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1. Chemical Oxidation Environmental Chemical Engineering Lab.

Objective of Chemical Oxidation

/  To detoxify waste by adding an oxidizing agent to chemically transform waste components \

For example

* An.organic molecule can be converted to carbon dioxide and water

« To aMmediate product that may be less toxic than original

To be capable of destroying a wide range of organic molecules
* Chlorinated VOC
* Mercaptans

 Phenols

. CyaMnorganics)




1. Chemical Oxidation

Environmental Chemical Engineering Lab.

Advantages of Chemical Oxidation

/  Incineration \

* To produce air pollution

* High cost

Bioremediation
» Limitation of high toxicity pollutant
 Torequire long remediation time

» Possibility of generation of byproduct

Physical treatment
* Air stripping

. CaMsorption

e Thermal Methods




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Kinds of Chemical Oxidation

/  Advanced Oxidation Processes(AOPSs) \
F

enton reaction
e Classic Fenton reaction

Fenton-like process
* Modified Fenton reaction

Photoassited Fenton reaction
* H,O,/Fe?* or Fe3*/UV

* H,O,/Fe3*-oxalate/UV

« Mn2*/oxalic acid/Ozone

Photocatalysis
* TiO,/hv/O,
+ O4/H,0,

« O4/UV

* H,0,/UV

Potassium permanganate

R. Andreozzi et al./Catalysis Today 53 (1999) 51-59




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Classic Fenton reaction (AOPSs)

Discovered by H.J.H Fenton (1894) RH+OH — R +H,0 ()
Fenton’s reagent Fe3* +H,0, — Fe2* + -OH, + H* (3)
» Fe?(ferrous ion)

* H,O,(hydrogen peroxide) H,0,+OH — OH, + H,0 (4)
Production of «OH by Fenton reaction Fe3*+ OH, — Fe2* + O, + H* (5)

Attractive oxidative system
e |ronis very abundant and non toxic element
* Hydrogen peroxide is easy to handle and environmentally safe

\ Optimum pH : 2~4 Y,




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Modified Fenton reaction (Fenton-like Process ;: AOPS)

To overcome the limitation of Classic Fenton reaction

« Precipitation of iron ion at neutral pH

Iron catalysts chelated with organic ligands(chelating agents)
* To maintain iron stability at neutral pH
» Appropriate process for in-situ application
* Organic ligands (chelating agents)
v" Ethylenediaminetetraacetic acid (EDTA)
v Nitrilotriacetic acid (NTA)

\ v" Sodium oxalate )




1. Chemical Oxidation Environmental Chemical Engineering Lab.
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1. Chemical Oxidation Environmental Chemical Engineering Lab.

Modified Fenton reaction (Fenton-like Process ; AOPS)
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1. Chemical Oxidation Environmental Chemical Engineering Lab.

Modified Fenton reaction (Fenton-like Process ;: AOPS)

TN

Producing reductant such as

» Superoxide radical anion(O,")
« Hydroperoxide anion(HO,)
Desorption

Degradation of chlorinated compounds using dechloronation

-~

H,0, + OH HO, + H,0 (1)
HO,» —— H*+0, (2)




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Fenton-like reaction (AOPSs)

Natural surface soil contain 5% of iron minerals

« Such as goethite, magnetite and hematite

e |t could be used instead of ferrous and ferric ions.
The advantage of decreasing iron sludge

Reducing the treatment cost

A possible mechanism for mineral-catalyzed Fenton-Like reaction

)

S*+ OH +-OH (1)

S+ H,0,

S : mineral surface
S*: oxidized region on the mineral




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Fenton-like reaction (AOPSs)

10

100
a0 -
m - - -
70 Table. Generation of soluble iron from magnetite and
£ e .o goethite system, treated.with 15% H,0, after 5days
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Fig. Breakdown of mixture of diesel and kerosene at
different species and amount of iron minerals with

\ 0.5g contaminant/kg soil and 15% H,0, /

Sung-ho Kong/Chemosphere 1998, 37(8) 1473-1482




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Photo-assisted Fenton reaction (AOPSs)

Y

Applying ultraviolet (UV) light

Increase reduction of ferric ion to ferrous ion

Fe3* + H,0 + hv — Fe?* +-OH + H*

Furthermore, producing two hydroxyl radicals initiated by UV

Fenton reaction is strongly accelerated by irradiation with UV-VIS light




1. Chemical Oxidation Environmental Chemical Engineering Lab.

Potassium permanganate (KMnO,)
f In the in-situ oxidative degradation of chlorinated ethenes with a metal-oxo reagent ‘

Attractive method due to the rapid degradation of chlorinated ethenes
The nonreactive nature of the reagent with carbonate and bicarbonate
Low cost

Disadvantage of this method : Color problem

—

kl kz —
C,HCl; + MnO,  — [ — yCA + MnO, + 3CI" (1) _
| : Cyclic complex

k,(MnO,") CA : Various carboxylic acids
yCA ————CO, (2) vy andf : stoichiometric coefficient

Y. Eugene Yan and Franklin W. Schwartz/Environ. Sci. Technol. 34 (2000) 2535-2541




Environmental Chemical Engineering Lab.

1. Chemical Oxidation
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Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Difference of Soil Washing/Flushing

In- situ or ex-situ ?

N

Soil Flushing Soil Washing




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Introduction of Soil Washing

A treatment technology for removing contaminants from excavated soil

Accomplished by contacting soil with a wash solution, separating the soil

. 4

i water reused

water and
detergent

wash

treatment

water plant clean water
scrubbing unit .
polluted v
soil sifted)
polluted sail

to second cleanup
method ar landfil

Soil washing Process




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Introduction of Soil Flushing

Ty

The extraction.of contaminants from in situ soil with water or other suitable aqueous solutions.

Accomplished by passing the extraction fluid through in-place soils

using an injection and recovery process.

e

! ) ) Air Treated
Treated water (either recycled for use in washing Emissions Emissions
solution or discharged in another acceptable manner) Control ™
Washing solution ‘ Concentrated

Residuals

+ J Contaminant

K " + Treatment
Washing Separator| . -
Solution

(Further Treatment
or Disposal)

Washing
Solution
Washing solution/

Contaminant mixture

-

Injection
]Well

L |

Extraction
Well

Soil Flushing Process




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

ﬁ%Tarqet contaminants ﬁ Washing solution

Refractory compounds

« TPH Water

» Chlorinated compounds Surfactant
« MTBE

* Etc..

Heavy metals

« Cd Water
 Cu Acidic solution

« Pb Chelating agent solution




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Project : Ministry of Environment

Y

Objective of project

« Degradation of heavy metal contaminated soil using organic/inorganic mixed solution

« Development of recirculation system for removing heavy metal for effluent

» Development of Soil Washing system

-——




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Project : Ministry of Environment

| Soil washing system |




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Project : Ministry of Environment




Environmental Chemical Engineering Lab.

2. Soil washing/flushing

Project : Ministry of Environment

Washing reactor

1st Washing reactor
2nd Washing reactor




Environmental Chemical Engineering Lab.

2. Soil Vapor Extraction (SVE)

® Soil vapor extraction (SVE), soil venting or vacuum extraction
v'In situ remedial technology

v'Reducing concentrations of volatile constituents in petroleum products

adsorbed to soils in the unsaturated (vadose) zone

®In this technology, a vacuum is applied to the soil matrix to create a negative

pressure gradient that causes movement of vapors toward extraction wells.

®\/olatile constituents (VOC or SVOC) are readily removed from the subsurface

through the extraction wells.




. Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit I-1
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2. Soil Vapor Extraction (SVE)

Environmental Chemical Engineering Lab.

Exhibit Il-2
Advantages And Disadvantages Of SVE

Advantages

Disadvantages

Proven performance; readily available
equipment; easy installation.

Minimal disturbance to site operations.

Short treatment times: usually 6 months
to 2 years under optimal conditions.

Cost competitive: $20-50/ton of
contaminated soil.

Easily combined with other technologies
(e.qg., air sparging, bioremediation, and
vacuum-enhanced dual-phase
extraction).

Can be used under buildings and other
locations that cannot be excavated.

Concentration reductions greater than
about 90% are difficult to achieve.

Effectiveness less certain when applied
to sites with low-permeability soil or

stratified soils.

May require costly treatment for

atmospheric discharge of extracted
vapors.

Air emission permits generally required.

Only treats unsaturated-zone soils; other
methods may also be needed to treat
saturated-zone soils and groundwater.




rical Engineering Lab.

2. Soil Vapor Extrac INITIAL SCREENING OF DETAILED EVALUATION OF

SVE EFFECTIVENESS

SVE EFFECTIVENESS

Identlfy slte characteristics
Important to SVE
effectiveness

Identify product
constituent properties

Determine the types of
solls that occur within
the contaminated area

Gravels Silts
Sands Clay

_spangaablllty pressures of product
Is clay soll YES > 10~ cm¥, and Is depth constituents
targeted for to groundwater >0,5mm Hg?
remediation?

Is
nt bolll
Determine which petroleum @ or other conditions that m;u;:s:lb;;ﬂ_%qngc?
products are targeted for would disrupt
remediation by SVE SVE Is not likely alr flow?
+ Gasoline to be effective at
« Kerosene Win sils.
Conglder other
» Diesel Fuel technoloal
o Heating Oil hologles.
« Lubricating Ol « Bioventing Does Is
« Landfarming moisture content Henry's Law
* Blomounding of soils in contaminated Constant
® Thermal area appear to > 100 atm?
Desorption be low?

L

Pilot studies are required
to demonstrate effectiveness.
Review pliot study results.

YES

YES

SVE will not be
effective at the site,
Consider other

tachnologles. | |

¢ Bloventing
¢ Landfarming
* Blomounding
* Thermal

Desorption

B Y

SVE has the potential to
be effective at the site.
Proceed to next panel.

SVE is likely to be
effective at the site.

Proceed to evaluate
the design.




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit II-4
Initial Screening For SVE Effectiveness
Permeabllity
Ineffective Moderate lo- Minlmal Effective
Effectlveness
Intrinslc Permeabilllty, k {(cm? )
108 101 1012 1H-'0 102 102 10+ 102
L Cay |
| Glacial 11 |
| Slit, Loess |
| Slity Sand |
| Clean Sand |
| Gravel |
Product Volatility
Moderate to Minlmal
Ineffective Effactiveness Effectlve
Bolling Paint (°C)
Nonvolatlle 300 250 200 100
| Lube Olls |
| Heallng Ofs |
| Dlesel |
| Kerosene |
| Gasoline




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit II-5
Key Parameters Used To Evaluate Permeability Of Soil And
Constituent Volatility

Permeability Of Soil Constituent Volatility
Intrinsic permeability Vapor pressure
Soil structure and stratification Product composition and boiling point
Depth to groundwater Henry's law constant
Moisture content
Exhibit 1I-6

Intrinsic Permeability And SVE Effectiveness

Intrinsic Permeability (k) SVE Effectiveness
k>10%cm? Generally effective.
10%> k> 10" cm? May be effective; needs further evaluation.

k<10 cm? Marginal effectiveness to ineffective.




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit Il-7
Depth To Groundwater And SVE Effectiveness

Depth To Groundwater SVE Effectiveness

> 10 feet Effective

3 feet < depth < 10 feet Need special controls (e.g., horizontal wells or
groundwater pumping)

< 3 feet Not generally effective




Environmental Chemical Engineering Lab.

2. Soil Vapor Extraction (SVE)

Exhibit 1I-8
Vapor Pressures Of Common Petroleum Constituents

Vapor Pressure

Constituent (mm Hg at 20°C)
Methyl t-butyl ether 245
Benzene 16
Toluene 22
Ethylene dibromide 11
Ethylbenzene 1
Xylenes b
Naphthalene 0.5

Tetraethyl lead 0.2




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit 1I-9
Petroleum Product Boiling Point Ranges

Boiling Point Range

Product (°C)
(Gasoline 40 to 225
Kerosene 180 to 300
Diesel fuel 200 to 338
Heating ol >215

Lubricating oils Nonvolatile




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit II-10
Henry's Law Constant Of Common Petroleum Constituents

Constituent Henry's Law Constant (atm)
Tetraethyl lead 4700
Ethylbenzene 359
Xylenes 266
Benzene 230
Toluene 211
Naphthalene 12
Ethylene dibromide 34

Methyl t-butyl ether 21




2 Soil Vapor Extraction (SVE) Environmental Chemical Engineering Lab.

Exhibit II-13
Typical Vertical Soil Vapor Extraction Well Construction
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Manifold
NeOtes
Piping may b burked
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2. Soil Vapor Extraction (SVE)

Environmental Chemical Engineering Lab.

Exhibit lI-14
Typical Horizontal Soil Vapor Extraction Well Construction
To Blower Fabric Liner
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Piping may be buried e
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3. Bioventing Environmental Chemical Engineering Lab.

@®Bioventing is an in-situ remediation technology

®Indigenous microorganisms to biodegrade organic constituents adsorbed to soils

In the unsaturated zone.

®The activity of the indigenous bacteria is enhanced by inducing air (or oxygen)
flow into the unsaturated zone (using extraction or injection wells) and, if necessary,

by adding nutrients.

®All aerobically biodegradable constituents can be treated by bioventing.




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit llI-1
Typical Bioventing System Using Vapor Extraction
Atmospheric
Vapor Discharge

Treatment
(if needed)
Nutrient Tank —\ uUsT Blower
1
I L

Legend:

Vapor Phase

Adsorbed Phase

% Dissolved Phase

Optional Depending
in the Site Conditions

_____——____ Groundwater
_— Gradient




3. Bioventing

Environmental Chemical Engineering Lab.

Exhibit llI-2
Bioventing Summary

Advantages

Disadvantages

Uses readily available equipment; easy to
install.

Creates minimal disturbance to site
operations. Can be used to address
inaccessible areas (e.g., under buildings).

Requires short treatment times: usually 6
months to 2 years under optimal
conditions.

|s cost competitive: $45-140/ton of
contaminated soil.

Easily combinable with other technologies
(e.g., air sparging, groundwater
extraction).

May not require costly offgas treatment.

High constituent concentrations may
initially be toxic to microorganisms.

Not applicable for certain site conditions
(e.g., low soil permeabilities, high clay
content, insufficient delineation of
subsurface conditions).

Cannot always achieve very low cleanup
standards.

Permits generally required for nutrient

injection wells (if used). (A few states
also require permits for air injection.)




Exhibit 11l-3 ntal Chemical Engineering Lab.

3. Bloventin 9 Bioventing Evaluation Process Flow Chart

INITIAL SCREENING
OF BIOVENTING -

EFFECTIVENESS

Determine the types of soils
that occur within the
contaminated area

Gravels Silts
Sands Clay

Bloventing Is not
likely to be effective
at the site.

Consider other
technologies.

« Landfarming
* Biopiles
* Thermal
Desorption

Is clay
soil targeted for
remediation?

Bloventing has the
potential for

effectiveness at the site.

Proceed to next panel.




Exhlbit lll-3

3 Bioventing Bloventing Evaluatlon Process Flow Chart tal Chemical Engineering Lab.

DETAILED EVALUATION OF
BIOVENTING EFFECTIVENESS

Identify product constituent
characteristics Important to
Bioventing effectiveness

Identlfy site characteristics
important to Bioventing
effectiveness

Is Intrinslc NO Are
permeability Bioventing is constituents all sufficiently
>10-1%m?? generally not blodegradable?
effective.
Consider other
technologies.
* Landfarming
impermeable layers . .?.::,mnl::l < 25,000 ppm and
or other conditions that D I eavy metals < 2,500
would disrupt esorption
alr flow? OR
Conduct special YES
pliot studles to
address the out of

Is depth range parameters. Are vapor
to groundwater prassuras_of product
constituents

> 3 feet?
< 0.5mm Hg?,

Are
background
heterotrophic bacteria
> 1000 CFU/gram?

Offgas may be
contaminated.

Pilot study and
system design

constituent
boiling range
< 250-300° C?,

NO

should consider
vapor control

Pliot studles are
content of soils in fﬁgruzﬂad to demonstrate
. effectiveness.
contaminated area between plot study results.

40% and 85% of
saturation?

Do pilot
study results
s soil demonstrate bloventing Bioventing will
effectiveness? not be effective
temperaturs at the slte.
bem?sgg;c and Consider other
technologles.
« Landfarming
g « Bloplles
- 3 @ « Thermal
Bioventing is likely to Desorption

be effective at the site.
Proceed to evaluate
the design.

L emna




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit 11l-4
Initial Screening For Bioventing Effectiveness
Permeability
Ineffective: Moderate to Minlmal Effactive
Effectiveness
Intrinsic Permeability, k (cm?)
1Q-16 107 102 1Q-10 108 105 104 102
| Glacial Til |
| SIit, Loess |
| Silty Sand |
| Clean Sand |
| Gravel |
Product Composlition
Less Effective More Effective
| Lube Qils |
| Fuel Olls |
[ Diesel ]
|  Kerosene |
[ Gasoline |
Note:
All petroleum products listed are amenable
for the bloventing remediation atternative.




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit llIl-5
Key Parameters Used To Evaluate Site Characteristics And

Constituent Characteristics

Site Characteristics Constituent Characteristics
Intrinsic permeability Chemical structure
Soll structure and stratification Concentration and toxicity
Microbial presence Vapor pressure
Soil pH Product composition and boiling point
Moisture content Henry's law constant

Soil temperature
Nutrient concentrations
Depth to groundwater




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit llI-7
Intrinsic Permeability And Bioventing Effectiveness
Intrinsic Permeability (cm?) Bioventing Effectiveness
k>10° Effective.
108 > k> 101° May be effective; needs further evaluation.
k<107 Not effective.
Exhibit llI-8

Heterotrophic Bacteria And Bioventing Effectiveness

Total Heterotrophic Bacteria

(prior to bioventing) Bioventing Effectiveness
> 1000 CFU/gram dry soil Generally effective.
< 1000 CFU/gram dry soil May be effective; needs further evaluation to

determine if toxic conditions are present.




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit llI-9
Soil pH And Bioventing Effectiveness

Soil pH
(prior to bioventing) Bioventing Effectiveness
6<pH<8 Generally effective.
6>pH>8 Soils will require amendments to correct pH

to effective range.

Exhibit lll-10
Depth To Groundwater And Bioventing Effectiveness

Depth To Groundwater Bioventing Effectiveness

> 10 feet Effective.

3 feet < depth < 10 feet Need special controls (i.e., horizontal wells or
groundwater pumping).

< 3 feet Not effective.




3. Bioventing

Environmental Chemical Engineering Lab.

Exhibit llI-11

Chemical Structure And Biodegradability

Products In Which
Constituent Is Typically

Biodegradability Example Constituents Found

More degradable n-butane, |-pentane, O Gasoline
n-octane
Nonane O Diesel fuel
Methyl butane, O Gasoline
dimethylpentenes,
methyloctanes
Benzene, toluene, O Gasoline

i
|

Less degradable

ethylbenzene, xylenes
Propylbenzenes

Decanes
Dodecanes
Tridecanes
Tetradecanes

Naphthalenes
Fluoranthenes
Pyrenes
Acenaphthenes

COoCO00 OO0 ©

Diesel, kerosene

Diesel
Kerosene
Heating fuels
Lubricating oils

Diesel
Kerosene
Heating oil
Lubricating oils




3. Bioventing Environmental Chemical Engineering Lab.

Exhibit 1lI-12
Constituent Concentration And Bioventing Effectiveness

Constituent Concentration Bioventing Effectiveness

Petroleum constituents < 25,000 ppm Effective.
and

Heavy metals < 2,500 ppm

Petroleum constituents > 25,000 ppm Ineffective; toxic or inhibitory conditions to
or bacterial growth exist. Long remediation
Heavy metals > 2,500 ppm times likely.




Environmental Chemical Engineering Lab.

. Bioventing
Exhibit llI-13
Cleanup Concentrations And Bioventing Effectiveness
Cleanup Requirement Bioventing Effectiveness
Constituent concentration > 0.1 ppm Effective.
and
TPH reduction < 95%
Constituent concentration < 0.1 ppm Potentially ineffective; pilot studies are
or required to demonstrate reductions.
TPH reduction > 95%




Environmental Chemical Engineering Lab.

4. Biopile

®Biopiles, also known as biocells, bioheaps, biomounds, and compost piles

®Used to reduce concentrations of petroleum constituents in excavated soils

through the use of biodegradation.

®This technology involves heaping contaminated soils into piles (or “cells”) and
stimulating aerobic microbial activity within the soils through the aeration and/or

addition of minerals, nutrients, and moisture.

®The enhanced microbial activity results in degradation of adsorbed petroleum-

product constituents through microbial respiration.

®Biopiles are similar to landfarms.




Environmental Chemical Engineering Lab.

4. Biopile
Exhibit IV-1
Typical Biopile System
Soil Vepor Leachate Collection
Manitoring Probes Air Inlet/Exhaust ang Treatment
(Optional)
Contaminated Scil Barm Nutrient and
/_ Moisture Addition
(] \ 0 /
; — IR TIR /
Air Injection ) -

(Or Extraction)




4. Biopile

Environmental Chemical Engineering Lab.

Exhibit IV-2
Advantages And Disadvantages Of Biopiles

Advantages

Disadvantages

Q

Relatively simple to design and
implement.

Short treatment times: usually 6 months
to 2 years under optimal conditions.

Cost competitive: $30-90/ton of
contaminated soil.

Effective on organic constituents with
slow biodegradation rates.

Requires less land area than landfarms.

Can be designed to be a closed system;
vapor emissions can be controlled.

Can be engineered to be potentially
effective for any combination of site
conditions and petroleum products.

Concentration reductions > 95% and
constituent concentrations < 0.1 ppm are
very difficult to achieve.

May not be effective for high constituent
concentrations (> 50,000 ppm total
petroleum hydrocarbons).

Presence of significant heavy metal
concentrations (> 2,500 ppm) may inhibit
microbial growth.

Volatile constituents tend to evaporate
rather than biodegrade during treatment.

Requires a large land area for treatment,
although less than landfarming.

Vapor generation during aeration may
require treatment prior to discharge.

May require bottom liner if leaching from
the biopile is a concern.




Environmental Chemical Engineering Lab.

4. Biopile

Exhibit IV-3
Biopile Evaluation Process Flow Chart

EVALUATION OF

BIOPILE EFFECTIVENESS

Identify soil characteristics important
to biopile effectiveness

Microbial Population Density
Soil pH
Moisture Content

Biotreatability studies
should include special
studiiss to evaluate
out-of-range paramefers.

clays that could cause
clumping and poor,
aeration?

content of solls In
contaminated area between
40% and 85% of field
capacity?

Biopile will not
be effective at
the slte.
Conslder other
technologles.

« Thermal
Desorption

temperature between
10° C and 45° C during
treatment?

Do nutrient
concentrations have
a CiN:P ratlo between
100:10:1 and
100:1:0.57

Continue with evaluation
of bloplle deslgn.




I Environmental Chemical Engineering Lab.
4. Biopile I

Bloplle Evaluation Process Flow Chart
EVALUATION OF

BIOPILE EFFECTIVENESS

Identify constituent characteristics
important to biopile effectiveness

Volatility
Chemical Structure
Concentration and Toxicity

Is
gasoline or
other highly volatile product
proposed for
treatment?

< 50,000 ppm and
heavy metals <_2,500

Do
blotreatabil
YES _“studesd o ate

- biopie
effectiveness?
Identlfy climate condlitions
Important to bloplle effectiveness
Ambient Temperature
Rainfall
Wind

NO

Biopile will not

Are amblent be o
the site.
temperatures between
5 Conslder other
10°C and 45°C for at least technologles.
« Thermal

Desorption

NO

|s annual

Do
bloplle design
and operation account
for out-of-range
parameters?

subject to only light or
Infrequent winds?

The bloplle system s llkely
1o be effective at the site.
Proceed to evaluate the design.

October 1994
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4. Biopile
Exhibit IV-4
Parameters Used To Evaluate The Effectiveness Of Biopile Systems
Soil Characteristics Constituent Characteristics Climatic Conditions
Microbial population density Volatility Ambient temperature
Soil pH Chemical structure Rainfall
Moisture content Concentration and toxicity Wind

Soil temperature
Nutrient concentrations
Soil texture

Exhibit IV-5
Heterotrophic Bacteria And Biopile Effectiveness

Total Heterotrophic Bacteria

(prior to biopile operation) Biopile Effectiveness
> 1,000 CFU/gram dry soil Generally effective.
< 1,000 CFU/gram dry soil May be effective; needs further evaluation to

determine if toxic conditions are present.




4. Biopile

Environmental Chemical Engineering Lab.

Exhibit 1V-6
Soil pH And Biopile Effectiveness

Soil pH
(prior to biopile construction) Biopile Effectiveness
b<pH<8 Generally effective.
6>pH=>8 Biopile soils will require amendments to

correct pH to effective range.

Exhibit IV-7
Soil Moisture And Biopile Effectiveness

Soil Moisture Biopile Effectiveness
40% < field capacity < 85% Effective.
Field capacity < 40% Periodic moisture addition is needed to

maintain proper bacterial growth.

Field capacity > 85% Biopile design should include special water
drainage considerations or impervious cover.




Environmental Chemical Engineering Lab.

4. Biopile

Exhibit IV-8
Soil Temperature And Biopile Effectiveness

Soil Temperature Biopile Effectiveness
10°C < soil temperature < 45°C Effective.
10°C > soil temperature > 45°C Not generally effective; microbial activity

diminished during seasonal temperature
extremes but restored during periods within
the effective temperature range.
Temperature-controlled enclosures, heated
(or cooled) air injection, or special bacteria
required for areas with extreme
temperatures.




4. Biopile

Environmental Chemical Engineering Lab.

Exhibit IV-9
Chemical Structure And Biodegradability
Products In Which
Constituent Is Typically
Biodegradability Example Constituents Found
More degradable n-butane, I-pentane, O Gasoline
n-octane
| Nonane O Diesel fuel
I Methyl butane, O Gasoline
dimethylpentenes,
methyloctanes
Benzene, toluene, O Gasoline
ethylbenzene, xylenes
Propylbenzenes O Diesel, kerosene
Decanes O Diesel
Dodecanes O Kerosene
Tridecanes O Heating fuels
Tetradecanes © Lubricating oils
Less degradable Naphthalenes O Diesel
Fluoranthenes O Kerosene
Pyrenes O Heating oil
Acenaphthenes O Lubricating oils




Environmental Chemical Engineering Lab.

4. Biopile

Exhibit IV-10
Constituent Concentration And Biopile Effectiveness

Constituent Concentration Biopile Effectiveness
Petroleum constituents < 50,000 ppm Effective, however, if contaminant
and concentration is > 10,000 ppm, then soil
Heavy metals < 2,500 ppm should be blended with clean soil to reduce

the concentration of the contaminants.

Petroleum constituents > 50,000 ppm Ineffective; toxic or inhibitory conditions to
or bacterial growth exist. Dilution by blending
Heavy metals > 2,500 ppm necessary.
Exhibit IV-11

Cleanup Requirements And Biopile Effectiveness

Cleanup Requirement Biopile Effectiveness
Constituent concentration > 0.1 ppm Effective.
and
TPH reduction < 95%
Constituent concentration < 0.1 ppm Potentially ineffective; pilot studies are
or required to demonstrate contaminant

TPH reduction > 95% reductions.




4. Biopile

Environmental Chemical Engineering Lab.

Exhibit IV-12
Physical And Chemical Parameters For Biotreatability Studies

Parameter Measured Properties
Soil toxicity Type and concentration of contaminant
and/or metals present, pH.
Soil texture Grain size, clay content, moisture content,
porosity, permeability, bulk density.
Nutrients Nitrate, phosphate, other anions and cations.
Contaminant biodegradability Total organic carbon concentration, volatility,

chemical structure.
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4. Biopile

Exhibit IV-13
Construction Design Of A Typical Biopile

Timber Frame 211 Skoped Sldes
!' / /— Contaminated Soll

/7
/

-..,____‘_:

AN

1

/

/
7

—G___ N I BN B B B B .
—G___ N I BN B B B B .
-G___ N I BN B B B B .

C © O e O O
[ 1

Plpe Spacing Depands an \—leng Manlild fior Alr Infectlon/
Soll Permeablllty {5-20 Fest) Extraction or Nutrlent Addiion
(Only 1 Manifold Shown for Clarity)

PLAN VIEW




Environmental Chemical Engineering Lab.

4. Biopile

Cower (Optional) Contaminated Sell (3-10 Fest)
2:1 Slope Sodl Viapor
. Monitoring Probes
Air [njection andior ,
Extraction Plping Alr Inlet/Exhaust

Nutrient and Moistune

Timber Frame for Lingr/ Addltion (Drlp Irrigation)

Cover Attachment and
Contalnment Berm Leacglattla Treatment
7 '\I. | " Y, |ﬁw.ﬂ‘!‘m O I.mt nﬂj _\l
NSRS IWIWIWI i
R e R A /o
- RRE RIS . 1N
NANAN ﬁ% ¥§é§%§§i : éﬁ. fﬁ“ RO
NN ol ASLASEAAS
TR e RN
Liner (Oplional) Geptextile Fabric

Leachate Runoff Trench Sand Layer (3-6inches, Skoped)
{Optlonal) For Leachate Collectlon (Optlonal)
Leachate Collaction
System Piping (optional)
CROSS SECTION

NOT TO SCALE




5. Landfarming Environmental Chemical Engineering Lab.

®|_andfarming, also known as land treatment or land application

v'An above-ground remediation technology for soils

v'"Reducing concentrations of petroleum constituents through biodegradation

®This technology usually involves spreading excavated contaminated soils in a
thin layer on the ground surface and stimulating aerobic microbial activity within the

soils through aeration and/or the addition of minerals, nutrients, and moisture.




5. Landfarming

Environmental Chemical Engineering Lab.

Exhibit V-1
Typical Landfarming Operation

Ponous Cup Lysimeters
Tilling for Soil Aeration

Contaminated Soil
Berm

Leachate Collection
and Treatment
{Optional)

Groundwater
Monitoring Wells




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-2
Advantages And Disadvantages Of Landfarming

Advantages Disadvantages
O Relatively simple to design and O Concentration reductions > 95% and
implement. constituent concentrations < 0.1 ppm are
very difficult to achieve.
O Short treatment times: usually 6 months
to 2 years under optimal conditions. O May not be effective for high constituent
concentrations (> 50,000 ppm total
O Cost competitive: $30-60/ton of petroleum hydrocarbons).

contaminated soil.
O Presence of significant heavy metal
O Effective on organic constituents with concentrations (> 2,500 ppm) may inhibit
slow biodegradation rates. microbial growth.

O Volatile constituents tend to evaporate
rather than biodegrade during treatment.

O Requires a large land area for treatment.
© Dust and vapor generation during
landfarm aeration may pose air quality

concerns.

O May require bottom liner if leaching from
the landfarm is a concern.




5. Landfarming

Exhiblt V-3
Landfarming Evaluation Process Flow Chart

EVALUATION OF

LANDFARMING EFFECTIVENESS

Identify soll characterlstics Important
to landfarming effectivenass
Microbial Population Density Soil Temperature
Soil pH Nutrient Concentrations
Soil Texture

Moisture Content

Are
background
heterotrophlc bacterla
> 1000 CFU/gram?

NO

soils free of

clays that could cause

clumping and poor
aeration?

Is molsture
content of solls In
contaminated area between
40% and 85% of fleld
capachty?

NO

Is soll

temperature between
10° C and 45 °C during
treatment?

NO

Do

landfarm design
Do nutrent and operation account
concentrations have for out-of-range
a C:N:P ratio between parameters?

100:10:1 and
100:1:0.5?

Continus with svaluation
of landfarming design.

Landfarming will
not be effective
at the site_
Consider other
technologles.

» Thermal
Desorption

1004

al Chemical Engineering Lab.




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-4
Parameters Used To Evaluate The Effectiveness Of Landfarming

Soil Characteristics Constituent Characteristics  Climatic Conditions
Microbial population density Volatility Ambient temperature
Soil pH Chemical structure Rainfall
Moisture content Concentration and toxicity Wind

Soil temperature
Nutrient concentrations
Texture




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-5
Heterotrophic Bacteria And Landfarming Effectiveness

Total Heterotrophic Bacteria

(prior to landfarming) Landfarming Effectiveness
> 1000 CFU/gram dry soill Generally effective.
< 1000 CFU/gram dry soil May be effective; needs further evaluation to

determine if toxic conditions are present.

Exhibit V-6
Soil pH And Landfarming Effectiveness

Soil pH
(prior to landfarming) Landfarming Effectiveness
b<pH<8 Generally effective.
6>pH=>8 Landfarm soils will require amendments to

correct pH to effective range.




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-7
Soil Moisture And Landfarming Effectiveness

Soil Moisture Landfarming Effectiveness
40% < field capacity < 85% Effective.
Field capacity < 40% Periodic moisture addition is needed to

maintain proper bacterial growth.

Field capacity > 85% Landfarm design should include special
water drainage considerations.




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-8
Soil Temperature And Landfarming Effectiveness

Soil Temperature Landfarming Effectiveness
10°C < soil temperature < 45°C Effective.
10°C > soil temperature > 45°C Not generally effective; microbial activity

diminished during seasonal temperature
extremes but restored during periods within
the effective temperature range.
Temperature-controlled enclosures or special
bacteria required for areas with extreme
temperatures.




5. Landfarming

Environmental Chemical Engineering Lab.

Exhibit V-9

Chemical Structure And Biodegradability

Products In Which
Constituent Is Typically

Biodegradability Example Constituents Found
More degradable n-butane, n-pentane, O Gasoline
n-octane
| Nonane O Diesel fuel
I Methyl butane, O Gasoline
dimethylpentenes,
methyloctanes
Benzene, toluene, O Gasoline
ethylbenzene, xylenes
Propylbenzenes O Diesel, kerosene
Decanes O Diesel
Dodecanes O Kerosene
Tridecanes O Heating fuels
Tetradecanes O Lubricating oils
Less degradable Naphthalenes O Diesel
Fluoranthenes O Kerosene
Pyrenes O Heating oil
Acenaphthenes O Lubricating oils




5. Landfarming

Environmental Chemical Engineering Lab.

Exhibit V-10
Constituent Concentration And Landfarming Effectiveness

Constituent Concentration

Landfarming Effectiveness

Petroleum constituents < 50,000 ppm
and
Heavy metals < 2,500 ppm

Petroleum constituents > 50,000 ppm
or
Heavy metals > 2,500 ppm

Effective; however, if contaminant
concentration is > 10,000 ppm, the soil may
need to be blended with clean soil to reduce
the concentration of the contaminants.

Ineffective; toxic or inhibitory conditions to
bacterial growth exist. Dilution by blending
necessary.




5. Landfarming

Environmental Chemical Engineering Lab.

Exhibit V-11
Cleanup Requirements And Landfarming Effectiveness

Cleanup Requirement

Landfarming Effectiveness

Constituent concentration > 0.1 ppm
and
TPH reduction < 95%

Constituent concentration < 0.1 ppm
or
TPH reduction > 95%

Effective.

Potentially ineffective; pilot studies are
required to demonstrate contaminant
reduction.




5. Landfarming Environmental Chemical Engineering Lab.

Exhibit V-12
Physical And Chemical Parameters For Biotreatability Studies

Parameter Measured Properties

Soil toxicity Type and concentration of contaminant
and/or metals present, pH.

Soil texture Grain size, clay content, moisture content,
porosity, permeability, bulk density.

Nutrients Nitrate, phosphate, other anions and cations.

Contaminant biodegradability Total organic carbon concentration, volatility,

chemical structure.




5. Landfarming

Environmental Chemical Engineering Lab.

Exhibit V-13
Construction Design Of A Typical Landfarm
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5. Landfarming

Environmental Chemical Engineering Lab.

Porous Cup Lysimeters
Alr Emilsslon Sampling
—Soll Cores

Impermeate Liner
(optlonal)

Groundwater
Monlboring Well

CROSS SECTION

Contaminated Soil
Windrows
Berm
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' RN ENINONS
AV AR AV
R
N

Natlve Soll ’7
Sand Layer for

Leachate Collection
(optional)

Leachate Collection
System (optlonal)
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