Active Service Station Site: How a Better Understanding

of the Hydrogeology Facilitated Successful Cleanup and
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Site Background
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Site Background

= Second release in Dec.
2010

= System shut down and
quarterly sampling stopped

= 2011 Interim Action
Cleanup and System
= LNAPL Recovery
= AS/SVE

= 2011 Dissolved Phase
Extent
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Remediation Systems
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Cost Recovery Support

= 60% of the insurance policy
used by 2017 without fully
delineating the plume or
achieving CULs

= Cost recovery to support
achieving CULs and NFA
critical

* Remaining actions would
address 1991 and 2010
releases

* Floyd|Snider assisted with
cost recovery from the party
assoc. with the 1991 release
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Approach to Cost Recovery

= Why the AS/SVE System
did not work

 The geology and
hydrogeology not fully
understood

« The shape of the dissolved-
phase plume not comparable
to GW flow direction
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Boring Logs - Hollow-Stem Auger Vs Sonic
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Site Map and Boring Locations

= Aquitard: present at
higher elevations in
the southeast and to
the east of the Site

= Perched water
bearing zone: not
present to the
southeast and east,
but thickened to the
northeast

= Subsurface
investigations to the
north-northeast
were deemed
necessary
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CSM - Cross Section A-A’

- AS{ SVE system

I
|
I
I
|
I
[
|

Former UST Basin Current UST Basin

effective s o

8 &g 55 £ = 58 £3 s = 8

due to: : ozl oz R b s & i

; Tk &2 g e fi'-’g &< 5 3 Eg

Screened 5 I I | T i
within the WS s PgE/E R G §oeRi - 5 o
i A i bifs fi i ) & il [ i
aquitard or N BN R VR LS NN N 11 B R ) S sEa

B (mn-waterbea'ngzcne} ~ [ J e —— - = =}

« Screened in
areas with thin

-

&
=
8
£
w
B v
. 5 ol 380
water bea rng &= S ) : : - i - Glesalort = 4 1
1 eapial 4 o F-——= 7 . W - ~
Zones % -30 30{}.\20 Ooa&f-——"’?t,'.l.m N ¥ Qoang-T €8 ¢ - 0 % oo s ——" ol ————— A
B | suT L E H i = —— BE g E : - p N
a3 o Aegutard) =7 T ——— ( ’%ﬂw ST
sriOctober 2018) I B . ; PT0] S R Glagdugswo P87 (oquitard) o GMIV- SAND a0
. | i &, g | — SILT___i_ i - L |
”? E -50 - 350
3 g / Horizontal Scale in Feet
lﬁﬂ
Silt/Clay aquitard
(gray)

Battelle 2024 Chlorinated Conference | Denver, Colorado | June 6, 2024 FLOYD ISNIDER

strategy = science = engineering

(88 QAWN) 1984 Ul uoeAs|3 sjewixoIddy



CSM - Cross Section B-B’

= Contaminant
flow direction to
the NE, despite
GW flow to the =™
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CSM - Groundwater Flow Direction

" Flow to the SE

* Dry wells to the south and
southeast and up north

* Dry wells associated with
areas lacking the gravel
water bearing zone and
where the aquitard was
encountered at shallower

depths
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CSM - Aquitard Surface

* Present at
shallower
elevations in
south and east

* Deepest in NE
corner of
property

Battelle 2024 Chlorinated Conference | Denver, Colorado | June 6, 2024

Soil Vapor Point (September/October 2018)
Monitoring Well (September/October 2018)
MW-A (August 2017)

Manitoring Well (July 2017)

Monitoring Well (Historic)

Soil Boring (July 2017)

Soil Boring (Historic)

OXRXSSSSD

Air Sparge (Historic)

w
-
o
N
~

Approximate Elevation of Aquitard

Aquitard Surface Contour (2.0-Foot Interval,
NAVD88) Dashed Where Inferred

364—— Supplemental Contour

|_-'j North Shore Lee Property Boundary

375.00="

MW-32 | 00
e LA

............................................ . @ MwA
S L e
z
H
MW-23 @ Z
I - 2 . -
- H £
‘ - <
e _ o 1 3
MW-04 &
38870 1 2
{ @ SvPIA 5 ,
% 2 -
o M-08 5 e
1 &, MW-09 iy 5@
! “‘i e | y i )
. Q\. 7 ®
________ | ‘ MW-1 RN ) o
il g A
(== ; . P
H T 00 - l“' ",",
3 “d | B s —_
i ; L sns0
j o R g e
@ 56 I uw-25 o .
1 2| 370.70 ardof]  guwiz
. MW-10 —_— I = v
i MW-02g, (—— . AST SE s ; ,
3 3?3]0,,—%‘,3 © wlarodo~ ¥ ) / . (L
B I ,‘~"_‘,',‘ i ,‘_‘_ ol
e MW@ - ) V4 ! \
%2% et 37400 - L \
I - / ~ N \ \
— . N .
% T . £ ~—
k. . -

FLOYD ISNIDER

strategy = science = engineering




CSM - Water Bearing Zone Thickness

"= Not present or very
thin to the
southeast and east

= Thickest in
northeast corner of
the property

2 OXHNSSSSD

= CSM Explained: —

 Why wells were dry |72 s Secton Locaton

L__} North Shore Lee Property Boundary

 Why some wells
purged dry quickly
with slow recovery

« Contaminant
migration pathway
to the NE

Soil Vapor Point (September/October 2018)
Monitoring Well (September/October 2018)
MW-A (August 2017)

Monitoring Well (July 2017)

Monitoring Well (Historic)

Soil Boring (July 2017)
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Dashed Where Inferred
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2019 Extent of TPH-Impacted Groundwater

MW-A (August 2017)

Monitoring Well (July 2017)

Monitoring Well (Historical)

LNAPL Observed Between (2017-2019)
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Action (2019)
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Cost Settlement Efforts

= The party associated with the 1991 was reluctant to contribute to
investigation and cleanup costs

= Site activities and associated costs were reasonable and necessary to:
- Define N&E of both plumes
- Develop a CSM
- Determine an effective cleanup

= Entering the Site under a regulatory process with a WA State cleanup
agency benefits all parties and is the most efficient and cost-effective
approach for regulatory agency approval

= Allocation approach using respective party plumes to allocate field activities and
analytical costs

- Settlement results were sufficient to add to remaining insurance policy and avoid
the current owner paying high costs out of pocket
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Selected Action and

Pilot Study L
= Four Alternatives were : '
evaluated | o
= Surfactant and P o e
Targeted ISCO ; p— D
Injections was selected N o,
= Pilot Study - Aug 2019 to : ﬂ —r
. . . g &
determination of radius of : '\ R s o Dol
influence and affectability . < PN e A
» Surfactant injection and : U0 smg\%- o (/)
extraction | e ) g gt it rs
« PersulfOx injection event s e . Mwlae e
= Followed by GW sampling : rt
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Pilot Study — LNAPL and GRO Concentrations

= LNAPL was present in SW-

Symbol Color

01 & MW-22 e
- Resulting in no LNAPL =P @

B >80 Percent Reduction O MW-19

= Most wells within 25 feet

Performance Data Available

had reductions between 40 - ororsewes

® .MW-17
n 0/ i MW-01 Q

a d 80 0 - o aﬁafw-m

= More than 80% reduction A -
in downgradient well SW- . : o @ -
01 o Osw-oz

= Little reduction in wells : . ’ : A
greater than 30 feet away - o N
from injections, exceptin
MW-22
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Pilot Study — Total BTEX Concentrations

= Between 40 to 80%

] No Reduction

reduction in majority of Misargisl

wells within 25 feet B a0 i = <
downgradient and/or ¢ 0
cross-gradient within ater QSIS et Sul,

injection points ) B AREL ¢ g

= More than 80% .

reduction in 1 O o i
downgradient wells o Qs
SW-01 and MW-18 4 Eahg 3
e . A
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Cleanup Action — Permanent Injection Wells

= Based on Pilot Study &
results, 23 new .
injection wells = | Injections

MW-27

installed with 5-foot .
Sscreens set across I S
water bearing zone R :
. e~ A ~r e~ A~ mE T Canopy & VZP A :\IN_OG 0s®
" Eliminated surfactant N Ko L Sl -k
injections/extractions fnjections g8
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< g o 24 '1123 &° :.’r: ': 0
Moo R, ® o 09 Ry, D
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Cleanup Action — ISCO Injections Feb-Jun 2022

= Three rounds of ISCO A\ sk |
injections conducted ' |
without closing down
service station. Each |
event took 2 days. -

= Injections took longer
during wet season

* Pressure monitored |
to prevent daylighting £
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April 2024 GRO Results

= LNAPL in key wells now
meet GRO CULs

= GRO concentrations
reduced from greater
than 100,000
micrograms per liter
(Mg/L) to near or less
than the CUL of 800
Hg/L

= Dark blue = >80%
reduction

Symbol Color
[C] Not Sampled

[[] <40 Percent Reduction
[H 40 to 80 Percent Reduction
B >80 Percent Reduction

Symbol Size
Performance Data Available

Other Wells
o)

(¢}

(0}

© 2024 Mapbox © OpenStreetMap

o) . MW-26
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o
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. MW-15 s
1 o o
' MW-03 3 ‘ 8
O MW-25 © °

o (e]
(0]
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April 2024 Total BTEX Results

. Symbol Color
) Benzene Concentratlons széizr:;:j?Reduction ° .MW-ZG
C e C re a S e d fro m [E 40 to 80 Percent Reduction . MW-27

B >80 Percent Reduction

thousands of pg/L to Symbol Size

Performance Data Available

slightly greater than oer it @z

the CUL in some wells . @
and to less than the o e
CUL in other wells such } - e

as MW-22. L e VB
= Dark blue = >80%

o o o)
. .Mw-os '
reduction o @
A .MW-25 ) o
) : A
(@]

(o] ® N

© 2024 Mapbox © OpenStreetMap | 50 ft
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2024 GRO and Benzene Extent

* Dissolved-phase extent | wmsman

@ Monitoring Well (July 2017)

re d u Ce d @ Monitoring Well (Historical)
I:I Approximate Extent of Benzene in Groundwater at

Concentrations Exceeds Cleanup Levels (2024)

21st Avenue Southwest

Approximate Extent of GRO in Groundwater at

" Off-property results o o
slightly greater than

CULs
= Agency PM agreed to

= Annual monitoring every
15 months until CULs are

met
MW-02@d 7~ 5

= Followed by four I e RGN g b
consecutive quarterly i?
events

Southwest 356th St
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Thank you and Questions?

= Thank you to Cascadia Law for bringing us interesting projects.
= Thanks to Regenesis for their assistance in developing the remedial action.

Certified
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