One Extraction

homogencous. isotropic. confined aquifer of infinite
extent

uniform aquifer thickness

fully penctrating extraction well(s)

uniform regional horizontal hydraulic gradient

steady-state flow
negligible vertical gradient
no net recharge. or net recharge 1s accounted for in

regional hydraulic gradient
no other sources of water introduced to aquifer due

to extraction (c.g.. from rivers or leakage from
above or below)

— v )~ (355w |

(2/17‘:‘ ]
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o

X, =—Q/2xTi - Y. =+0/27i : Y.,=+0/A4Ti

(must use consistent units. such as “ft™ for distance and ““day™ for time)

extraction rate
transnussavaty, K- &

hydraulic conductivity

saturated thackness

regional (1.e . pre-remedy-p ) hydrs er
distance from the well to the downgradient end of the capture zone along the central line of the flow
darection

maximum capture zone width from the central line of the plume

capture zone width at the location of well from the central line of the plune
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Gradient Vector Map Example

R eeee e Issues Associated with Well Inefficiency
oo, 2o el and Well Losses at Pumping Well
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Figure 8. Issues associated with well inefficiency and

Figure 7. Gradient vector map example. well losses at plunpiug well.
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GROUNDWATER FLOW MODELING
WITH PARTICLE TRACKING PLUME

MIGRATION PATHWAYS

» Run a numerical model such as MODFLOW to
simulate hydraulic heads and flow, and calibrate
the model by varying boundary conditions, aquifer
properties, and drawdowns in response to various
actual pumping rates of the P&T system, until an
acceptable match with field—-measured heads,
attained at either average pumping rates or a
range of pumping rates, and observed drawdowns
is achieved.

Follow the calibrated MODFLOW model with
MODPATH to evaluate capture zones based on
particle tracking. Release the particles in the
source area at several starting points horizontally
and vertically. The particles move forward (by
advection only) so that they are ultimately
captured at specific extraction well locations.

EXPLANATION

HYDROGEOLOGIC UNITS EXPOSED AT LAND SURFACE

UNCONSOUIDATED SEDIMENTARY AOUIRER

| TROUTDALE GRAVEL ACLRFER

- UNDIFFERENTIATED FINE-GRAINED DEPOSITS
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— MACDEL GRID BOUNDARY
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Figure 3. Ground-water flow model grid and modeled hydrogeology




» Particle path line is a function of — .S 1 C.:R
groundwater velocity (in turn depends == friel G Sasueiein (@)
on pumping/injection rates), time, and
location of initial release of the particle. 2

> To ensure plume capture, forward - i z - Minimum distance
particle tracking requires that the B g and both extraction wells
minimum simulated distance between B e - g
initial location of a particle within a R— Gmi?::aw
plume and all candidate extraction wells | '
must equal zero; all particles must ) e )l
terminate at a well. The minimum | SRR SSRTR R———

— plume marker and all particle
— path lines representing the
capture zone

distance between the path line and the
well decreases with increased extraction

rate which when sufficient captures the

particle. 3 ey

Accurate capture delineation by reverse : e S50, > Poth lines Groundwater
tracking requires the minimum distance Flow

-— - —— — —————————————————— 4

betV\{e.en all pa_rt'de path lines and Figure 1. Particle path lines and constraint functions for (a)
specified locations on the plume. To forward tracking and (b) reverse tracking. Path lines are shown
ensure capture, at least one particle as dashed lines in Figures la and 1b. The shaded area repre-
‘ fract I e Back sents the contaminant plume to be contained.

TORATEH rac.lon e .mus faveigdt From: Ann E. Mulligan, David P. Ahlfeld: Advective control of groundwater contaminant plumes:
ward along its path line through Model development and comparison to hydraulic control, Water Resources Research. Vol.35,

specified locations on the plume. No. 8, Pages 2285-2294, August 1999




EXPLANATION
= TCVOC > 100 ppb plume

Pathline—Color indicates residence
/v Industrial time from start at SCG plume to

facility well capture, other discharge, or
lateral exit beyond extent of map.
For each grouping, 4 percent of
pathlines is shown in color; other
pathlines shown in grey
background

Less than 5 years
5.01to 10 years
10.01 to 50 years
More than 100 years

Remedial well—Added or modified
during scenario. Pumping rate
given in gallons per minute
followed by model layer of well
screen in parenthesis

Figure 22. - Map showing scenario 4 pumping wells, the total chlorinated volatile organic compound (TCVOC greater than (>
100-part-per-billion {ppb] plume shell (DR, 2019), and particle pathiines starting at the plume shell, southeastern Nassau Cou
New York. A high-resolution version of this figure is avallable for download at https://doi.org/10.3133/sir20205090.
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2017-18 Water Year Upper Los Angeles River Area:
ULARA Watermaster Report San Fernando Groundwater Basin Map

Source: 2017-18 Annual Watermaster Report. (ULARA 2019)

Figure 3. San Fernando Groundwater Basin, Part of the Upper Los Angeles River Adjudicated Area
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Figure 4. Generalized Hydrogeologic Cross Section for San Fernando Valley Superfund Site




GROUNDWATER ELEVATION CONTOUR MAP, 2021
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Source: Focused Feasibility Study, Burbank Operable Unit, Burbank, California (Tetra Tech, 2021)
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NOTES

1. The areas of contamination shown on this map rep ized tv
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Figure 7. Location of Production and Extraction Wells and Treatment Plants
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Table 5-3. OU1 Source Area Monitoring Well Concentrations

Source Area Monitoring Well MW-7 | MW-13 | MW-16 | MW-24 | Upgradient
Concentrations pg/L

Current Levels
(Apr-May
2015)

Perchlorate

7.4

1,500

2.9

66.0

5.0

Carbon Tetrachloride

<0.5

<0.5

<0.5

<0.5

<0.5

TCE

<0.5

<0.5

<0.5

<0.5

2.0

Prior to OU1
Startup

Perchlorate

4,810

91.5

322

4,880

4.2

Carbon Tetrachloride

51.4

0.4

<0.5

7.8

<0.5

TCE

8.7

1.4

<0.5

1.6

0.7

Historic Highs

Perchlorate

13,300

2,100

13,100

4,880

7.4

Carbon Tetrachloride

310

70

200

58

<0.5

TCE

48

73

43

15

4.8

(1) Upgradient concentrations identified as maximum concentrations from Valley Water Company Wells 1, 2 and .
Italicized values were below detection limits and reported as “J” values.
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CONCLUSIONS

» Thoroughly determine lateral and vertical extent of contamination, first onsite source
areas, then offsite.

» Cross-sections, groundwater elevation contour maps, flow directions, horizontal, and
vertical gradients.

» |so-concentration maps of CoCs in soil matrix, soil vapor, and groundwater (plume
maps).

» Aquifer testing and analysis, groundwater monitoring wells, extraction wells, injection
wells.

» Capture zone analysis.

» Groundwater flow modeling and particle tracking.

» First remediate onsite source areas using the most effective remedial technologies to
reduce CoC concentrations to required cleanup goals, contain and prevent plume offsite
migration. Then proceed offsite. If WSWs at risk, conduct concurrent remediation.
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