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Geosyntec Consultants | CREATIVE THINKING. EXCEPTIONAL SOLUTIONS

: [ smrram E" tﬂ I‘..| d ' FY _' I I I .: .lll'.|I " | y |
o 5 1 . f ._I':. ;' L F " t
T ..r % J " | .*

|. : } 4 'I_J" :: r ‘l :.. .': l_.

ky
= r
F

i
I

Sacramanig’ . |
W LD, L.

A -

! F

| FTesno T Bartugaduin valley) (€

i e - f J J

© 2004 Matthew Trump



I CEE ] e ar e i

Site Conditions in 2020 v

Comingled Hydrocarbon Plume at SIS . . COnStItuentS Of concern.

Concentrations'above,Thresholds;

Fourth Quarter,2020 - & - -t .
| = » TPH-g

e TPH-d
e Benzene
 MTBE

Benzene Plume
>1.0 pgiL

TPH-d Plume
=100 pgil

'i'n-.
%
|
i

-
o
=|
- |
>
. el
. S

TPH-g Plume
=100 pgiL

.- ~180 ft bgs
PRlan)View=/All|[Monitoring/Zones) _ B N R N T
Geosyntec Consultants | CREATIVE THINKING. EXCEPTIONAL SOLUTIONS 3




Remediation Systems

Ongoing Active Remediation in Area 2:
e Vapor Extraction System (VES;© & @)
e Air Sparge System (AS; O )

i
\

Area 1
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NSZD Study and Processes

Natural Source Zone Depletion
(NSZD) refers to naturally-occurring
processes that facilitate LNAPL
attenuation.

The dominant process is anaerobic
methanogenesis in the deeper zones,
which degrades LNAPL and produces
CH, and CO,,

As CH, rises and O, diffuses down
from the atmosphere, they meet to
create an oxidation zone that
produces CO, and heat.

The heat signal is measured, and the
heat flux is used to quantify a
biodegradation rate.

Refinery Processing
Equipment

Aboveground Storage Tanks
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Methodology — Single Stick Method

* NSZD Study was conducted between Sept 2022 and June 2023
(9 months).

* Available techniques:

o Thermal Monitoring — Single Stick Method developed by Kayvan
Askarani & Thomas Sale (2020)

o Gradient Method

o Carbon Traps

o Dynamic Closed Chambers

* Measures the thermal flux and does not require a background
location.

e Partnered with S3NSE Technologies

W Daily NSZD Rate
ﬁ%’;@% S3NSE NSZD Estimate, Baker_3 @ Bakersfield [K = 0.364] NSZD Avernge: 3760
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Monitoring Well PVC
Casing

2-inch, 4-inch, or 6-inch

PVC piping taped with
Thermal String

Anti-Convection Insulation
(ACI) Material

- -—

Traffic rated,
flush mounted antenna

Subsurface Data Acquisition Box
mounted inside the well vault

L« First Temperature Sensor at

0.5~20'

1'BGS

Temperature Sensors

taped onto the ACI
Materials

Last Temperature

Sensor at 100" BGS



Thermal Graphs
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NSZD Rates: Location 3
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NSZD Rates: Location 6
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Calculated Rates
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Thoughts on the Study

* The site required significant time to reach equilibrium in the vadose zone after the VES and AS system shutdown,
observed by the rapidly decreasing NSZD rates over the first three to six months

* The high initial rates may come from:
* Previous VES/AS operation = excess oxygen in the vadose zone - aerobic biodegradation of petroleum

hydrocarbons resulting in large amount of heat being released from the subsurface;

* Previous VES operation = pulled ambient heat into the subsurface during the summer months and led to an
increase of temperature in the vadose zone;

* Previous VES/AS operation = aerobic processing of petroleum hydrocarbons in the vadose zone, making some
of the remaining hydrocarbon mass more amenable to methanogenesis - methanogenesis bloom and a
temporary increase of NSZD - excess oxygen in the vadose zone for methane oxidation = larger heat signals

* When measuring NSZD at a site that is transitioning from active remediation to NSZD, the NSZD Study should be
conducted for an extended period of time (ideally with real-time monitoring) to ensure the site reaches “NSzZD

equilibrium”.
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