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FHWSA HISTORY

®  Used for storage of
hazardous materials from
late 1960s to early 1980s

= VOC:s found in both
groundwater and soil vapor

® Dual-Phase Extraction
(DPE) has been primary
element of remedy at
FHWVSA since 2006.
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FHWSA CURRENT USE
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LOW PERMEABILITY SOIL

" | adera and Santa Clara Formations covered by thin clay/import fill
" Micro-fractured silty-sandstone, behaves as low permeability media
= Intrinsic permeability ~10° cm?
= Saturated hydraulic conductivity ~10-> - 10-* cm/s
= Soil vapor monitoring was implemented to:
= Determine risk-based area of concern (for remediation)

= Monitor remediation progress
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SOIL VAPOR PROBES

= Designed for sampling in low
permeability soil

= |nstalled with long sand filter pack

= Minimum 4-liter pore space in sand pack,
guaranteeing |-liter sample

= 56 soil vapor probes (SVPs) installed
between 2003 to 2016
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5- of 8-Inch Diameter Traffic-Rated Well Cover. Meeting AASHTO
H-20 Standard

------------

Concrete Seal (Using Pre-Packaged Concrete Meeti
ASTM €387 Standard) i

Stainless Steel Ball Valve

Bend to Anchor Tubing in Grout

[————— Neat Cement Grout [Portland Type L1l Cement
(ASTM C-150) Without Accelerator
Additives and 5-6 gallons of Water
Added per 94-pound Bag of Cement].

1/4-inch QOutside Diameter Stainless Steel Tubing

(Wall Thickness = 0.065-inch)

Soil Borehole (Ranges From 3.5 inches to 8.75 Inches in
Diameter; Typically 4.0 inches)

Depth in Feel Below Ground Surface (Typical)

1/2-inch Diameter Stainless Steel Screen/Probe Tip
(Certain Probes Have a Second Tubing/Probe Tip Assembly
for Purging Perched Groundwaten

| #2412 Silica Sand (Filter Pack) Pre-washed and Packaged

dared 73 June 2010



SVP SAMPLING METHODOLOGY

= Equilibration method — designed for low permeability

= Fixed probes are long term, allowing VOC concentration in sand pack void space to
equilibrate with soil gas before sampling

= Purging limited to 3x tubing volume (not sand pack volume), ~50 mL

= |-liter sample collected (summa canister)
= | liter = ~25% of sand pack void space (4 liters)

® Vacuum during sampling does not exceed 100 in-WC limit, even if no soil gas flows
from soil into sand pack during sample collection

= Has provided representative results (over 14 years of monitoring), key to
risk assessment and remediation monitoring
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SVP MONITORING AND RISK SCORE CALCULATION
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DPE PILOT TEST AND INTERIM DPE SUCCESSFUL

= 2003: DPE Pilot Test

= 2004-2005: Interim DPE

SVP-1 and SVP-2
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= 2006: Full scale DPE system
began operation

= 23 DPE wells

= Total SVE flow rate between 50
to 90 scfm

= |5 SVPs to monitor progress

= filter packs 5 — 8 feet bgs
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DPE HAS PARTIAL SUCCESS

m 201 I: Risk-based AOC reduced
by 85%

m Successful for most SVPs

= |-year rebound test in 2012 proves
sustainability of risk score reductions

m Still ineffective in some SVPs

= SVP
4 Groundwater Monitoring Well
i} Dual-Phase Extraction Well
— I’y Piezometer
8 HFMEET g
. . i 4w
Soil Vapor Risk, 2011 |, =% ses . May 2011/November 2011
’ =, _~004INS 007008 :
— - SYP-15 Vs Cancer Risk Score
g ) E‘E‘;’ ) [ e 10~ Inferred Risk Soore Isopieth
DPES @~ X L - ——t1
/ — % 80 120
P —
MW-86

DPES @l sup.
81004

___WDPE
SWP-13

{Approximate Scale in Feet)

Risk Score >1

Risk Score >10

- Risk Score >100

—

B miy

u
10000 4 . _ .
E.I : ke
H \
1000 F
;: 10000 | |
m LaE—
o 101 E— | | R
g | | 1000 | S - el
|
@ 10
=
3 gl (V4 100 ! l v
il | . : :
= 7]
] 7! ! = | g
o gl i = £ £ ~ waewrs SVP-10
=l | 2, 3: 3: T 0ams B 004 i NS A\
0.01 1 1 g E e MW-ET DPE Y
111703 123104 5 I - H TREATMENT o
| ssve-] T E & o sysTEM | i "
abT
0.01 1 |
1/1/03 12310 12/31/06 12/30/08 12/30/10
+SVP-4 *5VP-6




NEW SVPs INSTALLED TO INVESTIGATE SITE MODEL

= Focused on thin shallow clay
above Santa Clara
Formation and Ladera
Sandstone

= 2014: SVP-29 and SVP-30
installed

SVP Filter Pack Risk Score

Interval (feet) (May 2015)
SVP-6 5-89 200
SVP-29 3.0-42 900
SVP-30 11.0-14.0 0.02
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EXPANDED CHARACTERIZATION OF SHALLOW SOIL

= Most existing SVPs below thin clay layer (Lower Soil Unit)

= Some existing SVPs partially within thin clay layer (Upper Soil Unit)
= Between 2014 and 2016, added 26 new SVPs within Upper Soil Unit
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HIGH RESOLUTION CROSS SECTIONS DEVELOPED

éé’\ DPE system
g conveyances

Bend in section

5ft

Upper Soil Unit Sand and Silt
0 5ft
—

Upper Soil Unit Clay

Gravel. Includes imported baserock.
Locally sandy and silty.

Increasing
clay content

Upper Soil Unit Sand and Silt. Predominately clayey
sand and silt with local gravel. Brown to gray.

Upper Seil Unit Clay. Predominately clay with silt
and local minor gravel. Brown to black.

Lower Soil Unit. Predominately sand and gravel
with silt and clay. Typically brown yellow.
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ALTERNATIVE REMEDY FOR UPPER SOIL UNIT

= Soil vapor monitoring
indicated SVE was not
effective in Upper Soil Unit
and delineated the area of
concern

® Performed evaluation of
alternative remedies

= Excavation of shallow clayey
soil in upper soil unit AOC
planned for Summer 2018

ek

[ socopymansy
.
Building
[ setcesmsonss -
L AT S e
. S A BE —
e TIES #—=— Fance
] '-‘ - — — Seore | leth e
‘X

—————  Existing DPE Conveyance Piping
i I
d D &0 120 |
== (Approximate Scale in Feet)
_-/“-7- T T \
|I III O
Roll- I‘ :
. \
\ \
\ ‘
a 1
il Vapar
-Based
::::::
Score =1
1
4
II
Ill ’)\.r'\\r___-.-
L 1
4
— D
— R 16
- ‘". [
i \ /
A e y - 1



CONCLUSION: SVP MONITORING EFFECTIVE

= Monitoring fixed SVPs using low-purge equilibration method in
low-permeability soil delivered consistent results

= Reliable soil vapor data successfully informed:
= Risk characterization
= Where to apply DPE

= Remediation progress evaluation
= Success in deeper soil

= Lack of progress in shallow soil

® Remediation decisions

‘ = Where an alternative remedy was required for shallow soil
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QUESTIONS?
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Robert Plybon, PE.
bplybon@ekiconsult.com

650-292-9100
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