Beneficial Reuse of Petroleum
Contaminated Soils

Matthew Koch, PE
Senior Engineer
Geo-Logic Associates
7100 E Belleview Ave
Greenwood Village, CO

April 23,2026

SSSSSSSSSS



GEO-LOGIC ASSOCIATES TODAY

200
IRONMENTAL FIRMS

Geo-Logic
LougHLIN

DBS&A

Geo-Logic

! Engineering News-Record
"Q, » 29 offices (US and Peru)
 More than 300 employees

“ * 90 Professional Engineers

# GLA Headquarters
) GLA Offices

82 Professional Geologists

Lima, Peru
* Nationally-recognized
technical experts

e Founded in 1991

Geo-Logic

ASSOCIATES



SOLID WASTE SERVICES

Planning/Permitting
Siting Studies
0 T— B Budget Modeling

Solid waste services at more than 500 disposal sites across the nation.

Camas F ® ; {ﬁ T N 5 7
Poutiandﬁ_h .e'|ll by & & |!_ T L L~.’“‘unuﬂ/_;, & g . J_F_,.-I;.\_ __T"? . . .
S A S | WA =Y 7\ \ Engineering & Design
S B s o V4 3 I e,
f e ® H SR " e ) i o2 . .
T~ e 7 e ] B;@{m ,ﬂé (Bens, ‘; / 5y %f” Landfill Gas System Design
.Gmm;.‘u'allay i ";-—- -__Ia' * |r_ —H"“““-i].l %t Cha|:1. i_}"l_._.—q-d_-’.,ﬁ {Jl a n d O& IVI
Petaluma Reno-Sparks % L_'T == 1 _J .‘.'.; ﬂ”rrr
[ ] !, i | '. ] ‘-: ) .. [ ] l_fSlI\.Dr Snrlr\g-tg?
i_;\ente Bay |'I _.II C;reenvcod\.lll"-ige \] N .. }rﬁf}awnf Ope rational Suppo rt

Environmental Monitoring
N and Reporting

Ontario —es
Anaheaim

Costa Mesa

i
Albuguerque ‘
s ||. ’. 1.| @

EED‘.TSH&‘E L ] ‘;,\__
q | I g |

San Jose .'J | ® poy
\" .l f".-——___ - | Durango I| a7
Santa Barharﬂ.'\’jul - T @ L.d "‘___[r' — T _J-_o__ ) ffrfi_.h. e ;/‘

R“E:id;m“,,l \H\x“ .Tucs'nn @ ..‘|\ @ Lubbock ® :“r _{} \?. ..\;la’
~el % ** S R . P
AN = L=l \ Environmental Remediation
‘ ] B Austin o F\\_\
TN e °Py S b, . .
N N\ ) Construction Quality
—— ) - Assurance

@ GLA office location
@ Staff landfill experience location

Geo-Logic

ASSOCIATES



Regulatory

What is Petroleum Contaminated Soil?

Chemically

RCRA - source dependent .
CERCLA - exempt

OPS - 500 ppm TPH

ECMC - 500 ppm TPH

Petroleum: A broadly defined class of liquid hydrocarbon
mixtures. Included are crude oil, lease condensate, unfinished oils,
refined products obtained from the processing of crude oil, and
natural gas plant liquids. Note: Volumes of finished petroleum
products include non hydrocarbon compounds, such as additives
and detergents, after they have been blended into the products.
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Source: Terradis Australasia LTD
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Chemical of
Concemn

Surficial Soil
RBSLs [mg/kg]
(Ingestion, Dermal,

Inhalation)

Subsurface Sol
RBSLs [mg/ka]
(Leachate to GW,
Ingestion)

What is Petroleum Contaminated Soil?

OPS

. * Petroleum means crude oil or any fraction thereof that is liquid at
: standard conditions of temperature and pressure (60 degrees Fahrenheit
and 14.7 pounds per square inch absolute).
TVPH! * Contamination means the presence of a regulated substance at or below
ground that originated from a regulated storage tank system.
T —, * Table 5-1 Tier | Risk Based Screening Levels
it I Chemicalof | RBSLs mgkal | RBSLeimakal
Anthracens 17,932 22 583 Concern (Ingestion, Dermal, (Leachate to GW,
Inhalation) Ingestion)
BE;zrilac]ene 13 18.8
Benzao(a) 01 62 Pyrene 1,793 7.495
:enzon[m 13 63 Gasoline Additives®
:f:;ﬁi}ene 13 B17 E;a ;(E{IF 0.013 NI
Cf1 rysens 131 1,888 ?Iiil;c;n);ide 0.05 0.001
Dibenz(a,h) 01 20 1,2-
Fluoranthene 2,391 10,202 Elzﬁ?'ﬂ;n o o
Fluorene 2,391 1,687 F'M“EEE‘::;- NrA NIA P
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ECMC

OILY WASTE means those materials containing
unrefined petroleum hydrocarbons in concentrations
in excess of the concentration levels in Table 915-1.
Oily waste may include crude oil, condensate, or
other materials such as soil, frac sand, drilling
fluids, cuttings, and Pit sludge that contain
hydrocarbons.

Table 9151

CLEANUP CONCENTRATIONS

Contaminant of Concern

Concentrations

Soil TPH (total volatile [Cs.Cqg] and
extractable [Cio-Cas] hydrocarbons)

500mg/kg

Soils and Groundwater - liquid
hydrocarbons including condensate and
oil

below visual detection limits

Soil Suitability for Reclamation

Electrical conductivity (EC) (by

saturated paste method)'2 <dmmhos/cm
Sodium adsorption ratio (SAR) (by

saturated paste method)'-23 <h

pH (by saturated paste method)1-2 6-83

boron (hot water soluble soil extract)'** | 2ma/l

AlLCU U
ontaminant of Concern Concentrations

Residential Soil Protection of Groundwater Soil
Screening Level Screening Level Concentrations
Concentrations {(ma'kg) Risk Based (R) and
{mg/kg)? MCL Based (M)72

Organic Compounds in Soils® ®

benzene 1.2 0.0026 (M)

toluene 490 0.69 (M)

ethylbenzene 58 0.78 (M)

xylenes (sum of o-, m- and p- isomers =

total xylenes) 58 9.9 (M)

1,2 4trimethylbenzens 30 0.0081(R)

1,3,5-trimethylbenzens 27 0.0087 (R)

acenaphthene 360 0.55(R)

anthracene 1800 58(R)

benz(a)anthracene 1.1 0.011(R)

benzo(b)fluoranthene 1.1 0.3(R)

benzo(k)flucranthene 11 29(R)

benzo(a)pyrene 0.1 0.24 (M)

chrysene 110 9 (R)

dibenzo(a hjanthracene 0.1 0.096 (R)

fluoranthene 240 8.9(R)

fluorene 240 0.54(R)

indeno(1,2,3-cd)pyrene 1.1 0.98(R)

1-methylnaphthalene 18 0.006 (R)

2-methylnaphthalene 24 0.019(R)

naphthalene 2 0.0038 (R)

pyrene 180 1.3(R)

Metals in Soils . 2.10.1

arsenic 0.68 0.29 (M)

barium 15000 82 (M)

cadmium [ 0.38 (M)

chromium (V1) 03 0.00067 (R)

copper 3100 46 (M)

lead 400 14 (M)

nickel 1500 26 (R)

selenium 390 0.26 (M)

silver 390 0.8(R)

zinc 23000 370 (R)
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What is Petroleum Contaminated Soil?

Total Petroleum Hydrocarbons

e Compound and analytical method dependent

e Says little about toxicity or mobility!

TPH

Number of

Equivalent

Representative

Representative

Fractions Carbons Carbon Number Compound Compound
Index (RfD/RfC) (Chemical Parameters)

Low cyclohexene/n-heptane and n- average of cyclohexene, n-heptane,

. . C5-C8 EC5-EC8
aliphatic hexane and n-hexane
Medium midrange aliphatic hydrocarbon

i R C9-C18 EC=8-EC16 n-nonane*
aliphatic streams
High . ) . . . .

i . C19-C32 EC=16-EC35 white mineral oil white mineral oil
aliphatic
Low

) C6-C8 EC6-EC<9 benzene benzene

aromatic
Medi 1,3,5-trimethylbenzene, 1,2,4- average of 1,3,5-trimethylbenzene,

edium

i C9-C10 EC9-EC<11 trimethylbenzene, and 1,2,3- 1,2, 4-trimethylbenzene, and 1,2,3-
aromatic
trimethylbenzene trimethylbenzene
High
. C10-C32 EC>11-EC35 benzo[a]pyrene benzo[a]pyrene

aromatic

Source: EPA Regional Screening Levels Frequently Asked Questions

FIGURE 1. CARBON NUMBER RANGES ADDRESSED BY TPH ANALYTICAL METHODS

IGasolineI

| Diesel Fuel/Middie Distillates |
Lube/Motor Oil, Grease |

C2 cd Cﬁ CB C1(]C12c‘ldc16CmclﬂchEchEcEBcSD

TPH Methods: Approximate Carbon Ranges
FurqeableNoIatiIe;‘Gasoline Range, Modified 8015, Purge and Trap, GC

Diesel Range, Modified 8015, Extraction, GC

418.1, Modified 418.1: EJt:tl'::ll::til:.mi IR )

Source: API Publication 7409 Frequently Asked Questions about TPH Analytical
Methods for Crude Oil
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When is PCS a problem?

Regulatory Chemically

* Landfill acceptance  Human health impacts

* Redevelopment e Carcinogens

 OPS cleanup levels  Endocrine disruptors

e ECMC cleanup levels e Central nervous system
AIwy S? * Environmental impacts

* Leaching potential
* Ecotoxicity

e Emissions

5, & 5 .
Source: Minnesota Head & Neck Pain Clinic G eo - I o g I ‘
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Beneficial Reuse

Regulatory Available Technologies
e Solid Waste Regulations B
e Air Quality Control « Landfarms

Commission Regulations . Remediation

e Construction Materials
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Beneficial Reuse

Colorado Solid Waste Regulations Section 8.6

Category 1 - Unrestricted use (below total
elemental and mobility criteria standards)

Category 2 - Limitations on use

Category 3 - Non-hazardous material may be
reused for solidification basins at same facility

Table 1A - Total Element Analysis
Table 1B - Analyte Mobility Analysis
Table 2 - Use-by-category

Table 3 - Preapproved Uses

If not preapproved, submit a beneficial use
determination

Beneficial Use-by-Category

Waste Category

3

1) Raw material for product manufacture

2) Waste Stabilization/Solidification at COPHE Approved Solid Waste Disposal Site

3) Landfill Daily Cover at CDPHE Approved Solid Waste Disposal Site

4] Solidified products: concrete, mortar, manufactured stone, brick

5) Confined Geotechnical Fill:

a) commercial, industrial or institutional building subbase

b) paved lot base, subbase and subgrade fill

c) paved roadway base, subbase & subgrade fill

d) utility trench backfill

e) bridge abutment backfill

f) tank, vault, or tunnel abandonment

g) slabjacking material

h) soil and pavement base stabilization

i) controlled low strength material (flowable fill)

Ll B B I B R I B B B T A A

6) Unconfined Geotechnical Fill

7) Unbonded Surface Course

8) Bonded Surface Course

9) Decorative Stone

10) Cold Weather Road Abrasive

H | " H| """ =]|H]|H"|=|=]|x]x]|=]|=|=]|=x]|=
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Beneficial Reuse

Regulatory

« AQCC Reg 24 Part B Section lI . IIZ(S:SI\./Iemo 12-01: contains three definitions of

* [ll. Disposal of Volatile Organic

Compounds * Storage tank associated

 Ill.LA. No person shall dispose of * E&P associated

volatile organic compounds by « TPH > 500 mg/kg
evaporation or spillage unless RACT
is utilized.
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Remediation

Ex-Situ Technologies

* Aerobic Respiration Soil health can be degraded by both contamination and
_ _ o remediation process, amendments can help with both
 Landfarming, Composting, Biopile
* Soil Washing

* Free Product Recovery

Clay and Silt
Trommel Siudye Condensate

Water to Disposal Collection
Oversize to Disposal Polymer » Tank
Fine Soil
j . Off-Gas
A N — ‘ ‘Elr:::tion Treatment > Treated Qff-Gas
M i

\ 4

xngixer v

Air

Contaminated Blower EXtra.Ction
Soil Stirred Tank Fine Soil Piping
Recycled ’A’A XA ’A KA 4
Water
2 Y
<
Water to Treatment Contaminated[Soil!
Washing Agent |
Clean Soil Base
== Material Flow
—>» Process Flow Cleaned Coarse Soil Cleaned Fine Soil
Cleaned Water Ugll:l‘xle emission control may be requirec
in some instances (not shown).
SCIL W/ BIOPILE/COMPOSTING02.CDR

[ J
Source: Federal Remediation Technologies Roundtable G eo - I o 9 I ‘
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Remediation Case Study

Case Study - Santa Fe County Judicial Complex

* Grout barrier to prevent NAPL migration

600 LF of jet-grouted columns tied into 185 LF slurry
wall

 Thermally enhanced soil-vapor extraction system

* 3 horizontal wells (2 for soil vapor extraction, 1 for hot
air injection)

* First application of horizontal SVE wells by the NME
* Extracted vapors treated by traditional oxidizer

* 0Ozone and hydrogen peroxide sparging to reduce dissolved
phase constituents

 Removal of all apparent NAPL, mass removal calcs indicate
120,000 pounds of contaminant removed by SVE alone

Geo-Lo
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Construction Materials

Applications

HMA - up to 7% inclusion
* |Incorporates PCS with aggregate

* Lighter fractions may act as
solvents

* Limited by fines content

Cold Mix

Road base and aggregate mixtures
* Higher blend ratio

Cement

Brick

 can manage highly plastic clays

Figure 1. Batch hot-mix asphalt plant.

SOURCE: EPA 1986

Source: EPA ORD, Potential Reuse of Petroleum-Contaminated Soil

Does anyone actually do this in Colorado?
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Land of Enchantment

N.M. Admin. Code § 19.15.36.15 %*g
* Aerobic respiration of PCS

* Build 8" lifts until reaching max 2-ft thickness (3,000 CY/acre)

 BTEX, TPH, CIl, Metals standards

* b5 year timeline to meet treated soil objectives

* Treated soils can remain in-place, or be reused (with Division approval)

* Bioremediation alternative: 80% reduction in TPH concentration, rate of change is negligible

Thin Layer of
Nutrients Excavated
Contaminated Soil Water

e Geo- Log iC

Source: Federal Remediation Technologies Roundtable ASSOCIATES



Landfill Case Study

HDPE PERFORATED PIPE.
LOCATED BETWEEN EACH

P ~ TMPERMEABL INSULATING <(wOODCHIPy — FLOOR SPARGER PIPE.
CONCRETE BLOCK — FABRIC COVER TOP COVER LAYER IRRIGATION
WALL, () BLOCKS ODCHIP TRt
HIGH. (PROVIDED R

BY OTHERS, PLENUM LAYER

COMPOSTING
PAD GRADE

~
PLENUM INSULATION
WITH HEAT TRACE

COMPOSTING
MATERTAL

AERATION FLDOR SPARGERS.
(@ PER ZONE / (8 TOTAL

CONTROLS SKID AERATION PLENUM N f
\F'/AILH AERATION / HDPE PIPE \ 24° DIA. SUMP l
WITH SEALED
\ LID
AERATION / ~_
e \ MAINTAINED —
) 5 : \ WATER LEVEL

DISCHARGE \

\

I 1&/1 KI \ I
H I+ 1 H ! A !
T[‘ 1'-6* MIN. T‘ ! ! yecge ‘ ‘
|

= = TO SUMP _
\ ! \x (PROVIDED |
\ FREE STANDING BELOW GRADE BY OTHERS). / DISCHARGE
PIPE SUPPORTS. DRAIN LINE. L )
INSULATED. / \
/ DRAIN LINE \ L
N FROM ZONES
% / \ 7~ CONDENSATE
REAR ELEVATION DETAIL COLLECTION

PUMP. PROVIDED

\ SCALE 1/4* = 1/ s > /
7 ~—— . —
~ /
>~ 3

. . CONDENSATE SUMP_CONCEPT
T~ - SCALE! 3/4 = 1

LIBERTY PUMP
MODEL 405 OR
TEQUIVYTTTT

BY OTHERS. REF,

"~ [ SEE SHEET 1 FOR REVISION DESCRIPTIONS [ -1 -
NO | REVISION

DRAWN: CJH SIZE |TITLE:
ONLESS OTHERWISE SPECIFIED | ALL DINS ARS IN INCHES ENGINEERED m B \A/%ECNLE lRDAlL _tLgYD%T
2 PLACE DECIMALS ¢ oo | COMPOST SYSTEMS o sten

PROBRIETARY INPORHATION 3 PLACE DECINALS' #xx | TRIRD ANGLE PROJECTION | 112405 Avemue West - Scate, WA SHISD DATE: PROJECT: SHT:

This dzaving is the propecty of £GS and shall not be used; cepled ox seproduced in wiols o in part, nor FRACTIONS!  #xx TG64285 F6R4.I0 24 JUL 2015 Garfleld County 2 oF 4
shall the contents be zevealed in any menner to anyone uniess written permission is obtainad from SCATE: DWG. WO: g
Engineored CorgoSt Sysvems, Tace o 2 P ANGLES!  xx 1/87=1 ™™ 253~G01 ‘ 2

PCS Remediation Pilot Project

 Treat Garfield county E&P
waste

* Biopile with aerated static pile

e Scrub emissions with biofilter
consisting of compost and
moist wood chips

e Then PCS can be used to
make up soil deficit for cover
material

e Decommissioned in 2024 due
to reduced influx of E&P waste
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