


Workshop -02

MODULE-01
 Introduction,  Remediation 

Hydraulics



Workshop Outline
This is an information sharing presentation, Please do 

not hesitate to ask question and provide feedback.

Workshop Duration: 4 hours + Discussions 
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13:00-14:25 Introduction

I. Introduction

II.  Remediation Hydraulics, Flow through porous media 

III. Data collection and analysis

IV. Data visualization-

V.  Injection , ISCO, EISB, CAC, ZVI + EVO

14:25-14:35  Short Break Discussions

14:35 – 15:55 Extraction - Recirculation

VI. Soil Vapor Extraction (SVE),

VII. Two-Phase, Multiphase Extraction

VIII. In-Well Stripping and Recirculation

15:55-16:05 Short Break Discussions
16:05-17:00 Case Studies
IX. Case Studies and Lessons Learned

X. Discussions and Q & A

I. Chicago, IL
II. Charleston, SC
III. Huntington Beach, CA

I. Buena Park, CA
II. Los Angeles, CA
III. Rancho Dominguez, CA
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Housekeeping Items



Introductions
Speakers
Students
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Flow Through Porous Media
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Flow through Porous Media
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Soil Characteristics
Petro-Physical Testing

•Grain size distribution
•Porosity- Effective and Bulk
•Permeability
•Capillary Pressure Tests

Advanced Site Characterization Tools
•MIP Investigation
•CPT Investigation
•Wireline logging
•Hydraulic profiling tools
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DEAD ZONE OR 
IMMOBILE WATER

WATER FLOW LINE



8

Soil Boring B2

Hydraulic Conductivity [cm/s]
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Effective Porosity vs Mobile Porosity?
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Imbibition 
curve



Dispersion, Layered Stratigraphy
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USCS and Sequence Stratigraphy
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Sequence Stratigraphy Application for Fluvial Sediments
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Advances in the Characterization and Remediation of Sites Contaminated with Petroleum Hydrocarbons - Jonás García-Rincón · Evangelos Gatsios · Robert J. Lenhard · Estella A. 
Atekwana · Ravi Naidu Editors, Springer – Open Access



USCS and Porosity / Permeability
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Permeability Conversions
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Data Collection 
Strategy and Analysis 
starts in the field

• With custom data applications 
you can make sure your field 
staff will be able to enter data 
quickly, accurately and efficiently
• Using electric field forms you 
can add rules to only allow data 
to be entered correctly the first 
time.
• Modern field form applications 
allow for the collection of data 
without direct user input.  
(positional data, photos)
• Field calculations can be 
programmed into forms to make 
sure units are converted 
correctly or complex calculations 
can be done instantly and used 
for reference.
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Data Collection Structure
• Using data hierarchy, related data can be collected to 
enhance data reporting and entry.
• A clear structure is required to organize your data in 
related tables.
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Projects

Site information
Client Information
Billing Information
Project specific 
Compliance

Events

Specific Tasks
Specific to one form
Event specific 
parameters

Objects

Data collection points
Wells, Probes, System 
Data collection points.
Physical Data Stored in 
these records.  Depth, 
thickness, positional 
data.

Field Data

Data collected for 
Objects
Temp, ORP, pH, Depth
Photos, Positional data



A case study – Site Background

17

• Large multiuse property with ongoing 
demolition

• Strict regulatory requirements and 
multiple instruments running collecting 
data at once.

• Up to five technicians in the field 
collecting regulatory data and assessment 
data.

• All data being collected on paper and then 
transcribed into excel databases.

• Multiple deliverables due daily from the 
site



A case study – Digital 
Transformation
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• All field staff equipped with smart phones and 
or tablets

• Electronic monitoring equipment files 
incorporated into project database.

• Through electric field forms photo logs and 
positional data was incorporated into 
automated daily field reports.

• Custom exports allow for data to still be used 
in legacy spreadsheets when required.

• Site deliverables completed almost 
autonomously eliminating hours of reporting 
time.

• Automated reports sent to stakeholders when 
milestones were met on the project.



Workshop -02
MODULE-02

Site Characterization, 3D Visualization, 
Remedial Evaluation and Injection 

Optimization
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Part 1: Investigation Tools and Technology

Part 2: Example Deliverables

Part 3: Evaluation of Remedial Options

Part4: Injection Design & Optimization
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Part 1: Investigation Tools and Technology

- What are the Drilling Tools?
- Example Boring Logs
- Vendors
- 3D Technology – What’s Changed?
- 3D Visualization Software Options
- Automation
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Membrane Interface Probe 
(MIP)

Groundwater Profiling 
Tool

Optical Image Profiler 
(OIP)

Data Collection – What are the Drilling Tools?

Hydraulic Profiling Data Typically Collected Simultaneously
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Membrane Interface Probe 
(MIP)

Description:

Applications:

Not For:
PFOA or PFOS
Metals or other Non-Volatile Contaminants
Free Product (with Caution)

As the tool is advanced, a heater block volatilizes contaminants in both soil 
and groundwater.  Contaminants pass through the membrane and are 
transported to the surface by an inert carrier gas to be analyzed by a series 
of detectors, typically a PID, FID, and XSD (halogen-specific detector).

Chlorinated Solvents (TCE, PCE, Vinyl Chloride)
Hydrocarbons (Gasoline and Diesel)
Most Volatile Contaminants in Soil or Groundwater (500 ppb to 10,000 ppm)

Membrane Interface Probe (MIP) or MiHPT
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Electrical Conductivity: Electrical conductance of the 
subsurface soils – generally higher in finer-grained soils

Photo Ionization Detector (PID): Commonly used detector, 
sensitive to Volatile Organic Compounds (VOCs), like 
petroleum distillates and chlorinated ethenes

Hydraulic Profiling Tool Pressure: Measured pressure from 
injected water

Flame Ionization Detector (FID): Less sensitive, responds to 
many of the same compounds as the PID, also methane.

Halogen Specific Detector (XSD): Only sensitive to 
chlorinated, fluorinated, and brominated compounds, 
including chlorinated ethenes and alkanes (PCE, TCE, 1,1,1-TCA, 
vinyl chloride, etc.)

Membrane Interface Probe (MIP) – Example Log



7

Optical Image Profiler (OIP) or OIHPT

Optical Image Profiler 
(OIP)

Description:

Applications:

Not For:

As the tool is advanced, an Ultra-Violet (UV) light induces fluorescence 
of the Polycyclic Aromatic Hydrocarbons (PAHs) found in hydrocarbons.  
This fluorescence is captured by an onboard camera and recorded in 
high resolution (every 0.05’ of advancement).

Free Product - Light and Mid Range Hydrocarbons
Hydrogeologic Classification (Hydraulic Profiling Tool)

Free Product from Heavier Hydrocarbons (OIP-G)
Dissolved or Sorbed Contamination
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Optical Image Profiler (OIP) – Example Log

Electrical Conductivity: Electrical conductance 
of the subsurface soils – generally higher in 
finer-grained soils

FLOUR (%): Fluorescence percentage.  
Measured as a percentage of fluorescence 
within the window of the OIP tool 

Hydraulic Profiling Tool Pressure: Measured 
pressure from injected water

Est. K: The estimated hydraulic conductivity of 
the subsurface soils.  Calculated from the 
injection pressure and flow rate
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Groundwater Profiling Tool

Groundwater Profiling 
Tool

Description:

Applications:

Not For:

As the tool is advanced, a small amount of deionized water is 
continuously injected into the formation while injection pressure values 
are continuously recorded.  Below the water table, flow can be stopped 
and groundwater samples can be collected for laboratory analysis.

Free Product

PFOA or PFOS
Metals 
Any Contaminant in Groundwater
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Data Collection – Vendors
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Older
Technology

Recent
Technology

Types of 
Deliverables

Static
(Screenshots)

Interactive
(Animations & Web 

Scenes)

Number of     
Data Points

Tens to Hundreds
(Analytical Data)

Thousands to 
Millions

(HRSC & LiDAR)

Modeling         
Run Times

Minutes to Hours
(Antiquated Hardware)

Seconds to Minutes
(Moore’s Law)

Data Formatting
Times

Days To Weeks
(Manual)

Hours
(Automation)

3D Visualization Technology – What’s Changed?
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Macros in Excel EVS by C-Tech Python Scripting

Compile Data and Build Input Files 
Efficiently

Process and Visualize Datasets 
Repeatably

Create Data Deliverables 
Automatically

Data Automation – What are the Tools?

Some Coding Needed “No Code” “Low Code”
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Earth Volumetric Studio
 by C-Tech

Rockworks
By Rockware

Leapfrog Geo
By Seequent

$5,000/License$17,000/License + 3,500/year $2,100/Month

Software Options: 3D Statistical Modeling Programs
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Other Data Resources
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Part 2: Example Deliverables

- 3D Web-Based Interactive Deliverable
- Footprint Maps
- Plan View Maps By Elevation
- Cross Sections
- Volume Estimation
- Mass Calculations
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Web Based 3D Deliverable -  Accessible and Understandable

Drag and Drop File
No Software Needed
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Example - Web-Based 3D Deliverable
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Footprint Maps for Delineation
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Plan View Maps at Any Elevation or Depth
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Cross-Sections Through Any Transect

CLAY
TILL

SILTY
CLAY

URBAN
FILL
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Estimate Volumes of Impacted Soil at Any Concentration

1,000 mg/kg
Soil Saturation 

Limit

15 mg/kg
Industrial-

Commercial 
Remedial Objective
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In-Situ Mass Calculations by Geologic Unit

Soil Density
(g/cc)

TCE Mass
(Pounds)

Urban Fill 1.60 1,971
Silty Clay 1.75 51,166
Clay Till 1.90 9,295

Total 62,432

- 3.2% in the Urban Fill
- 81.9% in the Silty Clay
- 14.9% in the Clay Till
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Part 3: Evaluation of Remedial Options

-   3D Excavation Planning Tool
-   In-Situ Thermal
-   Soil Blending
-   Injection
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Evaluation of Remedial Options
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Excavation Tool: Calculation of Overburden Soils

60° 
Slope

75° 
Slope

90°
Slope

Impacted Soil 3,684 yards3

Overburden 11,074 
yards3

4,234 
yards3

1,920 
yards3

Total 14,560 
yards3

7,918 
yards3

5,604 
yards3

Slope from Horizontal
60 Degree: Green

75 Degree: Light Blue
90 Degree: Dark Blue
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In-Situ Thermal: Treatment Plan

1 2
3

4

5

6 7

8 9 10

Volume of Soil:
7,742 cubic yards
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Soil Mixing - In Situ Chemical Reduction (ISCR)

Volume of Soil:
5,127 cubic yards



28

Understandable Maps for Use in the Field
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In-Situ Injection Tool: Determine Injection Locations

Injection Plan 
Specifications

Target: 15 mg/kg (Yellow)

Well Spacing: 8’ Centers

Number of Wells: 187
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Part 4: Injection Design & Optimization

- Trends in the Industry
- The Problem and Solution
- Example Targeted Injection Plan
- Injection Overview

• Where?
• How?
• How much?
• What to inject?
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In Situ Treatment – What’s the Trend?

Source: Superfund Remedy Report, US 
EPA, January 2023
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The PROBLEM

Many injection strategies often rely on monitoring 
well data for treatment design.

• Typically, limited data

• No verticality to the data
 (unless well nests exist)

• No geologic definition of impacts

• Injections can occur in suboptimal 
locations or at the incorrect depths
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The SOLUTION

Create targeted injection plans by combining high 
resolution data and 3D statistical modeling 

• Tens of thousands of data points

• Excellent vertical data distribution

• Geologic definition of contamination                                                   
(storage zones vs. transport zones)

• Injection locations, depths, and 
injection pressures can be 
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Targeted Injection Plan - MiHPT Data
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Where to Inject?
- Determine the Extent of Soil to Treat

o MIP Response Level
o Soil/Groundwater Concentration

Injection Well Spacing?
- Estimating Radius of Influence

o 2.5 feet (Tight Clays)  - 25 feet (Permeable Saturated Sands) [ITRC 2002]

o Source Area Treatment or Plume Treatment
o What Amendment is Being Injected (Kinetics)
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Targeted Injection Plans - 10’ Centers (5' ROI)

1M uV PID Response
98 Injection Locations

5M uV PID Response
40 Injection Locations
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Targeted Injection Plan - MiHPT Data
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Targeted Injection Plans

How Much to Inject?
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Targeted Injection Plans

How to Inject?
- Monitoring Wells or Direct Injection (Push Tools)

o Monitoring wells allow for multiple events, but will target high flow zones
o Direct Injection is one time only, but locations and injection pressure can be 

optimized to target low-flow (storage) zones

- Liquid Amendments or Solid Slurries
o Liquid amendments for transmissive zones (sands)
o Solid slurries for storage zones (silts and clays)

- HPT Pressure can be Used as a Guide
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Targeted Injection Plan - MiHPT Data

Injection Point ID

Coordinates (X and Y)

Ground Surface

Inj. Depths

Inj. Elevation

HPT Pressure

PID Reading

FOR EVERY LOCATION
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What to Inject?

- Oxidizing Agents (ISCO)
- Zero Valent Iron (ISCR)
- Oxygen Releasing Compounds (Aerobic)
- Hydrogen Releasing Compounds (Anaerobic)
- Active Bacteria
- Activated Carbon
- Trap and Treat Materials
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Information - Oxidizers

• Notable health hazards and safety issues when transporting 
and applying strong oxidizers

• Know the Natural Oxidant Demand (NOD) of the site soils
o 0.05 (low) - 20 mg/kg (high) 

• Effective on many cVOCs, BTEX, MTBE, carbon tetrachloride, 
some pesticides and energetics

• Less effective on PNAs, TCA, DCA, and chloroform
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Information - Zero Valent Iron (ZVI)

• A small percentage of degradation products (cis-DCE and vinyl 
chloride) can be generated

• Natural Oxidant Demand (NOD) of the site soils is irrelevant

• Provides electrons directly to the contaminant to support processes 
that requires electrons to degrade contaminants (Beta-elimination)

• Effective on many CVOCs, not 1,2-DCA or dichloromethane
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Information – Hydrogen Releasing Compounds

• Degradation products (cis-DCE and vinyl chloride) can be 
generated

• Microcosm study is needed to determine if bacteria are present, 
most studies show a lack of nutrients and not a lack of bacteria

• Enhances the reductive dechlorination of chlorinated compounds 
by providing a food source for indigenous dechlorinating bacteria

• Typically food grade (safe)
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QuantArray
Quantify Bacteria and Functional 
Genes Involved in Biodegradation

BioTrap
Perform a Pilot Study to
Evaluate Biodegradation

and Screen
Remedial Alternatives
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Final Thoughts

• Some amendments react quickly (limits ROI), closely spaced, 
lower volume injection points is usually best

• Some metals can be mobilized by a change in the oxidation 
state.  It is important to know the geochemistry of the soils.

• Determine the location of utility lines, piping or other possible 
migration pathways for short circuiting

• MANAGE CLIENT EXPECTATIONS – Determine remedial 
goals and how to target storage zones and transmissive zones
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3D Deliverable or Remedial Design: 325 Projects

Jim Depa
Senior Project Manager

Jacob & Hefner Associates
1333 Butterfield Road, Suite 300

Downers Grove, Illinois, USA

630.310.0671

mailto:jdepa@jhainc.com


BREAK



Workshop -02

MODULE-03
 SVE,  TPE, Recirculation



SVE is effective in Soil with Intrinsic Permeabilities are 
greater than 10-8 cm2

SVE is effective for volatile compound (vapor pressure 
greater than 0.5 mm Hg) chemicals with Henry’s Law  
Constant greater than 0.01 atm·m³/mol 

1

SOIL VAPOR EXTRACTION (SVE)



SVE 
EFFECTIVE

NESS

2
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HC Mass in Place

Diffusion and Biodegradation will remove the rest

=

=Recoverable 
by SVE

Total Mass X
(effective porosity/
bulk porosity)

Total Mass Conc. X area X thickness
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History of Vapor/Two Phase Extraction

It all started when a gas station owner decided to recover lost 
product from tank leak and remarket it. 

In 1976 - Duane L. Knopik developed a process to recover fuel 
from ground using a venturi tubing and a common garden 
hose (Patent No: 3,980,138 and 4,323,122)



SVE System Layout



SVE System Schematic

Vapor
Treatment

Blower

6



SVE ELEMENTS
•Pilot Tests
•Extraction/Observation Wells
•Equipment Selection
•Step tests
•Zone of influence
•Permeability Calculations
•Removal rates
•Biodegradation Rates (CO2)

7
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Pilot Test Well Placement

EW OW OW
OW

OW

OW

EW= Extraction Well,   OW= Observation Well
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Step Test
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Zone of Influence Based on Vacuum
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Minimum Entry Pressure (ZOI)

Estimate Zone of Influence at 
minimum entry pressure / vacuum
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Silt ~ 3.0 ft WC
Silt

Sand ~0.2 ft WC
Sand

Set ZOI at Minimum Entry Pressure/Vacuum
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Zone of Influence Based on Pore Volume Removal

• Assume 2 pore volume 
per day is necessary for 
the SVE to be 
successful. 

• Set up zone of influence 
(radius of Influence) 
using effective porosity, 
area and well flow rate

One pore volume (1PV) = h x π x r2 x ne

Two pore volume per day is expected to be removed from the well. 
We will calculate radius of influence (r) using the well flow and screen interval

h x π x r2 x ne = CFM*1440/2

h x π x r2 x ne = CFM*720 / (ne x h x π)

r2 = CFM*720 / (ne x h x π )

r =[(CFM*720)/ (ne x h x π)] (1/2)

r= SQRT((50x720)/(0.2x20x(22/7))) = 53 ft

h

r
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ZOI on PV and Capillary Pressure 

r

h

ROI 
Based on 
0.01 ft 
Vacuum 
Response

ROI 
Based on 
PV for 
Low 
effective 
porosity

ROI 
Based on 
PV for 
High 
effective 
porosity

ROI 
Based on 
Entry 
pressure 
Vacuum 
Response
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Equipment Selection

• Well Specifications
• Blower size – Soil 

Permeability
• Anticipated Vapor 

Concentrations 
• Contaminant of Concern
• Duration of Test
• Environment-local 

ordinances
P.C. Johnson, GWMR, Spring, 1990, pp: 159-178 



SVE Well Specifications

•Well Diameter, Screen 
size and Length

•6-inch diam well vs 4-inch 
or 2-inch

•Screen Interval
•Bottom in Low K
•Vertical vs. Horizontal

15
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SVE Well Flow



SVE Well Layout
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Air 
Permeability

Table 8. Summary of Air Permeability (Ka) Estimations
Site: SVE Test Site
Test Date:

Ka=((ma*Q)/(PI*H*Pw))*((LN(Rw/Ri))/(1-(Pi/Pw)^2))

CALCULATIONS FIELD  MEASUREMENTS
TEST 1 TEST 2 UNITS SYMBOLS FACTOR TEST 1 TEST 2

VE-1 VE-2 VE-1 VE-2 UNITS
22.81 31.18 darcy Ka
85423 87783 cu.cms/sec Q 471.95 181 186 cfm
0.018 0.018 cp ma 1 0.018 0.018 cp

1 1 atm Pi 1 1 1 atm
0.84 0.88 atm Pw 0.002458 65 50 Vw
12.7 12.7 cm Rw 30.48 0.417 0.417 feet

1828.8 1828.8 cm Ri 30.48 60 60 feet
304.8 304.8 cm H 30.48 10 10 feet

EXPLANATIONS

Ka: Average horizontal permeability [L 2̂]  cm 2̂
Q: Air flow rate [(L (̂3))/T]

ma: Viscosity of air[M(T (̂-1))(L (̂-1))]  =1.8*10 (̂-4)   g/cmsec  or 0.018 cp   
Pi: Absolute gas pressure at a location Ri from the well [ML(T (̂-2))]        

1.01*10 6̂ g/cm-s 2̂  =  1 Atm at radius of influence
Pw: Absolute gas pressure in the well [ML(T (̂-2))], (1atm-vacuum in units of atm)       
Rw: Effective radius of the well [L]           
Ri: Radius of Influence [L]    
H: Screened zone  in the test well (extraction well)  [L]
L: Length
M: Mass
T: Time
^: to the power

LN: logaritm
PI: 3.141592654

atm: atmosphere
Vw: vacuum in inches of water

P.C.Johnson, GWMR, Spring 1990, pp 159-178
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Well Flow 
Estimations

19

CALCULATIONS FIELD  MEASUREMENTS
ESTIMATE1 ESTIMATE2 UNITS SYMBOLS FACTOR ESTIMATE1 ESTIMATE2

VEW-1S VEW-1D VEW-1S VEW-1D UNITS

232120.9557 445572.9121 cu.cms/sec Q 0.002118869 491.8337868 944.1104188 cfm--Well Flow
75.72 96.90 darcy k 0.001 75720 96900 Milidarcy (Lab-Vertical)*

0.018 0.018 cp - Air Viscosity  µ 1 0.018 0.018 cp - Air Viscosity
1 1 atm PAtm 1 1 1 atm

0.88 0.88 atm Pw 0.002458 50 50 Vw
12.7 12.7 cm Rw 30.48 0.417 0.417 feet

1219.2 1219.2 cm Ri 30.48 40 40 feet
304.8 457.2 cm H 30.48 10 15 feet

EXPLANATIONS

k : Average horizontal permeability [L2]  cm2 - From lab results
Q : Air flow rate [(L3)/T] - Per well - Calculated using assumed screen interval and well diameter

 µ : Viscosity of air[M(T-1)(L-1)]  =1.8*10-4   g/cmsec  or 0.018 cp   

PAtm : Absolute gas pressure at a location Ri from the well [ML(T-2)]        

1.01*106 g/cm-s2  =  1 Atm at radius of influence

Pw : Absolute gas pressure in the well [ML(T-2)], (1atm-vacuum in units of atm)       

Rw : Effective radius of the well [L] - assumed 4-inch well in 10-inch borehole          

Ri : Radius of Influence [L],   - Assumed 40-feet as a conservative value 
H: Screened zone  in the test well (extraction well)  [L]
L: Length
M: Mass
T: Time
^: to the power

LN: natural logaritm
π 3.141592654

atm: atmosphere
Vw: vacuum in inches of water

* Permeability testing was performed on vertical section of the cores in the lab. Typically, horizontal permeability values are order of magnitude  

Q/H=π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri))
Q=(π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri)))*H
Excel (Q) =B38*(PI()*(B31/B33)*B35*((1-((B34/B35)^2))/(LN(B36/B37))))

P. Johnson, 1990


Well-Borehole

				Borehole Diameter (in)		Borehole Volume per foot (cubic ft)		Well Diameter (in)		Annulus Volume per foot (cuft)		Lbs of Material per Bag		Pounds of material per cuft		Pounds per foot		Number of bags per foot		Total number of Foot to be filled (ft)		Total Number of Bags Needed



		Bentonite		8		0.3490658504		0.25		0.3487249658		50		94.9450549451		33.1097110366		2/3		10		7

		Bentonite		10		0.5454153912		4.00		0.4581489286		50		94.9450549451		43.4989752036		7/8		10		10

		Bentonite		6		0.1963495408		0.25		0.1960086562		50		94.9450549451		18.6100526354		3/8		10		4

		Sand		8		0.3490658504		0.25		0.3487249658		50		121.0084033613		42.1986513212		5/6		10		9

		Sand		10		0.5454153912		4.00		0.4581489286		50		121.0084033613		55.4398703575		1 1/9		10		12

		Sand		6		0.1963495408		0.25		0.1960086562		50		121.0084033613		23.7186945354		1/2		10		5

				Bag Dimentions (in)		Bag Volume (cubic ft)		Lbs of Material per Bag		Pounds of material per cuft

		Bentonite		13*20*3.5		0.5266203704		50		94.9450549451



		Sand		12*17*3.5		0.4131944444		50		121.0084033613



		conversion result for beach sand:

		From		Symbol		Equals		Result		To		Symbol		cubic inch to cubic feet conversion (cuft)		Pounds per cuft

		1 pound		lb		=		18.1		cubic inches		cu in - in3		0.010474537		95.4696132597









		Hole Size and volume Table

		Hole Diameter Inches		Hole Volume cu/ft/foot		Pounds BENTONITE PLUG To Fill One Foot		Feet Filled By One Bag BENTONITE PLUG		Bags Bentonite Plug To Fill 100 ft

		2		0.022		1.6		31.3		3.2				72.7272727273

		2/1/02		0.034		2.5		20		5				73.5294117647

		3		0.049		3.5		14.3		7				71.4285714286

		3/1/02		0.067		4.8		10.4		9.6				71.6417910448

		4		0.087		6.3		7.9		12.6				72.4137931034

		4/1/02		0.11		7.9		6.3		15.8				71.8181818182

		5		0.136		9.8		5.1		19.6				72.0588235294

		5/1/02		0.165		11.9		4.2		23.8				72.1212121212

		6		0.196		14.1		3.5		28.2				71.9387755102

		6/1/02		0.23		16.6		3		33.2				72.1739130435

		7		0.267		19.2		2.6		38.4				71.9101123596

		7/1/02		0.307		22.1		2.3		44.2				71.986970684

		8		0.349		25.1		2		50.2				71.9197707736

		8/1/02		0.394		28.4		1.8		56.8				72.0812182741

		9		0.442		31.8		1.6		63.6				71.9457013575

		9/9/02		0.492		35.4		1.4		70.8				71.9512195122

		10		0.545		39.2		1.3		78.4				71.9266055046

		11		0.66		47.5		1.1		95				71.9696969697

		12		0.785		56.5		0.89		113				71.974522293

		15		1.227		88.3		0.57		176.6				71.9641401793

		18		1.767		127.2		0.39		254.4				71.986417657

		20		2.1817		157.1		0.32		314.2				72.0080671036

		25		3.409		245.4		0.2		490.8				71.9859196245

		30		4.909		353.4		0.14		706.8				71.9902220411

















































WELL-CONST

				Borehole Diameter (in)		Borehole Volume per foot (cubic ft)		Well Diameter (in)		Annulus Volume per foot (cuft)		Lbs of Material per Bag		Pounds of material per cuft		Pounds per foot		Number of bags per foot		Feet Per bag of material



		Bentonite		8		0.3490658504		0		0.3490658504		50		94.9450549451		33.1420763456		2/3		1.5

		Sand		8		0.3490658504		0		0.3490658504		50		121.0084033613		42.2399012247		5/6		1.2

		Bentonite		13*20*3.5		0.5266203704						50		94.9450549451

		Sand		12*17*3.5		0.4131944444						50		121.0084033613



		conversion result for beach sand:

		From		Symbol		Equals		Result		To		Symbol		cubic inch to cubic feet conversion (cuft)		Pounds per cuft

		1 pound		lb		=		18.1		cubic inches		cu in - in3		0.010474537		95.4696132597









		Hole Size and volume Table

		Hole Diameter Inches		Hole Volume cu/ft/foot		Pounds BENTONITE PLUG To Fill One Foot		Feet Filled By One Bag BENTONITE PLUG		Bags Bentonite Plug To Fill 100 ft

		2		0.022		1.6		31.3		3.2				72.7272727273

		2/1/02		0.034		2.5		20		5				73.5294117647

		3		0.049		3.5		14.3		7				71.4285714286

		3/1/02		0.067		4.8		10.4		9.6				71.6417910448

		4		0.087		6.3		7.9		12.6				72.4137931034

		4/1/02		0.11		7.9		6.3		15.8				71.8181818182

		5		0.136		9.8		5.1		19.6				72.0588235294

		5/1/02		0.165		11.9		4.2		23.8				72.1212121212

		6		0.196		14.1		3.5		28.2				71.9387755102

		6/1/02		0.23		16.6		3		33.2				72.1739130435

		7		0.267		19.2		2.6		38.4				71.9101123596

		7/1/02		0.307		22.1		2.3		44.2				71.986970684

		8		0.349		25.1		2		50.2				71.9197707736

		8/1/02		0.394		28.4		1.8		56.8				72.0812182741

		9		0.442		31.8		1.6		63.6				71.9457013575

		9/9/02		0.492		35.4		1.4		70.8				71.9512195122

		10		0.545		39.2		1.3		78.4				71.9266055046

		11		0.66		47.5		1.1		95				71.9696969697

		12		0.785		56.5		0.89		113				71.974522293

		15		1.227		88.3		0.57		176.6				71.9641401793

		18		1.767		127.2		0.39		254.4				71.986417657

		20		2.1817		157.1		0.32		314.2				72.0080671036

		25		3.409		245.4		0.2		490.8				71.9859196245

		30		4.909		353.4		0.14		706.8				71.9902220411

















































TPE-REMOVAL

		IMPACT AREA 

				Rectangular								Circular								OVAL

				Length		x		1				π		3.1428571429		3.1428571429				Semi-major axis		A		2

				width		y		2				Radius		r		2				Semi-minor axis		B		1

				Area		=x*y		2				Area 		=π*r2		12.5714285714				π		3.1428571429		3.1428571429

																 space				Area				6.2857142857

				Units 		units of x and y Square						Units 		units of r Square						Units 		units of A and B Square

		IMPACT VOLUME



				Thickness		H		1				Thickness		H		1				Thickness		H		1

				Volume		=Area*H		2				Volume		=Area*H						Volume		=Area*H		6.2857142857



		PORE VOLUME

				Bulk Porosity

				Effective Porosity

		IMPACT CONCENTRATIONS

								units

				Max

				Min

				Median

				Average





VES Removal-Field

				Estimated Removal Rate Calculations

																								379000000		gas constant (cu.ft./lb-mole)

				Site:																				82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}

				Test Date:



				EXTRACTION WELL NO.				P A R A M E T E R S

				Well1		Well2



								CALCULATIONS

				3.9629255937		30.5762532982		lb/day   		Calculated  removal rate

				0.1651218997		1.2740105541		lb/hr		Removal Rate lb/hr 

				0.0027520317		0.0212335092		lb/min=		Calculated  removal rate in pounds per minute (lb/min) using the formula below

								lb/min=		(ppmV*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])





						10.41		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]

								379000000		gas constant (cu.ft./lb-mole)

						82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}

				500		500		ppmV =		parts per millions by volume (LABORATORY)

				24.2		145		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )

				24.2058905086		24.2058905086		SCFM		Flow Rate (standard cubic feet per minute [SCFM] ) Calculated

				50		50		ACFM		Flow Rate (Measured in field)

				50.10145		50.10145		ACFM		Flow Rate (Calculated in field)

				65		65		F		Temp

				208		208		H2O		Vacuum

				2150		2150		FPM		Flow Velocity 

				2		2		in.		Pipe Diameter

				86.2		111		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;

								   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;

								   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 





										fpm to cfm - velocity (fpm) x 0.023303 for a 2-inch pipe SCH 40

										fpm to cfm - velocity (fpm) x 0.051338 for a 3-inch pipe SCH 40

										fpm to cfm - velocity (fpm) x 0.088405 for a 4-inch pipe SCH 40









VES REMOVAL RATE

																																				REMOVAL RATE GRAPH DATA

																																				mg/l		5 scfm		25 scfm		50 scfm		100 scfm		200 scfm		400 scfm

																																				0.01		0.002		0.01		0.02		0.04		0.08		0.16

																																				100,000		19,000		100,000		200,000		400,000		800,000		1,600,000





				Table 9.  Estimated Removal Rate Calculations



				Site:		SVE Test Site

				Test Date:		1-Jan-00



				EXTRACTION WELL NO.				P A R A M E T E R S														Existing Permit Limits

				VW-6A		VW-7A																								Units



								CALCULATIONS

				0.3154636361		0.0000632107		ton/yr 		Emmission Rate												2.9122955145		2.9816358839						ton/yr

				1.7285678691		0.0003463599		lb/day   		Emmission Rate using % efficiency												15.96		16.34						lb/day

				1.4143120743		0.0014169562		lb/hr		Removal Rate lb/hr 

				33.9434897833		0.034006948		lb/day   		Calculated  removal rate in pounds per day (lb/day) using     [  (ppmV*Mw/24.05)*SCFM*28.32*2.2/1000000000*1440 ] formula												15.6679664033		16.0410132225						lb/day

				1.4404732243		0.0014431662		lb/hr		Removal Rate lb/hr 

				34.57		0.03		lb/day=		Calculated  removal rate in pounds per day (lb/day) using the formula below												15.96		16.34						lb/day

								lb/day=		(ppmV*[60min/hr*24hr/day]*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])

				6175.46		7.1552		mg/m^3 = 		[mg/l]*1000												709.21		181.52						mg/m^3 = 

				1701		2		ppmV =		((mg/m^3)*Tk*82.05)/(Mw*Pw*1000)								(1000000*379) =		379000000		1050		50						ppmV =

				1701		2		ppmV = 		((mg/m^3)/Mw)*24.04												1050		50						ppmV = 

				6085.4976		7.1552		mg/m^3 = 		ppmV*Mw*0.0416 (approximate value)						1/24.04 =		0.0415973378				698.88		178.88						mg/m^3 = 

				6.18		0.01		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]												0.71		0.18						[mg/l] =

				288.71		350.93		Tk =		absolute temperature (Tk = Tc+273.15) in Kelvin												288.71		288.71						Tk =

				15.56		77.78		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												15.56		15.56						Tc =

				1.00		1.54		Pw =		Absolute gas pressure in the extraction well (1atm-[vacuum*0.002458]) Atmosphere												0.84		0.84						Pw =

				95		99		%		SYSTEM Efficiency

								DATA



						379000000		379000000		gas constant (cu.ft./lb-mole)

				82.05		82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}												82.05		82.05						82.05 =

				NA		NA		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												NA		NA						Tc =

				60		172		Tf =		temperature Fahrenheit (CALCULATED FROM Tc)

				60		172		Tf =		temperature Fahrenheit												60		60						Tf =

				0		-221		Pvac=		Average vacuum readings in extraction well (during sample collection) inches of water												65		65						Pvac=

				NA		7.1552		mg/m^3 = 		miligrams per cubic meter (LABORATORY)												NA		NA						mg/m^3 = 

				NA		NA		mg/l =		miligrams per liter (LABORATORY)												NA		NA						mg/l =

				1701		2		ppmV =		parts per millions by volume (CALCULATED)												1050		50						ppmV =

				1701		2		ppmV =		parts per millions by volume (LABORATORY)												1050		50						ppmV Permit LIMIT

				62.2		53		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )												250		1000						SCFM Permit Limit

				70.8		395		ACFM		Flow Rate (Measured in field)

				86		86		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;												16		86						Mw =

				50.47						   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;

				57.5						   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 & Connie M., 1997



				2074.2814429551				0.0014431662

				10371.4072147757



				CONVERSION TABLE (ppmV to mg/l)

				WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane

				 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 



				VW-7A		0.003		1		0.003		1		0.004		1		0.004		1		0.001		1

				VW-6A		5.608		1701		6.822		1701		7.971		1701		6.190		1701		1.149		1701















				BUBBLEX DATABASE HEADER





						vac (in WC)		OVA 
(ppmV inlet)		OVA
(ppmV eff)		Destruction
Efficiency		Flow (cfm)		Flow 
(SCFM)		%LEL		gal-wtr		Operation hrs		Water conc. (ug/l)		HC removal in WTR		HC rem LEL		HC Rem 
PID-lbs		Emission
eff-OVA

				calcs		100.00		2300.00		20.00		99%		120.00		90.51		20%		1,000		24		1000		0.01		1.1		90.18								0		total Gallons removed (using LEL readings)

				calcs		100.00		2300.00		20.00		99%		120.00		90.51		20%		1,000		24		1000		0.01		1.1		104.87		0.91











										CONVERSIONS BETWEEN mg/m3 and ppm

				COMPOUND		MOLECULAR WEIGHT				ppm		to mg/m3		mg/l		ug/l		mg/m3		to ppm				mg/l= (P*MW*ppm)/(82.05*T)

																								mg/m3= (P*MW*ppm*1000)/(82.05*T)

				PCE		165.8				36.9		254.51		0.25		254.51		254.51		36.90				P= Pressure in Atmospheres

				TCE		131.4				100		546.62		0.55		546.62		100		18.30				MW= Molecular weight of Analyte

				1,1,1 TCA		133.4				100		554.94		0.55		554.94		100		18.02				T= Absolute Temp in K (Room Temp= 20C, 293K)

				1,1,2 TCA		130				100		540.80		0.54		540.80		100		18.49				82.05 = Gas Constant: (cm3*atm)/(mol*T)

				1,1 DCE		96.9				100		403.10		0.40		403.10		100		24.81

				cis-1,2 DCE		96.9				100		403.10		0.40		403.10		100		24.81				ppm = (mg/m3 / MW)*24.04								0.0000416

				1,1 DCA		98.9				100		411.42		0.41		411.42		100		24.31				mg/m3 = ppm*MW*0.0416

				1,2 DCA		99				100		411.84		0.41		411.84		100		24.28				mg/l = ppm*MW*0.0416/1000								0.0000416

				2-Butanone		72.11				100		299.98		0.30		299.98		299.98		100.01				mg/l = ppm*MW*0.0000416						36.9		0.254509632

				Chloroform		120				100		499.20		0.50		499.20		100		20.03				mg/l = ppb*MW*0.0416						36900		255121.434

				Acetone		58				100		241.28		0.24		241.28		100		41.45

				Methylene chloride		84.9				100		353.18		0.35		353.18		100		28.32

				Trichlorofluoromethane		140				100		582.40		0.58		582.40		100		17.17

				1,2,4 Trimethylbenzene		120				100		499.20		0.50		499.20		100		20.03

				1,3,5 Trimethylbenzene		120				100		499.20		0.50		499.20		100		20.03

				4-Ethyltoluene		123				100		511.68		0.51		511.68		100		19.54

				Toluene		92.1				100		383.14		0.38		383.14		100		26.10

				Xylene		106.2				100		441.79		0.44		441.79		100		22.64

				Benzene		78.1				100		324.90		0.32		324.90		100		30.78

				MTBE		88.15				100		366.70		0.37		366.70		100		27.27

				TPH-G		95				100		395.20		0.40		395.20		100		25.31



				Total Fixed /Biogenic Gases

				Carbon Dioxide		44.01				100		183.08		0.18		183.08		100		54.62

				Oxygen		16				100		66.56		0.07		66.56		100		150.25

				Methane		16.05				100		66.77		0.07		66.77		100		149.78









VES REMOVAL RATE GRAPH

5 scfm	0.01	100000	2E-3	19000	25 scfm	0.01	100000	0.01	100000	50 scfm	0.01	100000	0.02	200000	100 scfm	0.01	100000	0.04	400000	200 scfm	0.01	100000	0.08	800000	400 scfm	0.01	100000	0.16	1600000	VAPOR CONCENTRATIONS (mg/L)



REMOVAL RATE (kg/day)









Pitot-Tube

												Pipe Size:		K		ID

		Nominal D:		3		Inches						1		0.52		1.05

		ID:		3.07		Inches						1.25		0.58		1.38

		K:		0.67								1.5		0.58		1.61

		Ss:		1		(air @ 60 F)						2		0.64		2.07

		P:		0.0		" Water-Vacuum						2.5		0.62		2.47

		P:		0.00		" Mercury						3		0.67		3.07

		P:		14.7000		PSIa		Gauge reading + 14.7				4		0.67		4.03

		Delta P:		0.01		" Water						6		0.71		6.07

		T:		78		F						8		0.67		7.98

												10		0.70		10.02

		Q:		13		SCFM



		Q:		23		SCFM

		Delta P:		0.03		" Water

		Delta P		Q

		" Water		SCFM

		0.01		13

		0.02		19

		0.03		23

		0.04		27

		0.05		30

		0.06		33

		0.07		36

		0.08		38

		0.09		40

		0.1		43

		0.11		45

		0.12		47

		0.13		48

		0.14		50

		0.15		52

		0.16		54

		0.17		55

		0.18		57

		0.19		59

		0.2		60

		0.21		62

		0.22		63

		0.23		64

		0.24		66

		0.25		67										Delta P		Q

		0.26		69										" Water		SCFM

		0.27		70										0.01		13

		0.28		71										0.02		19

		0.29		72										0.03		23

		0.3		74										0.04		27

		0.31		75										0.05		30

		0.32		76										0.06		33

		0.33		77										0.07		36

		0.34		78										0.08		38

		0.35		80										0.09		40

		0.36		81										0.1		43

		0.37		82										0.11		45

		0.38		83										0.12		47

		0.39		84										0.13		49

		0.4		85										0.14		50

		0.41		86										0.15		52

		0.42		87										0.16		54

		0.43		88										0.17		55

		0.44		89										0.18		57

		0.45		90										0.19		59

		0.46		91										0.2		60

		0.47		92										0.21		62

		0.48		93										0.22		63

		0.49		94										0.23		65

		0.5		95										0.24		66

		0.51		96										0.25		67

		0.52		97										0.26		69

		0.53		98										0.27		70

		0.54		99										0.28		71

		0.55		100										0.29		72

		0.56		101										0.3		74

		0.57		102										0.31		75

		0.58		102										0.32		76

		0.59		103										0.33		77

		0.6		104										0.34		78

		0.61		105										0.35		80

		0.62		106										0.36		81

		0.63		107										0.37		82

		0.64		108										0.38		83

		0.65		108										0.39		84

		0.66		109										0.4		85

		0.67		110										0.41		86

		0.68		111										0.42		87

		0.69		112										0.43		88

		0.7		112										0.44		89

		0.71		113										0.45		90

		0.72		114										0.46		91

		0.73		115										0.47		92

		0.74		116										0.48		93

		0.75		116										0.49		94

		0.76		117										0.5		95

		0.77		118

		0.78		119

		0.79		119

		0.8		120

		0.81		121

		0.82		122

		0.83		122

		0.84		123

		0.85		124

		0.86		125

		0.87		125

		0.88		126

		0.89		127

		0.9		128

		0.91		128

		0.92		129

		0.93		130

		0.94		130

		0.95		131

		0.96		132

		0.97		132

		0.98		133

		0.99		134

		1		134



Pitot Tube DIfferrential Pressure/Flow Chart 

(3-inch diameter SCH 40 PVC pipe)  
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Flow (CFM)









Pitot tube2

																																																								Pitot Tube DIfferrential Pressure/Flow Table 
(3-inch diameter SCH 40 PVC pipe)  

																																																								Delta P		Q

																																																								" Water		SCFM

												Pipe Size:		K		ID																																								0.01		13

		Nominal D:		4		Inches						1		0.52		1.05																																								0.02		19

		ID:		ERROR:#N/A		Inches						1.25		0.58		1.38																																								0.03		23

		K:		ERROR:#N/A								1.5		0.58		1.61																																								0.04		27

		Ss:		1								2		0.64		2.07																																								0.05		30

		P:		-51		" Water						2.5		0.62		2.47																																								0.06		33

		P:		-3.75		" Mercury						3		0.67		3.07																																								0.07		36

		P:		12.9		PSIa		Gauge reading + 14.7				4		0.67		4.03																																								0.08		38

		Delta P:		0.95		" Water						6		0.71		6.07																																								0.09		40

		T:		92		F						8		0.67		7.98																																								0.1		43

												10		0.70		10.02																																								0.11		45

		Q:		ERROR:#N/A		SCFM																																																		0.12		47

																																																								0.13		49

		Q:		209		SCFM																																																		0.14		50

		Delta P:		ERROR:#N/A		" Water																																																		0.15		52

																																																								0.16		54

		Delta P		Q																																																				0.17		55

		" Water		SCFM																																																				0.18		57

		0.05		0																																																				0.19		59

		0.1		0																																																				0.2		60

		0.15		0																																																				0.21		62

		0.2		0																																																				0.22		63

		0.25		0																																																				0.23		65

		0.3		0																																																				0.24		66

		0.35		0																																																				0.25		67

		0.4		0																																																				0.26		69

		0.45		0																																																				0.27		70

		0.5		0																																																				0.28		71

		0.55		0																																																				0.29		72

		0.6		0																																																				0.3		74

		0.65		0																																																				0.31		75

		0.7		0																																																				0.32		76

		0.75		0																																																				0.33		77

		0.8		0																																																				0.34		78

		0.85		0																																																				0.35		80

		0.9		0																																																				0.36		81

		0.95		0																																																				0.37		82

		1		0																																																				0.38		83

		1.05		0																																																				0.39		84

		1.1		0																																																				0.4		85

		1.15		0																																																				0.41		86

		1.2		0																																																				0.42		87

		1.25		0																																																				0.43		88

		1.3		0																																																				0.44		89

		1.35		0																																																				0.45		90

		1.4		0																																																				0.46		91

		1.45		0																																																				0.47		92

		1.5		0																																																				0.48		93

		1.55		0																																																				0.49		94

		1.6		0																																																				0.5		95

		1.65		0

		1.7		0

		1.75		0

		1.8		0

		1.85		0

		1.9		0

		1.95		0

		2		0

		2.05		0

		2.1		0

		2.15		0

		2.2		0

		2.25		0

		2.3		0

		2.35		0

		2.4		0

		2.45		0

		2.5		0

		2.55		0

		2.6		0

		2.65		0

		2.7		0

		2.75		0

		2.8		0

		2.85		0

		2.9		0

		2.95		0

		3		0

		3.05		0

		3.1		0

		3.15		0

		3.2		0

		3.25		0

		3.3		0

		3.35		0

		3.4		0

		3.45		0

		3.5		0

		3.55		0

		3.6		0

		3.65		0

		3.7		0

		3.75		0

		3.8		0

		3.85		0

		3.9		0

		3.95		0

		4		0

		4.05		0

		4.1		0

		4.15		0

		4.2		0

		4.25		0

		4.3		0

		4.35		0

		4.4		0

		4.45		0

		4.5		0

		4.55		0

		4.6		0

		4.65		0

		4.7		0

		4.75		0

		4.8		0

		4.85		0

		4.9		0

		4.95		0

		5		0





VES CONVERSION

				ACFM TO SCFM FLOW CONVERSION

				Enter ACFM, PSIG, and TEMP Values and read 

				corresponding SCFM Values on the left

				SCFM				ACFM		PSIG		TEMP (F)				ACFM*((14.7+(0.03613*inWC)*(-1))/14.7)*(520/(460+TEMP F))

				52.10				67		-0.79486		172.5

				234.8711297603				250		-0.4912		75																		CONCENTRATION CONVERSION																		DIFFERENTIAL PRESSURE

				199.9727891156				100		14.696		60																		Enter data in column A and read the corresponding values in Column C-G

				222.191755781				385		-6.2		61																		A		B		C		D		E		F		G						DP (in WC) = (Q^2*Ss*(T+460))/(K^2*D^4*P*16590)

				102.9489795918				100		0.4335		60																						mg/l		mg/Gal		mg/cuft		ug/cuft		ug/m3

																														1		mg/l		1		0.2641721769		28.3168199079		28316.8199078571		1

				SCFM TO ACFM FLOW CONVERSION																										1		mg/gal		0.2641721769		1		0.1336805463		133.6805462722		0.2641721769						DP= 

				Enter SCFM, PSIG, and TEMP Values and read 												FPM to CFM CONVERSION														1		mg/cuft		0.0353147248		0.1336805463		1		1000		0.0353147248						Q (CFM)

				corresponding ACFM Values on the left												Nominal Pipe Diam				SCH		ID		FPM		CFM																						K

				ACFM				SCFM		PSIG		TEMP (F)				inches		2		40		2.067		100		2.3302812595																						DP= 

				309.6308548217				281		-0.79486		82						2		80		1.939		100		2.0506097002																						P

				106.4413494562				100		-0.4912		75						3		40		3.068		100		5.1337900016																						T

				100.0136072935				200		14.696		60						3		80		2.9		100		4.5869434404				1		gal		3.78541		liter

				361.8191019507				500		6.2		75						4		40		4.026		100		8.8404613622				1		cuft		28.3168		liter

				971.3549410249				1000		0.4335		60						4		80		3.826		100		7.9839410317				1		cuft		7.48052		gal

																														1		cfm		7.48052		gpm

				PRESSURE/VACUUM CONVERSION TABLE																										1		liter		0.264172		gal

				Enter data in column A and read the corresponding values in Column C-G																										1		liter		0.0353147		cuft

				A		B		C		D		E		F		G														1		m3		1000		liter

								in WC		in Hg		ATM		PSI		ft WC

				-22		in WC		-22		-1.6181		-0.054076		-0.79486		-1.8333333333														1		mg/l  @		1		gpm =		28.3168		mg/min

				-1		in Hg		-13.596		-1		-0.03342		-0.4912		-1.133														1		mg/l  @		0.3		gpm =		8.49504

				1		ATM		406.8		29.9213		1		14.696		33.9														28.3168		mg/min @		1		cfm =		28.3168		mg/min-cfm

				6.2		PSI		171.6408		12.6232		0.421848		6.2		14.3034														8.49504		mg/min @		50		cfm =		0.1699008		mg/min per cfm

				1		ft WC		12		0.8826		0.0295		0.4335		1																						0.006		mg/l



				in WC		inches of water column

				in Hg		inches of mercury

				ATM		Atmosphere

				PSI		pound per square inch

				ft WC		foot of water column

				ACFM		Actual cubic feet per minute

				SCFM		Standard cubic feet per minute

				TEMP(F)		Temperature in Fahrenheit



						CONVERSION TABLE (ppmV to mg/l)																														Chemical= 		PCE

						WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane				PCE				TCE				Mw = 		165

						 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 

								3.19255		1000.00		3.88338		1000.00		4.54		1000.00		3.523659		1000.00		0.654043		1000.00		0.67796		100.00		0.53713		100.00		1.00000		148.26

								3.19255		1000		3.88338		1000		4.53743		1000		3.523659		1000		0.654043		1000		0.67796		1000		0.53713		1000		0.00001		1

								3.24875		1000		0.04400		11.134		0.04400		9.529		0.04400		12.27		0.60000		901.50		0.04400		6.378		0.04400		8.050		1.00000		145.697

								3.248752		1000		0.04400		11.134		0.04400		9.529		0.04400		12		0.60000		902		0.000				0.044		8		0.007		1







				ppmV = 		(((mg/l)*1000)/Mw)*24.04

				ppmV = 		(mg/l)*0.08205*(273.25+25)/(10^(-6)*Mw*1000)

				mg/l =		(((ppmV)*(Mw*1000))*(10^(-6)))/((0.08205)*((273.15+25)))

				mg/l =		ppmV/(24.04*(1000/Mw))





VES-WellFlow

				(6) Because single well systems generally involve the lowest installation cost, these systems form the

				first tier of the well configuration loop (Figure 5-7).  For sites with impermeable surface covers, the

				required flow rate for a single well system can be calculated via:

				Qv=π*( r2)*b*na)/tex				where

		15.7079632679		Qv=		volumetric flow rate at atmospheric pressure [L3/T]

		10		r = 		radius of the treatment zone [L]

		5		b = 		vadose zone thickness [L]

		0.1		na =		 air-filled porosity of the soil [L3/L3]

		10		tex = 		the time required for one pore volume exchange [T]

				Equation 5-1 is based on the assumption of incompressible flow, which is valid for applied vacuums less

				than about 0.2 atmospheres, gauge.  For vacuums exceeding this level, the extraction rate should be

				multiplied by a factor of safety proportional to the applied vacuum.





Q-estimation

				Plate 1: Pre-Test Vapor Flow (Q) Estimations

				Site:		McIntire Cleaners



				Source: P.C.Johnson, et al,  GWMR, Spring 1990, pp 159-178



				The formula above is presented in Johnson's article to calculate the air permeability values or well flow data.  

				This formula is converted to excel table as shown below.



				Q/H=π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri))

				Q=(π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri)))*H

				Excel (Q) =B38*(PI()*(B31/B33)*B35*((1-((B34/B35)^2))/(LN(B36/B37))))





				k=((µ*Q)/(π*H*Pw))*((LN(Rw/Ri))/(1-(PAtm/Pw)2))

				Excel (k)=((B33*B32)/(PI()*B38*B35))*((LN(B36/B37))/(1-(B34/B35)^2))



				CALCULATIONS										FIELD  MEASUREMENTS

				ESTIMATE1		ESTIMATE2		UNITS		SYMBOLS		FACTOR		ESTIMATE1		ESTIMATE2

				VEW-1S		VEW-1D								VEW-1S		VEW-1D		UNITS



				232120.955673276		445572.912138281		cu.cms/sec		Q		0.0021188685		491.8337867852		944.1104187695		cfm--Well Flow

				75.72		96.90		darcy		k		0.001		75720		96900		Milidarcy (Lab-Vertical)*



				0.018		0.018		cp - Air Viscosity		 µ		1		0.018		0.018		cp - Air Viscosity

				1		1		atm		PAtm		1		1		1		atm

				0.88		0.88		atm		Pw		0.002458		50		50		Vw

				12.7		12.7		cm		Rw		30.48		0.417		0.417		feet

				1219.2		1219.2		cm		Ri		30.48		40		40		feet

				304.8		457.2		cm		H		30.48		10		15		feet

				* Permeability testing was performed on vertical section of the cores in the lab. Typically, horizontal permeability values are order of magnitude  greater than the vertical permeability values for the sedimentary deposits. Therefore the vertical permeability values obtained from core testing were converted to horizontal permeability values by multiplying the vertical permeability values with 10. 

				EXPLANATIONS



				k :		Average horizontal permeability [L2]  cm2 - From lab results

				Q :		Air flow rate [(L3)/T] - Per well - Calculated using assumed screen interval and well diameter

				 µ :		Viscosity of air[M(T-1)(L-1)]  =1.8*10-4   g/cmsec  or 0.018 cp   

				PAtm :		Absolute gas pressure at a location Ri from the well [ML(T-2)]        

						1.01*106 g/cm-s2  =  1 Atm at radius of influence

				Pw :		Absolute gas pressure in the well [ML(T-2)], (1atm-vacuum in units of atm)       

				Rw :		Effective radius of the well [L] - assumed 4-inch well in 10-inch borehole          

				Ri :		Radius of Influence [L],   - Assumed 40-feet as a conservative value 

				H:		Screened zone  in the test well (extraction well)  [L]

				L:		Length

				M:		Mass

				T:		Time

				^:		to the power

				LN:		natural logaritm

				π		3.1415926536

				atm:		atmosphere

				Vw:		vacuum in inches of water







						PERMEABILITY-CONVERSIONS





						1		milidarcy		0.001				darcy

						1		m2=		10000				cm2

						1		darcy=		0				m2

						1		darcy=		0.0000000099				cm2

						1		darcy=		0.0000009869				mm2

						1		darcy=		0.9869233				 µm2

						1		mm2=		1000000				 µm2







DARCY-Definition
A centimeter-gram-second unit of permeability to fluid flow, used, for example, by geologists to describe rocks in an oil field. A porous substance has a permeability of 1 darcy if, in 1 second, 1 cubic centimeter of a gas or liquid with a viscosity of 1 centipoise will flow through a section 1-centimeter thick with a cross section of 1 square centimeter, when the difference between the pressures on the two sides of the section is 1 atmosphere. Sandstone typically has a permeability of a few darcys. Converted to SI, one darcy becomes about 9.869233 × 10−13 square meters, but it is not a unit of area.

The darcy is not an SI unit. The SI unit of permeability to fluid flow is defined as the amount of permeability that permits 1 cubic meter of fluid of a viscosity of 1 pascal per second to flow through a section 1 meter thick with a cross section of 1 square meter in 1 second at a pressure difference of 1 pascal. That unit has no special name. The SI unit of permeability = 1.013 25 × 1012 darcy.

The darcy is named for the French scientist H. Darcy (1803-1858), an early investigator of fluid flow in porous materials. It was first proposed in 1933.1

1.
R.D. Wycoff, H.G. Botset, M. Muskat and D.W. Reed.

Review of Scientific Instruments (GB) volume 4, page 395 (1933).




VES-ROI

				r		53.512955				53.512955101

				CFM		50				36000

				ne		0.2				12.56

				h		20				2866.2420382166		53.5372957686

										0.0000001217



One pore volume (1PV) = h x p x r2 x ne

Two pore volume per day is expected to be removed from the well. 
We will calculate radius of influence (r) using the well flow and screen interval

h x p x r2 x ne = CFM*1440/2

h x p x r2 x ne = CFM*720 / (ne x h x p)

r2 = CFM*720 / (ne x h x p )

r = [(CFM*720)/ (ne x h x p)](1/2)



VES K- Air



				Table 8. Summary of Air Permeability (Ka) Estimations

				Site:		SVE Test Site

				Test Date:



				Ka=((ma*Q)/(PI*H*Pw))*((LN(Rw/Ri))/(1-(Pi/Pw)^2))



				CALCULATIONS										FIELD  MEASUREMENTS

				TEST 1		TEST 2		UNITS		SYMBOLS		FACTOR		TEST 1		TEST 2

				VE-1		VE-2								VE-1		VE-2		UNITS

				22.81		31.18		darcy		Ka

				85423		87783		cu.cms/sec		Q		471.95		181		186		cfm

				0.018		0.018		cp		ma 		1		0.018		0.018		cp

				1		1		atm		Pi		1		1		1		atm

				0.84		0.88		atm		Pw		0.002458		65		50		Vw

				12.7		12.7		cm		Rw		30.48		0.417		0.417		feet

				1828.8		1828.8		cm		Ri		30.48		60		60		feet

				304.8		304.8		cm		H		30.48		10		10		feet



				EXPLANATIONS



				Ka:		Average horizontal permeability [L^2]  cm^2

				Q:		Air flow rate [(L^(3))/T]

				ma: 		Viscosity of air[M(T^(-1))(L^(-1))]  =1.8*10^(-4)   g/cmsec  or 0.018 cp   

				Pi:		Absolute gas pressure at a location Ri from the well [ML(T^(-2))]        

						1.01*10^6 g/cm-s^2  =  1 Atm at radius of influence

				Pw:		Absolute gas pressure in the well [ML(T^(-2))], (1atm-vacuum in units of atm)       

				Rw:		Effective radius of the well [L]           

				Ri:		Radius of Influence [L]    

				H:		Screened zone  in the test well (extraction well)  [L]

				L:		Length

				M:		Mass

				T:		Time

				^:		to the power

				LN:		logaritm

				PI:		3.1415926536

				atm:		atmosphere

				Vw:		vacuum in inches of water



				P.C.Johnson, GWMR, Spring 1990, pp 159-178









DARCY-Definition
A centimeter-gram-second unit of permeability to fluid flow, used, for example, by geologists to describe rocks in an oil field. A porous substance has a permeability of 1 darcy if, in 1 second, 1 cubic centimeter of a gas or liquid with a viscosity of 1 centipoise will flow through a section 1-centimeter thick with a cross section of 1 square centimeter, when the difference between the pressures on the two sides of the section is 1 atmosphere. Sandstone typically has a permeability of a few darcys. Converted to SI, one darcy becomes about 9.869233 × 10−13 square meters, but it is not a unit of area.

The darcy is not an SI unit. The SI unit of permeability to fluid flow is defined as the amount of permeability that permits 1 cubic meter of fluid of a viscosity of 1 pascal per second to flow through a section 1 meter thick with a cross section of 1 square meter in 1 second at a pressure difference of 1 pascal. That unit has no special name. The SI unit of permeability = 1.013 25 × 1012 darcy.

The darcy is named for the French scientist H. Darcy (1803-1858), an early investigator of fluid flow in porous materials. It was first proposed in 1933.1

1.
R.D. Wycoff, H.G. Botset, M. Muskat and D.W. Reed.

Review of Scientific Instruments (GB) volume 4, page 395 (1933).




INJECTION-ROI

		Injection Point / Boring No		Volume Injected (V-gal)		Volume Injected (V-cuft)		Boring Diameter		Injection Start Date and Time		Injection end Date and time		Total Injection Duration (hrs)		Volume of Chemical -1 (gal)		Volume of Chemical -2 (gal)		Volume of Water Injected (gal)		Injection Interval top (ft bgs)		Injection Interval bottom (ft bgs)		Injection Zone Thickness (h)		Effective Porosity (Ne)		Injection-ROI (r)												Formulas

		IP-1		8		1.0695187166				1/1/20 8:00		1/1/20 8:30		0:30		6		0		2		5		7		2		0.15		1.0650530657		5										V=π* r2 *h		Cylinder volume

				10		1.3368983957				1/1/20 8:30		1/1/20 8:59		0:29		8		0		2		7		9		2		0.15		1.1907655273		7										V(Ne)=π* r2 *h*Ne		Ne volume in cylinder

				20		2.6737967914				1/1/20 8:59		1/1/20 9:29		0:29		18		0		2		9		11		2		0.2		1.4583839725		9										r2=Vne/(π*h*Ne)		r2 

				50		6.6844919786				1/1/20 9:29		1/1/20 9:59		0:29		48		0		2		11		15		4		0.3		1.3313163321		11										r=(Vne/(π*h*Ne))^(1/2)

				35		4.679144385				1/1/20 9:59		1/1/20 10:29		0:29		33		0		2		15		18		3		0.15		1.8189243879		15

				40		5.3475935829				1/1/20 10:29		1/1/20 10:59		0:29		38		0		2		18		22		4		0.15		1.6839967583		18										5

				10		1.3368983957				1/1/20 10:59		1/1/20 11:29		0:29		8		0		2		22		25		3		0.1		1.1907655273		22

				8		1.0695187166				1/1/20 11:29		1/1/20 11:59		0:29		6		0		2		25		30		5		0.15		0.6735987033		25

		Total IP-1		181		24.1978609626								3:59		165		0		16

		Injection Point / Boring No		Volume Injected (V-gal)		Volume Injected (V-cuft)		Boring Diameter		Injection Start Date and Time		Injection end Date and time		Total Injection Duration (hrs)		Volume of Chemical -1 (gal)		Volume of Chemical -2 (gal)		Volume of Water Injected (gal)		Injection Interval top (ft bgs)		Injection Interval bottom (ft bgs)		Injection Zone Thickness (h)		Effective Porosity (Ne)		Injection-ROI (r)												Formulas

		IP-1		530.1437602933		70.8748342638				1/1/20 8:00		1/1/20 8:30		0:30		6		0		2		5		10		5		0.15		15		5										V=π* r2 *h		Cylinder volume

				200		26.7379679144				1/1/20 8:30		1/1/20 8:59		0:29		8		0		2		10		15		5		0.3		2.3815310545		10										V(Ne)=π* r2 *h*Ne		Ne volume in cylinder

				200		26.7379679144				1/1/20 8:59		1/1/20 9:29		0:29		18		0		2		15		20		5		0.15		3.3679935165		15										r2=Vne/(π*h*Ne)		r2 

				200		26.7379679144				1/1/20 9:29		1/1/20 9:59		0:29		48		0		2		25		30		5		0.2		2.9167679451		25										r=(Vne/(π*h*Ne))^(1/2)

				200		26.7379679144				1/1/20 9:59		1/1/20 10:29		0:29		33		0		2		35		40		5		0.15		3.3679935165		35

				200		26.7379679144				1/1/20 10:29		1/1/20 10:59		0:29		38		0		2		40		45		5		0.1		4.1249327862		40										5

				200		26.7379679144				1/1/20 10:59		1/1/20 11:29		0:29		8		0		2		45		50		5		0.15		3.3679935165		45

				200		26.7379679144				1/1/20 11:29		1/1/20 11:59		0:29		6		0		2		50		55		5		0.15		3.3679935165		50

		Total IP-1		1930.1437602933		258.0406096649								3:59		165		0		16

				V(Ne)=π* r2 *h*Ne*7.48





				Calculated				Enter data in these clumns

				Volume Injected (V-gal)		Volume Injected (V-cuft)		PI()		Desired Injection-ROI ® ft		Injection Zone Thickness (h)		Effective Porosity (Ne)		cuft to gal conversion

				1057.8857142857		141.4285714286		3.1428571429		10		3		0.15		7.48













1.065053065689102	1.1907655272626905	1.4583839725448815	1.3313163321113775	1.8189243878750936	1.6839967582612465	1.1907655272626905	0.67359870330449856	5	7	9	11	15	18	22	25	Injection Radius (ft)





Injection depth (ft-bgs) 







15	2.3815310545253809	3.367993516522493	2.916767945089763	3.367993516522493	4.1249327862410459	3.367993516522493	3.367993516522493	5	10	15	25	35	40	45	50	Injection Radius (ft)





Injection depth (ft-bgs) 









HYDRO_FLUX

		Darcy Velocity

		Darcy Velocity uses Darcy's Law to calculate the flow field. A flow field is a vector field of groundwater seepage flow velocities.

		The flow velocities are expressed as two rasters, one the magnitude and the other the direction.

		Darcy Velocity is useful when the volume balance residual of Darcy Flow is not needed.

		Overview of Darcian flow concepts

		Darcy's Law states that the Darcy velocity q in a porous medium is calculated from the head gradient 

		(the change in head per unit length in the direction of flow in an isotropic aquifer) and hydraulic conductivity K as:









		where K can be calculated from the transmissivity T and thickness b as K = T / b.

		This q, with units of volume / time / area, is also known as the specific discharge, the volumetric flux, or the filtration velocity. Bear (1979) defines it as the volume of water flowing per unit time through a unit cross-sectional area normal to the direction of flow. Closely related to this volumetric flux is the aquifer flux U, which is the discharge per unit width of the aquifer (with units of volume / time / length).







		This construction assumes that head is independent of depth so that flow is horizontal. The average fluid velocity within the pores, called the seepage velocity V, is the Darcy velocity divided by the effective porosity of the medium:











		In the Darcy implementation here, it is this seepage velocity V that is calculated on a cell-by-cell basis. For cell i,j, the aquifer flux U is calculated through each of the four cell walls using the difference in heads between the two adjacent cells (for example, for the x component of 

		,







		between cells i,j and i+1, j) and the harmonic average of the transmissivities Ti+1/2, j (Konikow and Bredehoeft, 1978), which are assumed to be isotropic. This scheme is illustrated in the following graphics.































		Calculating residual volume

		In the cell wall calculation that follows the aquifer flux between cell i,j and cell i+1, j flows parallel to the x direction and is calculated as:













		To determine a groundwater volume balance, the groundwater discharge through the cell wall must be calculated. This discharge 

		is calculated from the aquifer flux U and width of the cell wall by:









		Similar values are obtained for all four cell walls. These values are used to calculate the groundwater volume balance residual 

		for the cell, which is written to the output grid. This value represents the surplus (or, in the case of a negative number, the deficit) of water in each cell given the net flow, calculated as:









		This residual 

		should ideally be zero for all cells. Examine the output raster containing the residual for deviations from zero. Large positive or negative residuals indicate a production or loss of mass, which violates the principle of continuity and suggests inconsistent head and transmissivity data. Consistent patterns of positive or negative residuals suggest that unidentified sources or sinks are present. Reduce the residuals before any further modeling. Typically, adjustments are made to the transmissivity field to reduce the residuals.

		Calculating flow vectors

		The actual equations used for calculating the flow vectors for each cell are condensed from the arithmetic average of 

		and divided by the center cell's porosity and thickness to give a value for the seepage velocity at the center:









		and a similar equation is used to calculate Vy at the center:









		This centering is done to conform to the raster convention that stored values represent values at the center of the cell. These values are converted to direction and magnitude in geographic coordinates for storage in the output direction and magnitude rasters.

		In the case of the bounding cells of the raster where the information is incomplete, values for velocity are simply copied from the nearest interior cell.

		Porosity values

		The following tables summarize some values for porosity and hydraulic conductivity for a variety of geologic media.

		Table 1: Hydraulic conductivities of unconsolidated media, Marsily (1986)



		Medium                             K (m/s)

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

		Coarse gravel                      10-1 - 10-2

		Sand and gravel                    10-1 - 10-5

		Fine sand, silts, loess            10-5 - 10-9

		Clay, shale, glacial till          10-9 - 10-13

		Table 2: Hydraulic conductivities of consolidated media, Marsily (1986)



		Medium                             K (m/s)

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

		Dolomitic limestone                10-3 - 10-5

		Weathered chalk                    10-3 - 10-5

		Unweathered chalk                  10-6 - 10-9

		Limestone                          10-5 - 10-9

		Sandstone                          10-4 - 10-10

		Granite, gneiss, compact basalt    10-9 - 10-13

		Table 3: Porosities of geologic media, Marsily (1986)



		Medium                             total porosity

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

		Unaltered granite and gneiss       0.0002 - 0.018

		Quartzite                          0.008

		Shales, slate, mica schist         0.005 - 0.075

		Limestone, primary dolomite        0.005 - 0.125

		Secondary dolomite                 0.10 - 0.30

		Chalk                              0.08 - 0.37

		Sandstone                          0.035 - 0.38

		Volcanic tuff                      0.30 - 0.40

		Sand                               0.15 - 0.48

		Clay                               0.44 - 0.53

		Swelling clay, silt                up to 0.90

		Tilled arable soil                 0.45 - 0.65

		Additional tabulated values for porosity and hydraulic conductivity are provided in Freeze and Cherry (1979). Gelhar, et al. (1992) present a summary of porosity and transmissivity of various specific formations reported in the literature. A detailed discussion of porosity in sedimentary materials appears in Blatt, et al. (1980). A complete discussion of advection–dispersion modeling using these functions is presented in Tauxe (1994).

		The typical sequence for groundwater dispersion modeling is to perform Darcy Flow, then Particle Track, then Porous Puff.

		Examples

		An example of the command dialog for Darcy Flow follows:



		Input groundwater head elevation raster = "head"

		Input effective formation porosity raster = "poros"

		Input saturated thickness raster = "thickn"

		Input formation transmissivity raster = "transm"

		Output groundwater volume balance raster = "resid1"

		Output direction raster = "dir1" 

		Output magnitude raster = "mag1"

		An example of the command dialog for Darcy Velocity follows:



		Input groundwater head elevation raster = "head"

		Input effective formation porosity raster = "poros"

		Input saturated thickness raster = "thickn"

		Input formation transmissivity raster = "transm"

		Output direction raster = "dir1" 

		Output magnitude raster = "mag1"





AQT WELL YIELD

				CALCULATIONS

				Well 1		Well 2		Well 3		Well 4

				10		1		0.1		9.4301856				gpd/sqft => Rough estimate of k (hydraulic conductivitiy)

				0.04		0.04		0.04		0.04				(i)   (gradient - dimensionless)

				0.1		0.1		0.1		0.15				Ne  (Effective Porosity- estimate in %)

				7.48		7.48		7.48		7.48				1cuft=>gal (conversion)

				1.3368983957		0.1336898396		0.013368984		1.26072				ft/day (~k)

				0.0009284017		0.0000928402		0.000009284		0.0008755				ft/minute (~k)

				0.0534759358		0.0053475936		0.0005347594		0.0504288				k*I  (Darcy velocity)

				0.5347593583		0.0534759358		0.0053475936		0.336192				ft/day groundwater particle travel  v= - ki/Ne  (seepage velocity)





				PARAMETERS

				Well 1		Well 2		Well 3		Well 4

				0.25		0.25		0.25		0.3				Filter Pack Porosity

				6		2		4		4				Casing Diameter (inches)

				12		10		10		10				Borehole diameter(inches)

				3.1415926536		2.617993878		2.617993878		2.617993878				Borehole circumference (ft)

				10		10		10		10				Saturated zone Thickness in the well

				7		7		1.79		1.02				Total Drawdown/Recovery (ft)

				120		10		10		10				Total Time for Recovery above (min)

				0.3436116965		0.1527163095		0.2018036948		0.2247111412				per foot of well volume (cuft)

				2.5702154897		1.1423179954		1.5094916368		1.6808393361				per foot of well volume (gallons) 

				3.5		42		10.74		6.12				foot per hour recovery  in well 

				8.995754214		47.9773558081		16.2119401794		10.2867367371				gallon per hour recovery in well

				0.1499292369		0.7996225968		0.270199003		0.1714456123				gpm recovery/well

				0.0047723958		0.0305433333		0.0103208417		0.00654874				gpm recovery/squarefoot area

				6.87225		43.9824		14.862012		9.4301856				gpd/sqft (very rough estimate of hydraulic conductivity based on well recovery)









				SPECIFIC CAPACITY

				WELL#1

				time (min)		dd		pumprate

										Start Pump

				0.2		4.81

				0.67		4.84

				8.72		5.75

				10.93		5.72

				12.17		5.69		23.65

				13.15		5.66

				17.33		5.89		23.23

				20.82		5.91

				22.38		5.91		25.74

				25.47		5.98		22.7

				Average DD= 				6		ft

				Average Pump Rate=				25		gpm

				Specific Capacity = 				4.1666666667		gpm/ft

		SCENARIOS

		expected DD @				60		gpm  =		6		ft

		expected DD @				40		gpm  =		4		ft

		expected DD @				80		gpm  =		8		ft

				1		0.7853981634		ft^2

						6		ft

						4.7123889804		cuft

						7.48		gal/cuft

						35.2486695733		gal



PUMP RATE+DD VS TIME

dd	0.2	0.67	8.7200000000000006	10.93	12.17	13.15	17.329999999999998	20.82	22.38	25.47	4.8099999999999996	4.84	5.75	5.72	5.69	5.66	5.89	5.91	5.91	5.98	pumprate	0.2	0.67	8.7200000000000006	10.93	12.17	13.15	17.329999999999998	20.82	22.38	25.47	23.65	23.23	25.74	22.7	time (min)



DD



Pump Rate (gpm)









DARCY-EQ







		Darcy's law

		Introduction



		groundwater is the water in the saturated zone (Fig)

		recharge is the water entering the saturated zone

		30% of freshwater on Earth trapped below the surface

		in many parts of the world, groundwater is the only source of fresh water

		in the US about 10% of the rainfall becomes groundwater eventually. This amount equals the annual use of water in the US, about 3 inch per year

		residence time = reservoir/flux = ~1000 m / 3 inch/year = 10,000 y! This is a very rough estimate.

		water may stay in the groundwater reservoir between several days and thousands of years. We will discuss tracer techniques that may be used to derive residence times later in the class

		management of catchment areas  requires understanding of groundwater flow

		many environmental issues involve groundwater

		WIPP site case study (A Tour of the WIPP Site)

		underground repository built for certain radioactive wastes

		not high-level, but they contain isotopes that remain radioactive for very long periods of time (tens of thousands of years)

		storage of waste in salt formations

		quantitative description of groundwater flow necessary to evaluate risk

		Conceptual model of groundwater flow



		the flow of water through a porous medium (Fig 6.1)

		water flows tortuous paths

		geometry of channels is very complex

		frictionles flow is totally meaningless!

		conceptual model of flow through a porous medium is flow through a bundle of very small (capillary) tubes of different diameters (Fig 6.2)

		the flow (Q) through a horizontal tube can be described as: Q = - π *D4/(128* µ )*dp/dx (Poiseuille's law)



		=> size of the capillary tubes is important!

		Darcy's law



		what drives groundwater flow?

		water flows from high elevation to low elevation and from high pressure to low pressure, gradients in potential energy drive groundwater flow

		Bernoulli equation said: u2/(2*g) + z +p/(ρ*g) = constant, means: velocity head + elevation head + pressure head = total head

		in groundwater flow, we cannot make the assumption that there is no friction, therefore the  head is not constant

		also u is so small that that term can be typically neglected  (example!)

		groundwater flows from high to low  head

		how do you measure the head or potential? => drill an observation well, the elevation of the water level in the well is a measure of the potential energy at the opening of the well

		in 1856, a French hydraulic engineer named Henry Darcy published an equation for flow through a porous medium that today bears his name (Fig. 6.3)

		Q = KA (h1-h2)/L or q = Q/A = -K dh/dl, h: hydraulic head, h = p/(ρg) + z

		thought experiment: hydraulic head distribution in a lake

		q = Q/A is the specific discharge [L/T], dh/dl is the hydraulic gradient

		K is the hydraulic conductivity [L/T]

		the law is very similar to Ohm's law for electrical curcuits I = 1/R * U (current = voltage divided by resistance)

		the original Darcy experiment yielded these data (Fig 6.4)

		the analogy between Darcy's law and Poiseulle's law suggests that K = (const*d2)*ρg/m

		the first term (const*d2) is k, the intrinsic permeability [L2], summarized the properties of the porous medium, while rg/m describe the fluid

		hydraulic conductivities and permeabilities vary over many orders of magnitude (Fig 6.5)



		Example: calculation of a typical hydraulic gradient of 1/100 in a salt formation with a hydraulic conductivity of 10-10 m s-1 will produce a specific discharge of 10-12 m s-1, or less than 1 mm per 30 years!

		specific discharge has the dimension of a velocity, but it is not the velocity at which the water flows in the porous medium, the water has to squeeze through the pores

		 tagged parcels that are averaged together, will appear to move through a porous medium at a rate that is faster than the specific discharge

		porosity n is the fraction of a porous material which is void space n = Vvoid/Vtotal

		the mean pore water velocity is then: v = q/n (Fig) (experiment)

		Darcy's law has been found to be invalid for high values of Reynolds number and at very low values of hydraulic gradient in some very low-permeability materials, such as clays.

		example :

		K= 10-5 m/s, h2-h1 = 100m, L = 10km, A = 1m2 > Q = 3.15 m3/y; the K value above is typical for a sandstone aquifer

		the actual flow velocity v may be calculated with the following formula: v=Q/(A*f)=q/n, n is the porosity, and q the specific discharge

		if the porosity n is 30%, the flow velocity in the example above is 10.5 m/y

		Water in natural formations



		an aquifer is a saturated geological formation that contains and transmits "significant" quantities of water under normal field conditions (=> gravel, sand, volcanic and igneous rocks, limestone) (Fig 6.6)

		an aquitard is a formation with relatively low permeability

		an aquiclude is a formation that may contain water but does not transmit significant quantities (clays and shales)

		an aquifuge is a foamtion that does not contain or transmit significant amounts of water

		formation		contains water		permeability

		aquifer		Y		high

		aquitard		Y		low

		aquiclude		Y		very low

		aquifuge		N		negligible



		confined and unconfined (water-table) aquifers

		an unconfined aquifer has a water table (water table aquifer)

		a confined aquifer does not have a water table. If you drill a well, water will rise (in the well) above the top of the aquifer

		perched groundwater is groundwater sitting on top of a poorly permeable layer with an unconfined aquifer underneath

		the height to which water rises in a well defines the piezometric or potentiometric surface

		geology of aquifers (show examples)

		unconsolidated sediments: loose granular deposit, particles are not cemented together (e.g.: Long Island)

		consolidated sediments, most important: sandstone, porosity varies depending on the degree of compaction (e.g. Zion, Bryce, and Grand Canyon National Parks)

		limestone: composed mainly of calcium carbonate, CO2 rich water dissolves limestone, e.g.: limestone caves, karst (e.g. Floridan aquifer)

		volcanic rock

		basalt lava, fractures (e.g.: Hawaii, Palisades)

		crystalline rocks: igneous and metamorphic rocks, e.g. Granite, have often very low porosity, flow through fractures

		porosities and hydraulic conductivities of different aquifer rocks (Fig 6.5)

		Steady groundwater flow



		flow in a horizontal confined aquifer  (Fig 6.7)

		lines of equal hydraulic head are called equipotentials

		flow occurs perpendicularly to those, lines indicating those are called flowlines

		together, the equipotentials and the streamlines constitute a flow net (Fig 6.8)

		generally, groundwater flow follows topography, in detail the situation can be more complicated though

		groundwater flow not only occurs near the water table, but does penetrate deep into the aquifer (Fig 6.9)

		flownets provide a lot of information about groundwater flow, they are generated by computer models these days

		Quantifying groundwater flow using flownets



		 T = Kb [L2 T-1] is called the transmissivity of the aquifer, this term is often the more useful parameter for estimating the yield of an aquifer, it is relevant when we want to estimate the discharge per unit length of stream, for example

		the area between a pair of streamlines is referred to as a streamtube

		in more complicated flow nets, these squares might become "curvilinear squares," as can be seen in (Fig 6.9)

		if we isolate one of these squares (ds=dm)  (Fig 6.10) and make use of Darcy's law, we can calculate the discharge through the streamtube: Q = K*b*dh

		you can imagine each streamtube as a "pipe," because water cannot cross a streamline

		the specific discharge will be greatest where the streamtube is narrowest, analogue to the laminar flow table

		the total discharge through the streamtube must be the same at any cross section

		by counting the number of stream tubes, we can determine the total flow

		another example is steady flow under a dam (Fig 6.11)

		the dam is 100m wide (direction into the page), and the hydraulic conductivity beneath the dam is 10-10 m s-1

		we use the length of the dam (100 m) in place of the aquifer thickness (b)

		Heterogeneity and anisotropy



		so far we have considered only homogeneous aquifer (the same K everywhere)

		virtually all natural materials through which groundwater flows display variations in intrinsic permeability from point to point, this is referred to as heterogeneity (Example: Fig)

		permeable zones tend to focus groundwater flow, while, conversely, flow tends to avoid less permeable zones 

		in anisotropic media the permeability depends on the direction of measurement, in isotropic media, it does not

		Resources



		Manning, J.C. (1997) Applied Principles of Hydrology. Prentice Hall, third edition, 276p.

		Freeze, R.A. and Cherry, J.A. (1979) Groundwater. Prentice Hall, 604p.

		WIPP

		WIPP Information Site - EHC
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FRICTION

								Friction loses can be calculated using Moody Equation

								Ploss= (f*L*Pv)/D		= ~  (.0270)(L/(d^1.22))((v/1000)^1.82)

				0.2267115426		0.6933626486		inches of W.C. 		Friction loss



				100		100		ft		=L (pipe length [ft])

				1200		1200		fpm		=v (velocity [feet per minute])

				10		4		inches		=d (pipe diameter, inches)

						In Practice the Moody Equation is seldom used

						Use the Fig 5.4 on left.

						Example: 100CFM in 4-inch pipe 

						friction loss per 100ft = .7 in W.C.

						The chart can be used  for temperature between 50 F and 90F. 

						For operation outside this range use the following formula to calculate actual Ploss

						1.5709426628		Ploss Actual+ Ploss Fig 5.4 X (Kv/Kd)

						2		Ploss Fig 5.4

						1		Kv= Viscosity Factor (usually =1)

						1.2731209403		Kd = Density Factor = (14.7/p-actual)((460 + tempF)/ 530)

						12.2		p-actual (psi)

						100		temp (F)

				Source : Mechanical Engineering Reference Manual, 8th Edition

						Michael R. Lindeburg, P.E.

				IF YOUR SYSTEM HAS ELBOWS, SPLIT, JOINTS AND ALL BUNCH OF OTHER STUFF 

				GIVE ME A CALL 





				Copyright: Mehmet Pehlivan

																						Source: Mechanical Engineering Reference Manual, Eighth Edition, Michael R. Lindeburg, PE,  1990,  Page: 5-7





RISK

						Table 2.  Risk Assessment Calculations



						Unit Risk		Reference		Exposure		Exposure		time for		time for

						factor,		conc.,		frequency,		duration,		noncarcinogens,		carcinogens,

						URF		RfC		EF		ED		ATNC		ATC

		CAS No.		Chemical		(mg/m3)-1		(mg/m3)		(days/yr)		(yrs)		(yrs)		(yrs)



		67641		Acetone		0.0E+00		3.5E-01		350		30		30

		75694		Trichlorofluoromethane		0.0E+00		7.0E-01		350		30		30

		78933		Methylethylketone (2-butanone)		0.0E+00		1.0E+00		350		30		30

		108883		Toluene		1.0E+00		4.0E-01		350		30		30

		106423		p-Xylene		0.0E+00		7.0E+00		350		30		30

		108383		m-Xylene		0.0E+00		7.0E+00		350		30		30

		75150		Carbon disulfide		0.0E+00		7.0E-01		350		30		30

		74873		Methyl chloride (chloromethane)		1.0E-06		9.0E-02		350		30				70

		75092		Methylene chloride		4.7E-07		3.0E+00		350		30				70





						A-1		A-2		A-3		A-1		A-2		A-3		A-3

						Cbuilding		Cbuilding		Cbuilding		HQ		HQ		HQ		Risk Level

		CAS No.		Chemical		(mg/m3)		(mg/m3)		(mg/m3)		-		-		-		-



		67641		Acetone		1.20E-02		1.10E-02		1.20E-02		3.29E-02		3.01E-02		3.29E-02

		75694		Trichlorofluoromethane		1.40E-03		1.40E-03		1.40E-03		1.92E-03		1.92E-03		1.92E-03

		78933		Methylethylketone (2-butanone)		1.70E-03		1.50E-03		1.80E-03		1.63E-03		1.44E-03		1.73E-03

		108883		Toluene		4.40E-03		3.90E-03		4.80E-03		1.05E-02		9.35E-03		1.15E-02

		106423		p-Xylene		7.00E-04		6.50E-04		6.00E-04		9.59E-05		8.90E-05		8.22E-05

		108383		m-Xylene		7.00E-04		6.50E-04		6.00E-04		9.59E-05		8.90E-05		8.22E-05

		75150		Carbon disulfide				1.70E-03						2.33E-03

		74873		Methyl chloride (chloromethane)						1.10E-03								4.52E-10



						Unit Risk		Reference		Exposure		Exposure		time for		time for

						factor,		conc.,		frequency,		duration,		noncarcinogens,		carcinogens,		A-1		A-2		A-3		A-1		A-2		A-3		A-3

						URF		RfC		EF		ED		ATNC		ATC		Cbuilding		Cbuilding		Cbuilding		HQ		HQ		HQ		Risk Level

		CAS No.		Chemical		(mg/m3)-1		(mg/m3)		(days/yr)		(yrs)		(yrs)		(yrs)		(mg/m3)		(mg/m3)		(mg/m3)		-		-		-		-



		67641		Acetone		0.0E+00		3.5E-01		350		30		30				0.012		0.011		0.012		0.0328767123		0.0301369863		0.0328767123

		75694		Trichlorofluoromethane		0.0E+00		7.0E-01		350		30		30				0.0014		0.0014		0.0014		0.0019178082		0.0019178082		0.0019178082

		78933		Methylethylketone (2-butanone)		0.0E+00		1.0E+00		350		30		30				0.0017		0.0015		0.0018		0.001630137		0.0014383562		0.0017260274

		108883		Toluene		0.0E+00		4.0E-01		350		30		30				0.0044		0.0039		0.0048		0.0105479452		0.0093493151		0.0115068493

		106423		p-Xylene		0.0E+00		7.0E+00		350		30		30				0.0007		0.00065		0.0006		0.0000958904		0.0000890411		0.0000821918

		108383		m-Xylene		0.0E+00		7.0E+00		350		30		30				0.0007		0.00065		0.0006		0.0000958904		0.0000890411		0.0000821918

		75150		Carbon disulfide		0.0E+00		7.0E-01		350		30		30						0.0017						0.0023287671

		74873		Methyl chloride (chloromethane)		1.0E-06		9.0E-02		350		30				70						0.0011								4.5E-10

		75092		Methylene chloride		4.7E-07		3.0E+00		350		30				70









										CONVERSIONS BETWEEN mg/m3 and ppm

				COMPOUND		MOLECULAR WEIGHT				ppm		to mg/m3		mg/m3		to ppm

																				mg/m3= (P*MW*ppm*1000)/(82.05*T)

				PCE		165.8				100		689.73		689.73		100.01				P= Pressure in Atmospheres

				TCE		131.4				100		546.62		100		18.30				MW= Molecular weight of Analyte

				1,1,1 TCA		133.4				100		554.94		100		18.02				T= Absolute Temp in K (Room Temp= 20C, 293K)

				1,1,2 TCA		130				100		540.80		100		18.49				82.05 = Gas Constant: (cm3*atm)/(mol*T)

				1,1 DCE		96.9				100		403.10		100		24.81

				cis-1,2 DCE		96.9				100		403.10		100		24.81				ppm = (mg/m3 / MW)*24.04

				1,1 DCA		98.9				100		411.42		100		24.31				mg/m3 = ppm*MW*0.0416

				1,2 DCA		99				100		411.84		100		24.28

				2-Butanone		72.11				100		299.98		299.98		100.01

				Chloroform		120				100		499.20		100		20.03

				Acetone		58				100		241.28		100		41.45

				Methylene chloride		84.9				100		353.18		100		28.32

				Trichlorofluoromethane		140				100		582.40		100		17.17

				1,2,4 Trimethylbenzene		120				100		499.20		100		20.03

				1,3,5 Trimethylbenzene		120				100		499.20		100		20.03

				4-Ethyltoluene		123				100		511.68		100		19.54

				Toluene		92.1				100		383.14		100		26.10

				Xylene		106.2				100		441.79		100		22.64

				Benzene		78.1				100		324.90		100		30.78

				MTBE		88.15				100		366.70		100		27.27

				TPH-G		95				100		395.20		100		25.31



				Total Fixed /Biogenic Gases

				Carbon Dioxide		44.01				100		183.08		100		54.62

				Oxygen		16				100		66.56		100		150.25

				Methane		16.05				100		66.77		100		149.78















EMISSION

				Table 9.  Estimated Removal Rate/Emission Calculations



				Site:		ElPaso Station

				Test Date:		22-Dec-97



				EXTRACTION WELL NO.				P A R A M E T E R S														Existing Permit Limits

				El Paso 1		El Paso 2																Site-1		Site 2		El Paso -1		El Paso -2		El Paso -3				Units

				CALCULATIONS

				4.47		0.8615146		ton/yr 		Emission Rate using % efficiency												291.23		298.16		4.23		4.47		2.68				ton/yr -- max removal rate

				24.51		4.7206282		lb/day   		Emission Rate using % efficiency												2.91		2.98		4.23		4.47		0.03				ton/yr emission limit

				4.47		0.8615146		ton/yr 		Removal Rate 												1595.78		1633.77		23.20		24.51		14.70				lb/day --max removal rate

				24.51		4.7206282		lb/day=		Calculated gasoline removal rate in pounds per day (lb/day) using following formula												15.96		16.34		23.20		24.51		0.15				lb/day emission limit

								lb/day=		(ppmV*[60min/hr*24hr/day]*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])

				9076.21		500.00		mg/m^3 = 		[mg/l]*1000												709.21		181.52		11714.65		9076.21		54.46				mg/m^3 = 

				2500		77.75068		ppmV =		((mg/m^3)*Tk*82.05)/(Mw*Pw*1000)												1050		50		2656.73		2656.73		15.94				ppmV =

				2500		72.84848		ppmV = 		((mg/m^3)/Mw)*24.04												1050		50		2537.12		2537.12		15.22				ppmV = 

				8944		500.032		mg/m^3 = 		ppmV*Mw*0.0416 (approximate value)												698.88		178.88		11715.40		9076.80		54.46				mg/m^3 = 

				9.08		0.50		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]												0.71		0.18		11.71		9.08		0.05				[mg/l] =

				288.71		294.26		Tk =		absolute temperature (Tk = Tc+273.15) in Kelvin												288.71		288.71		288.71		288.71		288.71				Tk =

				15.56		21.11		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												15.56		15.56		15.56		15.56		15.56				Tc =

				0.94		0.94		Pw =		Absolute gas pressure in the extraction well (1atm-[vacuum*0.002458]) Atmosphere												0.84		0.84		0.94		0.94		0.94				Pw =

				0		0		%		SYSTEM Efficiency												99		99		0		0		99				% System Efficiency

								DATA



				82.05		82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}												82.05		82.05		82.05		82.05		82.05				82.05 =

				NA		NA		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												NA		NA		NA		NA		NA				Tc =

				60		70		Tf =		temperature Fahrenheit												60		60		60		60		60				Tf =

				24		24		Pvac=		Average vacuum readings in extraction well (during sample collection) inches of water												65		65		24		24		24				Pvac=

				NA		NA		mg/m^3 = 		milligrams per cubic meter (LABORATORY)												NA		NA		NA		NA		NA				mg/m^3 = 

				NA		0.5		mg/l =		milligrams per liter (LABORATORY)												NA		NA		NA		NA		NA				mg/l =

				2500		75.2995828179		ppmV =		parts per millions by volume (CALCULATED)												1050		50		2500		2500		15				ppmV =

				2500		NA		ppmV =		parts per millions by volume (LABORATORY)												1050		50		NA		NA		NA				ppmV Permit LIMIT (entry)

				30		100		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )												1050		50		2500		2500		15				ppmV Exhaust (calculated)

				86		165		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;												250		1000		22		30		30				SCFM Permit Limit

										   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;												16		86		111		86		86				Mw =

										   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 & Connie M., 1997																2500		2500		1500				ppmV inlet









				CONVERSION TABLE (ppmV to mg/l)

				WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane

				 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 



				El Paso 2		0.244		75		0.296		75		0.346		75		0.269		75		0.050		75

				El Paso 1		8.242		2500		10.026		2500		11.715		2500		9.097		2500		1.689		2500



















Carbon USE





				WATER PHASE CARBON								VAPOR PHASE CARBON

				WATER REMOVAL RATE		525600		gpy																								HC REMOVAL with Water						STRIPPING RATE (%)		WATER REMOVAL RATE (GPM)		WATER REMOVAL RATE (Liter/min)		Conc. (ug/L)		HC Removal (ug/min)		HC Removal (g/day)		HC Removal (lb/day)

				WATER REMOVAL RATE		1440		gpd				111		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole; weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole; xylene 106 g/mole, methane 16.05 g/mole)																Total 								1		3.785		5000		18,925		27.25		0.06009066

				WATER REMOVAL RATE		1		gpm				200		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )																Vapor phase carbon (stripped)								30		113.55		4000		454,200		654.05		1.44217584

				WATER REMOVAL RATE		3.785		lt/min				200		ppmV =		parts per millions by volume (LABORATORY)																Aquatic carbon after stripping						80%		30		113.55		1000		113,550		163.51		0.36054396

				Extraction Concentrations		2500		ug/L				200		ppmV =		parts per millions by volume (LABORATORY)																AQUATIC CARBON USE						Size (lb)		Loading Capacity %		Total Loading Capacity (lb)		No. Days to Changeout		No. Times Carbon Change in a Year

				HC Removal 		9462.5		ug/min				0.021108		lb/min=		Calculated  removal rate in pounds per minute (lb/min) using the formula below
(ppmV*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])																w/o stripping						5000		15%		750		12481.1409959551		0.0292441212

				HC Removal 		13.626		gr/day				1.27		lb/hr		Removal Rate lb/hr 																with stripping						5000		15%		750		2080.1901659925		0.1754647272

				HC Removal 		0.03004533		lb/day				30.40		lb/day   		Removal Rate lb/day 

				HC Removal		10.97		lb/yr				5.55		ton/yr 		Removal Rate ton/yr																VAPOR CARBON USE						10000		15%		1500		1040.0950829963		0.3509294544

				Carbon Efficiency		10%						20%		%		Carbon Efficiency

				Carbon Use		110		lb/yr				55472		lb/yr		Carbon Use																TREATMENT OF WATER IN TANK

				Selected Vessel Size		500		lb				2000		lb		Selected Vessel Size 																TOTAL VOLUME in tank (gal)						1500		gal		5678.115		liter

				# of Carbon Change in a year		0						28				# of Carbon Change in a year																Total HC Concentrations (ug/L)						5		mg/l

				Proposed Operation time 		60		day				60		day		Proposed Operation time (day)																Total HC Removal						28.390575		grams

				VOC Removal in Proposed 
Operation time		1.8027198		lb				1823.746701847		lb		VOC Removal in Proposed Operation time																Carbon size 						200		lbs		90.718474		kg

				Carbon Use for the 
Proposed Operation Time		18.027198		lb				9118.7335092348		lb		Carbon Use for the Proposed Operation Time																Adsorption Capacity				10%		20		lbs		9.0718474		kg

				# of Carbon Change for the 
Proposed Operation Time		0						4				# of Carbon Change for the Proposed Operation Time																% Carbon use				0.31%

																																Total Gallon of Water treatment potential										479305.935156297







				VAPOR PHASE APPLICATIONS

				When 10-15 % of the carbon volume of water is added to the VAPOR phase GAC application  

				it will help to cool the carbon preventing fire.

				Normal opreating temperature in the carbon is around 200 F.

				compounds with autoignition temperature lower than that will create a fire in the vessel

				Monitor CO to assess if fire condition exist. If fire condition exist cut off the Oxygen source (AIR)

				ADD WATER TO PREVENT FIRE 

				AQUATIC PHASE APPLICATIONS

				TSS				TSS may be problem. Fine particle cloggs up the pores

				pH				Lower the pH is the better for carbon absorption

				BIOMASS				If biomass develops, you can not remove by adding chlorine or ozone 

								because carbon will decompose these compound and prevent penetration 

								more than a foot or so. So you will be cleaning top 1 foot of the bed.

								Use pH range shock to remove the biomass: increase the pH to 12 and run in a 

								closed circulation for about 24 hours (at least). and decrease the pH gradually to normal.

								Use Glutoraldehide for the pH range shock





				BED START UP				Soak the carbon for 24 hrs

								Backwash 2 bed volumes (will remove the micro air bubles and stratify the carbon) 







						MTBE 				Freundlich K = 4.5   (benzene = 15?)

										1/n = .48

										Long mass transfer zone

										Air stripping works but you need high air/water ratio ( >200/1)

										Elevated water temperature is needed

										Multiple air stripper (option)









				CARBON BACK WASH CALCULATIONS

				2000		lbs		66.6666666667		cuft		95.2380952381		cuft-vessel		712.380952381		gal-vessel

								30		lb/cuft		30%		freeboard		6		Vessel height (ft)

																5.0525378759		Vessel area (sqft) 

																1424.7619047619		Min Volume to be pumped (gal)

																2137.1428571429		Optimum Vol



				sqft-widest area		gpm/sq.ft		gpm-vessel		 minimum min/vessel		optimum min/vessel		Minimum gallons		# of vessels		Minimum Total Gallons

				5.05		7		35.4		40		60		1425		2		2850

						10		50.5		28		42		1425		2		2850

						12		60.6		23		35		1425		2		2850

























								depth/rise		width		length						water volume

				Flux Calculation 				ft		ft		ft		cuft		porosity		cuft/yr		gal/yr		gal/day

								5		500		1500		3,750,000		0.2		750,000		5,610,000		30739.7260273973







																																HC REMOVAL with Water						STRIPPING RATE (%)		WATER REMOVAL RATE (GPM)		WATER REMOVAL RATE (Liter/min)		Conc. (ug/L)		HC Removal (ug/min)		HC Removal (g/day)		HC Removal (lb/day)

						1440000																										Total 								20		75.7		10000		757,000		1,090.08		2.4036264

				WATER REMOVAL RATE (GPD)		144000																										Vapor phase carbon (stripped)								30		113.55		8000		908,400		1,308.10		2.88435168

				WATER REMOVAL RATE (GPM)		100																										Aquatic carbon after stripping						80%		30		113.55		2000		227,100		327.02		0.72108792

				WATER REMOVAL RATE (Liter/min)		378.5																										AQUATIC CARBON USE						Size (lb)		Loading Capacity %		Total Loading Capacity (lb)		No. Days to Changeout		No. Times Carbon Change in a Year

				Conc. (ug/L)		10000																										w/o stripping						5000		15%		750		312.0285248989		1.169764848

				HC Removal (ug/min)		3785000																										with stripping						5000		15%		750		1040.0950829963		0.3509294544

				HC Removal (grams/day)		5450.4

				HC Removal (lb/day)		12.018132																										VAPOR CARBON USE						10000		15%		1500		520.0475414981		0.7018589088

				HC Removal (lb/year)		4386.62

				Proposed Carbon Vessel Size (lb)		21933

				Selected Vessel Size (lb) 		2000

				# of Carbon Change in a year		11

				Proposed Operation time (day)		10

				Removal in Proposed Op time		120.18132















Phyto

																										One must understand where the water is moving at a site in order to estimate contaminant fate and

				Begining		Min		Average		Maximum																transport. For applications involving ground-water remediation, a simple capture zone calculation

		water use by willow tree 		200		400		600		1000		gal/year														(Domenico and Schwartz, 1997) can be used to estimate whether the phytoremediation “pump”

		Water use		0.5479452055		1.095890411		1.6438356164		2.7397260274		gal/day														can be effective at entraining the plume of contaminants. Trees can be grouped for consideration

		Number of Trees		3		3		3		3		trees														as average withdrawal points. The goal of such a phytoremediation effort is to create a water table

		Number of Days in period		14		14		14		14		days														depression where contaminants will flow to the vegetation for uptake and treatment. It is important

		Total water use per period		23.0136986301		46.0273972603		69.0410958904		115.0684931507		gal/period														to realize that organic contaminants are not taken-up at the same concentration as in the soil or

																										groundwater, rather there is a transpiration stream concentration factor (a fractional efficiency of

														benzene												uptake) that accounts for the partial uptake of contaminant (due to membrane barriers at the root

		U = (TSCF) (T) (C) 												toluene												surface). The uptake rate is given by the following equation.

		 U = uptake rate of contaminant, mg/day		147.8356164384		295.6712328767		443.5068493151		739.1780821918		mg/day		ethylbenzene												U = (TSCF) (T) (C) 												(1)

		TSCF = transpiration stream concentration factor, dimensionless		0.71		0.71		0.71		0.71		benzene		m-xylene												where U = uptake rate of contaminant, mg/day

		T = transpiration rate of vegetation, L/day		2.0821917808		4.1643835616		6.2465753425		10.4109589041		L/day		TCE												TSCF = transpiration stream concentration factor, dimensionless

		C = concentration (aqueous phase)  in soil water or groundwater, mg/L		100		100		100		100		mg/l		aniline												T = transpiration rate of vegetation, L/day

														nitrobenzene												C = aqueous phase concentration in soil water or groundwater, mg/L

		k = U/Mo												phenol												If the contaminant plume is not taken-up by the vegetation, the plume that emerges will be

		where k = first order rate constant for uptake, yr-1												pentachlorophenol												evapoconcentrated, i.e., the mass of contaminant in the plume will be less due to uptake by vegetation,

		U = contaminant uptake rate, kg/yr												atrazine												but the concentration remaining will actually be greater. This is a potential concern for

		Mo = mass of contaminant initially, kg												1,2,4-trichlorobenzene												phytoremediation of ground-water plumes or with created wetlands, where a relatively hydrophilic

		Then, an estimate for mass remaining at any time is expressed by equation (3) below.												RDX												contaminant can be concentrated on the downstream side of the phyto system.

		M = Mo e-kt																								A method for estimating the Transpiration Stream Concentration Factor (TSCF) for equation (1) is

		where M = mass remaining, kg																								given in Table 3. The Root Concentration Factor is also defined in Table 3 as the ratio of the

		t = time, yr																								contaminant in roots to the concentration dissolved in soil water (µg/kg root per µg/L). It is

		Solving for the time required to achieve clean-up of a known action level:																								important in estimating the mass of contaminant sorbed to roots in phytoremediation systems.

		t = -(ln M/Mo)/k 

		where t = time required for clean-up to action level, yr																								Mature phreatophyte trees (poplar, willow, cottonwood, aspen, ash, alder, eucalyptus, mesquite,

		M = mass allowed at action level, kg																								bald cypress, birch and river cedar) typically can transpire three to five acre-ft of water per year

		Mo = initial mass of contaminant, kg																								(36 to 60 inches of water per year). This is equivalent to about 600 to 1000 gallons of water per tree

																										per year for a mature species planted at 1500 trees per acre. Transpiration rates in the first two

		 																								years would be somewhat less, about 200 gallons per tree per year, and hardwood trees would

																										transpire about half the water of a phreatophyte. Two meters of water per year is a practical

																										maximum for transpiration in a system with complete canopy coverage (a theoretical maximum

		Table 3																								would be 4 m/yr based on the solar energy supplied at 40oN on a clear day that is required to

		Estimating the Transpiration Stream Concentration Factor (TSCF)																								evaporate water). If evapotranspiration of the system exceeds precipitation, it is possible to capture

		and Root Concentration Factor (RCF)																								water that is moving vertically through soil. Areas that receive precipitation in the wintertime (dormant

		for Some Typical Contaminants																								season for deciduous trees) must be modeled to determine if the soil will be sufficiently dry to hold

		(from Burken and Schnoor, 1997b)																								water for the next spring’s growth period. The Corps of Engineers HELP model (Vicksburg,

		The TSCF and RCF for metals depends on their redox state and chemical speciation in soil and																								Mississippi) and other codes have been used to estimate vertical water movement and percolation

		groundwater.																								to groundwater.

		Chemical		+Log		+Solubility		+Henry's		+Vapor		Transpiration		Root Conc.

				Kow		-Log Cw		Constant kH',		Pressure		Stream Conc.		Factor,												4.6 CONTAMINANT UPTAKE RATE AND CLEAN-UP TIME

						sat @		@25°C		-Log Po @		Factor		RCF† (L/kg)												From equation (1) above, it is possible to estimate the uptake rate of the contaminant(s). First order

						25°C, (mol/l)		(dimensionless)		25°C (atm)		(TSCF)*														kinetics can be assumed as an approximation for the time duration needed to achieve remediation

																										goals. The uptake rate should be divided by the mass of contaminant remaining in the soil:

		benzene		2.13		1.64		0.225		0.9		0.71		3.6												k = U/Mo												(2)

		toluene		2.69		2.25		0.276		1.42		0.74		4.5												where k = first order rate constant for uptake, yr-1

		ethylbenzene		3.15		2.8		0.324		1.9		0.63		6												U = contaminant uptake rate, kg/yr

		m-xylene		3.2		2.77		0.252		1.98		0.61		6.2												Mo = mass of contaminant initially, kg

		TCE		2.33		2.04		0.437		1.01		0.74		3.9												Then, an estimate for mass remaining at any time is expressed by equation (3) below.

		aniline		0.9		0.41		2.2x10-5		2.89		0.26		3.1												M = Mo e-kt												 (3)

		nitrobenzene		1.83		1.77		0.0025a		3.68		0.62		3.4												where M = mass remaining, kg

		phenol		1.45		0.2		>1.0x10-5		3.59		0.47		3.2												t = time, yr

		pentachlorophenol		5.04		4.27		1.5x10-4 a		6.75a		0.07		54												Solving for the time required to achieve clean-up of a known action level:

		atrazine		2.69		3.81		1.0x10-7 a		9.40a		0.74		4.5												t = -(ln M/Mo)/k 												(4)

		1,2,4-trichlorobenzene		4.25		3.65		0.113		3.21		0.21		19												where t = time required for clean-up to action level, yr

		RDX		0.87		4.57		- - -		- - -		0.25		3.1												M = mass allowed at action level, kg

																										Mo = initial mass of contaminant, kg

		+ Physical chemical properties (Schwarzenbach, et al., 1993) unless otherwise noted.

		* TSCF = 0.75 exp {- [(log K ow - 2.50)2/2.4]} Burken & Schnoor, 1997b

		† RCF = 3.0 + exp (1.497 log K ow - 3.615) Burken & Schnoor, 1997b

		a Source: (Schnoor, 1996)





Carbon-Footprint

				Electricity:   ~ 1.9lbs co2 per horsepower/hour 10 hp motor 19 lbs co2 / hr X 24 = 

				Technician Driving 1lb co2 per mile based on 20 MPG Vehicle 20 miles each way total 40 miles per week

				 1.0 lb VFH ≈ 3.0 lb CO2

		Electricity								1.9		lbs		per 		1		horsepower per 		1		hour

				Motor Size		10		hp

				Carbon FP		19		lbs of CO2 per hour

						456		lbs of CO2 per day (24 hrs)

						152		equivalet VFH per day - this is the minimum removal rate of VFH require to offset carbon foot print

						0.435				lbs CO2 per KWh

						0.32				hp/h		(1KWh - 1.36 hp)

						1.36				KWh to hp conversion



 Electricity Use: 
 ~ 0.435 lbs CO2 per KWh  ~ 0.32 hp/h (1KWh=1.36 hp) 
10 hp motor 3.2 lbs CO2 / hr X 24 = 76.8 lbs of CO2 /day
Technician Driving: 
~1 lb CO2 per mile based on 20 MPG Vehicle 20 miles each
way total 40 miles per week  =  40 lbs CO2 /week
1.0 lb VFH ≈ 3.0 lb CO2





ISCO

																																								Current limitations of in situ chemical oxidation (ISCO) remediation agents in treating contaminated groundwater include the difficulty of bringing reactants into contact with contaminants, particularly when the contaminants are located in low permeability matrices in which diffusion and mass transfer are minimal, and the non-beneficial reactions of oxidant sources with aquifer materials such as metal catalyzed decomposition or the oxidation of naturally occurring organic materials (NOM). The use of sodium persulfate for ISCO has the potential to overcome these limitations. In addition to reactivity with a broad spectrum of contaminants and its limited reactivity with NOM, the longevity of sodium persulfate results in increased transport through the subsurface. Furthermore, persulfate treatment may increase the permeability of some aquifer materials, resulting in enhanced contact with contaminants. This project focused on the potential for persulfate to diffuse into low permeability regions of the subsurface, promoting contact with contaminants to enhance in situ destruction.  

The objectives of this project were to investigate (1) persulfate decomposition rates in the presence of metal oxides and subsurface solids with a wide range of physical and geochemical characteristics, (2) the reactivity of persulfate with contaminants under varying activation conditions, and (3) the effect of persulfate on soil microstructure, porosity, and permeability.

		Methane		CH4		16				CH4		+		2O2		=>		CO2		+		2H2O

		Hexane		C6H6		78				16				64				44				36		0

		Diesel 2 Formula		C12H23		167				C12H23		+		17.75O2		=>		12CO2		+		11.5H2O

										167				568				528				207		0

		Tetrachloroethene		C2Cl4





		Regenesis Persulf OX		Na2S2O8

		REGENOX

		    Sodium carbonate monohydrate		CH2Na2O4																																				Technical Approach

		      Sodium Percarbonate		Na2CO3·1.5H2O2																																				Mechanistic investigation of persulfate activation by naturally occurring iron oxides, manganese oxides, clay minerals, trace minerals, base, iron chelates, and organic compounds was conducted using reaction specific probe compounds, hydroxyl radical and sulfate radical scavengers, and electron spin resonance spectroscopy. In addition, the effect of activated persulfate formulations on the permeability and morphology of subsurface minerals and subsurface solids was investigated using falling head permeameters, x-ray computed tomography, x-ray diffraction, and surface area analysis. Diffusion and transport of different persulfate formulations into low permeability matrices was investigated using specially designed soil columns filled with kaolinite and a low permeability soil.

		Sodium Hydroxide		NaOH

		Hydrogen Peroxide		H2O2		34



		Important salts include 

		sodium persulfate (Na2S2O8), 		Na2S2O8																																				Chemical oxidation can be described by second-order reaction rate kinetics (Eqn 1).  It is evident that the oxidant can react with either the target contaminant, scavengers (i.e., non-target reactants), and intermediates.  The extent to which the oxidant reacts with either is dependent on the reaction rate constant of the reactant, and the concentration of the reactant.  Therefore, the greater the concentration of contaminants relative to other potential reactants, the faster the reaction rate of the target contaminant. This partially explains why greater oxidation efﬁciency occurs in source zones where high concentrations of the target contaminants are present.  The feasibility of treating relatively low dissolved concentrations of organic contaminants may not be as favorable, and these concentrations may be more effectively treated by other candidate technologies, such as monitored natural attenuation (MNA).

		potassium persulfate (K2S2O8), and . 		K2S2O8

		ammonium persulfate ((NH4)2S2O8)		(NH4)2S2O8



		dO/dt = k1 [O] [C] + k2 [O] [S] + k3 [O] [I]     (Eqn 1)

		where: k1, k2, k3 = second order reaction rate constant     (L/mol-s) [O] = concentration of oxidant (·OH,    MnO4-, O3, S2O82-,·SO4-) (mol/L) [C] = target contaminant (mol/L) [S]  = scavenger (mol/L) [I]  = intermediates (mol/L)																																						dO/dt = k1 [O] [C] + k2 [O] [S] + k3 [O] [I]     (Eqn 1)

																																								where: k1, k2, k3 = second order reaction rate constant     (L/mol-s) [O] = concentration of oxidant (·OH,    MnO4-, O3, S2O82-,·SO4-) (mol/L) [C] = target contaminant (mol/L) [S]  = scavenger (mol/L) [I]  = intermediates (mol/L)





								Glucose		C6H12O6		+		6O2						=>		6CO2		+		6H2O														Table 10. General Persulfate Oxidation and Related Chemical Reactions

		PFAS Chemicals																		SCWO																				  S2O82-  				Heat		  2SO4-  						(1)

		PFOA		2CF3(CF2)6COOH				PFOA		2CF3(CF2)6COOH		+		7O2		+		15CaCO3		=>		31CO2		+		H2O		+		15CaF2														  S2O82-  		+Fe+2				Fe+3		  '+SO4-  		  '+SO42-  		(2)

								PFOS		2C8HF17O3S		+		8O2		+		19CaCO3		=>		35CO2		+		H2O		+		17CaF2		+		2CaSO4						  S2O82-  				hv		  2SO4-  						(3)

																																								  SO4-  		+H2O				OH		+HSO4-				(4)

																																								  SO4-  		+Fe+2				Fe+3		  '+SO4-  		  '+SO42-  		(5)





																																								Table 9.  General Ozone Oxidation and Related Chemical Reactions

																																								Direct Oxidation

																																								O3		+ C2HCl3		+H2O				2CO2		+3H+ 		+3Cl-

																																								48		131.35		18		197.35		88		3		106.35				0

																																								O3		+H2O				O2		+2·OH		  (Slow) 

																																								48		18				32		34								0

																																								Trichloroethylene-d | C2HCl3								131.35		g/mol



																																								Tetrachloroethylene (Cl2C=CCl2)								165.8		g/mol





																																								Potassium (K)								39.1		g/mol

																																								Sodium (Na)								22.99		g/mol

																																								Magnesium (Mg)								24.31		g/mol

																																								Manganese (Mn)								54.94		g/mol

																																								Iron (Fe)								55.84		g/mol

																																								Nitrogen (N)								14.01		g/mol

																																								Sulfur (S)								32.07		g/mol

																																								Chlorine (Cl)								35.45		g/mol





ISOTOP

		ISOTOP Analysis

		https://d1wqtxts1xzle7.cloudfront.net/86876334/j.envpol.2012.05.00620220602-1-19fok7k-libre.pdf?1654169955=&response-content-disposition=inline%3B+filename%3DCompound_Specific_Isotope_Analysis_CSIA.pdf&Expires=1668651782&Signature=J-umiklgjCXn1nFu08oiUc5axUkUdlMhrJKEo7QYHh-z7eSEnNWup0RmDAaSdZZJ79WtlYEWdnaLexl8PaDjPMN5JFHfMLn~jPjXepMzd1JPpsWTw~kSgmaN6SOG6m9l~3YpSVEnxD5WW0dNGyNEBRGzBS9t5ZA5r8bT1yYK149PzgL7CbWBssj7KJrH3EShAklR2xf6fHdxSPg8Ztc6NtsQEw-AOmrxansEXur1O5fWDzl9Ts1j~IlXtOuGz6wYBMQnldH8irQNv01L3Jg-OMGYuLj3Ml0LRO65PVRZ2um3rMf-nRl3MKtkN29nYFuw7BRcuCyHf~hl~fhIW16SFg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA  

		Compound Specific Isotope Analysis (CSIA) for chlorine and bromine: A review of techniques and applications to elucidate environmental sources and processes Alessandra Cincinelli a,b,*, Francesca Pieri a , Yuan Zhang c , Mike Seed d , Kevin C. Jones b aDepartment of Chemistry, University of Florence, Via della Lastruccia, 3, 50019 Sesto Fiorentino, Florence, Italy b Lancaster Environment Centre, Lancaster University, Lancaster LA1 4YQ, UK c School of Environmental Studies, China University of Geosciences, Wuhan 430074, China d Isoprime Ltd, Isoprime House, Earl Road, Cheadle Hulme SK8 6PT, Cheadle, UK		Using Environmental Forensics to Determine Liability for Environmental Contamination
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SUBSCRIBE TO EXPONENT UPDATES

Environmental forensic scientists combine chemical data with available documentary records (such as industrial operational information, aerial photographs, insurance maps, and witness statements) to reconstruct circumstances that led to the environmental contamination. In merging chemistry and operational history, we gain insight into what caused the contamination, when and how the contamination occurred, and the spatial extent and the fate of the contamination. Using chemical fingerprinting and other forensic analysis techniques, environmental forensic scientists can investigate a site and track contamination sources to determine liability for the response costs of addressing the contamination.


Chemical Fingerprinting

The goal of chemical fingerprinting is to identify unique chemical characteristics, or chemical fingerprints, that can be used to track a chemical back to its source(s). The classes of chemicals typically investigated are components of feedstocks, byproducts, and wastes that leaked, spilled, or discharged as part of industrial operations. For example, the group of chemicals called polycyclic aromatic hydrocarbons (PAHs) is found in crude oil, petroleum products, and coal tar; these chemicals are sometimes implicated in the need for a site cleanup. Other examples include perchloroethylene (PERC) and trichloroethylene (TCE, components of chlorinated solvents), chemicals that are no longer manufactured (e.g., polychlorinated biphenyls, or PCBs), and metals that can be enriched in industrial wastes.

Chemical fingerprinting may require conducting special types of laboratory analyses with environmental samples. For example, PAH data available from environmental investigations are commonly limited to 16 compounds known as priority pollutant PAH analytes, designated by the U.S. Environmental Protection Agency (EPA). However, this regulatory-driven PAH list is not intended for detailed PAH source characterization. As such, the scientific community has expanded the EPA analytical list for fingerprinting purposes to include more than 30 PAH compounds. Similar discussion can be applied to PCBs, as regulatory focus is typically on Aroclor analysis, while a more complete PCB congener analysis is typically used in chemical fingerprinting. Laboratory methods to analyze crude oil and petroleum products, PCBs, and other chemicals have been developing since the 1980s, and laboratories continue to enhance their analytical capabilities. Today, laboratories can detect contamination at lower concentrations than ever before and use sophisticated analytical methods such as isotope analysis, two-dimensional gas chromatography (GC×GC), and other cutting-edge analyses to identify chemicals that were not of concern in the past, such as per- and poly-fluorinated alkyl compounds (PFAS).

After laboratory data are obtained, scientists can use a multitude of data analysis tools, such as:

Age-dating sediment samples and associated contamination to calculate when contamination impacted the environment
Isotope analysis of specific compounds (e.g., metals or chlorinated solvents) to link contamination to a specific feedstock or waste material
Statistical tools such as polytopic vector analysis (PVA) or other mathematical models to numerically “unmix” comingled contaminant fingerprints in sediment and allocate percent contributions from different upland sources, even if the sources have long been removed.

Chemical Fate and Transport Analysis and Other Forensic Tools
Whereas chemical fingerprinting is sometimes central to an environmental forensics study, scientists can use other types of chemical fate, transport, and source tracking/timing analysis methods. For example, depending on site details, analysis of groundwater and surface water flows, sediment transport, chemical spatial concentration patterns, and bathymetry data may be used to calculate contaminant source locations and timing of the release(s).

How Exponent Can Help

Understanding the applicability and limitations of chemical forensics tools is necessary for successful interpretation of data obtained from contamination at a site. It is important to avoid the misapplication or misinterpretation of chemical fingerprinting data or other forensic tools, because this can result in incorrect conclusions about liability for contamination.

Our team at Exponent has published numerous peer-reviewed scientific articles and books on topics related to chemical fingerprinting, the fate and transport principles of chemicals in different environmental media, reconstruction of historical chemical releases, changes that occur to chemicals in the environment (e.g., weathering), and exposure assessments. We have assisted clients in toxic torts, property damage cases, allocation of contamination response costs, and National Resource Damage Assessments (NRDAs) nationwide, among many other legal and regulatory scenarios.

		Chlorinated and brominated compounds belong to the class of organohalogen compounds that have received attention because of their widespread occurrence, use and applications. Understanding the sources and transformation processes of these contaminants in the environment enables assessment of their possible impact on humans and ecosystems. Recently new and innovative methods of Compound Specific Isotope Analysis have started to be applied to characterize the origin and fate of compounds, their breakdown products and degradation rates in different environmental compartments. Almost all studies have focussed on determination of isotopes of C and H, only recently new methodologies have been developed to measure isotopes of Cl and Br. This review firstly gives a brief description of chemistry properties and geochemical cycle of chlorine and bromine followed by a summary of their uses and applications. In the second section, an overview of CSIA techniques and new challenges and successful applications are also presented.





PFAS

				SCWO Treatment 

				PFOS		2 C8HF17O3S + 8 O2 + 19 CaCO3 = H2O + 35 CO2 + 17 CaF2 + 2 CaSO4

				PFOA		2 CF3 (CF2 )6 COOH + 7 O2 + 15 CaCO3 = H2O + 31 CO2 + 15 CaF2

				Glucose		C6 H12 O6+ 6 O2  =  6H2O + 6 CO2 





						PFAS COMPOUNDS (38 list)

		38		25												Required Reporting Limits

						Chemical Name				Abbreviation		Fluorinated Alkane Carbon Chain Length*		Chemical Abstracts Service (CAS) No.		Aqueous: Groundwater and Effluent
(ng/L)		Solid: Soil (µg/kg)

						Perfluoroalkylcarboxylic acids (PFCAs)

		1		1		Perfluorobutanoic acid				PFBA		C4		375-22-4		8.0		2.0

		2		2		Perfluoropentanoic acid				PFPeA		C5		2706-90-3		5.0		1.0

		3		3		Perfluorohexanoic acid				PFHxA		C6		307-24-4		5.0		1.0

		4		4		Perfluoroheptanoic acid				PFHpA		C7		375-85-9		5.0		1.0

		5		5		Perfluorooctanoic acid				PFOA		C8		335-67-1		5.0		1.0

		6		6		Perfluorononanoic acid				PFNA		C9		375-95-1		5.0		1.0

		7		7		Perfluorodecanoic acid				PFDA		C10		335-76-2		5.0		1.0

		8		8		Perfluoroundecanoic acid				PFUnDA		C11		2058-94-8		5.0		1.0

		9		9		Perfluorododecanoic acid				PFDoDA		C12		307-55-1		5.0		1.0

		10		10		Perfluorotridecanoic acid				PFTrDA		C13		72629-94-8		5.0		1.0

		11		11		Perfluorotetradecanoic acid				PFTeDA		C14		376-06-7		8.0		2.0

		12				Perfluorohexadecanoic acid*				PFHxDA		C16		67905-19-5		8.0		2.0

		13				Perfluorooctadecanoic acid*				PFODA		C18		16517-11-6		8.0		2.0

						Perfluorinated sulfonic acids (PFSAs)

		14		12		Perfluorobutane sulfonic acid				PFBS		C4		375-73-5		5.0		1.0

		15		13		Perfluoropentane sulfonic acid				PFPeS		C5		2706-91-4		5.0		2.0

		16		14		Perfluorohexane sulfonic acid				PFHxS		C6		355-46-4		5.0		1.0

		17		15		Perfluoroheptane sulfonic acid				PFHpS		C7		375-92-8		5.0		1.0

		18		16		Perfluorooctane sulfonic acid				PFOS		C8		1763-23-1		5.0		1.0

		19				Perfluorononane sulfonic acid				PFNS		C9		474511-07-4		8.0		5.0

		20		17		Perfluorodecane sulfonic acid				PFDS		C10		335-77-3		5.0		1.0

						Perfluoroocante Sulfonamide and Derivatives (PFOSA, FOSEs, FOSAs, and FOSAAs)

		21		18		Perfluorooctanesulfonamide				PFOSA		C8		754-91-6		8.0		1.0

		22				N-Ethyl perfluorooctane sulfonamide ethanol*				EtFOSE		C8 Precursor		1691-99-2		8.0		2.0

		23				N-Methyl perfluorooctane sulfonamide ethanol*				MeFOSE		C8 Precursor		24448-09-7		8.0		2.0

		24				N-Ethyl perfluorooctane sulfonamide*				EtFOSA		C8 Precursor		4151-50-2		8.0		2.0

		25				N-Methyl perfluorooctane sulfonamide*				MeFOSA		C8 Precursor		31506-32-8		8.0		2.0

		26		19		N-Methyl perfluorooctane sulfonamidoacetic acid				NMeFOSAA		C8 Precursor		2355-31-9		20.0		2.5

		27		20		N-Ethyl perfluorooctane sulfonamidoacetic acid				NEtFOSAA		C8 Precursor		2991-50-6		20.0		2.0

						Fluorotelomer sulfonates (FTS)

		28		21		4:2 Fluorotelomer sulfonic acid				4:2 FTS		C4* Precursor		757124-72-4		8.0		1.0

		29		22		6:2 Fluorotelomer sulfonic acid				6:2 FTS		C6* Precursor		27619-97-2		20.0		2.5

		30		23		8:2 Fluorotelomer sulfonic acid				8:2 FTS		C8* Precursor		39108-34-4		20.0		2.0

		31				10:2 Fluorotelomer sulfonic acid*				10:2 FTS		C10* Precursor		120226-60-0		8.0		2.0

						Fluorotelomer carboxylic acids (FTCA)

		32				2H,2H,3H,3H-Perfluorohexanoic acid*				3:3 FTCA		C4* Precursor		356-02-5		8.0		5.0

		33				2H,2H,3H,3H-Perfluorooctanoic acid*				5:3 FTCA		C6* Precursor		914637-49-3		8.0		5.0

		34				2H,2H,3H,3H-Perfluorodecanoic acid*				7:3 FTCA		C8* Precursor		812-70-4		8.0		5.0

						Perfluoroalkyl ether carboxylic acids (PFECA)

		35				Hexafluoropropylene oxide dimer acid*				HFPO-DA		--		13252-13-6		20.0		5.0

		36				4,8-Dioxa-3H-perfluorononanoic acid*				ADONA		--		919005-14-4		8.0		5.0

						Chlorinated Polyﬂuoroalkyl Ether Sulfonic Acids (Cl-PFESAs)

		37		24		9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid				9-Cl-PF3ONS		--		756426-58-1		8.0		5.0

		38		25		11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid				11-Cl-PF3OUdS		--		763051-92-9		8.0		5.0

						Red font underlined compounds (15 total) have previously detected at this site.

						Compounds shaded Gray with asterix need not be included per CRWQCB Plating Company Order

						25 PFAS Compounds plus 5:3 FTCA (because of prior detect) should be included in sampling program for APC



						Additional Compounds to be tested

						VOCs by EPA 8260B full scan				ug/l

						TPH carbon chain with GRO,DRO, MORO speciations by EPA 8015M or DHS method				ug/l

						CAM Metals (CAM17) Ag, As, Ba, Be, Cd, Cr, Co, Cu, Mo, Ni, Pb, Sb, Se, Tl, V, Zn, Hg				mg/l

						Hexavalent Chromium (EPA 7196)				ug/l



						General Chemistry

						Total Dissolved Solids				mg/L

						Chloride				mg/L

						Carbonate				mg/L

						Bicarbonate				mg/L

						Nitrate-Nitrogen				mg/L

						Sulfate				mg/L

						Calcium				mg/L

						Magnesium				mg/L

						Potassium				mg/L

						Sodium				mg/L





						Field Parameters

						Depth to Groundwater				Feet, bgs

						Temperature				Degrees C

						Electrical Conductivity				µmhos/cm

						pH				units

						Turbidity				NTU

						DO				mg/l

						ORP				mV

						PID (soil sample headspace)				ppmV





CHEMICAL-PROPERTIES









						CONTAMINANT						               PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS



												MW		H		H'		Di		Dw		Koc		Kd		S		DA		VF		SAT

												(g/mol)		(atm-m3/mol)		(dimensionless)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(m^3/kg)		(mg/kg)



						Acetaldehyde						44		7.9E-05		3.2E-03		1.2E-01		1.4E-05		1.8E+01		1.1E-01		1.0E+06		1.0E-04		1.3E+04		2.1E+05

						Acetone						58		3.9E-05		1.6E-03		1.2E-01		1.1E-05		5.8E-01		3.5E-03		1.0E+06		1.0E-04		1.3E+04		1.0E+05

						Acetonitrile						41		2.0E-05		8.2E-04		1.3E-01		1.7E-05		1.6E+01		9.4E-02		1.0E+06		2.9E-05		2.3E+04		1.9E+05

						Acrolein						56		1.2E-04		4.9E-03		1.1E-01		1.2E-05		2.1E+01		1.3E-01		2.1E+05		1.2E-04		1.2E+04		4.8E+04

						Acrylonitrile						53		8.8E-05		3.6E-03		1.1E-01		1.3E-05		8.5E-01		5.1E-03		7.9E+04		1.9E-04		9.0E+03		8.4E+03

						Benzene						78.1		5.6E-03		2.3E-01		8.8E-02		9.8E-06		5.9E+01		3.5E-01		1.8E+03		2.1E-03		2.7E+03		8.7E+02

						Benzyl chloride						127		5.1E-05		2.1E-03		6.7E-02		7.8E-06		5.0E+01		3.0E-01		3.3E+03		1.8E-05		2.9E+04		1.3E+03

						1,1-Biphenyl						150		3.0E-04		1.2E-02		4.0E-02		8.2E-06		7.8E+03		4.7E+01		7.5E+00		5.5E-07		1.7E+05		3.5E+02

						Bis(2-chloroethyl)ether						143		1.8E-05		7.4E-04		6.9E-02		7.5E-06		7.6E+01		4.6E-01		1.7E+04		4.9E-06		5.7E+04		9.6E+03

						Bis(2-chloroisopropyl)ether						171		1.1E-04		4.6E-03		6.3E-02		6.4E-06		6.1E+01		3.7E-01		1.7E+03		3.3E-05		2.2E+04		7.9E+02

						Bis(chloromethyl)ether						115		2.0E-04		8.2E-03		8.9E-02		9.4E-06		1.2E+00		7.2E-03		2.2E+04		3.5E-04		6.7E+03		2.4E+03

						Bis(2-chloro-1-methylethyl)ether						171		1.1E-04		4.6E-03		6.3E-02		6.4E-06		6.1E+01		3.7E-01		1.7E+03		3.3E-05		2.2E+04		7.9E+02

						Bromobenzene				SURROGATE = chlorobenzene		MW < 200		3.7E-03		1.5E-01		7.3E-02		8.7E-06		2.2E+02		1.3E+00		4.7E+02		3.9E-04		6.3E+03		6.9E+02

						Bromodichloromethane						164		1.6E-03		6.6E-02		3.0E-02		1.1E-05		5.5E+01		3.3E-01		6.7E+03		2.3E-04		8.3E+03		3.0E+03

						Bromomethane						94.95		6.2E-03		2.6E-01		7.3E-02		1.2E-05		9.0E+00		5.4E-02		1.5E+04		4.8E-03		1.8E+03		3.1E+03

						1,3-Butadiene						54		1.8E-01		7.3E+00		9.8E-02		1.1E-05		1.2E+02		7.2E-01		7.4E+02		1.7E-02		9.6E+02		1.6E+03

						n-Butylbenzene						134.22		1.3E-02		5.4E-01		7.5E-02		7.8E-06		2.8E+03		1.7E+01		1.4E+01		1.2E-04		1.1E+04		2.4E+02

						sec-Butylbenzene						134.22		1.9E-02		7.7E-01		7.5E-02		7.8E-06		2.2E+03		1.3E+01		1.7E+01		2.3E-04		8.3E+03		2.2E+02

						tert-Butylbenzene						134.22		1.3E-02		5.2E-01		7.5E-02		7.8E-06		2.2E+03		1.3E+01		3.0E+01		1.5E-04		1.0E+04		3.9E+02

						Carbon disulfide						76		3.0E-02		1.2E+00		1.0E-01		1.0E-05		4.6E+01		2.7E-01		1.2E+03		1.1E-02		1.2E+03		7.2E+02

						Carbon tetrachloride						154		3.0E-02		1.2E+00		7.8E-02		8.8E-06		1.7E+02		1.0E+00		7.9E+02		3.7E-03		2.1E+03		1.1E+03

						2-Chloroacetophenone				SURROGATE = Chlorobenzene		MW < 200		3.7E-02		1.5E+00		7.2E-02		6.8E-06		3.3E+02		2.0E+00		4.7E+02		2.4E-03		2.6E+03		1.1E+03

						Chlorobenzene						113		3.7E-03		1.5E-01		7.3E-02		8.7E-06		2.2E+02		1.3E+00		4.7E+02		4.0E-04		6.3E+03		6.8E+02

						2-Chloro-1,3-butadiene						88		3.2E-02		1.3E+00		1.1E-01		1.1E-05		5.0E+01		3.0E-01		7.4E+02		1.2E-02		1.2E+03		4.8E+02

						1-Chlorobutane				SURROGATE = 2-Chloro-1,3-butadiene		MW < 200		3.2E-02		1.3E+00		1.1E-01		1.1E-05		5.0E+01		3.0E-01		7.4E+02		1.2E-02		1.2E+03		4.8E+02

						1-Chloro-1,1-difluoroethane				SURROGATE = Dichlorodifluoromethane		MW < 200		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						Chlorodifluoromethane				SURROGATE = Dichlorodifluoromethane		MW < 200		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						Chloroethane						65		1.1E-02		4.5E-01		1.0E-01		1.2E-05		1.5E+01		8.8E-02		5.7E+03		9.0E-03		1.3E+03		1.6E+03

						Chloroform						119		3.7E-03		1.5E-01		1.0E-01		1.0E-05		4.0E+01		2.4E-01		7.9E+03		2.2E-03		2.7E+03		2.9E+03

						Chloromethane						51		2.4E-02		9.8E-01		1.1E-01		6.5E-06		3.5E+01		2.1E-01		8.2E+03		1.1E-02		1.2E+03		4.0E+03

						beta-Chloronaphthalene						160		3.1E-04		1.3E-02		3.5E-02		8.8E-06		1.6E+03		9.3E+00		1.2E+01		2.4E-06		8.0E+04		1.1E+02

						o-Chloronitrobenzene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						p-Chloronitrobenzene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						2-Chlorophenol						130		3.9E-04		1.6E-02		5.0E-01		9.5E-06		4.0E+02		2.4E+00		2.2E+04		1.7E-04		9.7E+03		5.5E+04

						2-Chloropropane				SURROGATE = 1,2-Dichloropropane		MW < 200		2.3E-03		9.4E-02		8.0E-02		1.0E-05		5.1E+01		3.1E-01		2.7E+03		9.3E-04		4.1E+03		1.1E+03

						o-Chlorotoluene				SURROGATE = Chlorobenzene		MW < 200		3.5E-03		1.4E-01		7.2E-02		8.7E-06		1.6E+02		9.6E-01		4.7E+02		4.9E-04		5.6E+03		5.1E+02

						Crotonaldehyde				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		1.0E+01		9.1E-02		1.0E-05		8.4E+02		5.0E+00		2.0E+01		6.8E-03		1.5E+03		1.4E+02

						Cumene (isopropylbenzene)						120		1.2E-02		4.7E-01		7.5E-02		7.1E-06		2.2E+02		1.3E+00		6.1E+01		1.2E-03		3.6E+03		9.2E+01

						Cyanide (hydrogen)						27.03		1.3E-04		5.3E-03		1.8E-01		1.8E-05		1.7E+01		1.0E-01		1.0E+06		2.4E-04		8.1E+03		2.1E+05

						Cyanogen						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyanogen bromide						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyanogen chloride						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyclohexane						84		2.0E-01		8.2E+00		8.0E-02		9.0E-06		1.6E+02		9.6E-01		5.5E+01		1.3E-02		1.1E+03		1.4E+02

						Dibenzofuran						170		1.3E-05		5.3E-04		6.0E-02		1.0E-05		7.8E+03		4.7E+01		3.1E+00		3.7E-08		6.5E+05		1.4E+02

						Dibromochloromethane						208		8.5E-04		3.5E-02		9.6E-02		1.0E-05		4.7E+02		2.8E+00		4.4E+03		6.0E-05		1.6E+04		1.3E+04

						1,2-Dibromo-3-chloropropane						236.36		1.5E-04		6.0E-03		2.1E-02		7.0E-06		1.3E+02		7.8E-01		1.2E+03		7.6E-06		4.6E+04		1.1E+03

						1,2-Dibromoethane						188		3.2E-04		1.3E-02		7.3E-02		8.1E-06		4.4E+01		2.6E-01		3.4E+03		1.8E-04		1.1E+04		1.2E+03

						1,2-Dichlorobenzene						147		1.9E-03		7.8E-02		6.9E-02		7.9E-06		6.2E+02		3.7E+00		1.6E+02		7.3E-05		1.5E+04		6.0E+02

						1,3-Dichlorobenzene						147		1.9E-03		7.8E-02		6.9E-02		7.9E-06		6.2E+02		3.7E+00		1.6E+02		7.3E-05		1.5E+04		6.0E+02

						1,4-Dichlorobenzene						147		2.4E-03		1.0E-01		6.9E-02		7.9E-06		6.2E+02		3.7E+00		7.4E+01		9.4E-05		1.3E+04		2.8E+02

						1,4-Dichloro-2-butene						125		2.6E-04		1.1E-02		7.3E-02		8.1E-06		4.8E+01		2.9E-01		2.8E+03		1.0E-04		1.2E+04		1.1E+03

						Dichlorodifluoromethane						120.92		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						1,1-Dichloroethane						99		5.6E-03		2.3E-01		7.4E-02		1.1E-05		3.2E+01		1.9E-01		5.1E+03		2.7E-03		2.4E+03		1.7E+03

						1,2-Dichloroethane						99		9.8E-04		4.0E-02		1.0E-01		9.9E-06		1.7E+01		1.0E-01		8.5E+03		1.0E-03		3.9E+03		1.8E+03

						1,1-Dichloroethylene						97		2.6E-02		1.1E+00		9.0E-02		1.0E-05		5.9E+01		3.5E-01		2.3E+03		7.7E-03		1.4E+03		1.5E+03

						1,2-Dichloroethylene (cis)						97		4.1E-03		1.7E-01		7.4E-02		1.1E-05		3.6E+01		2.1E-01		3.5E+03		1.9E-03		2.9E+03		1.2E+03

						1,2-Dichloroethylene (trans)						97		9.4E-03		3.8E-01		7.1E-02		1.2E-05		5.3E+01		3.2E-01		6.3E+03		2.9E-03		2.3E+03		3.1E+03

						1,2-Dichloropropane						113		2.8E-03		1.1E-01		7.8E-02		8.7E-06		4.4E+01		2.6E-01		2.8E+03		1.2E-03		3.6E+03		1.1E+03

						1,3-Dichloropropane						113		2.8E-03		1.1E-01		7.8E-02		8.7E-06		4.4E+01		2.6E-01		2.8E+03		1.2E-03		3.6E+03		1.1E+03

						1,3-Dichloropropene						111		1.8E-02		7.3E-01		6.3E-02		1.0E-05		4.6E+01		2.7E-01		2.8E+03		4.6E-03		1.8E+03		1.4E+03

						Dicyclopentadiene						132		1.1E-02		4.4E-01		6.7E-02		1.0E-05		5.7E+02		3.4E+00		1.8E+03		4.2E-04		6.1E+03		6.5E+03

						Dimethylamine						45		9.0E-05		3.7E-03		1.2E-01		1.3E-05		2.2E+00		1.3E-02		1.0E+06		2.0E-04		8.8E+03		1.1E+05

						Epichlorohydrin						93		3.2E-05		1.3E-03		8.8E-02		9.8E-06		3.5E+00		2.1E-02		6.0E+04		5.0E-05		1.8E+04		7.3E+03

						Ethyl acetate						88		1.4E-04		5.7E-03		7.3E-02		9.7E-06		5.9E+01		3.6E-01		8.0E+04		4.8E-05		1.8E+04		3.7E+04

						Ethyl acrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		9.8E+00		9.1E-02		8.6E-06		8.4E+02		5.0E+00		2.0E+01		6.7E-03		1.5E+03		1.4E+02

						Ethylbenzene						106.2		7.9E-03		3.2E-01		7.5E-02		7.8E-06		3.6E+02		2.2E+00		1.7E+02		5.4E-04		5.4E+03		4.0E+02

						Ethyl chloride						65		1.1E-02		4.5E-01		1.0E-01		1.2E-05		1.5E+01		8.8E-02		5.7E+03		9.0E-03		1.3E+03		1.6E+03

						Ethylene oxide						44		7.6E-05		3.1E-03		1.3E-01		1.5E-05		2.2E+00		1.3E-02		1.0E+06		1.8E-04		9.4E+03		1.1E+05

						Ethyl ether				SURROGATE = Bis(2-chloroethyl)ether		MW < 200		1.3E-05		5.3E-04		7.0E-02		9.3E-06		1.4E+01		8.4E-02		1.0E+04		1.1E-05		3.8E+04		1.8E+03

						Ethyl methacrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		1.0E+01		9.1E-02		8.6E-06		8.4E+02		5.0E+00		2.0E+01		6.8E-03		1.5E+03		1.4E+02

						Freon 113						187.38		5.2E-01		2.1E+01		2.9E-02		8.1E-06		1.6E+02		9.6E-01		1.1E+03		6.3E-03		1.6E+03		5.6E+03

						Furan						68		5.4E-03		2.2E-01		1.0E-01		1.2E-05		1.2E+01		7.4E-02		1.0E+04		5.6E-03		1.7E+03		2.2E+03

						n-Hexane						86		1.2E-01		5.0E+00		2.0E-01		7.8E-06		8.9E+02		5.3E+00		1.8E+01		8.2E-03		1.4E+03		1.1E+02

						Hydrogen cyanide						27.03		1.3E-04		5.3E-03		1.8E-01		1.8E-05		1.7E+01		1.0E-01		1.0E+06		2.4E-04		8.1E+03		2.1E+05

						Isobutanol						74		1.2E-05		4.9E-04		8.6E-02		9.3E-06		6.2E+01		3.7E-01		8.5E+04		4.8E-06		5.7E+04		4.0E+04

						Maleic hydrazide						110		6.6E-03		2.7E-01		9.0E-02		1.1E-05		4.2E+01		2.5E-01		6.0E+03		3.2E-03		2.2E+03		2.4E+03

						Methacrylonitrile				SURROGATE = Acrylonitrile		MW < 200		8.8E-05		3.6E-03		1.1E-01		1.3E-05		8.5E-01		5.1E-03		7.9E+04		2.0E-04		8.9E+03		8.4E+03

						Methomyl						160		3.8E-02		1.6E+00		6.9E-02		1.0E-05		1.5E+01		8.9E-02		1.7E+05		1.2E-02		1.2E+03		8.2E+04

						Methyl acetate				SURROGATE = Acetone		MW < 200		2.1E-05		8.4E-04		1.0E-01		1.0E-05		2.2E+00		1.3E-02		1.0E+06		4.1E-05		2.0E+04		1.1E+05

						Methyl acrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		9.8E+00		9.1E-02		8.6E-06		8.4E+02		5.0E+00		6.0E+01		6.7E-03		1.5E+03		4.2E+02

						Methylcyclohexane						98		4.3E-01		1.8E+01		7.0E-02		9.0E-06		2.2E+03		1.3E+01		1.4E+01		3.9E-03		2.0E+03		2.3E+02

						Methylene bromide						174		9.0E-04		3.7E-02		9.6E-02		1.0E-05		2.5E+01		1.5E-01		1.2E+04		7.2E-04		4.7E+03		3.0E+03

						Methylene chloride						85		2.2E-03		9.0E-02		1.0E-01		1.2E-05		1.2E+01		7.0E-02		1.3E+04		2.5E-03		2.5E+03		2.5E+03

						Methyl ethyl ketone (2-Butanone)						72		2.7E-05		1.1E-03		9.0E-02		9.8E-06		4.5E+00		2.7E-02		2.7E+05		4.2E-05		1.9E+04		3.4E+04

						Methyl isobutyl ketone						100		1.4E-04		5.7E-03		7.5E-02		7.8E-06		1.3E+02		8.0E-01		1.9E+04		2.5E-05		2.5E+04		1.7E+04

						Methyl methacrylate						100		3.4E-04		1.4E-02		7.7E-02		8.6E-06		1.3E+01		7.9E-02		1.5E+04		3.1E-04		7.1E+03		2.7E+03

						Methyl styrene (mixture)				SURROGATE = Styrene		MW < 200		2.3E-03		9.4E-02		7.1E-02		8.0E-06		3.6E+02		2.2E+00		3.0E+02		1.5E-04		1.0E+04		6.8E+02

						Methyl styrene (alpha)				SURROGATE = Styrene		MW < 200		2.3E-03		9.4E-02		7.1E-02		8.0E-06		3.6E+02		2.2E+00		3.0E+02		1.5E-04		1.0E+04		6.8E+02

						Methyl tertbutyl ether (MTBE)						85.15		5.9E-04		2.4E-02		8.0E-02		1.0E-05		6.0E+00		3.6E-02		1.5E+05		7.1E-04		4.7E+03		2.1E+04

						Nitrobenzene						120		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						N-Nitrosodi-n-butylamine						160		3.2E-04		1.3E-02		5.8E-02		9.7E-06		2.6E+02		1.5E+00		1.3E+03		2.4E-05		2.6E+04		2.1E+03

						m-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						o-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						p-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						Polynuclear aromatic hydrocarbons

						  Acenaphthene						154.21		1.6E-04		6.4E-03		4.2E-02		7.7E-06		4.9E+03		2.9E+01		4.2E+00		4.7E-07		1.8E+05		1.3E+02

						  Anthracene						178		6.5E-05		2.7E-03		3.2E-02		7.7E-06		2.4E+04		1.4E+02		4.3E-02		3.2E-08		7.0E+05		6.1E+00

						  Chrysene						228.28		9.5E-05		3.9E-03		2.5E-02		6.2E-06		4.0E+05		2.4E+03		1.6E-03		2.1E-09		2.7E+06		3.8E+00

						  Fluorene						166.21		7.7E-05		3.2E-03		6.1E-02		7.9E-06		1.4E+04		8.3E+01		1.9E+00		1.2E-07		3.6E+05		1.6E+02

						  Naphthalene						128.16		4.8E-04		2.0E-02		5.9E-02		7.5E-06		1.2E+03		7.1E+00		3.1E+01		8.4E-06		4.3E+04		2.2E+02

						  Pyrene						200		1.1E-05		4.5E-04		2.7E-02		7.2E-06		1.1E+05		6.3E+02		1.4E-01		1.1E-09		3.8E+06		8.5E+01

						Isopropylbenzene (see cumene)

						n-Propylbenzene				SURROGATE = n-Butylbenzene		MW < 200		1.3E-02		5.4E-01		7.5E-02		7.8E-06		2.8E+03		1.7E+01		1.4E+01		1.2E-04		1.1E+04		2.4E+02

						Propylene oxide						58.08		8.5E-05		3.5E-03		1.2E-01		1.3E-05		2.5E+01		1.5E-01		4.8E+05		8.7E-05		1.3E+04		1.2E+05

						Styrene						104.2		2.8E-03		1.1E-01		7.1E-02		8.0E-06		7.8E+02		4.7E+00		3.1E+02		8.7E-05		1.3E+04		1.5E+03

						1,1,1,2-Tetrachloroethane						168		3.5E-04		1.4E-02		7.1E-02		7.9E-06		9.3E+01		5.6E-01		3.0E+03		7.9E-05		1.4E+04		2.0E+03

						1,1,2,2-Tetrachloroethane						168		3.5E-04		1.4E-02		7.1E-02		7.9E-06		9.3E+01		5.6E-01		3.0E+03		7.9E-05		1.4E+04		2.0E+03

						Tetrachloroethylene (PCE)						165.83		1.8E-02		7.5E-01		7.2E-02		8.2E-06		1.6E+02		9.3E-01		2.0E+02		2.4E-03		2.6E+03		2.3E+02

						Tetrahydrofuran						72.1		7.0E-05		2.9E-03		9.8E-02		1.1E-05		9.5E-01		5.7E-03		1.0E+06		1.4E-04		1.1E+04		1.1E+05

						Toluene						92		6.6E-03		2.7E-01		8.7E-02		8.6E-06		1.8E+02		1.1E+00		5.3E+02		9.9E-04		4.0E+03		6.5E+02

						1,2,4-Trichlorobenzene						181		1.4E-03		5.8E-02		3.0E-02		8.2E-06		1.8E+03		1.1E+01		3.0E+02		8.4E-06		4.3E+04		3.2E+03

						1,1,1-Trichloroethane						133		1.7E-02		7.1E-01		7.8E-02		8.8E-06		1.1E+02		6.6E-01		1.3E+03		3.2E-03		2.2E+03		1.2E+03

						1,1,2-Trichloroethane						133		9.1E-04		3.7E-02		7.8E-02		8.8E-06		5.0E+01		3.0E-01		4.4E+03		3.7E-04		6.5E+03		1.8E+03

						Trichloroethylene (TCE)						131		1.0E-02		4.2E-01		7.9E-02		9.1E-06		1.7E+02		1.0E+00		1.1E+03		1.5E-03		3.3E+03		1.3E+03

						Trichlorofluoromethane						137.4		9.7E-02		4.0E+00		8.7E-02		1.3E-05		1.6E+02		9.6E-01		1.1E+03		1.0E-02		1.3E+03		2.0E+03

						1,1,2-Trichloropropane						147.43		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						1,2,3-Trichloropropane						147.43		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						1,2,3-Trichloropropene				SURROGATE = 1,2,3-Trichloropropane		MW < 200		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						Triethylamine				SURROGATE = Dimethylamine		MW < 200		9.0E-05		3.7E-03		1.2E-01		1.3E-05		2.2E+00		1.3E-02		1.0E+06		2.0E-04		8.8E+03		1.1E+05

						1,2,4-Trimethylbenzene						120.19		5.7E-03		2.3E-01		7.5E-02		7.1E-06		3.7E+03		2.2E+01		5.7E+01		4.1E-05		2.0E+04		1.3E+03

						1,3,5-Trimethylbenzene						120.19		7.7E-03		3.2E-01		7.5E-02		7.1E-06		8.2E+02		4.9E+00		4.8E+01		2.4E-04		8.0E+03		2.4E+02

						Vinyl acetate						86		5.1E-04		2.1E-02		8.5E-02		9.2E-06		5.3E+00		3.2E-02		2.0E+04		6.8E-04		4.8E+03		2.7E+03

						Vinyl bromide				SURROGATE = Bromomethane		MW < 200		6.2E-03		2.6E-01		1.0E-01		1.2E-05		1.3E+02		7.6E-01		1.8E+04		1.5E-03		3.3E+03		1.6E+04

						Vinyl chloride						63		2.7E-02		1.1E+00		1.1E-01		1.2E-06		1.9E+01		1.1E-01		2.8E+03		1.5E-02		1.0E+03		1.2E+03

						Xylenes						106		7.3E-03		3.0E-01		7.0E-02		7.8E-06		4.1E+02		2.4E+00		1.6E+02		4.2E-04		6.1E+03		4.2E+02









Chemicals-1

						PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

								Molecular Weight		Henry's Law Constant		Diffusivity in Air		Diffusivity in Water		Soil organic carbon-water partition coefficient		Soil-water partition coefficient		Solubility in water		Apparent diffusivity		Soil saturation concentration		Volatilization factor		vapor pressure 



								MW		H		Di		Dw		Koc		Kd		S		DA		SAT		VF		VP

								(g/mol)		(atm-m3/mol)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(mg/kg)		(m^3/kg)		(mm Hg)



		Benzene						78.10		5.55E-03		8.80E-02		9.80E-06		5.89E+01		3.53E-01		1.75E+03		2.10E-03		8.68E+02		2.73E+03		9.50E+01

		Ethylbenzene						106.20		7.88E-03		7.50E-02		7.80E-06		3.63E+02		2.18E+00		1.69E+02		5.39E-04		3.95E+02		5.40E+03		5.00E+00

		Methyl tertbutyl ether (MTBE)						85.15		5.87E-04		8.00E-02		1.00E-05		6.00E+00		3.60E-02		1.50E+05		7.13E-04		2.11E+04		4.69E+03		2.04E+02

		Toluene						92.00		6.64E-03		8.70E-02		8.60E-06		1.82E+02		1.09E+00		5.26E+02		9.91E-04		6.54E+02		3.98E+03		2.10E+01

		Xylenes						106.00		7.34E-03		7.00E-02		7.80E-06		4.07E+02		2.44E+00		1.61E+02		4.22E-04		4.18E+02		6.10E+03		8.70E+00

		Tetrachloroethylene (PCE)						165.83		1.84E-02		7.20E-02		8.20E-06		1.55E+02		9.30E-01		2.00E+02		2.41E-03		2.34E+02		2.55E+03		1.85E+01

		Trichloroethylene (TCE)						131.00		1.03E-02		7.90E-02		9.10E-06		1.66E+02		9.96E-01		1.10E+03		1.48E-03		1.29E+03		3.26E+03		7.40E+01

		Vinyl chloride						63.00		2.70E-02		1.06E-01		1.23E-06		1.86E+01		1.12E-01		2.76E+03		1.46E-02		1.15E+03		1.04E+03		2.58E+03

		1,2-Dichloroethylene (cis)						97.00		4.08E-03		7.36E-02		1.13E-05		3.55E+01		2.13E-01		3.50E+03		1.86E-03		1.20E+03		2.90E+03		2.00E+02

		1,2-Dichloroethylene (trans)						97.00		9.38E-03		7.07E-02		1.19E-05		5.25E+01		3.15E-01		6.30E+03		2.90E-03		3.07E+03		2.32E+03		2.00E+02

		1,4 Dioxane						88.11		4.8 X 10-6										miscible								3.81E+01

		1- Henry's Law Constant (H) is directly related to volaility of compound.  When H is higher volatility and stripping efficiency of chemical is also higher. 

		2- Concentration of chemical in water and air to water ratio in the stripping column. 

		3- Molecular weight of the compound. Typically, molecular weght of volatile compounds are less than 200 g/mol 

		4- Stripping time/ column length 

		5- Volatilization Factor: The soil-to-air VF is used to define the relationship between the concentration of the contaminant in soil and the flux of the volatilized contaminant to air. 







Chemicals-2

		The following table is a list of a variety of substances ordered by increasing vapor pressure (in absolute units).

		Substance		Vapor pressure						Temperature		log Kow

				(Pa)		(bar)		(mmHg)		(°C)

		Tungsten		100 Pa		0.001		0.75		3203

		Ethylene glycol		500 Pa		0.005		0.06		20

		Xenon difluoride		600 Pa		0.006		4.5		25

		Water (H2O)		2.3 kPa		0.023		17.5		20

		Propanol		2.4 kPa		0.024		18		20

		Methyl isobutyl ketone		2.66 kPa		0.0266		19.95		25

		PCE		3.3 kPa				18		25		3.4

		Ethanol		5.83 kPa		0.0583		43.7		20

		TCE		14 kPa				74				2.42

		Freon 113		37.9 kPa		0.379		284		20

		Acetaldehyde		98.7 kPa		0.987		740		20

		Butane		220 kPa		2.2		1650		20

		Formaldehyde		435.7 kPa		4.357		3268		20

		Propane[10]		997.8 kPa		9.978		7584		26.85

		Carbonyl sulfide		1.255 MPa		12.55		9412		25

		Nitrous oxide[11]		5.660 MPa		56.6		42453		25

		Carbon dioxide		5.7 MPa		57		42753		20

		PCE		3.3 kPa				18		25

		TCE		14 kPa

		The vapor pressure for tetrachloroethylene is 18.47 mm Hg at 25 °C, and it has a log octanol/water partition coefficient (log Kow) of 3.40.

		The vapor pressure for trichloroethylene is 74 mm Hg at 25 °C, and it has a log octanol/water partition coefficient (log Kow) of 2.42. (1) Trichloroethylene is not a persistent chemical in the atmosphere; its half-life in air is about 7 days.

		Stripping Factor 		S		=(G*Kh)/L		1

		Henrys law Constant		Kh		1.0E+00

		Gas Flow Rate		G		1

		Air flow rate		L		1









						CONTAMINANT						               PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS



												MW		H		H'		Di		Dw		Koc		Kd		S		DA		VF		SAT

												(g/mol)		(atm-m3/mol)		(dimensionless)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(m^3/kg)		(mg/kg)



						Benzene						78.1		5.6E-03		2.3E-01		8.8E-02		9.8E-06		5.9E+01		3.5E-01		1.8E+03		2.1E-03		2.7E+03		8.7E+02

						Ethylbenzene						106.2		7.9E-03		3.2E-01		7.5E-02		7.8E-06		3.6E+02		2.2E+00		1.7E+02		5.4E-04		5.4E+03		4.0E+02

						Methyl tertbutyl ether (MTBE)						85.15		5.9E-04		2.4E-02		8.0E-02		1.0E-05		6.0E+00		3.6E-02		1.5E+05		7.1E-04		4.7E+03		2.1E+04

						Toluene						92		6.6E-03		2.7E-01		8.7E-02		8.6E-06		1.8E+02		1.1E+00		5.3E+02		9.9E-04		4.0E+03		6.5E+02

						Xylenes						106		7.3E-03		3.0E-01		7.0E-02		7.8E-06		4.1E+02		2.4E+00		1.6E+02		4.2E-04		6.1E+03		4.2E+02

						Tetrachloroethylene (PCE)						165.83		1.8E-02		7.5E-01		7.2E-02		8.2E-06		1.6E+02		9.3E-01		2.0E+02		2.4E-03		2.6E+03		2.3E+02

						Trichloroethylene (TCE)						131		1.0E-02		4.2E-01		7.9E-02		9.1E-06		1.7E+02		1.0E+00		1.1E+03		1.5E-03		3.3E+03		1.3E+03

						Vinyl chloride						63		2.7E-02		1.1E+00		1.1E-01		1.2E-06		1.9E+01		1.1E-01		2.8E+03		1.5E-02		1.0E+03		1.2E+03

						1,2-Dichloroethylene (cis)						97		4.1E-03		1.7E-01		7.4E-02		1.1E-05		3.6E+01		2.1E-01		3.5E+03		1.9E-03		2.9E+03		1.2E+03

						1,2-Dichloroethylene (trans)						97		9.4E-03		3.8E-01		7.1E-02		1.2E-05		5.3E+01		3.2E-01		6.3E+03		2.9E-03		2.3E+03		3.1E+03

				CONTAMINANT										Benzene		Ethylbenzene		Methyl tertbutyl ether (MTBE)		Toluene		Xylenes		Tetrachloroethylene (PCE)		Trichloroethylene (TCE)		Vinyl chloride		1,2-Dichloroethylene (cis)		1,2-Dichloroethylene (trans)



				PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

				Molecular Weight				MW		(g/mol)				78.1		106.2		85.15		92		106		165.83		131		63		97		97

				Henry's Law Constant				H		(atm-m3/mol)				5.6E-03		7.9E-03		5.9E-04		6.6E-03		7.3E-03		1.8E-02		1.0E-02		2.7E-02		4.1E-03		9.4E-03

				Henry's Law Constant				H'		(dimensionless)				2.3E-01		3.2E-01		2.4E-02		2.7E-01		3.0E-01		7.5E-01		4.2E-01		1.1E+00		1.7E-01		3.8E-01

								Di		(cm^2/s)				8.8E-02		7.5E-02		8.0E-02		8.7E-02		7.0E-02		7.2E-02		7.9E-02		1.1E-01		7.4E-02		7.1E-02

								Dw		(cm^2/s)				9.8E-06		7.8E-06		1.0E-05		8.6E-06		7.8E-06		8.2E-06		9.1E-06		1.2E-06		1.1E-05		1.2E-05

								Koc		(cm^3/g)				5.9E+01		3.6E+02		6.0E+00		1.8E+02		4.1E+02		1.6E+02		1.7E+02		1.9E+01		3.6E+01		5.3E+01

								Kd		(cm^3/g)				3.5E-01		2.2E+00		3.6E-02		1.1E+00		2.4E+00		9.3E-01		1.0E+00		1.1E-01		2.1E-01		3.2E-01

								S		(mg/L-water)				1.8E+03		1.7E+02		1.5E+05		5.3E+02		1.6E+02		2.0E+02		1.1E+03		2.8E+03		3.5E+03		6.3E+03

								DA		(cm^2/s)				2.1E-03		5.4E-04		7.1E-04		9.9E-04		4.2E-04		2.4E-03		1.5E-03		1.5E-02		1.9E-03		2.9E-03

								VF		(m^3/kg)				2.7E+03		5.4E+03		4.7E+03		4.0E+03		6.1E+03		2.6E+03		3.3E+03		1.0E+03		2.9E+03		2.3E+03

								SAT		(mg/kg)				8.7E+02		4.0E+02		2.1E+04		6.5E+02		4.2E+02		2.3E+02		1.3E+03		1.2E+03		1.2E+03		3.1E+03





AIR-STRIPPING

				CONTAMINANT										Benzene		Ethylbenzene		Methyl tertbutyl ether (MTBE)		Toluene		Xylenes		Tetrachloroethylene (PCE)		Trichloroethylene (TCE)		Vinyl chloride		1,2-Dichloroethylene (cis)		1,2-Dichloroethylene (trans)		1,4 Dioxane



				PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

				Molecular Weight				MW		(g/mol)				78.10		106.20		85.15		92.00		106.00		165.83		131.00		63.00		97.00		97.00		88.11

				Henry's Law Constant				H		(atm-m3/mol)				5.55E-03		7.88E-03		5.87E-04		6.64E-03		7.34E-03		1.84E-02		1.03E-02		2.70E-02		4.08E-03		9.38E-03		4.8 X 10-6

				Diffusivity in Air				Di		(cm^2/s)				0.09		0.08		0.08		0.09		0.07		0.07		0.08		0.11		0.07		0.07

				Diffusivity in Water				Dw		(cm^2/s)				9.80E-06		7.80E-06		1.00E-05		8.60E-06		7.80E-06		8.20E-06		9.10E-06		1.23E-06		1.13E-05		1.19E-05

				Soil organic carbon-water partition coefficient				Koc		(cm^3/g)				58.90		363.00		6.00		182.00		407.00		155.00		166.00		18.60		35.50		52.50

				Soil-water partition coefficient				Kd		(cm^3/g)				0.35		2.18		0.04		1.09		2.44		0.93		1.00		0.11		0.21		0.32

				Solubility in water				S		(mg/L-water)				1,750.00		169.00		150,000.00		526.00		161.00		200.00		1,100.00		2,760.00		3,500.00		6,300.00		miscible

				Apparent diffusivity				DA		(cm^2/s)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.01		0.00		0.00

				Volatilization factor				VF		(m^3/kg)				2,733.67		5,396.47		4,691.19		3,979.34		6,100.82		2,550.51		3,259.93		1,037.14		2,904.62		2,324.39

				Soil saturation concentration				SAT		(mg/kg)				867.78		395.17		21,073.88		653.72		418.31		234.16		1,292.31		1,154.34		1,204.79		3,066.77

				vapor pressure 				VP		(mm Hg)				95.00		5.00		204.00		21.00		8.70		18.47		74.00		2,580.00		200.00		200.00		38.10

				1- Henry's Law Constant (H) is directly related to volaility of compound.  When H is higher volatility and stripping efficiency of chemical is also higher. 

				2- Concentration of chemical in water and air to water ratio in the stripping column. 

				3- Molecular weight of the compound. Typically, molecular weght of volatile compounds are less than 200 g/mol 

				4- Stripping time/ column length 

				5- Volatilization Factor: The soil-to-air VF is used to define the relationship between the concentration of the contaminant in soil and the flux of the volatilized contaminant to air. 

				Stripping Factor 		S		=(G*H)/L		1

				Henrys law Constant		H		1

				Gas Flow Rate		G		1

				Air flow rate		L		1



				 1,4-dioxane

				Because of its relatively low Henry's Constant, 1,4-dioxane is not susceptible to in-well air stripping or air sparging/soil vapor extraction (SVE), however DoD's Environmental Security Technology Certification Program is sponsoring the development of an enhanced SVE (XSVE) technique designed specifically for 1,4-dioxane contamination. XSVE uses a combination of techniques that may include increased air flow, sweeping with drier air, increased temperature, decreased infiltration, and more focused vapor extraction (Hinchee et al. 2018).

				1,4-Dioxane is not susceptible to chemical reduction (e.g., zero-valent iron), which also precludes anaerobic biodegradation.1,4-Dioxane is susceptible to chemical oxidation, and in groundwater it can be treated by activated sodium persulfate, ozone and peroxide, and modified Fenton's reagent; however, sodium permanganate is not effective for 1,4-dioxane treatment (Chiang et al. 2016).

				In situ bioremediation has been documented in pilot studies after the addition of oxygen and an appropriate bacterial culture to induce metabolic biodegradation of 1,4-dioxane (Chiang et al. 2016). The addition of oxygen and an appropriate substrate (e.g., butane, propane, ethane) can induce cometabolic biodegradation of 1,4-dioxane. To aid in bioaugmentation, Zhang et al. (2017) provided a table of 1,4-dioxane-degrading microorganisms and their biodegradation rates.

				Zhang et al. (2016) demonstrated that CVOCs inhibit biodegradation of 1,4-dioxane. This suggests that CVOCs should be removed before using a biological approach for 1,4-dioxane.

				Phytoremediation was one of the earliest technologies studied as an in situ treatment option for 1,4-dioxane (Aitchison et al. 2000), and it has been implemented successfully at 1,4-dioxane sites. DiGuiseppi et al. (2016) cites several studies demonstrating that trees (poplar and others) are capable of removing 1,4-dioxane from groundwater. During this process, 1,4-dioxane is transpired through the trees and transferred to the atmosphere, where it is rapidly degraded.

				Chiang et al. (2016) and DiGuiseppi et al. (2016) mention the potential for monitored natural attenuation (MNA), but both note that few sites have the long-term 1,4-dioxane measurements necessary to support the first line of MNA evidence indicating declining or shrinking plumes. Adamson et al. (2015) examined groundwater data from sites in California and United States Air Force bases and concluded that 1,4-dioxane attenuation was occurring at a small but significant number of field sites. Gedalanga et al. (2016) presents an approach using multiple lines of evidence to show that intrinsic biodegradation is occurring at a Superfund landfill site.





SOILVAPOR_FROMSOIL

				One possible way to estimate PCE soil vapor concentration from the concentration in soil matrix is to use the equilibrium partitioning theory, which assumes that the contaminant is distributed among the soil, water, air, and organic carbon phases in the soil. The theory also assumes that the contaminant is in thermodynamic equilibrium among the phases, meaning that the chemical potential of the contaminant is equal in each phase.

				To apply the equilibrium partitioning theory, you will need to know the following parameters:

																		PCE		TCE

		Csoil		The concentration of PCE in soil matrix (Csoil) in mg/kg														0.0037		0.024

		ρb		The bulk density of the soil (ρb) in kg/L												Silty sand		1.5		1.5		silty sand

		θT		The total porosity of the soil (θT) in L/L														30%		30%

		θw		The volumetric water content of the soil (θw) in L/L														20%		20%

		foc		The fraction of organic carbon in the soil (foc) in kg/kg														0.05		0.05

		MW		The molecular weight of PCE (MW) in g/mol														165		131

		S		The solubility of PCE in water (S) in mg/L														200		1100

		KH		The Henry’s law constant of PCE (KH) in atm-m3/mol														0.0184		0.0103

		Koc		The organic carbon partition coefficient of PCE (Koc) in L/kg														155		166

		R		 the universal gas constant (0.08206 L-atm/mol-K)														0.08206		0.08206

		T		 the temperature in Kelvin						Tk = Tc+273.15								298.15		298.15

				The equation for estimating PCE soil vapor concentration (Cv) in μg/L from Csoil is:

		μg/L		Cv=((Csoil×R×T)/(MW×KH))×((ρb/KH)+(θw/S)+((foc × Koc)/KH)+θT−θw)−1												ug/l		0.00005930		0.000457335

				Cv=		0.0000593001

																ppbv		0.0087421		0.085034				Eurofins-Converter

				Where:												ug/m3		0.0593		0.457				Eurofins-Converter

																								https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/

				R is the universal gas constant (0.08206 L-atm/mol-K)

				T is the temperature in Kelvin

				You can find more details and examples of this equation in  following

				NAPL Calc Rev. 0_mod.doc (srs.gov)

				CALCULATION OF SOIL REMEDIAL ACTION OBJECTIVE CONCENTRATIONS (epa.gov)

				Calculations of total soil concentrations (ug/kg) based on soil vapor concentrations in ppbv (epa.gov)



												To express the equation in the image in an Excel function, you can use the following formula:
= (mole fraction * gas constant * absolute temperature) / (101325 * 10^(-3)) 
where: 
mole fraction is the fraction of the contaminant in the vapor phase
gas constant is the universal gas constant, which is 8.314 J/mol K
absolute temperature is the temperature in Kelvin
101325 is the standard atmospheric pressure in Pa
10^(-3) is a conversion factor from Pa to kPa
The result of this formula will be the contaminant vapor concentration in mg/L.

				Cest		=		=(xi*RT)/(101325*10^(-3))																				Compound List

				xi																								Compound Name		Mole Fraction (Xi)		Pure Component Vapor Pressure at T		Molecular Weight mg/mole		R (Gas Constant)		T (Kelvin)		C (mg/L)

				R																								PCE		1		35		165830		0.0821		294		240458.790093382

				T																								Compound 2		0		40		100000		0.0821		294		0

																												Total Estimate of Contaminant vapor concentration (C mg/L)

																												240458.79

































		How to relate soil matrix· 10 soil gas samples Matrix samples are . per kilogram, soil gas are per liter ... By Yue Rong, Ph.D. A n environmental site assessment commonly requires soil · matrix and soil gas samples for analysis of volatile organic compounds (Voes). Commonly, concentrations in soil matrix samples are reported in micrograms per kilogram (µg/kg) and for soil gas samples, in micrograms per liter (µg/L). What is the relationship between the two concentration units? In the theory of voe partition and equilibrium in the vadose zone, soil concentration can be related to soilgas concentration by the following equation: CT = Cg • [9 + (n - 9) • K8 + Pb • foe • Koc] / (pb • K8 ) (equation one) Where Cr is the soil concentration in µg/kg, Cg is the soil gas concentration in µg/L, 9 is soil water content by volume (dimensionless), n is soil porosity (dimensionless), Pb is soil bulk density (g/ cm3 ), foe is soil organic carbon content (dimensionless); K8 is Henry's Law constant (dimensionless), and Koc is organic carbon partition coefficient (cm3 / g) . . Now, let CO be the coefficient between Cr and Cg in equation one, hence, CO= [9+(n-9 )• KH +pb •foe•Koc] / (pb • K8 ). Therefore, equation one becomes: CT (µg/kg) = CO X Cg (µg/L) (equation two). Based on soil physical properties of 55 soil samples obtained in Los Angeles; as summarized in figure one, page 22, we can calculate CO for the average scenario and silt vs. sand scenario.

		ERROR:#DIV/0!		 CT = Cg • [9 + (n - 9) • K8 + Pb • foe • Koc] / (pb • K8 )

				Where

				 Cr is the soil concentration in µg/kg

				Cg is the soil gas concentration in µg/L

				 9 is soil water content by volume (dimensionless)

				n is soil porosity (dimensionless)

				Pb is soil bulk density (g/ cm3 )

				foe is soil organic carbon content (dimensionless)

				K8 is Henry's Law constant (dimensionless)

				 Koc is organic carbon partition coefficient (cm3 / g) 



https://www.srs.gov/general/programs/soil/gen/naplcalc.pdfhttps://semspub.epa.gov/work/06/145302.pdfhttps://semspub.epa.gov/work/09/1136269.pdfhttps://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/
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REMEDIATION SERVICE, INT'L. g
SAMPLE CALCULATION FOR FINDING VAPOR FLOW USING

v DWYER DS-300 SERIES PITOT TUBE
' AR
PARTICWATE
TEI
EXAMPLE: Flerens
iven Site Conditions:
Given Site Conditions: VAC s =
Vacuum ., = 90" H20 VAPOR
Delta P (AP) = 1.9 (from gage) FLow
K (Flow coeff.) = 0.64 (Table 1) e
D (pipe diam.) = 3" wesH
Elevation 065 as.l.
Temperature = 50°F
S, (Spec. grav.) = 1 (air at 60° F) 30k 60
QALLON _
FIND FLOW (0 scfm) MoisTwAZE
FLOW (Q scfm) = 128.8 KD? / 2 AP gRE) ﬁ‘f:: -
(T+460) ¢ 76 CATOX d .

R ENGINE
=128.8 (0.64)(3)?/ -2
(50 + 460X1)

FIND P: P(stat. line press.) = Patm + Psig
(+ for press., - for vac.)

=14.173 - 90" H20
“From Table 2 at 1000 ftasl:  Patm=14.173 psi

Convert 90" H20 to psi:

1 psi =27.7 " H20 (Press. conv. chart)

So: 1_x 90 "H20 =3.24 psi = 14.173 - 3.24 psi
217

P(stat. linc press.) = 10.92 psi

SOLVE (Qscfm):

Qscfm = 128.8 (0.64)(3)? /(10:92X1.9)
(50 + 460X1)

Qscfm = 149.6 scfm

(805) 644-5892 + FAX (805) 654-0720
Mailing Address: PO, Box 1601 Oxnard CA 93032  Shioninn Address: 2060 Knall Drive Suite 200 Vantura CA 93003
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FLOW EQUATIONS . DIFFERENTIAL PRESSURE EQUA'I:IQNS
1. Any Liquid- . 1. Any Liquid o
Q (GPM) = 5668 x K x D2 x |/ AP AP (in. WC) = x St
Nty : i ; ) K2 x D4 x 32.14

2. Steam or Aﬁy Gas

= 2 P 2. Steam or Any Gas
Q (Ib/Hr) = 3591 x Kx D2x |/px Al AP (. WE) = Q
K2 x D4 x p x 128900

] 3. Any Gas

Q(SCFM) = 1288 x KxD2x /_P x AP A Anwiias
(T+460) x Sg Re (n. we) = Q%X Ssx (T+460)
K2 x D x P x 16590

TECHNICAL NOTATIONS
The follc‘rwing notations apply:
AP = Differential pressure expressed in inches of water column.

Q Flow expressed in GPM, SCFM or PPH as shown in equation.

K Flow coefficient — See Values Tabulated on page 3

D = Inside diameter of line size expressed in inches. For square
& rectangular ducts use D=/ 4 x Height x Width
™
e Static Line pressure (psia)
i3 Temperature in degrees Fahrenheit (plus 460=°Rankin)
p Density of medium in pounds per cubic foot
S Sp Gr at flowing conditions
S, Sp Gr at 60°F

SCFM TO ACFM EQUATION
SCEM — ACEM x ( 14.7 + PSIG) ( 520* )

47 %0 + °F
ACFM — SCFM x ( T 1-:7PSIG ) ( “605;; il )
COBIC FooT STO- = COBIC oot ACT- X ( 47 1—:7PSIG ) ( 4605221 < )
EOMIOSIS0 acr _ TS PSR o (ML rsie) (w0 )

1 CUBIC FOOT OF AIR = 0.076 POUNDS PER CUBIC FOOT AT 60°F AND 14.7 PSIA
“(520 = 460 + 60°) Std. Temp. Rankine
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Page 3

TABLE 1
FLOW COEFFICIENTS (K)
FPS = Average Velocity Ft./Sec. (Water)

PIPE SIZE VELOCITY*

(SCH. 40) FPS K
1 13.0 521 (use 558 above 7 FPS)
1-1/4 13.3 536 (use 572 above 7 FPS)
1-1/2 13.0 .556
2 15.0 .586 NOTE: If only one K
2-1/2 15.3 625 factor is listed, it applies
3 15.2 645 to all flow rates for the
4 15.6 670 size of pipe and velocity
5 16.0 .681 limits listed.
6 16.6 .652
8 16.0 .669

10 ;71 677 (use .726 above 6 FPS)

“Represents velocity at 100"’ Hp0 differential pressure. Consult factory for velocities
above those listed.

TABLE 2

ALTITUDE/PRESSURE
TABLE

The following table gives the
U.S. standard atmosphere
(1962) for various altitudes
above sea level.

Atmospheric

Altitude Pressure
Feet PSIA
0 14.696
500 14.433
1,000 14.173
1,500 13.917
2,000 13.664
2,500 13.416
3,000 13.171
3,500 12.930
4,000 12.692
4,500 12.458
5,000 12.227
6,000 11.777
7,000 11.340
8,000 10.916
9,000 10.505
10,000 10.108
15,000 8.293
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first tier of the well configuration loop (Figure 5-7). For sites with impermeable surface covers, the
required flow rate for a single well system can be calculated via:

. Tr’bn,
QV=—t (5-1)

where
0, = volumetric flow rate at atmospheric pressure [L*/T]
r = radius of the treatment zone [L]
b = vadose zone thickness [L]

n, = air-filled porosity of the soil [L3/L3]

t.» = the time required for one pore volume exchange [T]

Equation 5-1 is based on the assumption of incompressible flow, which is valid for applied vacuums less
than about 0.2 atmospheres, gauge. For vacuums exceeding this level, the extraction rate should be
multiplied by a factor of safety proportional to the applied vacuum.






image5.png

2
Q k [1-@Paw/Pw)]
H o™ h®JR)






image6.jpeg

Physical Properties and Principles | Ch.2

28
Table 2.2 Range of Values of Hydraulic Conductivity
and Permeability
Rocks Unconsolidoted k * K K K
deposits _(gorcy) (cm?) (cmvs) (m/s) (gal/doy/tt%)
10 1073 ~10® !
108
< [rof R0 rio o™
H +10°
| | & r10® oS h o [0
2= | | H10*
§% ! tio? Lo Lot b 107
EE 2 Lo®
=2 e bio po7 102 Fro
TEse S 102
TE52 5 L
2E38 §| b1 Fi0® B0 F107°
2 H
&8s L
> 10
l S8 1o L10® b10® Fi07®
BEse 1
5583 k102 F10™ L10°% Lio7
S2%6S
$£882 Lo
©] Esg 1o Lio™ L1078 [1o®
3 o2
12 Lio# L1020 F107°
o 9 3
ES = . . o 107
| | 238 L1078 L10™ H10™8 1070
o |82 107¢
$s2| 25 Fio® Lio™ bio® o™
go% |58
3E9y F107°
8582 | L1o7 F1078 11070 1072
z § go L s 1078
§~?| Lig® Lioelyo™ 107
| Lio?
Table 2.3 Conversion Factors for Permeability
and Hydraulic Conductivity Units
Permeability, * Hydraulic conductivity, K
em2 2 darcy m/s fi's US. gal/day/ft?
em? 1 1.08 < 1073 1.01 « 10* 9.80 x 10* 3.22 % 103 1.85 x 10°
fi2 9.29 x 10° 1 9.42 x 101¢ 9.11 x 10¢ 2.99 « 10% 1.71 x 1012
darcy 9.87 x 107% 1.06 » 10711 1 9.66 > 1075 3.17 x 107 1.82 x 10*
ms 1.02 % 1073 1.10 x 107¢ 1.04 x 10¢ 3.28 2.12 % 108
fils 31X 104 3.35% 1077 315 %10 1 6.46 > 10¢
U.S. gal/day/ft"5.42 » 10730 583 % 10713 549 %1072 1.55 > 107¢ 1

*To obtain k in ft2, multiply k in cm? by 1.08 x 1073,
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k = s0il permeability to air flow [cm? ] or [darcy]

B = viscosity of air = 1.8 x 10* g/cm-s or 0.018 cp

P, = absolute pressure at extraction well [g/cm-s?]
or [atm]

Paun = absolute ambient pressure =~ 1.01 x 10° g/cm-s*
or 1 atm

R, = radius of vapor extraction well [cm]

R; = radius of influence of vapor extraction well

[cm].
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(a) The most common method of predicting friction losses in straight pipes 1
sbach equation:

=(fL/d) (v’ /2g)

where
hy= friction loss
f = friction factor
L =length of pipe
d =diameter of pipe
v = average pipe velocity

g = gravitational constant

friction factor fis a dimensionless number that has been determined experim
depends on the roughness of the interior of the pipe and the Reynolds numbet
1 developed to predict friction loss for a range of pipe sizes, liquids, and pipe 1
ine Co. 1987). Figure 5-15 is a friction loss chart that has been developed fo
-KPa absolute pressure. Metric versions of these tables and charts are current
stry and will be included as an addendum to this manual when available.






image70.png







image29.png

Table 5.1. Second order rate constants for hydroxyl and sulfate radicals.

Aliphatic compounds ko M) ksos- M's™)

Methanol 8.0x 10° 1.0x 10’
Ethanol 1.8x 10’ 43x10’
2-Propanol 2.0x 10° 8.2x 10’
t-Butyl alcohol 52x10° <10°
1-Hexanol 52x10° 1.6 x 10°
1-Octanol 56x10° 32x 108
Aromatic compounds

Anisole 6.0 x 10° 49x10°
Acetanilide 5.0x 10° 3.6x10°
Benzene 7.8 x 10° 3.0x10°
Benzoic acid 4.0x10° 1.2 x 10°
p-Hydroxybenzoic acid 8.3 x 10’ 2.5x 10°
Nitrobenzene 3.9x10° <10°
p-Nitrobenzoic acid 2.6x 10° <10°

Sources: Neta et al., 1976, Padmaja et al., 1993, Buxton et al., 1988
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CO2 and VFH Conversion

C7H16 + 11O2 → 7CO2 + 8H2O
(7X12+16)+11X32 → (7x12+7x32) + (16+8x16)

100 + 352 → 308 + 144
1.0 lb VFH ≈ 3.0 lb CO2

(after biodegradation)
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Vacuum Recovery Readings
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EXTRACTION WELL: VEW-12

3 in Hg 6 in Hg 7.5 in Hg
CALCULATIONS

525.7 158.9 153.1 lb/day   
21.9 6.6 6.4 lb/hr

0.365 0.110 0.106 lb/min Calculated  HC removal rate (Field)
1.9 1.9 1.7 lb/min Calculated  HC removal rate (Lab)

lb/min= (ppmV*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])

3,250 1,100 1,160 ppmV = parts per millions by volume (Field)
17,000 19,000 18,000 ppmV = parts per millions by volume (Lab)

495 442 404 SCFM = Flow Rate (standard cubic feet per minute [SCFM] )
86 86 86 Mw =

   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;
   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 

31.0 8.8 16.5 actual lbs removed (based on field PID)
162.3 152.4 255.8 actual lbs removed (based on lab concentrations)

85 80 155 Total operation time (min)

Calculated  HC removal rate 
Calculated HC removal rate

molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;

P A R A M E T E R S

Estimated Removal Rate Calculations

Removal Rate

24
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Flow X Max Conc. 

Mass
Desired Clean up time

=

=

Maximum

Removal

Rate

Desired 

Removal

Rate



• Pore Volume (PV) = Total Volume of Effective 
Porosity (EP) within the Effective ROI/ZOI (in cubic ft)

• One PV = ZOI/ROI Area (sqft) X Thickness (ft) X EP 
(decimal)

• #of PV (S1-S2) = (T1-T2)X(CFM)X(1440)/(One PV)

• # of pore volume to reach from S1 to S2
• S1 – Sample 1, S2 – Sample 2
• T1 - Date and time of S1, T2 – Date and time of S2
• CFM – System inlet flow (undiluted) in cubic ft per 

minute
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REMOVAL PROGRESS EVALUATION



System Optimization
• Operation time (Up time)
• Power supply problems
• Permit Issue (permit limits too low)
• Piping Issues/Manifold
• Well placement/screen issues
• Water Recovery/Cold Temperatures
• Upwelling
• Lower recovery rates than estimated
• Toggling
• Rebounding
• Tracer Studies
• Removal rate revisions
• In-fill areas

27



Piping Issues / Manifold
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Water Recovery
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Well Screening - Upwelling

30
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Carbon Footprint

•  Electricity Use: 

•  ~ 1.9 lbs CO2 per horsepower/hour 

• 10 hp motor 19 lbs CO2 / hr X 24 = 456 lbs of 
CO2 /day  Technician Driving: 1 lb CO2 per mile 
based on 20 MPG Vehicle 20 miles each way 
total 40 miles per week

•  1.0 lb VFH ≈ 3.0 lb CO2

33



SVE CASE  
EXAMPLE 
INDIANA 
SITE
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SVE Case Exercise



Soil Profile 
Analysis
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Well Flow 
Estimations
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CALCULATIONS FIELD  MEASUREMENTS
ESTIMATE1 ESTIMATE2 UNITS SYMBOLS FACTOR ESTIMATE1 ESTIMATE2

VEW-1S VEW-1D VEW-1S VEW-1D UNITS

232120.9557 445572.9121 cu.cms/sec Q 0.002118869 491.8337868 944.1104188 cfm--Well Flow
75.72 96.90 darcy k 0.001 75720 96900 Milidarcy (Lab-Vertical)*

0.018 0.018 cp - Air Viscosity  µ 1 0.018 0.018 cp - Air Viscosity
1 1 atm PAtm 1 1 1 atm

0.88 0.88 atm Pw 0.002458 50 50 Vw
12.7 12.7 cm Rw 30.48 0.417 0.417 feet

1219.2 1219.2 cm Ri 30.48 40 40 feet
304.8 457.2 cm H 30.48 10 15 feet

EXPLANATIONS

k : Average horizontal permeability [L2]  cm2 - From lab results
Q : Air flow rate [(L3)/T] - Per well - Calculated using assumed screen interval and well diameter

 µ : Viscosity of air[M(T-1)(L-1)]  =1.8*10-4   g/cmsec  or 0.018 cp   

PAtm : Absolute gas pressure at a location Ri from the well [ML(T-2)]        

1.01*106 g/cm-s2  =  1 Atm at radius of influence

Pw : Absolute gas pressure in the well [ML(T-2)], (1atm-vacuum in units of atm)       

Rw : Effective radius of the well [L] - assumed 4-inch well in 10-inch borehole          

Ri : Radius of Influence [L],   - Assumed 40-feet as a conservative value 
H: Screened zone  in the test well (extraction well)  [L]
L: Length
M: Mass
T: Time
^: to the power

LN: natural logaritm
π 3.141592654

atm: atmosphere
Vw: vacuum in inches of water

* Permeability testing was performed on vertical section of the cores in the lab. Typically, horizontal permeability values are order of magnitude  

Q/H=π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri))
Q=(π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri)))*H
Excel (Q) =B38*(PI()*(B31/B33)*B35*((1-((B34/B35)^2))/(LN(B36/B37))))

P. Johnson, 1990


Well-Borehole

				Borehole Diameter (in)		Borehole Volume per foot (cubic ft)		Well Diameter (in)		Annulus Volume per foot (cuft)		Lbs of Material per Bag		Pounds of material per cuft		Pounds per foot		Number of bags per foot		Total number of Foot to be filled (ft)		Total Number of Bags Needed



		Bentonite		8		0.3490658504		0.25		0.3487249658		50		94.9450549451		33.1097110366		2/3		10		7

		Bentonite		10		0.5454153912		4.00		0.4581489286		50		94.9450549451		43.4989752036		7/8		10		10

		Bentonite		6		0.1963495408		0.25		0.1960086562		50		94.9450549451		18.6100526354		3/8		10		4

		Sand		8		0.3490658504		0.25		0.3487249658		50		121.0084033613		42.1986513212		5/6		10		9

		Sand		10		0.5454153912		4.00		0.4581489286		50		121.0084033613		55.4398703575		1 1/9		10		12

		Sand		6		0.1963495408		0.25		0.1960086562		50		121.0084033613		23.7186945354		1/2		10		5

				Bag Dimentions (in)		Bag Volume (cubic ft)		Lbs of Material per Bag		Pounds of material per cuft

		Bentonite		13*20*3.5		0.5266203704		50		94.9450549451



		Sand		12*17*3.5		0.4131944444		50		121.0084033613



		conversion result for beach sand:

		From		Symbol		Equals		Result		To		Symbol		cubic inch to cubic feet conversion (cuft)		Pounds per cuft

		1 pound		lb		=		18.1		cubic inches		cu in - in3		0.010474537		95.4696132597









		Hole Size and volume Table

		Hole Diameter Inches		Hole Volume cu/ft/foot		Pounds BENTONITE PLUG To Fill One Foot		Feet Filled By One Bag BENTONITE PLUG		Bags Bentonite Plug To Fill 100 ft

		2		0.022		1.6		31.3		3.2				72.7272727273

		2/1/02		0.034		2.5		20		5				73.5294117647

		3		0.049		3.5		14.3		7				71.4285714286

		3/1/02		0.067		4.8		10.4		9.6				71.6417910448

		4		0.087		6.3		7.9		12.6				72.4137931034

		4/1/02		0.11		7.9		6.3		15.8				71.8181818182

		5		0.136		9.8		5.1		19.6				72.0588235294

		5/1/02		0.165		11.9		4.2		23.8				72.1212121212

		6		0.196		14.1		3.5		28.2				71.9387755102

		6/1/02		0.23		16.6		3		33.2				72.1739130435

		7		0.267		19.2		2.6		38.4				71.9101123596

		7/1/02		0.307		22.1		2.3		44.2				71.986970684

		8		0.349		25.1		2		50.2				71.9197707736

		8/1/02		0.394		28.4		1.8		56.8				72.0812182741

		9		0.442		31.8		1.6		63.6				71.9457013575

		9/9/02		0.492		35.4		1.4		70.8				71.9512195122

		10		0.545		39.2		1.3		78.4				71.9266055046

		11		0.66		47.5		1.1		95				71.9696969697

		12		0.785		56.5		0.89		113				71.974522293

		15		1.227		88.3		0.57		176.6				71.9641401793

		18		1.767		127.2		0.39		254.4				71.986417657

		20		2.1817		157.1		0.32		314.2				72.0080671036

		25		3.409		245.4		0.2		490.8				71.9859196245

		30		4.909		353.4		0.14		706.8				71.9902220411

















































WELL-CONST

				Borehole Diameter (in)		Borehole Volume per foot (cubic ft)		Well Diameter (in)		Annulus Volume per foot (cuft)		Lbs of Material per Bag		Pounds of material per cuft		Pounds per foot		Number of bags per foot		Feet Per bag of material



		Bentonite		8		0.3490658504		0		0.3490658504		50		94.9450549451		33.1420763456		2/3		1.5

		Sand		8		0.3490658504		0		0.3490658504		50		121.0084033613		42.2399012247		5/6		1.2

		Bentonite		13*20*3.5		0.5266203704						50		94.9450549451

		Sand		12*17*3.5		0.4131944444						50		121.0084033613



		conversion result for beach sand:

		From		Symbol		Equals		Result		To		Symbol		cubic inch to cubic feet conversion (cuft)		Pounds per cuft

		1 pound		lb		=		18.1		cubic inches		cu in - in3		0.010474537		95.4696132597









		Hole Size and volume Table

		Hole Diameter Inches		Hole Volume cu/ft/foot		Pounds BENTONITE PLUG To Fill One Foot		Feet Filled By One Bag BENTONITE PLUG		Bags Bentonite Plug To Fill 100 ft

		2		0.022		1.6		31.3		3.2				72.7272727273

		2/1/02		0.034		2.5		20		5				73.5294117647

		3		0.049		3.5		14.3		7				71.4285714286

		3/1/02		0.067		4.8		10.4		9.6				71.6417910448

		4		0.087		6.3		7.9		12.6				72.4137931034

		4/1/02		0.11		7.9		6.3		15.8				71.8181818182

		5		0.136		9.8		5.1		19.6				72.0588235294

		5/1/02		0.165		11.9		4.2		23.8				72.1212121212

		6		0.196		14.1		3.5		28.2				71.9387755102

		6/1/02		0.23		16.6		3		33.2				72.1739130435

		7		0.267		19.2		2.6		38.4				71.9101123596

		7/1/02		0.307		22.1		2.3		44.2				71.986970684

		8		0.349		25.1		2		50.2				71.9197707736

		8/1/02		0.394		28.4		1.8		56.8				72.0812182741

		9		0.442		31.8		1.6		63.6				71.9457013575

		9/9/02		0.492		35.4		1.4		70.8				71.9512195122

		10		0.545		39.2		1.3		78.4				71.9266055046

		11		0.66		47.5		1.1		95				71.9696969697

		12		0.785		56.5		0.89		113				71.974522293

		15		1.227		88.3		0.57		176.6				71.9641401793

		18		1.767		127.2		0.39		254.4				71.986417657

		20		2.1817		157.1		0.32		314.2				72.0080671036

		25		3.409		245.4		0.2		490.8				71.9859196245

		30		4.909		353.4		0.14		706.8				71.9902220411

















































TPE-REMOVAL

		IMPACT AREA 

				Rectangular								Circular								OVAL

				Length		x		1				π		3.1428571429		3.1428571429				Semi-major axis		A		2

				width		y		2				Radius		r		2				Semi-minor axis		B		1

				Area		=x*y		2				Area 		=π*r2		12.5714285714				π		3.1428571429		3.1428571429

																 space				Area				6.2857142857

				Units 		units of x and y Square						Units 		units of r Square						Units 		units of A and B Square

		IMPACT VOLUME



				Thickness		H		1				Thickness		H		1				Thickness		H		1

				Volume		=Area*H		2				Volume		=Area*H						Volume		=Area*H		6.2857142857



		PORE VOLUME

				Bulk Porosity

				Effective Porosity

		IMPACT CONCENTRATIONS

								units

				Max

				Min

				Median

				Average





VES Removal-Field

				Estimated Removal Rate Calculations

																								379000000		gas constant (cu.ft./lb-mole)

				Site:																				82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}

				Test Date:



				EXTRACTION WELL NO.				P A R A M E T E R S

				Well1		Well2



								CALCULATIONS

				3.9629255937		30.5762532982		lb/day   		Calculated  removal rate

				0.1651218997		1.2740105541		lb/hr		Removal Rate lb/hr 

				0.0027520317		0.0212335092		lb/min=		Calculated  removal rate in pounds per minute (lb/min) using the formula below

								lb/min=		(ppmV*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])





						10.41		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]

								379000000		gas constant (cu.ft./lb-mole)

						82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}

				500		500		ppmV =		parts per millions by volume (LABORATORY)

				24.2		145		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )

				24.2058905086		24.2058905086		SCFM		Flow Rate (standard cubic feet per minute [SCFM] ) Calculated

				50		50		ACFM		Flow Rate (Measured in field)

				50.10145		50.10145		ACFM		Flow Rate (Calculated in field)

				65		65		F		Temp

				208		208		H2O		Vacuum

				2150		2150		FPM		Flow Velocity 

				2		2		in.		Pipe Diameter

				86.2		111		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;

								   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;

								   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 





										fpm to cfm - velocity (fpm) x 0.023303 for a 2-inch pipe SCH 40

										fpm to cfm - velocity (fpm) x 0.051338 for a 3-inch pipe SCH 40

										fpm to cfm - velocity (fpm) x 0.088405 for a 4-inch pipe SCH 40









VES REMOVAL RATE

																																				REMOVAL RATE GRAPH DATA

																																				mg/l		5 scfm		25 scfm		50 scfm		100 scfm		200 scfm		400 scfm

																																				0.01		0.002		0.01		0.02		0.04		0.08		0.16

																																				100,000		19,000		100,000		200,000		400,000		800,000		1,600,000





				Table 9.  Estimated Removal Rate Calculations



				Site:		SVE Test Site

				Test Date:		1-Jan-00



				EXTRACTION WELL NO.				P A R A M E T E R S														Existing Permit Limits

				VW-6A		VW-7A																								Units



								CALCULATIONS

				0.3154636361		0.0000632107		ton/yr 		Emmission Rate												2.9122955145		2.9816358839						ton/yr

				1.7285678691		0.0003463599		lb/day   		Emmission Rate using % efficiency												15.96		16.34						lb/day

				1.4143120743		0.0014169562		lb/hr		Removal Rate lb/hr 

				33.9434897833		0.034006948		lb/day   		Calculated  removal rate in pounds per day (lb/day) using     [  (ppmV*Mw/24.05)*SCFM*28.32*2.2/1000000000*1440 ] formula												15.6679664033		16.0410132225						lb/day

				1.4404732243		0.0014431662		lb/hr		Removal Rate lb/hr 

				34.57		0.03		lb/day=		Calculated  removal rate in pounds per day (lb/day) using the formula below												15.96		16.34						lb/day

								lb/day=		(ppmV*[60min/hr*24hr/day]*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])

				6175.46		7.1552		mg/m^3 = 		[mg/l]*1000												709.21		181.52						mg/m^3 = 

				1701		2		ppmV =		((mg/m^3)*Tk*82.05)/(Mw*Pw*1000)								(1000000*379) =		379000000		1050		50						ppmV =

				1701		2		ppmV = 		((mg/m^3)/Mw)*24.04												1050		50						ppmV = 

				6085.4976		7.1552		mg/m^3 = 		ppmV*Mw*0.0416 (approximate value)						1/24.04 =		0.0415973378				698.88		178.88						mg/m^3 = 

				6.18		0.01		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]												0.71		0.18						[mg/l] =

				288.71		350.93		Tk =		absolute temperature (Tk = Tc+273.15) in Kelvin												288.71		288.71						Tk =

				15.56		77.78		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												15.56		15.56						Tc =

				1.00		1.54		Pw =		Absolute gas pressure in the extraction well (1atm-[vacuum*0.002458]) Atmosphere												0.84		0.84						Pw =

				95		99		%		SYSTEM Efficiency

								DATA



						379000000		379000000		gas constant (cu.ft./lb-mole)

				82.05		82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}												82.05		82.05						82.05 =

				NA		NA		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												NA		NA						Tc =

				60		172		Tf =		temperature Fahrenheit (CALCULATED FROM Tc)

				60		172		Tf =		temperature Fahrenheit												60		60						Tf =

				0		-221		Pvac=		Average vacuum readings in extraction well (during sample collection) inches of water												65		65						Pvac=

				NA		7.1552		mg/m^3 = 		miligrams per cubic meter (LABORATORY)												NA		NA						mg/m^3 = 

				NA		NA		mg/l =		miligrams per liter (LABORATORY)												NA		NA						mg/l =

				1701		2		ppmV =		parts per millions by volume (CALCULATED)												1050		50						ppmV =

				1701		2		ppmV =		parts per millions by volume (LABORATORY)												1050		50						ppmV Permit LIMIT

				62.2		53		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )												250		1000						SCFM Permit Limit

				70.8		395		ACFM		Flow Rate (Measured in field)

				86		86		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;												16		86						Mw =

				50.47						   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;

				57.5						   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 & Connie M., 1997



				2074.2814429551				0.0014431662

				10371.4072147757



				CONVERSION TABLE (ppmV to mg/l)

				WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane

				 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 



				VW-7A		0.003		1		0.003		1		0.004		1		0.004		1		0.001		1

				VW-6A		5.608		1701		6.822		1701		7.971		1701		6.190		1701		1.149		1701















				BUBBLEX DATABASE HEADER





						vac (in WC)		OVA 
(ppmV inlet)		OVA
(ppmV eff)		Destruction
Efficiency		Flow (cfm)		Flow 
(SCFM)		%LEL		gal-wtr		Operation hrs		Water conc. (ug/l)		HC removal in WTR		HC rem LEL		HC Rem 
PID-lbs		Emission
eff-OVA

				calcs		100.00		2300.00		20.00		99%		120.00		90.51		20%		1,000		24		1000		0.01		1.1		90.18								0		total Gallons removed (using LEL readings)

				calcs		100.00		2300.00		20.00		99%		120.00		90.51		20%		1,000		24		1000		0.01		1.1		104.87		0.91











										CONVERSIONS BETWEEN mg/m3 and ppm

				COMPOUND		MOLECULAR WEIGHT				ppm		to mg/m3		mg/l		ug/l		mg/m3		to ppm				mg/l= (P*MW*ppm)/(82.05*T)

																								mg/m3= (P*MW*ppm*1000)/(82.05*T)

				PCE		165.8				36.9		254.51		0.25		254.51		254.51		36.90				P= Pressure in Atmospheres

				TCE		131.4				100		546.62		0.55		546.62		100		18.30				MW= Molecular weight of Analyte

				1,1,1 TCA		133.4				100		554.94		0.55		554.94		100		18.02				T= Absolute Temp in K (Room Temp= 20C, 293K)

				1,1,2 TCA		130				100		540.80		0.54		540.80		100		18.49				82.05 = Gas Constant: (cm3*atm)/(mol*T)

				1,1 DCE		96.9				100		403.10		0.40		403.10		100		24.81

				cis-1,2 DCE		96.9				100		403.10		0.40		403.10		100		24.81				ppm = (mg/m3 / MW)*24.04								0.0000416

				1,1 DCA		98.9				100		411.42		0.41		411.42		100		24.31				mg/m3 = ppm*MW*0.0416

				1,2 DCA		99				100		411.84		0.41		411.84		100		24.28				mg/l = ppm*MW*0.0416/1000								0.0000416

				2-Butanone		72.11				100		299.98		0.30		299.98		299.98		100.01				mg/l = ppm*MW*0.0000416						36.9		0.254509632

				Chloroform		120				100		499.20		0.50		499.20		100		20.03				mg/l = ppb*MW*0.0416						36900		255121.434

				Acetone		58				100		241.28		0.24		241.28		100		41.45

				Methylene chloride		84.9				100		353.18		0.35		353.18		100		28.32

				Trichlorofluoromethane		140				100		582.40		0.58		582.40		100		17.17

				1,2,4 Trimethylbenzene		120				100		499.20		0.50		499.20		100		20.03

				1,3,5 Trimethylbenzene		120				100		499.20		0.50		499.20		100		20.03

				4-Ethyltoluene		123				100		511.68		0.51		511.68		100		19.54

				Toluene		92.1				100		383.14		0.38		383.14		100		26.10

				Xylene		106.2				100		441.79		0.44		441.79		100		22.64

				Benzene		78.1				100		324.90		0.32		324.90		100		30.78

				MTBE		88.15				100		366.70		0.37		366.70		100		27.27

				TPH-G		95				100		395.20		0.40		395.20		100		25.31



				Total Fixed /Biogenic Gases

				Carbon Dioxide		44.01				100		183.08		0.18		183.08		100		54.62

				Oxygen		16				100		66.56		0.07		66.56		100		150.25

				Methane		16.05				100		66.77		0.07		66.77		100		149.78









VES REMOVAL RATE GRAPH
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REMOVAL RATE (kg/day)









Pitot-Tube

												Pipe Size:		K		ID

		Nominal D:		3		Inches						1		0.52		1.05

		ID:		3.07		Inches						1.25		0.58		1.38

		K:		0.67								1.5		0.58		1.61

		Ss:		1		(air @ 60 F)						2		0.64		2.07

		P:		0.0		" Water-Vacuum						2.5		0.62		2.47

		P:		0.00		" Mercury						3		0.67		3.07

		P:		14.7000		PSIa		Gauge reading + 14.7				4		0.67		4.03

		Delta P:		0.01		" Water						6		0.71		6.07

		T:		78		F						8		0.67		7.98

												10		0.70		10.02

		Q:		13		SCFM



		Q:		23		SCFM

		Delta P:		0.03		" Water

		Delta P		Q

		" Water		SCFM

		0.01		13

		0.02		19

		0.03		23

		0.04		27

		0.05		30

		0.06		33

		0.07		36

		0.08		38

		0.09		40

		0.1		43

		0.11		45

		0.12		47

		0.13		48

		0.14		50

		0.15		52

		0.16		54

		0.17		55

		0.18		57

		0.19		59

		0.2		60

		0.21		62

		0.22		63

		0.23		64

		0.24		66

		0.25		67										Delta P		Q

		0.26		69										" Water		SCFM

		0.27		70										0.01		13

		0.28		71										0.02		19

		0.29		72										0.03		23

		0.3		74										0.04		27

		0.31		75										0.05		30

		0.32		76										0.06		33

		0.33		77										0.07		36

		0.34		78										0.08		38

		0.35		80										0.09		40

		0.36		81										0.1		43

		0.37		82										0.11		45

		0.38		83										0.12		47

		0.39		84										0.13		49

		0.4		85										0.14		50

		0.41		86										0.15		52

		0.42		87										0.16		54

		0.43		88										0.17		55

		0.44		89										0.18		57

		0.45		90										0.19		59

		0.46		91										0.2		60

		0.47		92										0.21		62

		0.48		93										0.22		63

		0.49		94										0.23		65

		0.5		95										0.24		66

		0.51		96										0.25		67

		0.52		97										0.26		69

		0.53		98										0.27		70

		0.54		99										0.28		71

		0.55		100										0.29		72

		0.56		101										0.3		74

		0.57		102										0.31		75

		0.58		102										0.32		76

		0.59		103										0.33		77

		0.6		104										0.34		78

		0.61		105										0.35		80

		0.62		106										0.36		81

		0.63		107										0.37		82

		0.64		108										0.38		83

		0.65		108										0.39		84

		0.66		109										0.4		85

		0.67		110										0.41		86

		0.68		111										0.42		87

		0.69		112										0.43		88

		0.7		112										0.44		89

		0.71		113										0.45		90

		0.72		114										0.46		91

		0.73		115										0.47		92

		0.74		116										0.48		93

		0.75		116										0.49		94

		0.76		117										0.5		95

		0.77		118

		0.78		119

		0.79		119

		0.8		120

		0.81		121

		0.82		122

		0.83		122

		0.84		123

		0.85		124

		0.86		125

		0.87		125

		0.88		126

		0.89		127

		0.9		128

		0.91		128

		0.92		129

		0.93		130

		0.94		130

		0.95		131

		0.96		132

		0.97		132

		0.98		133

		0.99		134

		1		134



Pitot Tube DIfferrential Pressure/Flow Chart 

(3-inch diameter SCH 40 PVC pipe)  
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Flow (CFM)









Pitot tube2

																																																								Pitot Tube DIfferrential Pressure/Flow Table 
(3-inch diameter SCH 40 PVC pipe)  

																																																								Delta P		Q

																																																								" Water		SCFM

												Pipe Size:		K		ID																																								0.01		13

		Nominal D:		4		Inches						1		0.52		1.05																																								0.02		19

		ID:		ERROR:#N/A		Inches						1.25		0.58		1.38																																								0.03		23

		K:		ERROR:#N/A								1.5		0.58		1.61																																								0.04		27

		Ss:		1								2		0.64		2.07																																								0.05		30

		P:		-51		" Water						2.5		0.62		2.47																																								0.06		33

		P:		-3.75		" Mercury						3		0.67		3.07																																								0.07		36

		P:		12.9		PSIa		Gauge reading + 14.7				4		0.67		4.03																																								0.08		38

		Delta P:		0.95		" Water						6		0.71		6.07																																								0.09		40

		T:		92		F						8		0.67		7.98																																								0.1		43

												10		0.70		10.02																																								0.11		45

		Q:		ERROR:#N/A		SCFM																																																		0.12		47

																																																								0.13		49

		Q:		209		SCFM																																																		0.14		50

		Delta P:		ERROR:#N/A		" Water																																																		0.15		52

																																																								0.16		54

		Delta P		Q																																																				0.17		55

		" Water		SCFM																																																				0.18		57

		0.05		0																																																				0.19		59

		0.1		0																																																				0.2		60

		0.15		0																																																				0.21		62

		0.2		0																																																				0.22		63

		0.25		0																																																				0.23		65

		0.3		0																																																				0.24		66

		0.35		0																																																				0.25		67

		0.4		0																																																				0.26		69

		0.45		0																																																				0.27		70

		0.5		0																																																				0.28		71

		0.55		0																																																				0.29		72

		0.6		0																																																				0.3		74

		0.65		0																																																				0.31		75

		0.7		0																																																				0.32		76

		0.75		0																																																				0.33		77

		0.8		0																																																				0.34		78

		0.85		0																																																				0.35		80

		0.9		0																																																				0.36		81

		0.95		0																																																				0.37		82

		1		0																																																				0.38		83

		1.05		0																																																				0.39		84

		1.1		0																																																				0.4		85

		1.15		0																																																				0.41		86

		1.2		0																																																				0.42		87

		1.25		0																																																				0.43		88

		1.3		0																																																				0.44		89

		1.35		0																																																				0.45		90

		1.4		0																																																				0.46		91

		1.45		0																																																				0.47		92

		1.5		0																																																				0.48		93

		1.55		0																																																				0.49		94

		1.6		0																																																				0.5		95

		1.65		0

		1.7		0

		1.75		0

		1.8		0

		1.85		0

		1.9		0

		1.95		0

		2		0

		2.05		0

		2.1		0

		2.15		0

		2.2		0

		2.25		0

		2.3		0

		2.35		0

		2.4		0

		2.45		0

		2.5		0

		2.55		0

		2.6		0

		2.65		0

		2.7		0

		2.75		0

		2.8		0

		2.85		0

		2.9		0

		2.95		0

		3		0

		3.05		0

		3.1		0

		3.15		0

		3.2		0

		3.25		0

		3.3		0

		3.35		0

		3.4		0

		3.45		0

		3.5		0

		3.55		0

		3.6		0

		3.65		0

		3.7		0

		3.75		0

		3.8		0

		3.85		0

		3.9		0

		3.95		0

		4		0

		4.05		0

		4.1		0

		4.15		0

		4.2		0

		4.25		0

		4.3		0

		4.35		0

		4.4		0

		4.45		0

		4.5		0

		4.55		0

		4.6		0

		4.65		0

		4.7		0

		4.75		0

		4.8		0

		4.85		0

		4.9		0

		4.95		0

		5		0





VES CONVERSION

				ACFM TO SCFM FLOW CONVERSION

				Enter ACFM, PSIG, and TEMP Values and read 

				corresponding SCFM Values on the left

				SCFM				ACFM		PSIG		TEMP (F)				ACFM*((14.7+(0.03613*inWC)*(-1))/14.7)*(520/(460+TEMP F))

				52.10				67		-0.79486		172.5

				234.8711297603				250		-0.4912		75																		CONCENTRATION CONVERSION																		DIFFERENTIAL PRESSURE

				199.9727891156				100		14.696		60																		Enter data in column A and read the corresponding values in Column C-G

				222.191755781				385		-6.2		61																		A		B		C		D		E		F		G						DP (in WC) = (Q^2*Ss*(T+460))/(K^2*D^4*P*16590)

				102.9489795918				100		0.4335		60																						mg/l		mg/Gal		mg/cuft		ug/cuft		ug/m3

																														1		mg/l		1		0.2641721769		28.3168199079		28316.8199078571		1

				SCFM TO ACFM FLOW CONVERSION																										1		mg/gal		0.2641721769		1		0.1336805463		133.6805462722		0.2641721769						DP= 

				Enter SCFM, PSIG, and TEMP Values and read 												FPM to CFM CONVERSION														1		mg/cuft		0.0353147248		0.1336805463		1		1000		0.0353147248						Q (CFM)

				corresponding ACFM Values on the left												Nominal Pipe Diam				SCH		ID		FPM		CFM																						K

				ACFM				SCFM		PSIG		TEMP (F)				inches		2		40		2.067		100		2.3302812595																						DP= 

				309.6308548217				281		-0.79486		82						2		80		1.939		100		2.0506097002																						P

				106.4413494562				100		-0.4912		75						3		40		3.068		100		5.1337900016																						T

				100.0136072935				200		14.696		60						3		80		2.9		100		4.5869434404				1		gal		3.78541		liter

				361.8191019507				500		6.2		75						4		40		4.026		100		8.8404613622				1		cuft		28.3168		liter

				971.3549410249				1000		0.4335		60						4		80		3.826		100		7.9839410317				1		cuft		7.48052		gal

																														1		cfm		7.48052		gpm

				PRESSURE/VACUUM CONVERSION TABLE																										1		liter		0.264172		gal

				Enter data in column A and read the corresponding values in Column C-G																										1		liter		0.0353147		cuft

				A		B		C		D		E		F		G														1		m3		1000		liter

								in WC		in Hg		ATM		PSI		ft WC

				-22		in WC		-22		-1.6181		-0.054076		-0.79486		-1.8333333333														1		mg/l  @		1		gpm =		28.3168		mg/min

				-1		in Hg		-13.596		-1		-0.03342		-0.4912		-1.133														1		mg/l  @		0.3		gpm =		8.49504

				1		ATM		406.8		29.9213		1		14.696		33.9														28.3168		mg/min @		1		cfm =		28.3168		mg/min-cfm

				6.2		PSI		171.6408		12.6232		0.421848		6.2		14.3034														8.49504		mg/min @		50		cfm =		0.1699008		mg/min per cfm

				1		ft WC		12		0.8826		0.0295		0.4335		1																						0.006		mg/l



				in WC		inches of water column

				in Hg		inches of mercury

				ATM		Atmosphere

				PSI		pound per square inch

				ft WC		foot of water column

				ACFM		Actual cubic feet per minute

				SCFM		Standard cubic feet per minute

				TEMP(F)		Temperature in Fahrenheit



						CONVERSION TABLE (ppmV to mg/l)																														Chemical= 		PCE

						WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane				PCE				TCE				Mw = 		165

						 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 

								3.19255		1000.00		3.88338		1000.00		4.54		1000.00		3.523659		1000.00		0.654043		1000.00		0.67796		100.00		0.53713		100.00		1.00000		148.26

								3.19255		1000		3.88338		1000		4.53743		1000		3.523659		1000		0.654043		1000		0.67796		1000		0.53713		1000		0.00001		1

								3.24875		1000		0.04400		11.134		0.04400		9.529		0.04400		12.27		0.60000		901.50		0.04400		6.378		0.04400		8.050		1.00000		145.697

								3.248752		1000		0.04400		11.134		0.04400		9.529		0.04400		12		0.60000		902		0.000				0.044		8		0.007		1







				ppmV = 		(((mg/l)*1000)/Mw)*24.04

				ppmV = 		(mg/l)*0.08205*(273.25+25)/(10^(-6)*Mw*1000)

				mg/l =		(((ppmV)*(Mw*1000))*(10^(-6)))/((0.08205)*((273.15+25)))

				mg/l =		ppmV/(24.04*(1000/Mw))





VES-WellFlow

				(6) Because single well systems generally involve the lowest installation cost, these systems form the

				first tier of the well configuration loop (Figure 5-7).  For sites with impermeable surface covers, the

				required flow rate for a single well system can be calculated via:

				Qv=π*( r2)*b*na)/tex				where

		15.7079632679		Qv=		volumetric flow rate at atmospheric pressure [L3/T]

		10		r = 		radius of the treatment zone [L]

		5		b = 		vadose zone thickness [L]

		0.1		na =		 air-filled porosity of the soil [L3/L3]

		10		tex = 		the time required for one pore volume exchange [T]

				Equation 5-1 is based on the assumption of incompressible flow, which is valid for applied vacuums less

				than about 0.2 atmospheres, gauge.  For vacuums exceeding this level, the extraction rate should be

				multiplied by a factor of safety proportional to the applied vacuum.





Q-estimation

				Plate 1: Pre-Test Vapor Flow (Q) Estimations

				Site:		McIntire Cleaners



				Source: P.C.Johnson, et al,  GWMR, Spring 1990, pp 159-178



				The formula above is presented in Johnson's article to calculate the air permeability values or well flow data.  

				This formula is converted to excel table as shown below.



				Q/H=π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri))

				Q=(π*(k/µ)*Pw*((1-(PAtm/Pw)2)/(ln(Rw/Ri)))*H

				Excel (Q) =B38*(PI()*(B31/B33)*B35*((1-((B34/B35)^2))/(LN(B36/B37))))





				k=((µ*Q)/(π*H*Pw))*((LN(Rw/Ri))/(1-(PAtm/Pw)2))

				Excel (k)=((B33*B32)/(PI()*B38*B35))*((LN(B36/B37))/(1-(B34/B35)^2))



				CALCULATIONS										FIELD  MEASUREMENTS

				ESTIMATE1		ESTIMATE2		UNITS		SYMBOLS		FACTOR		ESTIMATE1		ESTIMATE2

				VEW-1S		VEW-1D								VEW-1S		VEW-1D		UNITS



				232120.955673276		445572.912138281		cu.cms/sec		Q		0.0021188685		491.8337867852		944.1104187695		cfm--Well Flow

				75.72		96.90		darcy		k		0.001		75720		96900		Milidarcy (Lab-Vertical)*



				0.018		0.018		cp - Air Viscosity		 µ		1		0.018		0.018		cp - Air Viscosity

				1		1		atm		PAtm		1		1		1		atm

				0.88		0.88		atm		Pw		0.002458		50		50		Vw

				12.7		12.7		cm		Rw		30.48		0.417		0.417		feet

				1219.2		1219.2		cm		Ri		30.48		40		40		feet

				304.8		457.2		cm		H		30.48		10		15		feet

				* Permeability testing was performed on vertical section of the cores in the lab. Typically, horizontal permeability values are order of magnitude  greater than the vertical permeability values for the sedimentary deposits. Therefore the vertical permeability values obtained from core testing were converted to horizontal permeability values by multiplying the vertical permeability values with 10. 

				EXPLANATIONS



				k :		Average horizontal permeability [L2]  cm2 - From lab results

				Q :		Air flow rate [(L3)/T] - Per well - Calculated using assumed screen interval and well diameter

				 µ :		Viscosity of air[M(T-1)(L-1)]  =1.8*10-4   g/cmsec  or 0.018 cp   

				PAtm :		Absolute gas pressure at a location Ri from the well [ML(T-2)]        

						1.01*106 g/cm-s2  =  1 Atm at radius of influence

				Pw :		Absolute gas pressure in the well [ML(T-2)], (1atm-vacuum in units of atm)       

				Rw :		Effective radius of the well [L] - assumed 4-inch well in 10-inch borehole          

				Ri :		Radius of Influence [L],   - Assumed 40-feet as a conservative value 

				H:		Screened zone  in the test well (extraction well)  [L]

				L:		Length

				M:		Mass

				T:		Time

				^:		to the power

				LN:		natural logaritm

				π		3.1415926536

				atm:		atmosphere

				Vw:		vacuum in inches of water







						PERMEABILITY-CONVERSIONS





						1		milidarcy		0.001				darcy

						1		m2=		10000				cm2

						1		darcy=		0				m2

						1		darcy=		0.0000000099				cm2

						1		darcy=		0.0000009869				mm2

						1		darcy=		0.9869233				 µm2

						1		mm2=		1000000				 µm2







DARCY-Definition
A centimeter-gram-second unit of permeability to fluid flow, used, for example, by geologists to describe rocks in an oil field. A porous substance has a permeability of 1 darcy if, in 1 second, 1 cubic centimeter of a gas or liquid with a viscosity of 1 centipoise will flow through a section 1-centimeter thick with a cross section of 1 square centimeter, when the difference between the pressures on the two sides of the section is 1 atmosphere. Sandstone typically has a permeability of a few darcys. Converted to SI, one darcy becomes about 9.869233 × 10−13 square meters, but it is not a unit of area.

The darcy is not an SI unit. The SI unit of permeability to fluid flow is defined as the amount of permeability that permits 1 cubic meter of fluid of a viscosity of 1 pascal per second to flow through a section 1 meter thick with a cross section of 1 square meter in 1 second at a pressure difference of 1 pascal. That unit has no special name. The SI unit of permeability = 1.013 25 × 1012 darcy.

The darcy is named for the French scientist H. Darcy (1803-1858), an early investigator of fluid flow in porous materials. It was first proposed in 1933.1

1.
R.D. Wycoff, H.G. Botset, M. Muskat and D.W. Reed.

Review of Scientific Instruments (GB) volume 4, page 395 (1933).




VES-ROI

				r		53.512955				53.512955101

				CFM		50				36000

				ne		0.2				12.56

				h		20				2866.2420382166		53.5372957686

										0.0000001217



One pore volume (1PV) = h x p x r2 x ne

Two pore volume per day is expected to be removed from the well. 
We will calculate radius of influence (r) using the well flow and screen interval

h x p x r2 x ne = CFM*1440/2

h x p x r2 x ne = CFM*720 / (ne x h x p)

r2 = CFM*720 / (ne x h x p )

r = [(CFM*720)/ (ne x h x p)](1/2)



VES K- Air



				Table 8. Summary of Air Permeability (Ka) Estimations

				Site:		SVE Test Site

				Test Date:



				Ka=((ma*Q)/(PI*H*Pw))*((LN(Rw/Ri))/(1-(Pi/Pw)^2))



				CALCULATIONS										FIELD  MEASUREMENTS

				TEST 1		TEST 2		UNITS		SYMBOLS		FACTOR		TEST 1		TEST 2

				VE-1		VE-2								VE-1		VE-2		UNITS

				22.81		31.18		darcy		Ka

				85423		87783		cu.cms/sec		Q		471.95		181		186		cfm

				0.018		0.018		cp		ma 		1		0.018		0.018		cp

				1		1		atm		Pi		1		1		1		atm

				0.84		0.88		atm		Pw		0.002458		65		50		Vw

				12.7		12.7		cm		Rw		30.48		0.417		0.417		feet

				1828.8		1828.8		cm		Ri		30.48		60		60		feet

				304.8		304.8		cm		H		30.48		10		10		feet



				EXPLANATIONS



				Ka:		Average horizontal permeability [L^2]  cm^2

				Q:		Air flow rate [(L^(3))/T]

				ma: 		Viscosity of air[M(T^(-1))(L^(-1))]  =1.8*10^(-4)   g/cmsec  or 0.018 cp   

				Pi:		Absolute gas pressure at a location Ri from the well [ML(T^(-2))]        

						1.01*10^6 g/cm-s^2  =  1 Atm at radius of influence

				Pw:		Absolute gas pressure in the well [ML(T^(-2))], (1atm-vacuum in units of atm)       

				Rw:		Effective radius of the well [L]           

				Ri:		Radius of Influence [L]    

				H:		Screened zone  in the test well (extraction well)  [L]

				L:		Length

				M:		Mass

				T:		Time

				^:		to the power

				LN:		logaritm

				PI:		3.1415926536

				atm:		atmosphere

				Vw:		vacuum in inches of water



				P.C.Johnson, GWMR, Spring 1990, pp 159-178









DARCY-Definition
A centimeter-gram-second unit of permeability to fluid flow, used, for example, by geologists to describe rocks in an oil field. A porous substance has a permeability of 1 darcy if, in 1 second, 1 cubic centimeter of a gas or liquid with a viscosity of 1 centipoise will flow through a section 1-centimeter thick with a cross section of 1 square centimeter, when the difference between the pressures on the two sides of the section is 1 atmosphere. Sandstone typically has a permeability of a few darcys. Converted to SI, one darcy becomes about 9.869233 × 10−13 square meters, but it is not a unit of area.

The darcy is not an SI unit. The SI unit of permeability to fluid flow is defined as the amount of permeability that permits 1 cubic meter of fluid of a viscosity of 1 pascal per second to flow through a section 1 meter thick with a cross section of 1 square meter in 1 second at a pressure difference of 1 pascal. That unit has no special name. The SI unit of permeability = 1.013 25 × 1012 darcy.

The darcy is named for the French scientist H. Darcy (1803-1858), an early investigator of fluid flow in porous materials. It was first proposed in 1933.1

1.
R.D. Wycoff, H.G. Botset, M. Muskat and D.W. Reed.

Review of Scientific Instruments (GB) volume 4, page 395 (1933).




INJECTION-ROI

		Injection Point / Boring No		Volume Injected (V-gal)		Volume Injected (V-cuft)		Boring Diameter		Injection Start Date and Time		Injection end Date and time		Total Injection Duration (hrs)		Volume of Chemical -1 (gal)		Volume of Chemical -2 (gal)		Volume of Water Injected (gal)		Injection Interval top (ft bgs)		Injection Interval bottom (ft bgs)		Injection Zone Thickness (h)		Effective Porosity (Ne)		Injection-ROI (r)												Formulas

		IP-1		8		1.0695187166				1/1/20 8:00		1/1/20 8:30		0:30		6		0		2		5		7		2		0.15		1.0650530657		5										V=π* r2 *h		Cylinder volume

				10		1.3368983957				1/1/20 8:30		1/1/20 8:59		0:29		8		0		2		7		9		2		0.15		1.1907655273		7										V(Ne)=π* r2 *h*Ne		Ne volume in cylinder

				20		2.6737967914				1/1/20 8:59		1/1/20 9:29		0:29		18		0		2		9		11		2		0.2		1.4583839725		9										r2=Vne/(π*h*Ne)		r2 

				50		6.6844919786				1/1/20 9:29		1/1/20 9:59		0:29		48		0		2		11		15		4		0.3		1.3313163321		11										r=(Vne/(π*h*Ne))^(1/2)

				35		4.679144385				1/1/20 9:59		1/1/20 10:29		0:29		33		0		2		15		18		3		0.15		1.8189243879		15

				40		5.3475935829				1/1/20 10:29		1/1/20 10:59		0:29		38		0		2		18		22		4		0.15		1.6839967583		18										5

				10		1.3368983957				1/1/20 10:59		1/1/20 11:29		0:29		8		0		2		22		25		3		0.1		1.1907655273		22

				8		1.0695187166				1/1/20 11:29		1/1/20 11:59		0:29		6		0		2		25		30		5		0.15		0.6735987033		25

		Total IP-1		181		24.1978609626								3:59		165		0		16

		Injection Point / Boring No		Volume Injected (V-gal)		Volume Injected (V-cuft)		Boring Diameter		Injection Start Date and Time		Injection end Date and time		Total Injection Duration (hrs)		Volume of Chemical -1 (gal)		Volume of Chemical -2 (gal)		Volume of Water Injected (gal)		Injection Interval top (ft bgs)		Injection Interval bottom (ft bgs)		Injection Zone Thickness (h)		Effective Porosity (Ne)		Injection-ROI (r)												Formulas

		IP-1		530.1437602933		70.8748342638				1/1/20 8:00		1/1/20 8:30		0:30		6		0		2		5		10		5		0.15		15		5										V=π* r2 *h		Cylinder volume

				200		26.7379679144				1/1/20 8:30		1/1/20 8:59		0:29		8		0		2		10		15		5		0.3		2.3815310545		10										V(Ne)=π* r2 *h*Ne		Ne volume in cylinder

				200		26.7379679144				1/1/20 8:59		1/1/20 9:29		0:29		18		0		2		15		20		5		0.15		3.3679935165		15										r2=Vne/(π*h*Ne)		r2 

				200		26.7379679144				1/1/20 9:29		1/1/20 9:59		0:29		48		0		2		25		30		5		0.2		2.9167679451		25										r=(Vne/(π*h*Ne))^(1/2)

				200		26.7379679144				1/1/20 9:59		1/1/20 10:29		0:29		33		0		2		35		40		5		0.15		3.3679935165		35

				200		26.7379679144				1/1/20 10:29		1/1/20 10:59		0:29		38		0		2		40		45		5		0.1		4.1249327862		40										5

				200		26.7379679144				1/1/20 10:59		1/1/20 11:29		0:29		8		0		2		45		50		5		0.15		3.3679935165		45

				200		26.7379679144				1/1/20 11:29		1/1/20 11:59		0:29		6		0		2		50		55		5		0.15		3.3679935165		50

		Total IP-1		1930.1437602933		258.0406096649								3:59		165		0		16

				V(Ne)=π* r2 *h*Ne*7.48





				Calculated				Enter data in these clumns

				Volume Injected (V-gal)		Volume Injected (V-cuft)		PI()		Desired Injection-ROI ® ft		Injection Zone Thickness (h)		Effective Porosity (Ne)		cuft to gal conversion

				1057.8857142857		141.4285714286		3.1428571429		10		3		0.15		7.48













1.065053065689102	1.1907655272626905	1.4583839725448815	1.3313163321113775	1.8189243878750936	1.6839967582612465	1.1907655272626905	0.67359870330449856	5	7	9	11	15	18	22	25	Injection Radius (ft)





Injection depth (ft-bgs) 







15	2.3815310545253809	3.367993516522493	2.916767945089763	3.367993516522493	4.1249327862410459	3.367993516522493	3.367993516522493	5	10	15	25	35	40	45	50	Injection Radius (ft)





Injection depth (ft-bgs) 









HYDRO_FLUX

		Darcy Velocity

		Darcy Velocity uses Darcy's Law to calculate the flow field. A flow field is a vector field of groundwater seepage flow velocities.

		The flow velocities are expressed as two rasters, one the magnitude and the other the direction.

		Darcy Velocity is useful when the volume balance residual of Darcy Flow is not needed.

		Overview of Darcian flow concepts

		Darcy's Law states that the Darcy velocity q in a porous medium is calculated from the head gradient 

		(the change in head per unit length in the direction of flow in an isotropic aquifer) and hydraulic conductivity K as:









		where K can be calculated from the transmissivity T and thickness b as K = T / b.

		This q, with units of volume / time / area, is also known as the specific discharge, the volumetric flux, or the filtration velocity. Bear (1979) defines it as the volume of water flowing per unit time through a unit cross-sectional area normal to the direction of flow. Closely related to this volumetric flux is the aquifer flux U, which is the discharge per unit width of the aquifer (with units of volume / time / length).







		This construction assumes that head is independent of depth so that flow is horizontal. The average fluid velocity within the pores, called the seepage velocity V, is the Darcy velocity divided by the effective porosity of the medium:











		In the Darcy implementation here, it is this seepage velocity V that is calculated on a cell-by-cell basis. For cell i,j, the aquifer flux U is calculated through each of the four cell walls using the difference in heads between the two adjacent cells (for example, for the x component of 

		,







		between cells i,j and i+1, j) and the harmonic average of the transmissivities Ti+1/2, j (Konikow and Bredehoeft, 1978), which are assumed to be isotropic. This scheme is illustrated in the following graphics.































		Calculating residual volume

		In the cell wall calculation that follows the aquifer flux between cell i,j and cell i+1, j flows parallel to the x direction and is calculated as:













		To determine a groundwater volume balance, the groundwater discharge through the cell wall must be calculated. This discharge 

		is calculated from the aquifer flux U and width of the cell wall by:









		Similar values are obtained for all four cell walls. These values are used to calculate the groundwater volume balance residual 

		for the cell, which is written to the output grid. This value represents the surplus (or, in the case of a negative number, the deficit) of water in each cell given the net flow, calculated as:









		This residual 

		should ideally be zero for all cells. Examine the output raster containing the residual for deviations from zero. Large positive or negative residuals indicate a production or loss of mass, which violates the principle of continuity and suggests inconsistent head and transmissivity data. Consistent patterns of positive or negative residuals suggest that unidentified sources or sinks are present. Reduce the residuals before any further modeling. Typically, adjustments are made to the transmissivity field to reduce the residuals.

		Calculating flow vectors

		The actual equations used for calculating the flow vectors for each cell are condensed from the arithmetic average of 

		and divided by the center cell's porosity and thickness to give a value for the seepage velocity at the center:









		and a similar equation is used to calculate Vy at the center:









		This centering is done to conform to the raster convention that stored values represent values at the center of the cell. These values are converted to direction and magnitude in geographic coordinates for storage in the output direction and magnitude rasters.

		In the case of the bounding cells of the raster where the information is incomplete, values for velocity are simply copied from the nearest interior cell.

		Porosity values

		The following tables summarize some values for porosity and hydraulic conductivity for a variety of geologic media.

		Table 1: Hydraulic conductivities of unconsolidated media, Marsily (1986)



		Medium                             K (m/s)

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

		Coarse gravel                      10-1 - 10-2

		Sand and gravel                    10-1 - 10-5

		Fine sand, silts, loess            10-5 - 10-9

		Clay, shale, glacial till          10-9 - 10-13

		Table 2: Hydraulic conductivities of consolidated media, Marsily (1986)



		Medium                             K (m/s)

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

		Dolomitic limestone                10-3 - 10-5

		Weathered chalk                    10-3 - 10-5

		Unweathered chalk                  10-6 - 10-9

		Limestone                          10-5 - 10-9

		Sandstone                          10-4 - 10-10

		Granite, gneiss, compact basalt    10-9 - 10-13

		Table 3: Porosities of geologic media, Marsily (1986)



		Medium                             total porosity

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

		Unaltered granite and gneiss       0.0002 - 0.018

		Quartzite                          0.008

		Shales, slate, mica schist         0.005 - 0.075

		Limestone, primary dolomite        0.005 - 0.125

		Secondary dolomite                 0.10 - 0.30

		Chalk                              0.08 - 0.37

		Sandstone                          0.035 - 0.38

		Volcanic tuff                      0.30 - 0.40

		Sand                               0.15 - 0.48

		Clay                               0.44 - 0.53

		Swelling clay, silt                up to 0.90

		Tilled arable soil                 0.45 - 0.65

		Additional tabulated values for porosity and hydraulic conductivity are provided in Freeze and Cherry (1979). Gelhar, et al. (1992) present a summary of porosity and transmissivity of various specific formations reported in the literature. A detailed discussion of porosity in sedimentary materials appears in Blatt, et al. (1980). A complete discussion of advection–dispersion modeling using these functions is presented in Tauxe (1994).

		The typical sequence for groundwater dispersion modeling is to perform Darcy Flow, then Particle Track, then Porous Puff.

		Examples

		An example of the command dialog for Darcy Flow follows:



		Input groundwater head elevation raster = "head"

		Input effective formation porosity raster = "poros"

		Input saturated thickness raster = "thickn"

		Input formation transmissivity raster = "transm"

		Output groundwater volume balance raster = "resid1"

		Output direction raster = "dir1" 

		Output magnitude raster = "mag1"

		An example of the command dialog for Darcy Velocity follows:



		Input groundwater head elevation raster = "head"

		Input effective formation porosity raster = "poros"

		Input saturated thickness raster = "thickn"

		Input formation transmissivity raster = "transm"

		Output direction raster = "dir1" 

		Output magnitude raster = "mag1"





AQT WELL YIELD

				CALCULATIONS

				Well 1		Well 2		Well 3		Well 4

				10		1		0.1		9.4301856				gpd/sqft => Rough estimate of k (hydraulic conductivitiy)

				0.04		0.04		0.04		0.04				(i)   (gradient - dimensionless)

				0.1		0.1		0.1		0.15				Ne  (Effective Porosity- estimate in %)

				7.48		7.48		7.48		7.48				1cuft=>gal (conversion)

				1.3368983957		0.1336898396		0.013368984		1.26072				ft/day (~k)

				0.0009284017		0.0000928402		0.000009284		0.0008755				ft/minute (~k)

				0.0534759358		0.0053475936		0.0005347594		0.0504288				k*I  (Darcy velocity)

				0.5347593583		0.0534759358		0.0053475936		0.336192				ft/day groundwater particle travel  v= - ki/Ne  (seepage velocity)





				PARAMETERS

				Well 1		Well 2		Well 3		Well 4

				0.25		0.25		0.25		0.3				Filter Pack Porosity

				6		2		4		4				Casing Diameter (inches)

				12		10		10		10				Borehole diameter(inches)

				3.1415926536		2.617993878		2.617993878		2.617993878				Borehole circumference (ft)

				10		10		10		10				Saturated zone Thickness in the well

				7		7		1.79		1.02				Total Drawdown/Recovery (ft)

				120		10		10		10				Total Time for Recovery above (min)

				0.3436116965		0.1527163095		0.2018036948		0.2247111412				per foot of well volume (cuft)

				2.5702154897		1.1423179954		1.5094916368		1.6808393361				per foot of well volume (gallons) 

				3.5		42		10.74		6.12				foot per hour recovery  in well 

				8.995754214		47.9773558081		16.2119401794		10.2867367371				gallon per hour recovery in well

				0.1499292369		0.7996225968		0.270199003		0.1714456123				gpm recovery/well

				0.0047723958		0.0305433333		0.0103208417		0.00654874				gpm recovery/squarefoot area

				6.87225		43.9824		14.862012		9.4301856				gpd/sqft (very rough estimate of hydraulic conductivity based on well recovery)









				SPECIFIC CAPACITY

				WELL#1

				time (min)		dd		pumprate

										Start Pump

				0.2		4.81

				0.67		4.84

				8.72		5.75

				10.93		5.72

				12.17		5.69		23.65

				13.15		5.66

				17.33		5.89		23.23

				20.82		5.91

				22.38		5.91		25.74

				25.47		5.98		22.7

				Average DD= 				6		ft

				Average Pump Rate=				25		gpm

				Specific Capacity = 				4.1666666667		gpm/ft

		SCENARIOS

		expected DD @				60		gpm  =		6		ft

		expected DD @				40		gpm  =		4		ft

		expected DD @				80		gpm  =		8		ft

				1		0.7853981634		ft^2

						6		ft

						4.7123889804		cuft

						7.48		gal/cuft

						35.2486695733		gal



PUMP RATE+DD VS TIME

dd	0.2	0.67	8.7200000000000006	10.93	12.17	13.15	17.329999999999998	20.82	22.38	25.47	4.8099999999999996	4.84	5.75	5.72	5.69	5.66	5.89	5.91	5.91	5.98	pumprate	0.2	0.67	8.7200000000000006	10.93	12.17	13.15	17.329999999999998	20.82	22.38	25.47	23.65	23.23	25.74	22.7	time (min)



DD



Pump Rate (gpm)









DARCY-EQ







		Darcy's law

		Introduction



		groundwater is the water in the saturated zone (Fig)

		recharge is the water entering the saturated zone

		30% of freshwater on Earth trapped below the surface

		in many parts of the world, groundwater is the only source of fresh water

		in the US about 10% of the rainfall becomes groundwater eventually. This amount equals the annual use of water in the US, about 3 inch per year

		residence time = reservoir/flux = ~1000 m / 3 inch/year = 10,000 y! This is a very rough estimate.

		water may stay in the groundwater reservoir between several days and thousands of years. We will discuss tracer techniques that may be used to derive residence times later in the class

		management of catchment areas  requires understanding of groundwater flow

		many environmental issues involve groundwater

		WIPP site case study (A Tour of the WIPP Site)

		underground repository built for certain radioactive wastes

		not high-level, but they contain isotopes that remain radioactive for very long periods of time (tens of thousands of years)

		storage of waste in salt formations

		quantitative description of groundwater flow necessary to evaluate risk

		Conceptual model of groundwater flow



		the flow of water through a porous medium (Fig 6.1)

		water flows tortuous paths

		geometry of channels is very complex

		frictionles flow is totally meaningless!

		conceptual model of flow through a porous medium is flow through a bundle of very small (capillary) tubes of different diameters (Fig 6.2)

		the flow (Q) through a horizontal tube can be described as: Q = - π *D4/(128* µ )*dp/dx (Poiseuille's law)



		=> size of the capillary tubes is important!

		Darcy's law



		what drives groundwater flow?

		water flows from high elevation to low elevation and from high pressure to low pressure, gradients in potential energy drive groundwater flow

		Bernoulli equation said: u2/(2*g) + z +p/(ρ*g) = constant, means: velocity head + elevation head + pressure head = total head

		in groundwater flow, we cannot make the assumption that there is no friction, therefore the  head is not constant

		also u is so small that that term can be typically neglected  (example!)

		groundwater flows from high to low  head

		how do you measure the head or potential? => drill an observation well, the elevation of the water level in the well is a measure of the potential energy at the opening of the well

		in 1856, a French hydraulic engineer named Henry Darcy published an equation for flow through a porous medium that today bears his name (Fig. 6.3)

		Q = KA (h1-h2)/L or q = Q/A = -K dh/dl, h: hydraulic head, h = p/(ρg) + z

		thought experiment: hydraulic head distribution in a lake

		q = Q/A is the specific discharge [L/T], dh/dl is the hydraulic gradient

		K is the hydraulic conductivity [L/T]

		the law is very similar to Ohm's law for electrical curcuits I = 1/R * U (current = voltage divided by resistance)

		the original Darcy experiment yielded these data (Fig 6.4)

		the analogy between Darcy's law and Poiseulle's law suggests that K = (const*d2)*ρg/m

		the first term (const*d2) is k, the intrinsic permeability [L2], summarized the properties of the porous medium, while rg/m describe the fluid

		hydraulic conductivities and permeabilities vary over many orders of magnitude (Fig 6.5)



		Example: calculation of a typical hydraulic gradient of 1/100 in a salt formation with a hydraulic conductivity of 10-10 m s-1 will produce a specific discharge of 10-12 m s-1, or less than 1 mm per 30 years!

		specific discharge has the dimension of a velocity, but it is not the velocity at which the water flows in the porous medium, the water has to squeeze through the pores

		 tagged parcels that are averaged together, will appear to move through a porous medium at a rate that is faster than the specific discharge

		porosity n is the fraction of a porous material which is void space n = Vvoid/Vtotal

		the mean pore water velocity is then: v = q/n (Fig) (experiment)

		Darcy's law has been found to be invalid for high values of Reynolds number and at very low values of hydraulic gradient in some very low-permeability materials, such as clays.

		example :

		K= 10-5 m/s, h2-h1 = 100m, L = 10km, A = 1m2 > Q = 3.15 m3/y; the K value above is typical for a sandstone aquifer

		the actual flow velocity v may be calculated with the following formula: v=Q/(A*f)=q/n, n is the porosity, and q the specific discharge

		if the porosity n is 30%, the flow velocity in the example above is 10.5 m/y

		Water in natural formations



		an aquifer is a saturated geological formation that contains and transmits "significant" quantities of water under normal field conditions (=> gravel, sand, volcanic and igneous rocks, limestone) (Fig 6.6)

		an aquitard is a formation with relatively low permeability

		an aquiclude is a formation that may contain water but does not transmit significant quantities (clays and shales)

		an aquifuge is a foamtion that does not contain or transmit significant amounts of water

		formation		contains water		permeability

		aquifer		Y		high

		aquitard		Y		low

		aquiclude		Y		very low

		aquifuge		N		negligible



		confined and unconfined (water-table) aquifers

		an unconfined aquifer has a water table (water table aquifer)

		a confined aquifer does not have a water table. If you drill a well, water will rise (in the well) above the top of the aquifer

		perched groundwater is groundwater sitting on top of a poorly permeable layer with an unconfined aquifer underneath

		the height to which water rises in a well defines the piezometric or potentiometric surface

		geology of aquifers (show examples)

		unconsolidated sediments: loose granular deposit, particles are not cemented together (e.g.: Long Island)

		consolidated sediments, most important: sandstone, porosity varies depending on the degree of compaction (e.g. Zion, Bryce, and Grand Canyon National Parks)

		limestone: composed mainly of calcium carbonate, CO2 rich water dissolves limestone, e.g.: limestone caves, karst (e.g. Floridan aquifer)

		volcanic rock

		basalt lava, fractures (e.g.: Hawaii, Palisades)

		crystalline rocks: igneous and metamorphic rocks, e.g. Granite, have often very low porosity, flow through fractures

		porosities and hydraulic conductivities of different aquifer rocks (Fig 6.5)

		Steady groundwater flow



		flow in a horizontal confined aquifer  (Fig 6.7)

		lines of equal hydraulic head are called equipotentials

		flow occurs perpendicularly to those, lines indicating those are called flowlines

		together, the equipotentials and the streamlines constitute a flow net (Fig 6.8)

		generally, groundwater flow follows topography, in detail the situation can be more complicated though

		groundwater flow not only occurs near the water table, but does penetrate deep into the aquifer (Fig 6.9)

		flownets provide a lot of information about groundwater flow, they are generated by computer models these days

		Quantifying groundwater flow using flownets



		 T = Kb [L2 T-1] is called the transmissivity of the aquifer, this term is often the more useful parameter for estimating the yield of an aquifer, it is relevant when we want to estimate the discharge per unit length of stream, for example

		the area between a pair of streamlines is referred to as a streamtube

		in more complicated flow nets, these squares might become "curvilinear squares," as can be seen in (Fig 6.9)

		if we isolate one of these squares (ds=dm)  (Fig 6.10) and make use of Darcy's law, we can calculate the discharge through the streamtube: Q = K*b*dh

		you can imagine each streamtube as a "pipe," because water cannot cross a streamline

		the specific discharge will be greatest where the streamtube is narrowest, analogue to the laminar flow table

		the total discharge through the streamtube must be the same at any cross section

		by counting the number of stream tubes, we can determine the total flow

		another example is steady flow under a dam (Fig 6.11)

		the dam is 100m wide (direction into the page), and the hydraulic conductivity beneath the dam is 10-10 m s-1

		we use the length of the dam (100 m) in place of the aquifer thickness (b)

		Heterogeneity and anisotropy



		so far we have considered only homogeneous aquifer (the same K everywhere)

		virtually all natural materials through which groundwater flows display variations in intrinsic permeability from point to point, this is referred to as heterogeneity (Example: Fig)

		permeable zones tend to focus groundwater flow, while, conversely, flow tends to avoid less permeable zones 

		in anisotropic media the permeability depends on the direction of measurement, in isotropic media, it does not

		Resources
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FRICTION

								Friction loses can be calculated using Moody Equation

								Ploss= (f*L*Pv)/D		= ~  (.0270)(L/(d^1.22))((v/1000)^1.82)

				0.2267115426		0.6933626486		inches of W.C. 		Friction loss



				100		100		ft		=L (pipe length [ft])

				1200		1200		fpm		=v (velocity [feet per minute])

				10		4		inches		=d (pipe diameter, inches)

						In Practice the Moody Equation is seldom used

						Use the Fig 5.4 on left.

						Example: 100CFM in 4-inch pipe 

						friction loss per 100ft = .7 in W.C.

						The chart can be used  for temperature between 50 F and 90F. 

						For operation outside this range use the following formula to calculate actual Ploss

						1.5709426628		Ploss Actual+ Ploss Fig 5.4 X (Kv/Kd)

						2		Ploss Fig 5.4

						1		Kv= Viscosity Factor (usually =1)

						1.2731209403		Kd = Density Factor = (14.7/p-actual)((460 + tempF)/ 530)

						12.2		p-actual (psi)

						100		temp (F)

				Source : Mechanical Engineering Reference Manual, 8th Edition

						Michael R. Lindeburg, P.E.

				IF YOUR SYSTEM HAS ELBOWS, SPLIT, JOINTS AND ALL BUNCH OF OTHER STUFF 

				GIVE ME A CALL 





				Copyright: Mehmet Pehlivan

																						Source: Mechanical Engineering Reference Manual, Eighth Edition, Michael R. Lindeburg, PE,  1990,  Page: 5-7





RISK

						Table 2.  Risk Assessment Calculations



						Unit Risk		Reference		Exposure		Exposure		time for		time for

						factor,		conc.,		frequency,		duration,		noncarcinogens,		carcinogens,

						URF		RfC		EF		ED		ATNC		ATC

		CAS No.		Chemical		(mg/m3)-1		(mg/m3)		(days/yr)		(yrs)		(yrs)		(yrs)



		67641		Acetone		0.0E+00		3.5E-01		350		30		30

		75694		Trichlorofluoromethane		0.0E+00		7.0E-01		350		30		30

		78933		Methylethylketone (2-butanone)		0.0E+00		1.0E+00		350		30		30

		108883		Toluene		1.0E+00		4.0E-01		350		30		30

		106423		p-Xylene		0.0E+00		7.0E+00		350		30		30

		108383		m-Xylene		0.0E+00		7.0E+00		350		30		30

		75150		Carbon disulfide		0.0E+00		7.0E-01		350		30		30

		74873		Methyl chloride (chloromethane)		1.0E-06		9.0E-02		350		30				70

		75092		Methylene chloride		4.7E-07		3.0E+00		350		30				70





						A-1		A-2		A-3		A-1		A-2		A-3		A-3

						Cbuilding		Cbuilding		Cbuilding		HQ		HQ		HQ		Risk Level

		CAS No.		Chemical		(mg/m3)		(mg/m3)		(mg/m3)		-		-		-		-



		67641		Acetone		1.20E-02		1.10E-02		1.20E-02		3.29E-02		3.01E-02		3.29E-02

		75694		Trichlorofluoromethane		1.40E-03		1.40E-03		1.40E-03		1.92E-03		1.92E-03		1.92E-03

		78933		Methylethylketone (2-butanone)		1.70E-03		1.50E-03		1.80E-03		1.63E-03		1.44E-03		1.73E-03

		108883		Toluene		4.40E-03		3.90E-03		4.80E-03		1.05E-02		9.35E-03		1.15E-02

		106423		p-Xylene		7.00E-04		6.50E-04		6.00E-04		9.59E-05		8.90E-05		8.22E-05

		108383		m-Xylene		7.00E-04		6.50E-04		6.00E-04		9.59E-05		8.90E-05		8.22E-05

		75150		Carbon disulfide				1.70E-03						2.33E-03

		74873		Methyl chloride (chloromethane)						1.10E-03								4.52E-10



						Unit Risk		Reference		Exposure		Exposure		time for		time for

						factor,		conc.,		frequency,		duration,		noncarcinogens,		carcinogens,		A-1		A-2		A-3		A-1		A-2		A-3		A-3

						URF		RfC		EF		ED		ATNC		ATC		Cbuilding		Cbuilding		Cbuilding		HQ		HQ		HQ		Risk Level

		CAS No.		Chemical		(mg/m3)-1		(mg/m3)		(days/yr)		(yrs)		(yrs)		(yrs)		(mg/m3)		(mg/m3)		(mg/m3)		-		-		-		-



		67641		Acetone		0.0E+00		3.5E-01		350		30		30				0.012		0.011		0.012		0.0328767123		0.0301369863		0.0328767123

		75694		Trichlorofluoromethane		0.0E+00		7.0E-01		350		30		30				0.0014		0.0014		0.0014		0.0019178082		0.0019178082		0.0019178082

		78933		Methylethylketone (2-butanone)		0.0E+00		1.0E+00		350		30		30				0.0017		0.0015		0.0018		0.001630137		0.0014383562		0.0017260274

		108883		Toluene		0.0E+00		4.0E-01		350		30		30				0.0044		0.0039		0.0048		0.0105479452		0.0093493151		0.0115068493

		106423		p-Xylene		0.0E+00		7.0E+00		350		30		30				0.0007		0.00065		0.0006		0.0000958904		0.0000890411		0.0000821918

		108383		m-Xylene		0.0E+00		7.0E+00		350		30		30				0.0007		0.00065		0.0006		0.0000958904		0.0000890411		0.0000821918

		75150		Carbon disulfide		0.0E+00		7.0E-01		350		30		30						0.0017						0.0023287671

		74873		Methyl chloride (chloromethane)		1.0E-06		9.0E-02		350		30				70						0.0011								4.5E-10

		75092		Methylene chloride		4.7E-07		3.0E+00		350		30				70









										CONVERSIONS BETWEEN mg/m3 and ppm

				COMPOUND		MOLECULAR WEIGHT				ppm		to mg/m3		mg/m3		to ppm

																				mg/m3= (P*MW*ppm*1000)/(82.05*T)

				PCE		165.8				100		689.73		689.73		100.01				P= Pressure in Atmospheres

				TCE		131.4				100		546.62		100		18.30				MW= Molecular weight of Analyte

				1,1,1 TCA		133.4				100		554.94		100		18.02				T= Absolute Temp in K (Room Temp= 20C, 293K)

				1,1,2 TCA		130				100		540.80		100		18.49				82.05 = Gas Constant: (cm3*atm)/(mol*T)

				1,1 DCE		96.9				100		403.10		100		24.81

				cis-1,2 DCE		96.9				100		403.10		100		24.81				ppm = (mg/m3 / MW)*24.04

				1,1 DCA		98.9				100		411.42		100		24.31				mg/m3 = ppm*MW*0.0416

				1,2 DCA		99				100		411.84		100		24.28

				2-Butanone		72.11				100		299.98		299.98		100.01

				Chloroform		120				100		499.20		100		20.03

				Acetone		58				100		241.28		100		41.45

				Methylene chloride		84.9				100		353.18		100		28.32

				Trichlorofluoromethane		140				100		582.40		100		17.17

				1,2,4 Trimethylbenzene		120				100		499.20		100		20.03

				1,3,5 Trimethylbenzene		120				100		499.20		100		20.03

				4-Ethyltoluene		123				100		511.68		100		19.54

				Toluene		92.1				100		383.14		100		26.10

				Xylene		106.2				100		441.79		100		22.64

				Benzene		78.1				100		324.90		100		30.78

				MTBE		88.15				100		366.70		100		27.27

				TPH-G		95				100		395.20		100		25.31



				Total Fixed /Biogenic Gases

				Carbon Dioxide		44.01				100		183.08		100		54.62

				Oxygen		16				100		66.56		100		150.25

				Methane		16.05				100		66.77		100		149.78















EMISSION

				Table 9.  Estimated Removal Rate/Emission Calculations



				Site:		ElPaso Station

				Test Date:		22-Dec-97



				EXTRACTION WELL NO.				P A R A M E T E R S														Existing Permit Limits

				El Paso 1		El Paso 2																Site-1		Site 2		El Paso -1		El Paso -2		El Paso -3				Units

				CALCULATIONS

				4.47		0.8615146		ton/yr 		Emission Rate using % efficiency												291.23		298.16		4.23		4.47		2.68				ton/yr -- max removal rate

				24.51		4.7206282		lb/day   		Emission Rate using % efficiency												2.91		2.98		4.23		4.47		0.03				ton/yr emission limit

				4.47		0.8615146		ton/yr 		Removal Rate 												1595.78		1633.77		23.20		24.51		14.70				lb/day --max removal rate

				24.51		4.7206282		lb/day=		Calculated gasoline removal rate in pounds per day (lb/day) using following formula												15.96		16.34		23.20		24.51		0.15				lb/day emission limit

								lb/day=		(ppmV*[60min/hr*24hr/day]*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])

				9076.21		500.00		mg/m^3 = 		[mg/l]*1000												709.21		181.52		11714.65		9076.21		54.46				mg/m^3 = 

				2500		77.75068		ppmV =		((mg/m^3)*Tk*82.05)/(Mw*Pw*1000)												1050		50		2656.73		2656.73		15.94				ppmV =

				2500		72.84848		ppmV = 		((mg/m^3)/Mw)*24.04												1050		50		2537.12		2537.12		15.22				ppmV = 

				8944		500.032		mg/m^3 = 		ppmV*Mw*0.0416 (approximate value)												698.88		178.88		11715.40		9076.80		54.46				mg/m^3 = 

				9.08		0.50		[mg/l] =		(Pw*[ppmV]*[Mw ])/(82.05*Tk)   [Pw=1 atm in lab]												0.71		0.18		11.71		9.08		0.05				[mg/l] =

				288.71		294.26		Tk =		absolute temperature (Tk = Tc+273.15) in Kelvin												288.71		288.71		288.71		288.71		288.71				Tk =

				15.56		21.11		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												15.56		15.56		15.56		15.56		15.56				Tc =

				0.94		0.94		Pw =		Absolute gas pressure in the extraction well (1atm-[vacuum*0.002458]) Atmosphere												0.84		0.84		0.94		0.94		0.94				Pw =

				0		0		%		SYSTEM Efficiency												99		99		0		0		99				% System Efficiency

								DATA



				82.05		82.05		82.05 =		gas constant {(cubic centimeter*atm)/(mol*T)}												82.05		82.05		82.05		82.05		82.05				82.05 =

				NA		NA		Tc =		temperature centigrade {Tc =  (5/9)*(Tf-32)}												NA		NA		NA		NA		NA				Tc =

				60		70		Tf =		temperature Fahrenheit												60		60		60		60		60				Tf =

				24		24		Pvac=		Average vacuum readings in extraction well (during sample collection) inches of water												65		65		24		24		24				Pvac=

				NA		NA		mg/m^3 = 		milligrams per cubic meter (LABORATORY)												NA		NA		NA		NA		NA				mg/m^3 = 

				NA		0.5		mg/l =		milligrams per liter (LABORATORY)												NA		NA		NA		NA		NA				mg/l =

				2500		75.2995828179		ppmV =		parts per millions by volume (CALCULATED)												1050		50		2500		2500		15				ppmV =

				2500		NA		ppmV =		parts per millions by volume (LABORATORY)												1050		50		NA		NA		NA				ppmV Permit LIMIT (entry)

				30		100		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )												1050		50		2500		2500		15				ppmV Exhaust (calculated)

				86		165		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole;												250		1000		22		30		30				SCFM Permit Limit

										   weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole;												16		86		111		86		86				Mw =

										   xylene 106 g/mole, methane 16.05 g/mole ? ) Ref: Johnson et al, 1990 & Connie M., 1997																2500		2500		1500				ppmV inlet









				CONVERSION TABLE (ppmV to mg/l)

				WELL NO.		benzene				gasoline				weathered gasoline				hexane				methane

				 		mg/l 		ppmV 		mg/l 		ppmV  		mg/l  		ppmV 		mg/l 		ppmV 		mg/l 		ppmV 



				El Paso 2		0.244		75		0.296		75		0.346		75		0.269		75		0.050		75

				El Paso 1		8.242		2500		10.026		2500		11.715		2500		9.097		2500		1.689		2500



















Carbon USE





				WATER PHASE CARBON								VAPOR PHASE CARBON

				WATER REMOVAL RATE		525600		gpy																								HC REMOVAL with Water						STRIPPING RATE (%)		WATER REMOVAL RATE (GPM)		WATER REMOVAL RATE (Liter/min)		Conc. (ug/L)		HC Removal (ug/min)		HC Removal (g/day)		HC Removal (lb/day)

				WATER REMOVAL RATE		1440		gpd				111		Mw =		molecular weight (n-hexane = 86.2 g/mole(AQMD uses);gasoline=95g/mole; weathered gasoline = 111g/mole; benzene = 78.1 g/mole;toluene = 92 g/mole; xylene 106 g/mole, methane 16.05 g/mole)																Total 								1		3.785		5000		18,925		27.25		0.06009066

				WATER REMOVAL RATE		1		gpm				200		SCFM		Flow Rate (standard cubic feet per minute [SCFM] )																Vapor phase carbon (stripped)								30		113.55		4000		454,200		654.05		1.44217584

				WATER REMOVAL RATE		3.785		lt/min				200		ppmV =		parts per millions by volume (LABORATORY)																Aquatic carbon after stripping						80%		30		113.55		1000		113,550		163.51		0.36054396

				Extraction Concentrations		2500		ug/L				200		ppmV =		parts per millions by volume (LABORATORY)																AQUATIC CARBON USE						Size (lb)		Loading Capacity %		Total Loading Capacity (lb)		No. Days to Changeout		No. Times Carbon Change in a Year

				HC Removal 		9462.5		ug/min				0.021108		lb/min=		Calculated  removal rate in pounds per minute (lb/min) using the formula below
(ppmV*SCFM*Mw)/(1,000,000*379 cu.ft./lb-mole[gas constant])																w/o stripping						5000		15%		750		12481.1409959551		0.0292441212

				HC Removal 		13.626		gr/day				1.27		lb/hr		Removal Rate lb/hr 																with stripping						5000		15%		750		2080.1901659925		0.1754647272

				HC Removal 		0.03004533		lb/day				30.40		lb/day   		Removal Rate lb/day 

				HC Removal		10.97		lb/yr				5.55		ton/yr 		Removal Rate ton/yr																VAPOR CARBON USE						10000		15%		1500		1040.0950829963		0.3509294544

				Carbon Efficiency		10%						20%		%		Carbon Efficiency

				Carbon Use		110		lb/yr				55472		lb/yr		Carbon Use																TREATMENT OF WATER IN TANK

				Selected Vessel Size		500		lb				2000		lb		Selected Vessel Size 																TOTAL VOLUME in tank (gal)						1500		gal		5678.115		liter

				# of Carbon Change in a year		0						28				# of Carbon Change in a year																Total HC Concentrations (ug/L)						5		mg/l

				Proposed Operation time 		60		day				60		day		Proposed Operation time (day)																Total HC Removal						28.390575		grams

				VOC Removal in Proposed 
Operation time		1.8027198		lb				1823.746701847		lb		VOC Removal in Proposed Operation time																Carbon size 						200		lbs		90.718474		kg

				Carbon Use for the 
Proposed Operation Time		18.027198		lb				9118.7335092348		lb		Carbon Use for the Proposed Operation Time																Adsorption Capacity				10%		20		lbs		9.0718474		kg

				# of Carbon Change for the 
Proposed Operation Time		0						4				# of Carbon Change for the Proposed Operation Time																% Carbon use				0.31%

																																Total Gallon of Water treatment potential										479305.935156297







				VAPOR PHASE APPLICATIONS

				When 10-15 % of the carbon volume of water is added to the VAPOR phase GAC application  

				it will help to cool the carbon preventing fire.

				Normal opreating temperature in the carbon is around 200 F.

				compounds with autoignition temperature lower than that will create a fire in the vessel

				Monitor CO to assess if fire condition exist. If fire condition exist cut off the Oxygen source (AIR)

				ADD WATER TO PREVENT FIRE 

				AQUATIC PHASE APPLICATIONS

				TSS				TSS may be problem. Fine particle cloggs up the pores

				pH				Lower the pH is the better for carbon absorption

				BIOMASS				If biomass develops, you can not remove by adding chlorine or ozone 

								because carbon will decompose these compound and prevent penetration 

								more than a foot or so. So you will be cleaning top 1 foot of the bed.

								Use pH range shock to remove the biomass: increase the pH to 12 and run in a 

								closed circulation for about 24 hours (at least). and decrease the pH gradually to normal.

								Use Glutoraldehide for the pH range shock





				BED START UP				Soak the carbon for 24 hrs

								Backwash 2 bed volumes (will remove the micro air bubles and stratify the carbon) 







						MTBE 				Freundlich K = 4.5   (benzene = 15?)

										1/n = .48

										Long mass transfer zone

										Air stripping works but you need high air/water ratio ( >200/1)

										Elevated water temperature is needed

										Multiple air stripper (option)









				CARBON BACK WASH CALCULATIONS

				2000		lbs		66.6666666667		cuft		95.2380952381		cuft-vessel		712.380952381		gal-vessel

								30		lb/cuft		30%		freeboard		6		Vessel height (ft)

																5.0525378759		Vessel area (sqft) 

																1424.7619047619		Min Volume to be pumped (gal)

																2137.1428571429		Optimum Vol



				sqft-widest area		gpm/sq.ft		gpm-vessel		 minimum min/vessel		optimum min/vessel		Minimum gallons		# of vessels		Minimum Total Gallons

				5.05		7		35.4		40		60		1425		2		2850

						10		50.5		28		42		1425		2		2850

						12		60.6		23		35		1425		2		2850

























								depth/rise		width		length						water volume

				Flux Calculation 				ft		ft		ft		cuft		porosity		cuft/yr		gal/yr		gal/day

								5		500		1500		3,750,000		0.2		750,000		5,610,000		30739.7260273973







																																HC REMOVAL with Water						STRIPPING RATE (%)		WATER REMOVAL RATE (GPM)		WATER REMOVAL RATE (Liter/min)		Conc. (ug/L)		HC Removal (ug/min)		HC Removal (g/day)		HC Removal (lb/day)

						1440000																										Total 								20		75.7		10000		757,000		1,090.08		2.4036264

				WATER REMOVAL RATE (GPD)		144000																										Vapor phase carbon (stripped)								30		113.55		8000		908,400		1,308.10		2.88435168

				WATER REMOVAL RATE (GPM)		100																										Aquatic carbon after stripping						80%		30		113.55		2000		227,100		327.02		0.72108792

				WATER REMOVAL RATE (Liter/min)		378.5																										AQUATIC CARBON USE						Size (lb)		Loading Capacity %		Total Loading Capacity (lb)		No. Days to Changeout		No. Times Carbon Change in a Year

				Conc. (ug/L)		10000																										w/o stripping						5000		15%		750		312.0285248989		1.169764848

				HC Removal (ug/min)		3785000																										with stripping						5000		15%		750		1040.0950829963		0.3509294544

				HC Removal (grams/day)		5450.4

				HC Removal (lb/day)		12.018132																										VAPOR CARBON USE						10000		15%		1500		520.0475414981		0.7018589088

				HC Removal (lb/year)		4386.62

				Proposed Carbon Vessel Size (lb)		21933

				Selected Vessel Size (lb) 		2000

				# of Carbon Change in a year		11

				Proposed Operation time (day)		10

				Removal in Proposed Op time		120.18132















Phyto

																										One must understand where the water is moving at a site in order to estimate contaminant fate and

				Begining		Min		Average		Maximum																transport. For applications involving ground-water remediation, a simple capture zone calculation

		water use by willow tree 		200		400		600		1000		gal/year														(Domenico and Schwartz, 1997) can be used to estimate whether the phytoremediation “pump”

		Water use		0.5479452055		1.095890411		1.6438356164		2.7397260274		gal/day														can be effective at entraining the plume of contaminants. Trees can be grouped for consideration

		Number of Trees		3		3		3		3		trees														as average withdrawal points. The goal of such a phytoremediation effort is to create a water table

		Number of Days in period		14		14		14		14		days														depression where contaminants will flow to the vegetation for uptake and treatment. It is important

		Total water use per period		23.0136986301		46.0273972603		69.0410958904		115.0684931507		gal/period														to realize that organic contaminants are not taken-up at the same concentration as in the soil or

																										groundwater, rather there is a transpiration stream concentration factor (a fractional efficiency of

														benzene												uptake) that accounts for the partial uptake of contaminant (due to membrane barriers at the root

		U = (TSCF) (T) (C) 												toluene												surface). The uptake rate is given by the following equation.

		 U = uptake rate of contaminant, mg/day		147.8356164384		295.6712328767		443.5068493151		739.1780821918		mg/day		ethylbenzene												U = (TSCF) (T) (C) 												(1)

		TSCF = transpiration stream concentration factor, dimensionless		0.71		0.71		0.71		0.71		benzene		m-xylene												where U = uptake rate of contaminant, mg/day

		T = transpiration rate of vegetation, L/day		2.0821917808		4.1643835616		6.2465753425		10.4109589041		L/day		TCE												TSCF = transpiration stream concentration factor, dimensionless

		C = concentration (aqueous phase)  in soil water or groundwater, mg/L		100		100		100		100		mg/l		aniline												T = transpiration rate of vegetation, L/day

														nitrobenzene												C = aqueous phase concentration in soil water or groundwater, mg/L

		k = U/Mo												phenol												If the contaminant plume is not taken-up by the vegetation, the plume that emerges will be

		where k = first order rate constant for uptake, yr-1												pentachlorophenol												evapoconcentrated, i.e., the mass of contaminant in the plume will be less due to uptake by vegetation,

		U = contaminant uptake rate, kg/yr												atrazine												but the concentration remaining will actually be greater. This is a potential concern for

		Mo = mass of contaminant initially, kg												1,2,4-trichlorobenzene												phytoremediation of ground-water plumes or with created wetlands, where a relatively hydrophilic

		Then, an estimate for mass remaining at any time is expressed by equation (3) below.												RDX												contaminant can be concentrated on the downstream side of the phyto system.

		M = Mo e-kt																								A method for estimating the Transpiration Stream Concentration Factor (TSCF) for equation (1) is

		where M = mass remaining, kg																								given in Table 3. The Root Concentration Factor is also defined in Table 3 as the ratio of the

		t = time, yr																								contaminant in roots to the concentration dissolved in soil water (µg/kg root per µg/L). It is

		Solving for the time required to achieve clean-up of a known action level:																								important in estimating the mass of contaminant sorbed to roots in phytoremediation systems.

		t = -(ln M/Mo)/k 

		where t = time required for clean-up to action level, yr																								Mature phreatophyte trees (poplar, willow, cottonwood, aspen, ash, alder, eucalyptus, mesquite,

		M = mass allowed at action level, kg																								bald cypress, birch and river cedar) typically can transpire three to five acre-ft of water per year

		Mo = initial mass of contaminant, kg																								(36 to 60 inches of water per year). This is equivalent to about 600 to 1000 gallons of water per tree

																										per year for a mature species planted at 1500 trees per acre. Transpiration rates in the first two

		 																								years would be somewhat less, about 200 gallons per tree per year, and hardwood trees would

																										transpire about half the water of a phreatophyte. Two meters of water per year is a practical

																										maximum for transpiration in a system with complete canopy coverage (a theoretical maximum

		Table 3																								would be 4 m/yr based on the solar energy supplied at 40oN on a clear day that is required to

		Estimating the Transpiration Stream Concentration Factor (TSCF)																								evaporate water). If evapotranspiration of the system exceeds precipitation, it is possible to capture

		and Root Concentration Factor (RCF)																								water that is moving vertically through soil. Areas that receive precipitation in the wintertime (dormant

		for Some Typical Contaminants																								season for deciduous trees) must be modeled to determine if the soil will be sufficiently dry to hold

		(from Burken and Schnoor, 1997b)																								water for the next spring’s growth period. The Corps of Engineers HELP model (Vicksburg,

		The TSCF and RCF for metals depends on their redox state and chemical speciation in soil and																								Mississippi) and other codes have been used to estimate vertical water movement and percolation

		groundwater.																								to groundwater.

		Chemical		+Log		+Solubility		+Henry's		+Vapor		Transpiration		Root Conc.

				Kow		-Log Cw		Constant kH',		Pressure		Stream Conc.		Factor,												4.6 CONTAMINANT UPTAKE RATE AND CLEAN-UP TIME

						sat @		@25°C		-Log Po @		Factor		RCF† (L/kg)												From equation (1) above, it is possible to estimate the uptake rate of the contaminant(s). First order

						25°C, (mol/l)		(dimensionless)		25°C (atm)		(TSCF)*														kinetics can be assumed as an approximation for the time duration needed to achieve remediation

																										goals. The uptake rate should be divided by the mass of contaminant remaining in the soil:

		benzene		2.13		1.64		0.225		0.9		0.71		3.6												k = U/Mo												(2)

		toluene		2.69		2.25		0.276		1.42		0.74		4.5												where k = first order rate constant for uptake, yr-1

		ethylbenzene		3.15		2.8		0.324		1.9		0.63		6												U = contaminant uptake rate, kg/yr

		m-xylene		3.2		2.77		0.252		1.98		0.61		6.2												Mo = mass of contaminant initially, kg

		TCE		2.33		2.04		0.437		1.01		0.74		3.9												Then, an estimate for mass remaining at any time is expressed by equation (3) below.

		aniline		0.9		0.41		2.2x10-5		2.89		0.26		3.1												M = Mo e-kt												 (3)

		nitrobenzene		1.83		1.77		0.0025a		3.68		0.62		3.4												where M = mass remaining, kg

		phenol		1.45		0.2		>1.0x10-5		3.59		0.47		3.2												t = time, yr

		pentachlorophenol		5.04		4.27		1.5x10-4 a		6.75a		0.07		54												Solving for the time required to achieve clean-up of a known action level:

		atrazine		2.69		3.81		1.0x10-7 a		9.40a		0.74		4.5												t = -(ln M/Mo)/k 												(4)

		1,2,4-trichlorobenzene		4.25		3.65		0.113		3.21		0.21		19												where t = time required for clean-up to action level, yr

		RDX		0.87		4.57		- - -		- - -		0.25		3.1												M = mass allowed at action level, kg

																										Mo = initial mass of contaminant, kg

		+ Physical chemical properties (Schwarzenbach, et al., 1993) unless otherwise noted.

		* TSCF = 0.75 exp {- [(log K ow - 2.50)2/2.4]} Burken & Schnoor, 1997b

		† RCF = 3.0 + exp (1.497 log K ow - 3.615) Burken & Schnoor, 1997b

		a Source: (Schnoor, 1996)





Carbon-Footprint

				Electricity:   ~ 1.9lbs co2 per horsepower/hour 10 hp motor 19 lbs co2 / hr X 24 = 

				Technician Driving 1lb co2 per mile based on 20 MPG Vehicle 20 miles each way total 40 miles per week

				 1.0 lb VFH ≈ 3.0 lb CO2

		Electricity								1.9		lbs		per 		1		horsepower per 		1		hour

				Motor Size		10		hp

				Carbon FP		19		lbs of CO2 per hour

						456		lbs of CO2 per day (24 hrs)

						152		equivalet VFH per day - this is the minimum removal rate of VFH require to offset carbon foot print

						0.435				lbs CO2 per KWh

						0.32				hp/h		(1KWh - 1.36 hp)

						1.36				KWh to hp conversion



 Electricity Use: 
 ~ 0.435 lbs CO2 per KWh  ~ 0.32 hp/h (1KWh=1.36 hp) 
10 hp motor 3.2 lbs CO2 / hr X 24 = 76.8 lbs of CO2 /day
Technician Driving: 
~1 lb CO2 per mile based on 20 MPG Vehicle 20 miles each
way total 40 miles per week  =  40 lbs CO2 /week
1.0 lb VFH ≈ 3.0 lb CO2





ISCO

																																								Current limitations of in situ chemical oxidation (ISCO) remediation agents in treating contaminated groundwater include the difficulty of bringing reactants into contact with contaminants, particularly when the contaminants are located in low permeability matrices in which diffusion and mass transfer are minimal, and the non-beneficial reactions of oxidant sources with aquifer materials such as metal catalyzed decomposition or the oxidation of naturally occurring organic materials (NOM). The use of sodium persulfate for ISCO has the potential to overcome these limitations. In addition to reactivity with a broad spectrum of contaminants and its limited reactivity with NOM, the longevity of sodium persulfate results in increased transport through the subsurface. Furthermore, persulfate treatment may increase the permeability of some aquifer materials, resulting in enhanced contact with contaminants. This project focused on the potential for persulfate to diffuse into low permeability regions of the subsurface, promoting contact with contaminants to enhance in situ destruction.  

The objectives of this project were to investigate (1) persulfate decomposition rates in the presence of metal oxides and subsurface solids with a wide range of physical and geochemical characteristics, (2) the reactivity of persulfate with contaminants under varying activation conditions, and (3) the effect of persulfate on soil microstructure, porosity, and permeability.

		Methane		CH4		16				CH4		+		2O2		=>		CO2		+		2H2O

		Hexane		C6H6		78				16				64				44				36		0

		Diesel 2 Formula		C12H23		167				C12H23		+		17.75O2		=>		12CO2		+		11.5H2O

										167				568				528				207		0

		Tetrachloroethene		C2Cl4





		Regenesis Persulf OX		Na2S2O8

		REGENOX

		    Sodium carbonate monohydrate		CH2Na2O4																																				Technical Approach

		      Sodium Percarbonate		Na2CO3·1.5H2O2																																				Mechanistic investigation of persulfate activation by naturally occurring iron oxides, manganese oxides, clay minerals, trace minerals, base, iron chelates, and organic compounds was conducted using reaction specific probe compounds, hydroxyl radical and sulfate radical scavengers, and electron spin resonance spectroscopy. In addition, the effect of activated persulfate formulations on the permeability and morphology of subsurface minerals and subsurface solids was investigated using falling head permeameters, x-ray computed tomography, x-ray diffraction, and surface area analysis. Diffusion and transport of different persulfate formulations into low permeability matrices was investigated using specially designed soil columns filled with kaolinite and a low permeability soil.

		Sodium Hydroxide		NaOH

		Hydrogen Peroxide		H2O2		34



		Important salts include 

		sodium persulfate (Na2S2O8), 		Na2S2O8																																				Chemical oxidation can be described by second-order reaction rate kinetics (Eqn 1).  It is evident that the oxidant can react with either the target contaminant, scavengers (i.e., non-target reactants), and intermediates.  The extent to which the oxidant reacts with either is dependent on the reaction rate constant of the reactant, and the concentration of the reactant.  Therefore, the greater the concentration of contaminants relative to other potential reactants, the faster the reaction rate of the target contaminant. This partially explains why greater oxidation efﬁciency occurs in source zones where high concentrations of the target contaminants are present.  The feasibility of treating relatively low dissolved concentrations of organic contaminants may not be as favorable, and these concentrations may be more effectively treated by other candidate technologies, such as monitored natural attenuation (MNA).

		potassium persulfate (K2S2O8), and . 		K2S2O8

		ammonium persulfate ((NH4)2S2O8)		(NH4)2S2O8



		dO/dt = k1 [O] [C] + k2 [O] [S] + k3 [O] [I]     (Eqn 1)

		where: k1, k2, k3 = second order reaction rate constant     (L/mol-s) [O] = concentration of oxidant (·OH,    MnO4-, O3, S2O82-,·SO4-) (mol/L) [C] = target contaminant (mol/L) [S]  = scavenger (mol/L) [I]  = intermediates (mol/L)																																						dO/dt = k1 [O] [C] + k2 [O] [S] + k3 [O] [I]     (Eqn 1)

																																								where: k1, k2, k3 = second order reaction rate constant     (L/mol-s) [O] = concentration of oxidant (·OH,    MnO4-, O3, S2O82-,·SO4-) (mol/L) [C] = target contaminant (mol/L) [S]  = scavenger (mol/L) [I]  = intermediates (mol/L)





								Glucose		C6H12O6		+		6O2						=>		6CO2		+		6H2O														Table 10. General Persulfate Oxidation and Related Chemical Reactions

		PFAS Chemicals																		SCWO																				  S2O82-  				Heat		  2SO4-  						(1)

		PFOA		2CF3(CF2)6COOH				PFOA		2CF3(CF2)6COOH		+		7O2		+		15CaCO3		=>		31CO2		+		H2O		+		15CaF2														  S2O82-  		+Fe+2				Fe+3		  '+SO4-  		  '+SO42-  		(2)

								PFOS		2C8HF17O3S		+		8O2		+		19CaCO3		=>		35CO2		+		H2O		+		17CaF2		+		2CaSO4						  S2O82-  				hv		  2SO4-  						(3)

																																								  SO4-  		+H2O				OH		+HSO4-				(4)

																																								  SO4-  		+Fe+2				Fe+3		  '+SO4-  		  '+SO42-  		(5)





																																								Table 9.  General Ozone Oxidation and Related Chemical Reactions

																																								Direct Oxidation

																																								O3		+ C2HCl3		+H2O				2CO2		+3H+ 		+3Cl-

																																								48		131.35		18		197.35		88		3		106.35				0

																																								O3		+H2O				O2		+2·OH		  (Slow) 

																																								48		18				32		34								0

																																								Trichloroethylene-d | C2HCl3								131.35		g/mol



																																								Tetrachloroethylene (Cl2C=CCl2)								165.8		g/mol





																																								Potassium (K)								39.1		g/mol

																																								Sodium (Na)								22.99		g/mol

																																								Magnesium (Mg)								24.31		g/mol

																																								Manganese (Mn)								54.94		g/mol

																																								Iron (Fe)								55.84		g/mol

																																								Nitrogen (N)								14.01		g/mol

																																								Sulfur (S)								32.07		g/mol

																																								Chlorine (Cl)								35.45		g/mol





ISOTOP

		ISOTOP Analysis

		https://d1wqtxts1xzle7.cloudfront.net/86876334/j.envpol.2012.05.00620220602-1-19fok7k-libre.pdf?1654169955=&response-content-disposition=inline%3B+filename%3DCompound_Specific_Isotope_Analysis_CSIA.pdf&Expires=1668651782&Signature=J-umiklgjCXn1nFu08oiUc5axUkUdlMhrJKEo7QYHh-z7eSEnNWup0RmDAaSdZZJ79WtlYEWdnaLexl8PaDjPMN5JFHfMLn~jPjXepMzd1JPpsWTw~kSgmaN6SOG6m9l~3YpSVEnxD5WW0dNGyNEBRGzBS9t5ZA5r8bT1yYK149PzgL7CbWBssj7KJrH3EShAklR2xf6fHdxSPg8Ztc6NtsQEw-AOmrxansEXur1O5fWDzl9Ts1j~IlXtOuGz6wYBMQnldH8irQNv01L3Jg-OMGYuLj3Ml0LRO65PVRZ2um3rMf-nRl3MKtkN29nYFuw7BRcuCyHf~hl~fhIW16SFg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA  

		Compound Specific Isotope Analysis (CSIA) for chlorine and bromine: A review of techniques and applications to elucidate environmental sources and processes Alessandra Cincinelli a,b,*, Francesca Pieri a , Yuan Zhang c , Mike Seed d , Kevin C. Jones b aDepartment of Chemistry, University of Florence, Via della Lastruccia, 3, 50019 Sesto Fiorentino, Florence, Italy b Lancaster Environment Centre, Lancaster University, Lancaster LA1 4YQ, UK c School of Environmental Studies, China University of Geosciences, Wuhan 430074, China d Isoprime Ltd, Isoprime House, Earl Road, Cheadle Hulme SK8 6PT, Cheadle, UK		Using Environmental Forensics to Determine Liability for Environmental Contamination
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SUBSCRIBE TO EXPONENT UPDATES

Environmental forensic scientists combine chemical data with available documentary records (such as industrial operational information, aerial photographs, insurance maps, and witness statements) to reconstruct circumstances that led to the environmental contamination. In merging chemistry and operational history, we gain insight into what caused the contamination, when and how the contamination occurred, and the spatial extent and the fate of the contamination. Using chemical fingerprinting and other forensic analysis techniques, environmental forensic scientists can investigate a site and track contamination sources to determine liability for the response costs of addressing the contamination.


Chemical Fingerprinting

The goal of chemical fingerprinting is to identify unique chemical characteristics, or chemical fingerprints, that can be used to track a chemical back to its source(s). The classes of chemicals typically investigated are components of feedstocks, byproducts, and wastes that leaked, spilled, or discharged as part of industrial operations. For example, the group of chemicals called polycyclic aromatic hydrocarbons (PAHs) is found in crude oil, petroleum products, and coal tar; these chemicals are sometimes implicated in the need for a site cleanup. Other examples include perchloroethylene (PERC) and trichloroethylene (TCE, components of chlorinated solvents), chemicals that are no longer manufactured (e.g., polychlorinated biphenyls, or PCBs), and metals that can be enriched in industrial wastes.

Chemical fingerprinting may require conducting special types of laboratory analyses with environmental samples. For example, PAH data available from environmental investigations are commonly limited to 16 compounds known as priority pollutant PAH analytes, designated by the U.S. Environmental Protection Agency (EPA). However, this regulatory-driven PAH list is not intended for detailed PAH source characterization. As such, the scientific community has expanded the EPA analytical list for fingerprinting purposes to include more than 30 PAH compounds. Similar discussion can be applied to PCBs, as regulatory focus is typically on Aroclor analysis, while a more complete PCB congener analysis is typically used in chemical fingerprinting. Laboratory methods to analyze crude oil and petroleum products, PCBs, and other chemicals have been developing since the 1980s, and laboratories continue to enhance their analytical capabilities. Today, laboratories can detect contamination at lower concentrations than ever before and use sophisticated analytical methods such as isotope analysis, two-dimensional gas chromatography (GC×GC), and other cutting-edge analyses to identify chemicals that were not of concern in the past, such as per- and poly-fluorinated alkyl compounds (PFAS).

After laboratory data are obtained, scientists can use a multitude of data analysis tools, such as:

Age-dating sediment samples and associated contamination to calculate when contamination impacted the environment
Isotope analysis of specific compounds (e.g., metals or chlorinated solvents) to link contamination to a specific feedstock or waste material
Statistical tools such as polytopic vector analysis (PVA) or other mathematical models to numerically “unmix” comingled contaminant fingerprints in sediment and allocate percent contributions from different upland sources, even if the sources have long been removed.

Chemical Fate and Transport Analysis and Other Forensic Tools
Whereas chemical fingerprinting is sometimes central to an environmental forensics study, scientists can use other types of chemical fate, transport, and source tracking/timing analysis methods. For example, depending on site details, analysis of groundwater and surface water flows, sediment transport, chemical spatial concentration patterns, and bathymetry data may be used to calculate contaminant source locations and timing of the release(s).

How Exponent Can Help

Understanding the applicability and limitations of chemical forensics tools is necessary for successful interpretation of data obtained from contamination at a site. It is important to avoid the misapplication or misinterpretation of chemical fingerprinting data or other forensic tools, because this can result in incorrect conclusions about liability for contamination.

Our team at Exponent has published numerous peer-reviewed scientific articles and books on topics related to chemical fingerprinting, the fate and transport principles of chemicals in different environmental media, reconstruction of historical chemical releases, changes that occur to chemicals in the environment (e.g., weathering), and exposure assessments. We have assisted clients in toxic torts, property damage cases, allocation of contamination response costs, and National Resource Damage Assessments (NRDAs) nationwide, among many other legal and regulatory scenarios.

		Chlorinated and brominated compounds belong to the class of organohalogen compounds that have received attention because of their widespread occurrence, use and applications. Understanding the sources and transformation processes of these contaminants in the environment enables assessment of their possible impact on humans and ecosystems. Recently new and innovative methods of Compound Specific Isotope Analysis have started to be applied to characterize the origin and fate of compounds, their breakdown products and degradation rates in different environmental compartments. Almost all studies have focussed on determination of isotopes of C and H, only recently new methodologies have been developed to measure isotopes of Cl and Br. This review firstly gives a brief description of chemistry properties and geochemical cycle of chlorine and bromine followed by a summary of their uses and applications. In the second section, an overview of CSIA techniques and new challenges and successful applications are also presented.





PFAS

				SCWO Treatment 

				PFOS		2 C8HF17O3S + 8 O2 + 19 CaCO3 = H2O + 35 CO2 + 17 CaF2 + 2 CaSO4

				PFOA		2 CF3 (CF2 )6 COOH + 7 O2 + 15 CaCO3 = H2O + 31 CO2 + 15 CaF2

				Glucose		C6 H12 O6+ 6 O2  =  6H2O + 6 CO2 





						PFAS COMPOUNDS (38 list)

		38		25												Required Reporting Limits

						Chemical Name				Abbreviation		Fluorinated Alkane Carbon Chain Length*		Chemical Abstracts Service (CAS) No.		Aqueous: Groundwater and Effluent
(ng/L)		Solid: Soil (µg/kg)

						Perfluoroalkylcarboxylic acids (PFCAs)

		1		1		Perfluorobutanoic acid				PFBA		C4		375-22-4		8.0		2.0

		2		2		Perfluoropentanoic acid				PFPeA		C5		2706-90-3		5.0		1.0

		3		3		Perfluorohexanoic acid				PFHxA		C6		307-24-4		5.0		1.0

		4		4		Perfluoroheptanoic acid				PFHpA		C7		375-85-9		5.0		1.0

		5		5		Perfluorooctanoic acid				PFOA		C8		335-67-1		5.0		1.0

		6		6		Perfluorononanoic acid				PFNA		C9		375-95-1		5.0		1.0

		7		7		Perfluorodecanoic acid				PFDA		C10		335-76-2		5.0		1.0

		8		8		Perfluoroundecanoic acid				PFUnDA		C11		2058-94-8		5.0		1.0

		9		9		Perfluorododecanoic acid				PFDoDA		C12		307-55-1		5.0		1.0

		10		10		Perfluorotridecanoic acid				PFTrDA		C13		72629-94-8		5.0		1.0

		11		11		Perfluorotetradecanoic acid				PFTeDA		C14		376-06-7		8.0		2.0

		12				Perfluorohexadecanoic acid*				PFHxDA		C16		67905-19-5		8.0		2.0

		13				Perfluorooctadecanoic acid*				PFODA		C18		16517-11-6		8.0		2.0

						Perfluorinated sulfonic acids (PFSAs)

		14		12		Perfluorobutane sulfonic acid				PFBS		C4		375-73-5		5.0		1.0

		15		13		Perfluoropentane sulfonic acid				PFPeS		C5		2706-91-4		5.0		2.0

		16		14		Perfluorohexane sulfonic acid				PFHxS		C6		355-46-4		5.0		1.0

		17		15		Perfluoroheptane sulfonic acid				PFHpS		C7		375-92-8		5.0		1.0

		18		16		Perfluorooctane sulfonic acid				PFOS		C8		1763-23-1		5.0		1.0

		19				Perfluorononane sulfonic acid				PFNS		C9		474511-07-4		8.0		5.0

		20		17		Perfluorodecane sulfonic acid				PFDS		C10		335-77-3		5.0		1.0

						Perfluoroocante Sulfonamide and Derivatives (PFOSA, FOSEs, FOSAs, and FOSAAs)

		21		18		Perfluorooctanesulfonamide				PFOSA		C8		754-91-6		8.0		1.0

		22				N-Ethyl perfluorooctane sulfonamide ethanol*				EtFOSE		C8 Precursor		1691-99-2		8.0		2.0

		23				N-Methyl perfluorooctane sulfonamide ethanol*				MeFOSE		C8 Precursor		24448-09-7		8.0		2.0

		24				N-Ethyl perfluorooctane sulfonamide*				EtFOSA		C8 Precursor		4151-50-2		8.0		2.0

		25				N-Methyl perfluorooctane sulfonamide*				MeFOSA		C8 Precursor		31506-32-8		8.0		2.0

		26		19		N-Methyl perfluorooctane sulfonamidoacetic acid				NMeFOSAA		C8 Precursor		2355-31-9		20.0		2.5

		27		20		N-Ethyl perfluorooctane sulfonamidoacetic acid				NEtFOSAA		C8 Precursor		2991-50-6		20.0		2.0

						Fluorotelomer sulfonates (FTS)

		28		21		4:2 Fluorotelomer sulfonic acid				4:2 FTS		C4* Precursor		757124-72-4		8.0		1.0

		29		22		6:2 Fluorotelomer sulfonic acid				6:2 FTS		C6* Precursor		27619-97-2		20.0		2.5

		30		23		8:2 Fluorotelomer sulfonic acid				8:2 FTS		C8* Precursor		39108-34-4		20.0		2.0

		31				10:2 Fluorotelomer sulfonic acid*				10:2 FTS		C10* Precursor		120226-60-0		8.0		2.0

						Fluorotelomer carboxylic acids (FTCA)

		32				2H,2H,3H,3H-Perfluorohexanoic acid*				3:3 FTCA		C4* Precursor		356-02-5		8.0		5.0

		33				2H,2H,3H,3H-Perfluorooctanoic acid*				5:3 FTCA		C6* Precursor		914637-49-3		8.0		5.0

		34				2H,2H,3H,3H-Perfluorodecanoic acid*				7:3 FTCA		C8* Precursor		812-70-4		8.0		5.0

						Perfluoroalkyl ether carboxylic acids (PFECA)

		35				Hexafluoropropylene oxide dimer acid*				HFPO-DA		--		13252-13-6		20.0		5.0

		36				4,8-Dioxa-3H-perfluorononanoic acid*				ADONA		--		919005-14-4		8.0		5.0

						Chlorinated Polyﬂuoroalkyl Ether Sulfonic Acids (Cl-PFESAs)

		37		24		9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid				9-Cl-PF3ONS		--		756426-58-1		8.0		5.0

		38		25		11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid				11-Cl-PF3OUdS		--		763051-92-9		8.0		5.0

						Red font underlined compounds (15 total) have previously detected at this site.

						Compounds shaded Gray with asterix need not be included per CRWQCB Plating Company Order

						25 PFAS Compounds plus 5:3 FTCA (because of prior detect) should be included in sampling program for APC



						Additional Compounds to be tested

						VOCs by EPA 8260B full scan				ug/l

						TPH carbon chain with GRO,DRO, MORO speciations by EPA 8015M or DHS method				ug/l

						CAM Metals (CAM17) Ag, As, Ba, Be, Cd, Cr, Co, Cu, Mo, Ni, Pb, Sb, Se, Tl, V, Zn, Hg				mg/l

						Hexavalent Chromium (EPA 7196)				ug/l



						General Chemistry

						Total Dissolved Solids				mg/L

						Chloride				mg/L

						Carbonate				mg/L

						Bicarbonate				mg/L

						Nitrate-Nitrogen				mg/L

						Sulfate				mg/L

						Calcium				mg/L

						Magnesium				mg/L

						Potassium				mg/L

						Sodium				mg/L





						Field Parameters

						Depth to Groundwater				Feet, bgs

						Temperature				Degrees C

						Electrical Conductivity				µmhos/cm

						pH				units

						Turbidity				NTU

						DO				mg/l

						ORP				mV

						PID (soil sample headspace)				ppmV





CHEMICAL-PROPERTIES









						CONTAMINANT						               PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS



												MW		H		H'		Di		Dw		Koc		Kd		S		DA		VF		SAT

												(g/mol)		(atm-m3/mol)		(dimensionless)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(m^3/kg)		(mg/kg)



						Acetaldehyde						44		7.9E-05		3.2E-03		1.2E-01		1.4E-05		1.8E+01		1.1E-01		1.0E+06		1.0E-04		1.3E+04		2.1E+05

						Acetone						58		3.9E-05		1.6E-03		1.2E-01		1.1E-05		5.8E-01		3.5E-03		1.0E+06		1.0E-04		1.3E+04		1.0E+05

						Acetonitrile						41		2.0E-05		8.2E-04		1.3E-01		1.7E-05		1.6E+01		9.4E-02		1.0E+06		2.9E-05		2.3E+04		1.9E+05

						Acrolein						56		1.2E-04		4.9E-03		1.1E-01		1.2E-05		2.1E+01		1.3E-01		2.1E+05		1.2E-04		1.2E+04		4.8E+04

						Acrylonitrile						53		8.8E-05		3.6E-03		1.1E-01		1.3E-05		8.5E-01		5.1E-03		7.9E+04		1.9E-04		9.0E+03		8.4E+03

						Benzene						78.1		5.6E-03		2.3E-01		8.8E-02		9.8E-06		5.9E+01		3.5E-01		1.8E+03		2.1E-03		2.7E+03		8.7E+02

						Benzyl chloride						127		5.1E-05		2.1E-03		6.7E-02		7.8E-06		5.0E+01		3.0E-01		3.3E+03		1.8E-05		2.9E+04		1.3E+03

						1,1-Biphenyl						150		3.0E-04		1.2E-02		4.0E-02		8.2E-06		7.8E+03		4.7E+01		7.5E+00		5.5E-07		1.7E+05		3.5E+02

						Bis(2-chloroethyl)ether						143		1.8E-05		7.4E-04		6.9E-02		7.5E-06		7.6E+01		4.6E-01		1.7E+04		4.9E-06		5.7E+04		9.6E+03

						Bis(2-chloroisopropyl)ether						171		1.1E-04		4.6E-03		6.3E-02		6.4E-06		6.1E+01		3.7E-01		1.7E+03		3.3E-05		2.2E+04		7.9E+02

						Bis(chloromethyl)ether						115		2.0E-04		8.2E-03		8.9E-02		9.4E-06		1.2E+00		7.2E-03		2.2E+04		3.5E-04		6.7E+03		2.4E+03

						Bis(2-chloro-1-methylethyl)ether						171		1.1E-04		4.6E-03		6.3E-02		6.4E-06		6.1E+01		3.7E-01		1.7E+03		3.3E-05		2.2E+04		7.9E+02

						Bromobenzene				SURROGATE = chlorobenzene		MW < 200		3.7E-03		1.5E-01		7.3E-02		8.7E-06		2.2E+02		1.3E+00		4.7E+02		3.9E-04		6.3E+03		6.9E+02

						Bromodichloromethane						164		1.6E-03		6.6E-02		3.0E-02		1.1E-05		5.5E+01		3.3E-01		6.7E+03		2.3E-04		8.3E+03		3.0E+03

						Bromomethane						94.95		6.2E-03		2.6E-01		7.3E-02		1.2E-05		9.0E+00		5.4E-02		1.5E+04		4.8E-03		1.8E+03		3.1E+03

						1,3-Butadiene						54		1.8E-01		7.3E+00		9.8E-02		1.1E-05		1.2E+02		7.2E-01		7.4E+02		1.7E-02		9.6E+02		1.6E+03

						n-Butylbenzene						134.22		1.3E-02		5.4E-01		7.5E-02		7.8E-06		2.8E+03		1.7E+01		1.4E+01		1.2E-04		1.1E+04		2.4E+02

						sec-Butylbenzene						134.22		1.9E-02		7.7E-01		7.5E-02		7.8E-06		2.2E+03		1.3E+01		1.7E+01		2.3E-04		8.3E+03		2.2E+02

						tert-Butylbenzene						134.22		1.3E-02		5.2E-01		7.5E-02		7.8E-06		2.2E+03		1.3E+01		3.0E+01		1.5E-04		1.0E+04		3.9E+02

						Carbon disulfide						76		3.0E-02		1.2E+00		1.0E-01		1.0E-05		4.6E+01		2.7E-01		1.2E+03		1.1E-02		1.2E+03		7.2E+02

						Carbon tetrachloride						154		3.0E-02		1.2E+00		7.8E-02		8.8E-06		1.7E+02		1.0E+00		7.9E+02		3.7E-03		2.1E+03		1.1E+03

						2-Chloroacetophenone				SURROGATE = Chlorobenzene		MW < 200		3.7E-02		1.5E+00		7.2E-02		6.8E-06		3.3E+02		2.0E+00		4.7E+02		2.4E-03		2.6E+03		1.1E+03

						Chlorobenzene						113		3.7E-03		1.5E-01		7.3E-02		8.7E-06		2.2E+02		1.3E+00		4.7E+02		4.0E-04		6.3E+03		6.8E+02

						2-Chloro-1,3-butadiene						88		3.2E-02		1.3E+00		1.1E-01		1.1E-05		5.0E+01		3.0E-01		7.4E+02		1.2E-02		1.2E+03		4.8E+02

						1-Chlorobutane				SURROGATE = 2-Chloro-1,3-butadiene		MW < 200		3.2E-02		1.3E+00		1.1E-01		1.1E-05		5.0E+01		3.0E-01		7.4E+02		1.2E-02		1.2E+03		4.8E+02

						1-Chloro-1,1-difluoroethane				SURROGATE = Dichlorodifluoromethane		MW < 200		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						Chlorodifluoromethane				SURROGATE = Dichlorodifluoromethane		MW < 200		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						Chloroethane						65		1.1E-02		4.5E-01		1.0E-01		1.2E-05		1.5E+01		8.8E-02		5.7E+03		9.0E-03		1.3E+03		1.6E+03

						Chloroform						119		3.7E-03		1.5E-01		1.0E-01		1.0E-05		4.0E+01		2.4E-01		7.9E+03		2.2E-03		2.7E+03		2.9E+03

						Chloromethane						51		2.4E-02		9.8E-01		1.1E-01		6.5E-06		3.5E+01		2.1E-01		8.2E+03		1.1E-02		1.2E+03		4.0E+03

						beta-Chloronaphthalene						160		3.1E-04		1.3E-02		3.5E-02		8.8E-06		1.6E+03		9.3E+00		1.2E+01		2.4E-06		8.0E+04		1.1E+02

						o-Chloronitrobenzene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						p-Chloronitrobenzene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						2-Chlorophenol						130		3.9E-04		1.6E-02		5.0E-01		9.5E-06		4.0E+02		2.4E+00		2.2E+04		1.7E-04		9.7E+03		5.5E+04

						2-Chloropropane				SURROGATE = 1,2-Dichloropropane		MW < 200		2.3E-03		9.4E-02		8.0E-02		1.0E-05		5.1E+01		3.1E-01		2.7E+03		9.3E-04		4.1E+03		1.1E+03

						o-Chlorotoluene				SURROGATE = Chlorobenzene		MW < 200		3.5E-03		1.4E-01		7.2E-02		8.7E-06		1.6E+02		9.6E-01		4.7E+02		4.9E-04		5.6E+03		5.1E+02

						Crotonaldehyde				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		1.0E+01		9.1E-02		1.0E-05		8.4E+02		5.0E+00		2.0E+01		6.8E-03		1.5E+03		1.4E+02

						Cumene (isopropylbenzene)						120		1.2E-02		4.7E-01		7.5E-02		7.1E-06		2.2E+02		1.3E+00		6.1E+01		1.2E-03		3.6E+03		9.2E+01

						Cyanide (hydrogen)						27.03		1.3E-04		5.3E-03		1.8E-01		1.8E-05		1.7E+01		1.0E-01		1.0E+06		2.4E-04		8.1E+03		2.1E+05

						Cyanogen						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyanogen bromide						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyanogen chloride						52		5.0E-03		2.1E-01		9.6E-02		1.0E-05		2.6E+01		1.6E-01		8.5E+03		3.5E-03		2.1E+03		2.5E+03

						Cyclohexane						84		2.0E-01		8.2E+00		8.0E-02		9.0E-06		1.6E+02		9.6E-01		5.5E+01		1.3E-02		1.1E+03		1.4E+02

						Dibenzofuran						170		1.3E-05		5.3E-04		6.0E-02		1.0E-05		7.8E+03		4.7E+01		3.1E+00		3.7E-08		6.5E+05		1.4E+02

						Dibromochloromethane						208		8.5E-04		3.5E-02		9.6E-02		1.0E-05		4.7E+02		2.8E+00		4.4E+03		6.0E-05		1.6E+04		1.3E+04

						1,2-Dibromo-3-chloropropane						236.36		1.5E-04		6.0E-03		2.1E-02		7.0E-06		1.3E+02		7.8E-01		1.2E+03		7.6E-06		4.6E+04		1.1E+03

						1,2-Dibromoethane						188		3.2E-04		1.3E-02		7.3E-02		8.1E-06		4.4E+01		2.6E-01		3.4E+03		1.8E-04		1.1E+04		1.2E+03

						1,2-Dichlorobenzene						147		1.9E-03		7.8E-02		6.9E-02		7.9E-06		6.2E+02		3.7E+00		1.6E+02		7.3E-05		1.5E+04		6.0E+02

						1,3-Dichlorobenzene						147		1.9E-03		7.8E-02		6.9E-02		7.9E-06		6.2E+02		3.7E+00		1.6E+02		7.3E-05		1.5E+04		6.0E+02

						1,4-Dichlorobenzene						147		2.4E-03		1.0E-01		6.9E-02		7.9E-06		6.2E+02		3.7E+00		7.4E+01		9.4E-05		1.3E+04		2.8E+02

						1,4-Dichloro-2-butene						125		2.6E-04		1.1E-02		7.3E-02		8.1E-06		4.8E+01		2.9E-01		2.8E+03		1.0E-04		1.2E+04		1.1E+03

						Dichlorodifluoromethane						120.92		1.0E-01		4.1E+00		8.0E-02		1.1E-05		5.8E+01		3.5E-01		2.8E+02		1.4E-02		1.1E+03		3.4E+02

						1,1-Dichloroethane						99		5.6E-03		2.3E-01		7.4E-02		1.1E-05		3.2E+01		1.9E-01		5.1E+03		2.7E-03		2.4E+03		1.7E+03

						1,2-Dichloroethane						99		9.8E-04		4.0E-02		1.0E-01		9.9E-06		1.7E+01		1.0E-01		8.5E+03		1.0E-03		3.9E+03		1.8E+03

						1,1-Dichloroethylene						97		2.6E-02		1.1E+00		9.0E-02		1.0E-05		5.9E+01		3.5E-01		2.3E+03		7.7E-03		1.4E+03		1.5E+03

						1,2-Dichloroethylene (cis)						97		4.1E-03		1.7E-01		7.4E-02		1.1E-05		3.6E+01		2.1E-01		3.5E+03		1.9E-03		2.9E+03		1.2E+03

						1,2-Dichloroethylene (trans)						97		9.4E-03		3.8E-01		7.1E-02		1.2E-05		5.3E+01		3.2E-01		6.3E+03		2.9E-03		2.3E+03		3.1E+03

						1,2-Dichloropropane						113		2.8E-03		1.1E-01		7.8E-02		8.7E-06		4.4E+01		2.6E-01		2.8E+03		1.2E-03		3.6E+03		1.1E+03

						1,3-Dichloropropane						113		2.8E-03		1.1E-01		7.8E-02		8.7E-06		4.4E+01		2.6E-01		2.8E+03		1.2E-03		3.6E+03		1.1E+03

						1,3-Dichloropropene						111		1.8E-02		7.3E-01		6.3E-02		1.0E-05		4.6E+01		2.7E-01		2.8E+03		4.6E-03		1.8E+03		1.4E+03

						Dicyclopentadiene						132		1.1E-02		4.4E-01		6.7E-02		1.0E-05		5.7E+02		3.4E+00		1.8E+03		4.2E-04		6.1E+03		6.5E+03

						Dimethylamine						45		9.0E-05		3.7E-03		1.2E-01		1.3E-05		2.2E+00		1.3E-02		1.0E+06		2.0E-04		8.8E+03		1.1E+05

						Epichlorohydrin						93		3.2E-05		1.3E-03		8.8E-02		9.8E-06		3.5E+00		2.1E-02		6.0E+04		5.0E-05		1.8E+04		7.3E+03

						Ethyl acetate						88		1.4E-04		5.7E-03		7.3E-02		9.7E-06		5.9E+01		3.6E-01		8.0E+04		4.8E-05		1.8E+04		3.7E+04

						Ethyl acrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		9.8E+00		9.1E-02		8.6E-06		8.4E+02		5.0E+00		2.0E+01		6.7E-03		1.5E+03		1.4E+02

						Ethylbenzene						106.2		7.9E-03		3.2E-01		7.5E-02		7.8E-06		3.6E+02		2.2E+00		1.7E+02		5.4E-04		5.4E+03		4.0E+02

						Ethyl chloride						65		1.1E-02		4.5E-01		1.0E-01		1.2E-05		1.5E+01		8.8E-02		5.7E+03		9.0E-03		1.3E+03		1.6E+03

						Ethylene oxide						44		7.6E-05		3.1E-03		1.3E-01		1.5E-05		2.2E+00		1.3E-02		1.0E+06		1.8E-04		9.4E+03		1.1E+05

						Ethyl ether				SURROGATE = Bis(2-chloroethyl)ether		MW < 200		1.3E-05		5.3E-04		7.0E-02		9.3E-06		1.4E+01		8.4E-02		1.0E+04		1.1E-05		3.8E+04		1.8E+03

						Ethyl methacrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		1.0E+01		9.1E-02		8.6E-06		8.4E+02		5.0E+00		2.0E+01		6.8E-03		1.5E+03		1.4E+02

						Freon 113						187.38		5.2E-01		2.1E+01		2.9E-02		8.1E-06		1.6E+02		9.6E-01		1.1E+03		6.3E-03		1.6E+03		5.6E+03

						Furan						68		5.4E-03		2.2E-01		1.0E-01		1.2E-05		1.2E+01		7.4E-02		1.0E+04		5.6E-03		1.7E+03		2.2E+03

						n-Hexane						86		1.2E-01		5.0E+00		2.0E-01		7.8E-06		8.9E+02		5.3E+00		1.8E+01		8.2E-03		1.4E+03		1.1E+02

						Hydrogen cyanide						27.03		1.3E-04		5.3E-03		1.8E-01		1.8E-05		1.7E+01		1.0E-01		1.0E+06		2.4E-04		8.1E+03		2.1E+05

						Isobutanol						74		1.2E-05		4.9E-04		8.6E-02		9.3E-06		6.2E+01		3.7E-01		8.5E+04		4.8E-06		5.7E+04		4.0E+04

						Maleic hydrazide						110		6.6E-03		2.7E-01		9.0E-02		1.1E-05		4.2E+01		2.5E-01		6.0E+03		3.2E-03		2.2E+03		2.4E+03

						Methacrylonitrile				SURROGATE = Acrylonitrile		MW < 200		8.8E-05		3.6E-03		1.1E-01		1.3E-05		8.5E-01		5.1E-03		7.9E+04		2.0E-04		8.9E+03		8.4E+03

						Methomyl						160		3.8E-02		1.6E+00		6.9E-02		1.0E-05		1.5E+01		8.9E-02		1.7E+05		1.2E-02		1.2E+03		8.2E+04

						Methyl acetate				SURROGATE = Acetone		MW < 200		2.1E-05		8.4E-04		1.0E-01		1.0E-05		2.2E+00		1.3E-02		1.0E+06		4.1E-05		2.0E+04		1.1E+05

						Methyl acrylate				SURROGATE = Methyl methacrylate		MW < 200		2.4E-01		9.8E+00		9.1E-02		8.6E-06		8.4E+02		5.0E+00		6.0E+01		6.7E-03		1.5E+03		4.2E+02

						Methylcyclohexane						98		4.3E-01		1.8E+01		7.0E-02		9.0E-06		2.2E+03		1.3E+01		1.4E+01		3.9E-03		2.0E+03		2.3E+02

						Methylene bromide						174		9.0E-04		3.7E-02		9.6E-02		1.0E-05		2.5E+01		1.5E-01		1.2E+04		7.2E-04		4.7E+03		3.0E+03

						Methylene chloride						85		2.2E-03		9.0E-02		1.0E-01		1.2E-05		1.2E+01		7.0E-02		1.3E+04		2.5E-03		2.5E+03		2.5E+03

						Methyl ethyl ketone (2-Butanone)						72		2.7E-05		1.1E-03		9.0E-02		9.8E-06		4.5E+00		2.7E-02		2.7E+05		4.2E-05		1.9E+04		3.4E+04

						Methyl isobutyl ketone						100		1.4E-04		5.7E-03		7.5E-02		7.8E-06		1.3E+02		8.0E-01		1.9E+04		2.5E-05		2.5E+04		1.7E+04

						Methyl methacrylate						100		3.4E-04		1.4E-02		7.7E-02		8.6E-06		1.3E+01		7.9E-02		1.5E+04		3.1E-04		7.1E+03		2.7E+03

						Methyl styrene (mixture)				SURROGATE = Styrene		MW < 200		2.3E-03		9.4E-02		7.1E-02		8.0E-06		3.6E+02		2.2E+00		3.0E+02		1.5E-04		1.0E+04		6.8E+02

						Methyl styrene (alpha)				SURROGATE = Styrene		MW < 200		2.3E-03		9.4E-02		7.1E-02		8.0E-06		3.6E+02		2.2E+00		3.0E+02		1.5E-04		1.0E+04		6.8E+02

						Methyl tertbutyl ether (MTBE)						85.15		5.9E-04		2.4E-02		8.0E-02		1.0E-05		6.0E+00		3.6E-02		1.5E+05		7.1E-04		4.7E+03		2.1E+04

						Nitrobenzene						120		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						N-Nitrosodi-n-butylamine						160		3.2E-04		1.3E-02		5.8E-02		9.7E-06		2.6E+02		1.5E+00		1.3E+03		2.4E-05		2.6E+04		2.1E+03

						m-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						o-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						p-Nitrotoluene				SURROGATE = Nitrobenzene		MW < 200		2.4E-05		9.8E-04		7.6E-02		8.6E-06		6.5E+01		3.9E-01		2.1E+03		8.1E-06		4.4E+04		1.0E+03

						Polynuclear aromatic hydrocarbons

						  Acenaphthene						154.21		1.6E-04		6.4E-03		4.2E-02		7.7E-06		4.9E+03		2.9E+01		4.2E+00		4.7E-07		1.8E+05		1.3E+02

						  Anthracene						178		6.5E-05		2.7E-03		3.2E-02		7.7E-06		2.4E+04		1.4E+02		4.3E-02		3.2E-08		7.0E+05		6.1E+00

						  Chrysene						228.28		9.5E-05		3.9E-03		2.5E-02		6.2E-06		4.0E+05		2.4E+03		1.6E-03		2.1E-09		2.7E+06		3.8E+00

						  Fluorene						166.21		7.7E-05		3.2E-03		6.1E-02		7.9E-06		1.4E+04		8.3E+01		1.9E+00		1.2E-07		3.6E+05		1.6E+02

						  Naphthalene						128.16		4.8E-04		2.0E-02		5.9E-02		7.5E-06		1.2E+03		7.1E+00		3.1E+01		8.4E-06		4.3E+04		2.2E+02

						  Pyrene						200		1.1E-05		4.5E-04		2.7E-02		7.2E-06		1.1E+05		6.3E+02		1.4E-01		1.1E-09		3.8E+06		8.5E+01

						Isopropylbenzene (see cumene)

						n-Propylbenzene				SURROGATE = n-Butylbenzene		MW < 200		1.3E-02		5.4E-01		7.5E-02		7.8E-06		2.8E+03		1.7E+01		1.4E+01		1.2E-04		1.1E+04		2.4E+02

						Propylene oxide						58.08		8.5E-05		3.5E-03		1.2E-01		1.3E-05		2.5E+01		1.5E-01		4.8E+05		8.7E-05		1.3E+04		1.2E+05

						Styrene						104.2		2.8E-03		1.1E-01		7.1E-02		8.0E-06		7.8E+02		4.7E+00		3.1E+02		8.7E-05		1.3E+04		1.5E+03

						1,1,1,2-Tetrachloroethane						168		3.5E-04		1.4E-02		7.1E-02		7.9E-06		9.3E+01		5.6E-01		3.0E+03		7.9E-05		1.4E+04		2.0E+03

						1,1,2,2-Tetrachloroethane						168		3.5E-04		1.4E-02		7.1E-02		7.9E-06		9.3E+01		5.6E-01		3.0E+03		7.9E-05		1.4E+04		2.0E+03

						Tetrachloroethylene (PCE)						165.83		1.8E-02		7.5E-01		7.2E-02		8.2E-06		1.6E+02		9.3E-01		2.0E+02		2.4E-03		2.6E+03		2.3E+02

						Tetrahydrofuran						72.1		7.0E-05		2.9E-03		9.8E-02		1.1E-05		9.5E-01		5.7E-03		1.0E+06		1.4E-04		1.1E+04		1.1E+05

						Toluene						92		6.6E-03		2.7E-01		8.7E-02		8.6E-06		1.8E+02		1.1E+00		5.3E+02		9.9E-04		4.0E+03		6.5E+02

						1,2,4-Trichlorobenzene						181		1.4E-03		5.8E-02		3.0E-02		8.2E-06		1.8E+03		1.1E+01		3.0E+02		8.4E-06		4.3E+04		3.2E+03

						1,1,1-Trichloroethane						133		1.7E-02		7.1E-01		7.8E-02		8.8E-06		1.1E+02		6.6E-01		1.3E+03		3.2E-03		2.2E+03		1.2E+03

						1,1,2-Trichloroethane						133		9.1E-04		3.7E-02		7.8E-02		8.8E-06		5.0E+01		3.0E-01		4.4E+03		3.7E-04		6.5E+03		1.8E+03

						Trichloroethylene (TCE)						131		1.0E-02		4.2E-01		7.9E-02		9.1E-06		1.7E+02		1.0E+00		1.1E+03		1.5E-03		3.3E+03		1.3E+03

						Trichlorofluoromethane						137.4		9.7E-02		4.0E+00		8.7E-02		1.3E-05		1.6E+02		9.6E-01		1.1E+03		1.0E-02		1.3E+03		2.0E+03

						1,1,2-Trichloropropane						147.43		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						1,2,3-Trichloropropane						147.43		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						1,2,3-Trichloropropene				SURROGATE = 1,2,3-Trichloropropane		MW < 200		3.4E-04		1.4E-02		7.1E-02		7.9E-06		5.1E+01		3.1E-01		2.7E+03		1.3E-04		1.1E+04		1.1E+03

						Triethylamine				SURROGATE = Dimethylamine		MW < 200		9.0E-05		3.7E-03		1.2E-01		1.3E-05		2.2E+00		1.3E-02		1.0E+06		2.0E-04		8.8E+03		1.1E+05

						1,2,4-Trimethylbenzene						120.19		5.7E-03		2.3E-01		7.5E-02		7.1E-06		3.7E+03		2.2E+01		5.7E+01		4.1E-05		2.0E+04		1.3E+03

						1,3,5-Trimethylbenzene						120.19		7.7E-03		3.2E-01		7.5E-02		7.1E-06		8.2E+02		4.9E+00		4.8E+01		2.4E-04		8.0E+03		2.4E+02

						Vinyl acetate						86		5.1E-04		2.1E-02		8.5E-02		9.2E-06		5.3E+00		3.2E-02		2.0E+04		6.8E-04		4.8E+03		2.7E+03

						Vinyl bromide				SURROGATE = Bromomethane		MW < 200		6.2E-03		2.6E-01		1.0E-01		1.2E-05		1.3E+02		7.6E-01		1.8E+04		1.5E-03		3.3E+03		1.6E+04

						Vinyl chloride						63		2.7E-02		1.1E+00		1.1E-01		1.2E-06		1.9E+01		1.1E-01		2.8E+03		1.5E-02		1.0E+03		1.2E+03

						Xylenes						106		7.3E-03		3.0E-01		7.0E-02		7.8E-06		4.1E+02		2.4E+00		1.6E+02		4.2E-04		6.1E+03		4.2E+02









Chemicals-1

						PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

								Molecular Weight		Henry's Law Constant		Diffusivity in Air		Diffusivity in Water		Soil organic carbon-water partition coefficient		Soil-water partition coefficient		Solubility in water		Apparent diffusivity		Soil saturation concentration		Volatilization factor		vapor pressure 



								MW		H		Di		Dw		Koc		Kd		S		DA		SAT		VF		VP

								(g/mol)		(atm-m3/mol)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(mg/kg)		(m^3/kg)		(mm Hg)



		Benzene						78.10		5.55E-03		8.80E-02		9.80E-06		5.89E+01		3.53E-01		1.75E+03		2.10E-03		8.68E+02		2.73E+03		9.50E+01

		Ethylbenzene						106.20		7.88E-03		7.50E-02		7.80E-06		3.63E+02		2.18E+00		1.69E+02		5.39E-04		3.95E+02		5.40E+03		5.00E+00

		Methyl tertbutyl ether (MTBE)						85.15		5.87E-04		8.00E-02		1.00E-05		6.00E+00		3.60E-02		1.50E+05		7.13E-04		2.11E+04		4.69E+03		2.04E+02

		Toluene						92.00		6.64E-03		8.70E-02		8.60E-06		1.82E+02		1.09E+00		5.26E+02		9.91E-04		6.54E+02		3.98E+03		2.10E+01

		Xylenes						106.00		7.34E-03		7.00E-02		7.80E-06		4.07E+02		2.44E+00		1.61E+02		4.22E-04		4.18E+02		6.10E+03		8.70E+00

		Tetrachloroethylene (PCE)						165.83		1.84E-02		7.20E-02		8.20E-06		1.55E+02		9.30E-01		2.00E+02		2.41E-03		2.34E+02		2.55E+03		1.85E+01

		Trichloroethylene (TCE)						131.00		1.03E-02		7.90E-02		9.10E-06		1.66E+02		9.96E-01		1.10E+03		1.48E-03		1.29E+03		3.26E+03		7.40E+01

		Vinyl chloride						63.00		2.70E-02		1.06E-01		1.23E-06		1.86E+01		1.12E-01		2.76E+03		1.46E-02		1.15E+03		1.04E+03		2.58E+03

		1,2-Dichloroethylene (cis)						97.00		4.08E-03		7.36E-02		1.13E-05		3.55E+01		2.13E-01		3.50E+03		1.86E-03		1.20E+03		2.90E+03		2.00E+02

		1,2-Dichloroethylene (trans)						97.00		9.38E-03		7.07E-02		1.19E-05		5.25E+01		3.15E-01		6.30E+03		2.90E-03		3.07E+03		2.32E+03		2.00E+02

		1,4 Dioxane						88.11		4.8 X 10-6										miscible								3.81E+01

		1- Henry's Law Constant (H) is directly related to volaility of compound.  When H is higher volatility and stripping efficiency of chemical is also higher. 

		2- Concentration of chemical in water and air to water ratio in the stripping column. 

		3- Molecular weight of the compound. Typically, molecular weght of volatile compounds are less than 200 g/mol 

		4- Stripping time/ column length 

		5- Volatilization Factor: The soil-to-air VF is used to define the relationship between the concentration of the contaminant in soil and the flux of the volatilized contaminant to air. 







Chemicals-2

		The following table is a list of a variety of substances ordered by increasing vapor pressure (in absolute units).

		Substance		Vapor pressure						Temperature		log Kow

				(Pa)		(bar)		(mmHg)		(°C)

		Tungsten		100 Pa		0.001		0.75		3203

		Ethylene glycol		500 Pa		0.005		0.06		20

		Xenon difluoride		600 Pa		0.006		4.5		25

		Water (H2O)		2.3 kPa		0.023		17.5		20

		Propanol		2.4 kPa		0.024		18		20

		Methyl isobutyl ketone		2.66 kPa		0.0266		19.95		25

		PCE		3.3 kPa				18		25		3.4

		Ethanol		5.83 kPa		0.0583		43.7		20

		TCE		14 kPa				74				2.42

		Freon 113		37.9 kPa		0.379		284		20

		Acetaldehyde		98.7 kPa		0.987		740		20

		Butane		220 kPa		2.2		1650		20

		Formaldehyde		435.7 kPa		4.357		3268		20

		Propane[10]		997.8 kPa		9.978		7584		26.85

		Carbonyl sulfide		1.255 MPa		12.55		9412		25

		Nitrous oxide[11]		5.660 MPa		56.6		42453		25

		Carbon dioxide		5.7 MPa		57		42753		20

		PCE		3.3 kPa				18		25

		TCE		14 kPa

		The vapor pressure for tetrachloroethylene is 18.47 mm Hg at 25 °C, and it has a log octanol/water partition coefficient (log Kow) of 3.40.

		The vapor pressure for trichloroethylene is 74 mm Hg at 25 °C, and it has a log octanol/water partition coefficient (log Kow) of 2.42. (1) Trichloroethylene is not a persistent chemical in the atmosphere; its half-life in air is about 7 days.

		Stripping Factor 		S		=(G*Kh)/L		1

		Henrys law Constant		Kh		1.0E+00

		Gas Flow Rate		G		1

		Air flow rate		L		1









						CONTAMINANT						               PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS



												MW		H		H'		Di		Dw		Koc		Kd		S		DA		VF		SAT

												(g/mol)		(atm-m3/mol)		(dimensionless)		(cm^2/s)		(cm^2/s)		(cm^3/g)		(cm^3/g)		(mg/L-water)		(cm^2/s)		(m^3/kg)		(mg/kg)



						Benzene						78.1		5.6E-03		2.3E-01		8.8E-02		9.8E-06		5.9E+01		3.5E-01		1.8E+03		2.1E-03		2.7E+03		8.7E+02

						Ethylbenzene						106.2		7.9E-03		3.2E-01		7.5E-02		7.8E-06		3.6E+02		2.2E+00		1.7E+02		5.4E-04		5.4E+03		4.0E+02

						Methyl tertbutyl ether (MTBE)						85.15		5.9E-04		2.4E-02		8.0E-02		1.0E-05		6.0E+00		3.6E-02		1.5E+05		7.1E-04		4.7E+03		2.1E+04

						Toluene						92		6.6E-03		2.7E-01		8.7E-02		8.6E-06		1.8E+02		1.1E+00		5.3E+02		9.9E-04		4.0E+03		6.5E+02

						Xylenes						106		7.3E-03		3.0E-01		7.0E-02		7.8E-06		4.1E+02		2.4E+00		1.6E+02		4.2E-04		6.1E+03		4.2E+02

						Tetrachloroethylene (PCE)						165.83		1.8E-02		7.5E-01		7.2E-02		8.2E-06		1.6E+02		9.3E-01		2.0E+02		2.4E-03		2.6E+03		2.3E+02

						Trichloroethylene (TCE)						131		1.0E-02		4.2E-01		7.9E-02		9.1E-06		1.7E+02		1.0E+00		1.1E+03		1.5E-03		3.3E+03		1.3E+03

						Vinyl chloride						63		2.7E-02		1.1E+00		1.1E-01		1.2E-06		1.9E+01		1.1E-01		2.8E+03		1.5E-02		1.0E+03		1.2E+03

						1,2-Dichloroethylene (cis)						97		4.1E-03		1.7E-01		7.4E-02		1.1E-05		3.6E+01		2.1E-01		3.5E+03		1.9E-03		2.9E+03		1.2E+03

						1,2-Dichloroethylene (trans)						97		9.4E-03		3.8E-01		7.1E-02		1.2E-05		5.3E+01		3.2E-01		6.3E+03		2.9E-03		2.3E+03		3.1E+03

				CONTAMINANT										Benzene		Ethylbenzene		Methyl tertbutyl ether (MTBE)		Toluene		Xylenes		Tetrachloroethylene (PCE)		Trichloroethylene (TCE)		Vinyl chloride		1,2-Dichloroethylene (cis)		1,2-Dichloroethylene (trans)



				PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

				Molecular Weight				MW		(g/mol)				78.1		106.2		85.15		92		106		165.83		131		63		97		97

				Henry's Law Constant				H		(atm-m3/mol)				5.6E-03		7.9E-03		5.9E-04		6.6E-03		7.3E-03		1.8E-02		1.0E-02		2.7E-02		4.1E-03		9.4E-03

				Henry's Law Constant				H'		(dimensionless)				2.3E-01		3.2E-01		2.4E-02		2.7E-01		3.0E-01		7.5E-01		4.2E-01		1.1E+00		1.7E-01		3.8E-01

								Di		(cm^2/s)				8.8E-02		7.5E-02		8.0E-02		8.7E-02		7.0E-02		7.2E-02		7.9E-02		1.1E-01		7.4E-02		7.1E-02

								Dw		(cm^2/s)				9.8E-06		7.8E-06		1.0E-05		8.6E-06		7.8E-06		8.2E-06		9.1E-06		1.2E-06		1.1E-05		1.2E-05

								Koc		(cm^3/g)				5.9E+01		3.6E+02		6.0E+00		1.8E+02		4.1E+02		1.6E+02		1.7E+02		1.9E+01		3.6E+01		5.3E+01

								Kd		(cm^3/g)				3.5E-01		2.2E+00		3.6E-02		1.1E+00		2.4E+00		9.3E-01		1.0E+00		1.1E-01		2.1E-01		3.2E-01

								S		(mg/L-water)				1.8E+03		1.7E+02		1.5E+05		5.3E+02		1.6E+02		2.0E+02		1.1E+03		2.8E+03		3.5E+03		6.3E+03

								DA		(cm^2/s)				2.1E-03		5.4E-04		7.1E-04		9.9E-04		4.2E-04		2.4E-03		1.5E-03		1.5E-02		1.9E-03		2.9E-03

								VF		(m^3/kg)				2.7E+03		5.4E+03		4.7E+03		4.0E+03		6.1E+03		2.6E+03		3.3E+03		1.0E+03		2.9E+03		2.3E+03

								SAT		(mg/kg)				8.7E+02		4.0E+02		2.1E+04		6.5E+02		4.2E+02		2.3E+02		1.3E+03		1.2E+03		1.2E+03		3.1E+03





AIR-STRIPPING

				CONTAMINANT										Benzene		Ethylbenzene		Methyl tertbutyl ether (MTBE)		Toluene		Xylenes		Tetrachloroethylene (PCE)		Trichloroethylene (TCE)		Vinyl chloride		1,2-Dichloroethylene (cis)		1,2-Dichloroethylene (trans)		1,4 Dioxane



				PHYSICAL CHEMICAL DATA FOR VOLATILE ORGANIC COMPOUNDS

				Molecular Weight				MW		(g/mol)				78.10		106.20		85.15		92.00		106.00		165.83		131.00		63.00		97.00		97.00		88.11

				Henry's Law Constant				H		(atm-m3/mol)				5.55E-03		7.88E-03		5.87E-04		6.64E-03		7.34E-03		1.84E-02		1.03E-02		2.70E-02		4.08E-03		9.38E-03		4.8 X 10-6

				Diffusivity in Air				Di		(cm^2/s)				0.09		0.08		0.08		0.09		0.07		0.07		0.08		0.11		0.07		0.07

				Diffusivity in Water				Dw		(cm^2/s)				9.80E-06		7.80E-06		1.00E-05		8.60E-06		7.80E-06		8.20E-06		9.10E-06		1.23E-06		1.13E-05		1.19E-05

				Soil organic carbon-water partition coefficient				Koc		(cm^3/g)				58.90		363.00		6.00		182.00		407.00		155.00		166.00		18.60		35.50		52.50

				Soil-water partition coefficient				Kd		(cm^3/g)				0.35		2.18		0.04		1.09		2.44		0.93		1.00		0.11		0.21		0.32

				Solubility in water				S		(mg/L-water)				1,750.00		169.00		150,000.00		526.00		161.00		200.00		1,100.00		2,760.00		3,500.00		6,300.00		miscible

				Apparent diffusivity				DA		(cm^2/s)				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.01		0.00		0.00

				Volatilization factor				VF		(m^3/kg)				2,733.67		5,396.47		4,691.19		3,979.34		6,100.82		2,550.51		3,259.93		1,037.14		2,904.62		2,324.39

				Soil saturation concentration				SAT		(mg/kg)				867.78		395.17		21,073.88		653.72		418.31		234.16		1,292.31		1,154.34		1,204.79		3,066.77

				vapor pressure 				VP		(mm Hg)				95.00		5.00		204.00		21.00		8.70		18.47		74.00		2,580.00		200.00		200.00		38.10

				1- Henry's Law Constant (H) is directly related to volaility of compound.  When H is higher volatility and stripping efficiency of chemical is also higher. 

				2- Concentration of chemical in water and air to water ratio in the stripping column. 

				3- Molecular weight of the compound. Typically, molecular weght of volatile compounds are less than 200 g/mol 

				4- Stripping time/ column length 

				5- Volatilization Factor: The soil-to-air VF is used to define the relationship between the concentration of the contaminant in soil and the flux of the volatilized contaminant to air. 

				Stripping Factor 		S		=(G*H)/L		1

				Henrys law Constant		H		1

				Gas Flow Rate		G		1

				Air flow rate		L		1



				 1,4-dioxane

				Because of its relatively low Henry's Constant, 1,4-dioxane is not susceptible to in-well air stripping or air sparging/soil vapor extraction (SVE), however DoD's Environmental Security Technology Certification Program is sponsoring the development of an enhanced SVE (XSVE) technique designed specifically for 1,4-dioxane contamination. XSVE uses a combination of techniques that may include increased air flow, sweeping with drier air, increased temperature, decreased infiltration, and more focused vapor extraction (Hinchee et al. 2018).

				1,4-Dioxane is not susceptible to chemical reduction (e.g., zero-valent iron), which also precludes anaerobic biodegradation.1,4-Dioxane is susceptible to chemical oxidation, and in groundwater it can be treated by activated sodium persulfate, ozone and peroxide, and modified Fenton's reagent; however, sodium permanganate is not effective for 1,4-dioxane treatment (Chiang et al. 2016).

				In situ bioremediation has been documented in pilot studies after the addition of oxygen and an appropriate bacterial culture to induce metabolic biodegradation of 1,4-dioxane (Chiang et al. 2016). The addition of oxygen and an appropriate substrate (e.g., butane, propane, ethane) can induce cometabolic biodegradation of 1,4-dioxane. To aid in bioaugmentation, Zhang et al. (2017) provided a table of 1,4-dioxane-degrading microorganisms and their biodegradation rates.

				Zhang et al. (2016) demonstrated that CVOCs inhibit biodegradation of 1,4-dioxane. This suggests that CVOCs should be removed before using a biological approach for 1,4-dioxane.

				Phytoremediation was one of the earliest technologies studied as an in situ treatment option for 1,4-dioxane (Aitchison et al. 2000), and it has been implemented successfully at 1,4-dioxane sites. DiGuiseppi et al. (2016) cites several studies demonstrating that trees (poplar and others) are capable of removing 1,4-dioxane from groundwater. During this process, 1,4-dioxane is transpired through the trees and transferred to the atmosphere, where it is rapidly degraded.

				Chiang et al. (2016) and DiGuiseppi et al. (2016) mention the potential for monitored natural attenuation (MNA), but both note that few sites have the long-term 1,4-dioxane measurements necessary to support the first line of MNA evidence indicating declining or shrinking plumes. Adamson et al. (2015) examined groundwater data from sites in California and United States Air Force bases and concluded that 1,4-dioxane attenuation was occurring at a small but significant number of field sites. Gedalanga et al. (2016) presents an approach using multiple lines of evidence to show that intrinsic biodegradation is occurring at a Superfund landfill site.





SOILVAPOR_FROMSOIL

				One possible way to estimate PCE soil vapor concentration from the concentration in soil matrix is to use the equilibrium partitioning theory, which assumes that the contaminant is distributed among the soil, water, air, and organic carbon phases in the soil. The theory also assumes that the contaminant is in thermodynamic equilibrium among the phases, meaning that the chemical potential of the contaminant is equal in each phase.

				To apply the equilibrium partitioning theory, you will need to know the following parameters:

																		PCE		TCE

		Csoil		The concentration of PCE in soil matrix (Csoil) in mg/kg														0.0037		0.024

		ρb		The bulk density of the soil (ρb) in kg/L												Silty sand		1.5		1.5		silty sand

		θT		The total porosity of the soil (θT) in L/L														30%		30%

		θw		The volumetric water content of the soil (θw) in L/L														20%		20%

		foc		The fraction of organic carbon in the soil (foc) in kg/kg														0.05		0.05

		MW		The molecular weight of PCE (MW) in g/mol														165		131

		S		The solubility of PCE in water (S) in mg/L														200		1100

		KH		The Henry’s law constant of PCE (KH) in atm-m3/mol														0.0184		0.0103

		Koc		The organic carbon partition coefficient of PCE (Koc) in L/kg														155		166

		R		 the universal gas constant (0.08206 L-atm/mol-K)														0.08206		0.08206

		T		 the temperature in Kelvin						Tk = Tc+273.15								298.15		298.15

				The equation for estimating PCE soil vapor concentration (Cv) in μg/L from Csoil is:

		μg/L		Cv=((Csoil×R×T)/(MW×KH))×((ρb/KH)+(θw/S)+((foc × Koc)/KH)+θT−θw)−1												ug/l		0.00005930		0.000457335

				Cv=		0.0000593001

																ppbv		0.0087421		0.085034				Eurofins-Converter

				Where:												ug/m3		0.0593		0.457				Eurofins-Converter

																								https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/

				R is the universal gas constant (0.08206 L-atm/mol-K)

				T is the temperature in Kelvin

				You can find more details and examples of this equation in  following

				NAPL Calc Rev. 0_mod.doc (srs.gov)

				CALCULATION OF SOIL REMEDIAL ACTION OBJECTIVE CONCENTRATIONS (epa.gov)

				Calculations of total soil concentrations (ug/kg) based on soil vapor concentrations in ppbv (epa.gov)



												To express the equation in the image in an Excel function, you can use the following formula:
= (mole fraction * gas constant * absolute temperature) / (101325 * 10^(-3)) 
where: 
mole fraction is the fraction of the contaminant in the vapor phase
gas constant is the universal gas constant, which is 8.314 J/mol K
absolute temperature is the temperature in Kelvin
101325 is the standard atmospheric pressure in Pa
10^(-3) is a conversion factor from Pa to kPa
The result of this formula will be the contaminant vapor concentration in mg/L.

				Cest		=		=(xi*RT)/(101325*10^(-3))																				Compound List

				xi																								Compound Name		Mole Fraction (Xi)		Pure Component Vapor Pressure at T		Molecular Weight mg/mole		R (Gas Constant)		T (Kelvin)		C (mg/L)

				R																								PCE		1		35		165830		0.0821		294		240458.790093382

				T																								Compound 2		0		40		100000		0.0821		294		0

																												Total Estimate of Contaminant vapor concentration (C mg/L)

																												240458.79

































		How to relate soil matrix· 10 soil gas samples Matrix samples are . per kilogram, soil gas are per liter ... By Yue Rong, Ph.D. A n environmental site assessment commonly requires soil · matrix and soil gas samples for analysis of volatile organic compounds (Voes). Commonly, concentrations in soil matrix samples are reported in micrograms per kilogram (µg/kg) and for soil gas samples, in micrograms per liter (µg/L). What is the relationship between the two concentration units? In the theory of voe partition and equilibrium in the vadose zone, soil concentration can be related to soilgas concentration by the following equation: CT = Cg • [9 + (n - 9) • K8 + Pb • foe • Koc] / (pb • K8 ) (equation one) Where Cr is the soil concentration in µg/kg, Cg is the soil gas concentration in µg/L, 9 is soil water content by volume (dimensionless), n is soil porosity (dimensionless), Pb is soil bulk density (g/ cm3 ), foe is soil organic carbon content (dimensionless); K8 is Henry's Law constant (dimensionless), and Koc is organic carbon partition coefficient (cm3 / g) . . Now, let CO be the coefficient between Cr and Cg in equation one, hence, CO= [9+(n-9 )• KH +pb •foe•Koc] / (pb • K8 ). Therefore, equation one becomes: CT (µg/kg) = CO X Cg (µg/L) (equation two). Based on soil physical properties of 55 soil samples obtained in Los Angeles; as summarized in figure one, page 22, we can calculate CO for the average scenario and silt vs. sand scenario.

		ERROR:#DIV/0!		 CT = Cg • [9 + (n - 9) • K8 + Pb • foe • Koc] / (pb • K8 )

				Where

				 Cr is the soil concentration in µg/kg

				Cg is the soil gas concentration in µg/L

				 9 is soil water content by volume (dimensionless)

				n is soil porosity (dimensionless)

				Pb is soil bulk density (g/ cm3 )

				foe is soil organic carbon content (dimensionless)

				K8 is Henry's Law constant (dimensionless)

				 Koc is organic carbon partition coefficient (cm3 / g) 



https://www.srs.gov/general/programs/soil/gen/naplcalc.pdfhttps://semspub.epa.gov/work/06/145302.pdfhttps://semspub.epa.gov/work/09/1136269.pdfhttps://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/https://www.eurofinsus.com/environment-testing/services/air-and-vapor/unit-conversion-calculator/
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REMEDIATION SERVICE, INT'L. g
SAMPLE CALCULATION FOR FINDING VAPOR FLOW USING

v DWYER DS-300 SERIES PITOT TUBE
' AR
PARTICWATE
TEI
EXAMPLE: Flerens
iven Site Conditions:
Given Site Conditions: VAC s =
Vacuum ., = 90" H20 VAPOR
Delta P (AP) = 1.9 (from gage) FLow
K (Flow coeff.) = 0.64 (Table 1) e
D (pipe diam.) = 3" wesH
Elevation 065 as.l.
Temperature = 50°F
S, (Spec. grav.) = 1 (air at 60° F) 30k 60
QALLON _
FIND FLOW (0 scfm) MoisTwAZE
FLOW (Q scfm) = 128.8 KD? / 2 AP gRE) ﬁ‘f:: -
(T+460) ¢ 76 CATOX d .

R ENGINE
=128.8 (0.64)(3)?/ -2
(50 + 460X1)

FIND P: P(stat. line press.) = Patm + Psig
(+ for press., - for vac.)

=14.173 - 90" H20
“From Table 2 at 1000 ftasl:  Patm=14.173 psi

Convert 90" H20 to psi:

1 psi =27.7 " H20 (Press. conv. chart)

So: 1_x 90 "H20 =3.24 psi = 14.173 - 3.24 psi
217

P(stat. linc press.) = 10.92 psi

SOLVE (Qscfm):

Qscfm = 128.8 (0.64)(3)? /(10:92X1.9)
(50 + 460X1)

Qscfm = 149.6 scfm

(805) 644-5892 + FAX (805) 654-0720
Mailing Address: PO, Box 1601 Oxnard CA 93032  Shioninn Address: 2060 Knall Drive Suite 200 Vantura CA 93003
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FLOW EQUATIONS . DIFFERENTIAL PRESSURE EQUA'I:IQNS
1. Any Liquid- . 1. Any Liquid o
Q (GPM) = 5668 x K x D2 x |/ AP AP (in. WC) = x St
Nty : i ; ) K2 x D4 x 32.14

2. Steam or Aﬁy Gas

= 2 P 2. Steam or Any Gas
Q (Ib/Hr) = 3591 x Kx D2x |/px Al AP (. WE) = Q
K2 x D4 x p x 128900

] 3. Any Gas

Q(SCFM) = 1288 x KxD2x /_P x AP A Anwiias
(T+460) x Sg Re (n. we) = Q%X Ssx (T+460)
K2 x D x P x 16590

TECHNICAL NOTATIONS
The follc‘rwing notations apply:
AP = Differential pressure expressed in inches of water column.

Q Flow expressed in GPM, SCFM or PPH as shown in equation.

K Flow coefficient — See Values Tabulated on page 3

D = Inside diameter of line size expressed in inches. For square
& rectangular ducts use D=/ 4 x Height x Width
™
e Static Line pressure (psia)
i3 Temperature in degrees Fahrenheit (plus 460=°Rankin)
p Density of medium in pounds per cubic foot
S Sp Gr at flowing conditions
S, Sp Gr at 60°F

SCFM TO ACFM EQUATION
SCEM — ACEM x ( 14.7 + PSIG) ( 520* )

47 %0 + °F
ACFM — SCFM x ( T 1-:7PSIG ) ( “605;; il )
COBIC FooT STO- = COBIC oot ACT- X ( 47 1—:7PSIG ) ( 4605221 < )
EOMIOSIS0 acr _ TS PSR o (ML rsie) (w0 )

1 CUBIC FOOT OF AIR = 0.076 POUNDS PER CUBIC FOOT AT 60°F AND 14.7 PSIA
“(520 = 460 + 60°) Std. Temp. Rankine
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TABLE 1
FLOW COEFFICIENTS (K)
FPS = Average Velocity Ft./Sec. (Water)

PIPE SIZE VELOCITY*

(SCH. 40) FPS K
1 13.0 521 (use 558 above 7 FPS)
1-1/4 13.3 536 (use 572 above 7 FPS)
1-1/2 13.0 .556
2 15.0 .586 NOTE: If only one K
2-1/2 15.3 625 factor is listed, it applies
3 15.2 645 to all flow rates for the
4 15.6 670 size of pipe and velocity
5 16.0 .681 limits listed.
6 16.6 .652
8 16.0 .669

10 ;71 677 (use .726 above 6 FPS)

“Represents velocity at 100"’ Hp0 differential pressure. Consult factory for velocities
above those listed.

TABLE 2

ALTITUDE/PRESSURE
TABLE

The following table gives the
U.S. standard atmosphere
(1962) for various altitudes
above sea level.

Atmospheric

Altitude Pressure
Feet PSIA
0 14.696
500 14.433
1,000 14.173
1,500 13.917
2,000 13.664
2,500 13.416
3,000 13.171
3,500 12.930
4,000 12.692
4,500 12.458
5,000 12.227
6,000 11.777
7,000 11.340
8,000 10.916
9,000 10.505
10,000 10.108
15,000 8.293
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first tier of the well configuration loop (Figure 5-7). For sites with impermeable surface covers, the
required flow rate for a single well system can be calculated via:

. Tr’bn,
QV=—t (5-1)

where
0, = volumetric flow rate at atmospheric pressure [L*/T]
r = radius of the treatment zone [L]
b = vadose zone thickness [L]

n, = air-filled porosity of the soil [L3/L3]

t.» = the time required for one pore volume exchange [T]

Equation 5-1 is based on the assumption of incompressible flow, which is valid for applied vacuums less
than about 0.2 atmospheres, gauge. For vacuums exceeding this level, the extraction rate should be
multiplied by a factor of safety proportional to the applied vacuum.
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Table 2.2 Range of Values of Hydraulic Conductivity
and Permeability
Rocks Unconsolidoted k * K K K
deposits _(gorcy) (cm?) (cmvs) (m/s) (gal/doy/tt%)
10 1073 ~10® !
108
< [rof R0 rio o™
H +10°
| | & r10® oS h o [0
2= | | H10*
§% ! tio? Lo Lot b 107
EE 2 Lo®
=2 e bio po7 102 Fro
TEse S 102
TE52 5 L
2E38 §| b1 Fi0® B0 F107°
2 H
&8s L
> 10
l S8 1o L10® b10® Fi07®
BEse 1
5583 k102 F10™ L10°% Lio7
S2%6S
$£882 Lo
©] Esg 1o Lio™ L1078 [1o®
3 o2
12 Lio# L1020 F107°
o 9 3
ES = . . o 107
| | 238 L1078 L10™ H10™8 1070
o |82 107¢
$s2| 25 Fio® Lio™ bio® o™
go% |58
3E9y F107°
8582 | L1o7 F1078 11070 1072
z § go L s 1078
§~?| Lig® Lioelyo™ 107
| Lio?
Table 2.3 Conversion Factors for Permeability
and Hydraulic Conductivity Units
Permeability, * Hydraulic conductivity, K
em2 2 darcy m/s fi's US. gal/day/ft?
em? 1 1.08 < 1073 1.01 « 10* 9.80 x 10* 3.22 % 103 1.85 x 10°
fi2 9.29 x 10° 1 9.42 x 101¢ 9.11 x 10¢ 2.99 « 10% 1.71 x 1012
darcy 9.87 x 107% 1.06 » 10711 1 9.66 > 1075 3.17 x 107 1.82 x 10*
ms 1.02 % 1073 1.10 x 107¢ 1.04 x 10¢ 3.28 2.12 % 108
fils 31X 104 3.35% 1077 315 %10 1 6.46 > 10¢
U.S. gal/day/ft"5.42 » 10730 583 % 10713 549 %1072 1.55 > 107¢ 1

*To obtain k in ft2, multiply k in cm? by 1.08 x 1073,
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k = s0il permeability to air flow [cm? ] or [darcy]

B = viscosity of air = 1.8 x 10* g/cm-s or 0.018 cp

P, = absolute pressure at extraction well [g/cm-s?]
or [atm]

Paun = absolute ambient pressure =~ 1.01 x 10° g/cm-s*
or 1 atm

R, = radius of vapor extraction well [cm]

R; = radius of influence of vapor extraction well

[cm].
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(a) The most common method of predicting friction losses in straight pipes 1
sbach equation:

=(fL/d) (v’ /2g)

where
hy= friction loss
f = friction factor
L =length of pipe
d =diameter of pipe
v = average pipe velocity

g = gravitational constant

friction factor fis a dimensionless number that has been determined experim
depends on the roughness of the interior of the pipe and the Reynolds numbet
1 developed to predict friction loss for a range of pipe sizes, liquids, and pipe 1
ine Co. 1987). Figure 5-15 is a friction loss chart that has been developed fo
-KPa absolute pressure. Metric versions of these tables and charts are current
stry and will be included as an addendum to this manual when available.
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Table 5.1. Second order rate constants for hydroxyl and sulfate radicals.

Aliphatic compounds ko M) ksos- M's™)

Methanol 8.0x 10° 1.0x 10’
Ethanol 1.8x 10’ 43x10’
2-Propanol 2.0x 10° 8.2x 10’
t-Butyl alcohol 52x10° <10°
1-Hexanol 52x10° 1.6 x 10°
1-Octanol 56x10° 32x 108
Aromatic compounds

Anisole 6.0 x 10° 49x10°
Acetanilide 5.0x 10° 3.6x10°
Benzene 7.8 x 10° 3.0x10°
Benzoic acid 4.0x10° 1.2 x 10°
p-Hydroxybenzoic acid 8.3 x 10’ 2.5x 10°
Nitrobenzene 3.9x10° <10°
p-Nitrobenzoic acid 2.6x 10° <10°

Sources: Neta et al., 1976, Padmaja et al., 1993, Buxton et al., 1988
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Using GW Monitoring Wells for SVE Observation Readings
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Single Phase / Dual Phase Extraction
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^
^

^

^

^

Water

Vapor

^

^
^ ^

^

Single Phase and Dual Phase 
Extraction (DPE): Extraction of 
vapor and water using separate flow 
streams or mechanism (down hole 
pump and vapor extraction).



Multiphase and Two-phase Extraction
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^

^
^

^
^

^

Multiphase Extraction (MPE) and 
Two-Phase Extraction (TPE): 
Extraction of two or more phases (free 
floating hydrocarbons, water and vapor) 
in a combined flow stream using a 
vacuum source and a drop tube.



Two-phase Flow
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Two-Phase Extraction (TPE): 
Extraction of both vapor and 
water in a combined flow 
stream using a vacuum source 
and a drop tube.



Two-phase Extraction 
Overcoming Vacuum Limitations

Morrow Mancini Pehlivan

-10 in-WC

-5 in-WC
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Two-Phase Extraction
Knopik 1982 patent

Mancini et. Al. 1994

Morrow 1991

Pehlivan et. Al. 1999
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Two-phase Extraction 
Controlling Flow with Applied Vacuum

Morrow Pehlivan
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Annulus Vacuum Measuring Port

Elbow Connecting the Drop Tube 

Drop Tube Vacuum Measuring and Vapor Sampling Port

Water Level Measuring, and Water 
Sampling  Port

• Allows annulus and 
stinger vacuum 
measurements

• Allows water level 
measurements 
during extraction

• Allows water sample 
collection using ½-
inch  bailer from the 
extraction well

• Allows installation of 
two 1-inch drop 
tubes for high 
yielding formations

Wellhead Measurements

48



Water & Vapor Flow
Reduce Friction Loss – First Generation
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Removing Silt without Vacuum Loss
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Reduce Friction Loss
The Third Generation
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Reduce Friction Loss
The Fourth Generation –Silt Trap as well



FLOW SPLITTER - 1
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Flow Splitter
 Allows measurements 

of both vapor and water 
flow separately at the 
extraction well head.

 Provides visual 
observation for the 
extracted material
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FLOW SPLITTER – 2
Reduce Friction Loss – Second Generation



VOC Stripping
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TEST 1  
Los   

Angeles
TEST 2 

Lawndale

TEST 3         
Los     

Angeles

TEST 4    
Yorba     
Linda

TEST 5      
Antioch

Depth (ft) to 
Groundwater 38 15 43 34 37
Extraction Vacuum 
(inches of W.C.) 108 210 80 80 110
Vapor Flow (CFM) 190 87 ~50 ~50 140
Water Flow (gpm) <1.0 6 <1.0 1.3 0.5
Average MTBE 
Stripping Ratio in the 
well 92% 47% 80% 74% 98%
Average BTEX 
Stripping Ratio in the 
well 98% 90% >99% 40% >99%
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ABSTRACT: 
This paper presents the results of hydrocarbon stripping data from five stripping tests performed using the patented (Patent No. 5,906,241) BubblexSM two-phase extraction and hydrocarbon stripping method. The method extracts water and strips volatile hydrocarbons from the water during two-phase extraction (active water and vapor extraction). 
The stripping test consists of collecting several water samples from the extraction well and from the extraction pipe between the wellhead and discharge point or storage tank. The changes in hydrocarbon concentrations due to stripping in the extraction pipe were tabulated and compared with the vacuum, depth to water, vapor and water flow-rates. 
The results of all five tests showed a MTBE stripping ratio ranging between 47% and 98%, and BTEX stripping ratio ranging between 40% and >99%. The test results also showed that the stripping ratio is higher when (1) the extraction vacuum is higher, (2) water flow rate is lower, (3) vapor flow rate is higher, and (4) groundwater in the extraction well is deeper. It was also observed that the BTEX stripping ratio was about 20 to 30% higher than the MTBE stripping ratio, with one exception (Test IV – Yorba Linda Site). 
This paper concludes that two-phase extraction can be used as an effective extraction and stripping tool for VOC contaminated groundwater.

MTBE AND BTEX STRIPPING DURING BUBBLEXSM TWO-PHASE EXTRACTION
Mehmet Pehlivan, Neal Beaty, Tom Dixon, Scott Ek, Richard Coffman, Ph.D., Edward Batlle
(Tait Environmental Management, Inc., Santa Ana, California)

INTRODUCTION
The purpose of this paper is to provide stripping data from five BubblexSM   two-phase extraction-stripping tests. The uniqueness and interest to the scientific community of these tests is that a new method of two-phase extraction was used with emphasis on in well stripping of the volatile hydrocarbons (VOCs). 

In this paper, we present a brief overview of the two-phase extraction with emphasis on BubblexSM modifications followed by the results of five stripping tests, summary discussions and conclusions. 
A major challenge of performing two-phase or multiphase extraction lie with overcoming the limitations of the vacuum when extracting water from depths greater than 33 feet (10.06 m) below ground surface (BGS). The maximum available vacuum lift on Earth for water is 33.9 feet (10.33 m; 29.92-inches [76 cm] of mercury) which is the displacement of the Earth’s atmospheric pressure.

The BubblexSM method allows a limited amount of air/vapor from the unsaturated zone and a limited amount of water from the saturated zone to enter the extraction pipe through a modified screen. The modified screen is prepared by placing slots and/or orifices on the extraction pipe above and below the water table. When vacuum is applied to the extraction pipe, water from the screen below the water table and vapor from the orifices above the water table enter into the extraction pipe and flow in a common stream.  Both vapor and water flow in a combined stream within the extraction pipe until it reaches the separation tank. The new design of the extraction pipe screen facilitates lifting water from depths greater than 33 feet (10.06 meters), extracting vapor from the vadose zone and stripping volatile hydrocarbons from the extracted water (Figure 1). The extracted water and vapor are then separated in a separation tank. The vapor is sent to a thermal/catalytic oxidizer, and the water is discharged through an granulated activated carbon (GAC) polishing unit to a storm drain under a National Pollution Discharge Elimination System (NPDES) permit (Figure 2).

Figure 1. BubblexSM Well

Figure 2. Typical System Schematic: The letter symbols A,B, C, D, E, and F indicates water sample locations.
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						TEST 1  Los   Angeles		TEST 2 Lawndale		TEST 3         Los     Angeles		TEST 4    Yorba     Linda		TEST 5      Antioch

				Depth (ft) to Groundwater		38		15		43		34		37

				Extraction Vacuum (inches of W.C.)		108		210		80		80		110

				Vapor Flow (CFM)		190		87		~50		~50		140

				Water Flow (gpm)		<1.0		6		<1.0		1.3		0.5

				Average MTBE Stripping Ratio in the well		92%		47%		80%		74%		98%

				Average BTEX Stripping Ratio in the well		98%		90%		>99%		40%		>99%
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				MW-14 Concentrations (ug/L)

				Sample No.		Benzene		Toluene		Ethylbenzene		Xylenes		TPH-G		MTBE

				MW-14A		3,000.0		12,800.0		4,100.0		19,400.0		140,000.0		7.6

				MW-14B		5,000.0		24,000.0		6,600.0		27,600.0		420,000.0		11.0

				MW-14C		170.0		440.0		16.0		820.0		2,200.0		0.5

				MW-14E		22.0		42.0		0.8		120.0		1,000.0		0.5

				MW-14F		0.2		0.2		0.6		0.9		43.0		0.5

				MW-14 Concentration Reductions

				Sample No.		Benzene		Toluene		Ethylbenzene		Xylenes		TPH-G		MTBE

				MW-14A		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%

				MW-14B		-66.7%		-87.5%		-61.0%		-42.3%		-200.0%		-44.7%

				MW-14C		96.6%		98.2%		99.8%		97.0%		99.5%		95.5%

				MW-14E		87.1%		90.5%		95.0%		85.4%		54.5%		0.0%

				MW-14F		99.1%		99.5%		25.0%		99.3%		95.7%		0.0%
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PCE in the Well 6500 ug/l, PCE end of the green hose 30 ug/l, PCE 
from the tank water 3.9 ug/l J flagged
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Two-Phase Extraction Typical System Layout

Treatment

GACWater

Vapor

Storm

Drain 
or 

Sewer

Atmosphere
Extraction

A

B
C D



• Test Site 1 is in Lancaster, California 
• Previous TPE was not successful removing VOC below the action level and unmanned 

operation.
• The objective is to reduce low level VOC (TCE) concentrations below action level in 

the area. 
• The test was performed for six weeks.
• Started with 4 wells added two more when determined availability of the excess system 

capacity. 
• Used a system with separate vapor and water entry knockout tank. 
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Pilot Test #1 



Pilot Test # 1 Test Layout
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Pilot Test # 1 Site Map
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PILOT TEST # 1 (cont.)
TCE concentrations (µg/L) in groundwater

61

Date DEW01 DEW02 DEW03 MW01

04/22/03 70 7.7 44 42

07/14/03
Beginning of test

94 38 - 51

08/04/03 550 - - -

08/18/03 100 - - -

09/03/03
End of Test

17 17 14 -

9/29/03 30 21 18 17



PILOT TEST # 1 - RESULTS
• The ZOI of the water drawdown over 150 feet. 
• The TCE concentration in GW was 550 µg/L in DEW01. 
• At the end of the TPE test, the TCE concentrations in well DEW01 were reduced 

to 17 µg/L. Up to 95 % of VOC were removed in two weeks.
• Following TPE, TCE in were all below 30 µg/L in Well 49-DEW01 only. 
• No cis-1,2-DCE or benzene were reported.  
• The TCE concentrations were reduced by more than 50% in most wells with 

initial concentrations exceeding 30 ug/L
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PILOT TEST # 2
• Test Site 2 is in Lancaster, California.  
• Up to 2.5 feet of measurable LNAPL in wells. 
• The lateral extent of LNAPL 500 to 600 feet.
• Assess if TPE is an effective method removing LNAPL in Fractured Bedrock 

formation. 
• Two EW and six OWs were used for the test. 
• The observations wells installed at 8, 20 and 50 feet distance from the extraction 

wells to calculate zone of influence for LNAPL thickness change, water 
drawdown and vacuum response. 
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PILOT TEST # 2  SITE MAP
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PILOT TEST # 2  RESULTS

• 240,000 gal of GW extracted with up to 4 
ft DD. 

•  No emulsification was observed 
• Up to one foot of reduction in LNAPL 

thickness after 45 days of extraction in 
OWs within the 20 foot radius.
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PILOT TEST # 2  RESULTS
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PILOT TEST # 3
• A former service station in 

Whittier.
• Used two wells for extraction.
• Installed observation wells near 

extraction wells to obtain 
vacuum and water drawdown 
data.

• One extraction well was near the 
source of contamination (ESW-
10).

• One extraction well was at the 
perimeter of the plume.
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PILOT TEST # 3 (Drawdown)
Drawdown in Observation Wells (ESW10)

8:24 9:36 10:48 12:00 13:12 14:24 15:36

 
 

 

TIME (hh:mm)


Test 1 (Extraction)

		TEST 1

		EXTRACTION WELL ESW10

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

								13.02				---		---		---		---		Collected baseline water sample (ESW10-1).

		1:40						13.23				---		---		---		---		Depth to water from cap.

		2:38		53" H2O		7" Hg		17.00		50		---		---		---		---

		2:44		53" H2O		8" Hg		16.95		20		---		---		---		---

		3:00		55" H2O		8" Hg		17.00		29		---		---		---		---		Knockout tank filled 1.25 inches in 5 minutes.

		3:07		53" H2O		8.25" Hg		16.98		Out of Range		---		---		---		---		Collected ESW10-2.

		3:15		52" H2O		8.5" Hg		17.08		Out of Range		---		---		---		---		Collected ESW10-3A.  48% LEL for unit.

		3:23		52" H2O		8.5" Hg		16.96		Out of Range		---		---		---		---		Collected ESW10-4A.

		3:30		55" H2O		8.5" Hg		17.07		Out of Range		---		---		---		---		Collected ESW10-V1.

		3:34										---		---		---		---		Shut system down.

		3:38						16.98				---		---		---		---		Collected ESW10-5.





Test 1 (Observation)

		TEST 1

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3

		Distance to Extraction Well				6'8"						9'3"						20'4"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				12.68		---				12.33		---				12.71		---				---		---				---		---				---		---

		2:42				---		0.15				---		1.9				---		0.1				---		---				---		---				---		---

		2:46				---		0.15				---		1.9				---		0.1				---		---				---		---				---		---

		2:59				---		0.15				---		1.9				---		0.12				---		---				---		---				---		---

		3:11				---		0.15				---		1.9				---		0.11				---		---				---		---				---		---

		3:17				---		0.15				---		1.9				---		0.11				---		---				---		---				---		---

		3:23				---		0.15				---		1.9				---		0.12				---		---				---		---				---		---

		3:25				12.78		---				12.34		---				12.75		---				---		---				---		---				---		---





Test 2 (Extraction)

		TEST 2

		EXTRACTION WELL ESW10

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

		3:55						15.82				---		---		---		---		Collected baseline water sample (ESW10-6).  Started Test 2.

		4:02		>100" H2O		11.5" Hg		18.64				---		---		---		---

		4:09		>100" H2O		11.5" Hg		18.64				---		---		---		---

		4:12		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-7A.

		4:17		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---

		4:29		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-8A.

		4:37		>100" H2O		11.5" Hg		18.61		Out of Range		---		---		---		---

		4:47		>100" H2O		11" Hg		18.64		Out of Range		---		---		---		---

		4:50		>100" H2O		11" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-9A.

		4:52		>100" H2O		11" Hg		18.62		Out of Range		---		---		---		---		Collected ESW10-V2.

		4:57		>100" H2O		11" Hg		18.69		Out of Range		---		---		---		---

		5:01										---		---		---		---		Shut system down.

		5:08						18.53				---		---		---		---		Collected ESW10-10.





Test 2 (Observation)

		TEST 2

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3

		Distance to Extraction Well				6'8"						9'3"						20'4"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				12.68		---				12.33		---				12.71		---				---		---				---		---				---		---

		3:25				12.78		---				12.34		---				12.75		---				---		---				---		---				---		---

		4:00				---		0.25				---		3.8				---		0				---		---				---		---				---		---

		4:08				---		0.25				---		4.2				---		<0				---		---				---		---				---		---

		4:17				---		0.25				---		4.2				---		<0				---		---				---		---				---		---

		4:28				---		0.27				---		4.4				---		0.01				---		---				---		---				---		---

		4:34				---		0.25				---		4.2				---		0.04				---		---				---		---				---		---

		4:46				---		0.25				---		4.2				---		0.07				---		---				---		---				---		---

		4:51				---		0.25				---		4.2				---		0.08				---		---				---		---				---		---

		4:57				---		0.25				---		4.2				---		0.11				---		---				---		---				---		---

		4:58				12.91		---				12.29		---				12.49		---				---		---				---		---				---		---





Test 3 (Extraction)

		TEST 3

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

				---		---		---		---						11.71		Faulty Sensor		Collected baseline sample (MW2-1).

		5:25		---		---		---		---						11.93		Faulty Sensor		Started Test #3.

		5:45		---		---		---		---		19" H2O		6" Hg		13.10		Faulty Sensor		Well stabalized @ ~13.1' @ 6"Hg.

		5:47		---		---		---		---		19" H2O		5.5" Hg		13.15		Faulty Sensor		Collected sample MW2-2A.

		5:52		---		---		---		---		19" H2O		6" Hg		13.10		Faulty Sensor		Knockout tank filled 11.25" in 5 min.

		5:58		---		---		---		---		19" H2O		6" Hg		13.15		Faulty Sensor		Collected sample MW2-3A.

		6:05		---		---		---		---		18" H2O		6" Hg		13.17		Faulty Sensor		Knockout tank filled 12.25" in 5 min.

		6:09		---		---		---		---		17" H2O		6" Hg		13.14		Faulty Sensor		LEL = 3%.  Collected sample MW2-V1.

		6:17		---		---		---		---		18" H2O		6" Hg		13.17		Faulty Sensor		Collected sample MW2-4A.

		6:23		---		---		---		---		18" H2O		6" Hg		13.13		Faulty Sensor		LEL = 4%.

		6:27		---		---		---		---										Shut system down.

																12.35				Collected sample MW2-5.





Test 3 (Observation)

		TEST 3

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #																						GW-4						GW-5						GW-6

		Distance to Extraction Well																						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				---		---				---		---				---		---				11.54		---				11.41		---				11.66		---

		5:22				---		---				---		---				---		---				11.57		---				11.42		---				11.62		---

		5:49				---		---				---		---				---		---				---		0				---		0				---		0

		5:53				---		---				---		---				---		---				---		0				---		0				---		0

		5:57				---		---				---		---				---		---				---		0				---		0				---		0

		6:01				---		---				---		---				---		---				---		0				---		0				---		0

		6:05				---		---				---		---				---		---				---		0				---		0				---		0

		6:13				---		---				---		---				---		---				---		0				---		0				---		0

		6:18				---		---				---		---				---		---				---		0				---		0				---		0

		6:23				---		---				---		---				---		---				---		0				---		0				---		0

		6:25				---		---				---		---				---		---				12.12		---				11.73		---				11.66		---





Test 4 (Extraction)

		TEST 4

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

				---		---		---		---								Faulty Sensor		Collected baseline sample (MW2-6).

		6:40		---		---		---		---		25" H2O		11" Hg		15.00		Faulty Sensor		Started Test #4.  Dilution valve 100% closed.

		6:48		---		---		---		---		28" H2O		11" Hg		15.15		Faulty Sensor		Unit is pulling "slugs" of water.

		6:51		---		---		---		---		29" H2O		12" Hg		15.32		Faulty Sensor		Knockout tank filled 14.625" in 3 minute.

		6:54		---		---		---		---		28" H2O		11" Hg		15.36		Faulty Sensor

		6:56		---		---		---		---		30" H2O		11" Hg		15.42		Faulty Sensor		Collected sample MW2-7A.

		7:00		---		---		---		---		28" H2O		12" Hg		15.43		Faulty Sensor

		7:05		---		---		---		---		33" H2O		12" Hg		15.35		Faulty Sensor		Collected sample MW2-8A.

		7:07		---		---		---		---		33" H2O		12" Hg		15.23		Faulty Sensor		Collected sample MW2-V2.

		7:14		---		---		---		---		36" H2O		12" Hg		15.23		Faulty Sensor		Collected sample MW2-9A.

		7:19		---		---		---		---		34" H2O		12" Hg		15.15		Faulty Sensor		Knockout tank filled 13.75" in 3 minutes.

		7:24		---		---		---		---										Shut system down.

		7:30		---		---		---		---						12.60				Collected sample MW2-10.





Test 4 (Observation)

		TEST 4

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #																						GW-4						GW-5						GW-6

		Distance to Extraction Well																						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				---		---				---		---				---		---				11.54		---				11.41		---				11.66		---

		5:22				---		---				---		---				---		---				11.57		---				11.42		---				11.62		---

		6:25				---		---				---		---				---		---				12.12		---				11.73		---				11.66		---

		6:47				---		---				---		---				---		---				---		0				---		0				---		0

		6:50				---		---				---		---				---		---				---		0				---		0				---		0

		6:56				---		---				---		---				---		---				---		0				---		0				---		0

		7:01				---		---				---		---				---		---				---		0				---		0				---		0

		7:15				---		---				---		---				---		---				---		0				---		0				---		0

		7:20				---		---				---		---				---		---				---		0				---		0				---		0

		7:21				---		---				---		---				---		---				12.82		---				11.92		---				11.84		---





Test 5 (Extraction)

		TEST 5

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

																				Collected baseline samples (ESW10-11 and MW2-11)

		9:30						13.25								12.01

		9:50		45" H2O		9" Hg		18.66		Faulty Sensor		20" H2O		6" Hg		13.13		Faulty Sensor		Started test with both extraction wells open.  Collected samples ESW10-12, MW2-12A and MW2-12B.  System vacuum = ~12" Hg.

		10:10		92" H2O		7.5" Hg		18.70		Faulty Sensor		21" H2O		5" Hg		13.43		Faulty Sensor

		10:36		>100" H2O		10" Hg		18.72		Faulty Sensor		20" H2O		6" Hg		13.29		Faulty Sensor		Knockout tank filled 12.375" in 5 minutes.

		10:45		94" H2O		9" Hg		18.67		Faulty Sensor		24" H2O		7" Hg		13.40		Faulty Sensor

		11:13		96" H2O		8" Hg		18.68		Faulty Sensor		24" H2O		6" Hg		13.45		Faulty Sensor		Collected  samples ESW10-13, MW2-13A and MW2-13B.

		11:41		>100" H2O		8.5" Hg		18.68		Faulty Sensor		24" H2O		6" Hg		13.70		Faulty Sensor

		11:58		>100" H2O		9" Hg		18.69		Faulty Sensor		22" H2O		6" Hg		13.75		Faulty Sensor		Collected vapor sample V1.

		12:06		96" H2O		8" Hg		18.68		Faulty Sensor		22" H2O		6" Hg		13.55		Faulty Sensor		Knockout tank filled 14.875" in 4 minutes.

		12:20		>100" H2O		9" Hg		18.68		Faulty Sensor		23" H2O		6" Hg		13.70		Faulty Sensor		ESW10 vapor temperature = ~85 degrees.

		12:38		>100" H2O		8.5" Hg		18.69		Faulty Sensor		26" H2O		6.5" Hg		13.35		Faulty Sensor		Collected  samples ESW10-14, MW2-14A and MW2-14B.

		13:01		>100" H2O		9" Hg		18.68		Faulty Sensor		25" H2O		6.5" Hg		13.69		Faulty Sensor		Knockout tank filled 13.375" in 3 minutes.

		13:18		>100" H2O		9" Hg		18.69		Faulty Sensor		26" H2O		6" Hg		13.64		Faulty Sensor		Collected vapor sample V2.

		13:43		>100" H2O		9" Hg		18.68		Faulty Sensor		28" H2O		7" Hg		13.63		Faulty Sensor		Collected  samples ESW10-15, MW2-15A and MW2-15B.

		14:10		>100" H2O		12" Hg		18.74		Faulty Sensor		30" H2O		8.5" Hg		14.15		Faulty Sensor		Knockout tank filled 12.50" in 4 minutes.

		14:25		>100" H2O		11" Hg		18.72		Faulty Sensor		31" H2O		7" Hg		14.16		Faulty Sensor		Knockout tank filled 15.75" in 3 minutes.

		14:53		>100" H2O		11" Hg		18.72		Faulty Sensor		30" H2O		8" Hg		14.23		Faulty Sensor		Collected vapor sample V3.  Collected  samples ESW10-16, MW2-16A and MW2-16B.

		15:20		>100" H2O		11" Hg		18.71		Faulty Sensor		30" H2O		7" Hg		14.25		Faulty Sensor		Knockout tank filled 15.625" in 3 minutes.  Collected vapor sample V4.





Test 5 (Observation)

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02
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CHART NOTES

		Chart 1  TEST 5  (ESW10) Observation Well vacuum response

				Maximum vacuum of 4.8 inches of water (iow) was observed at the Observation Well GW-5
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		0.5291666667		0.5291666667		0.5291666667

		0.5409722222		0.5409722222		0.5409722222

		0.5520833333		0.5520833333		0.5520833333

		0.5736111111		0.5736111111		0.5736111111

		0.5875		0.5875		0.5875

		0.5965277778		0.5965277778		0.5965277778

		0.6180555556		0.6180555556		0.6180555556

		0.6388888889		0.6388888889		0.6388888889
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Sheet11

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1		GW-1				GW-2		GW-2				GW-3		GW-3				GW-4		GW-4				GW-5		GW-5				GW-6		GW-6

		Distance to Extraction Well				6'8"		6'8"				9'3"		9'3"				20'4"		20'4"				7'1"		7'1"				10'3"		10'3"				20'2"		20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02
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PILOT TEST # 3 (Vacuum)
Vacuum Response in Observation Wells (ESW10)

8:24 9:36 10:48 12:00 13:12 14:24 15:36 16:48

 
 

 

 


Test 1 (Extraction)

		TEST 1

		EXTRACTION WELL ESW10

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

								13.02				---		---		---		---		Collected baseline water sample (ESW10-1).

		1:40						13.23				---		---		---		---		Depth to water from cap.

		2:38		53" H2O		7" Hg		17.00		50		---		---		---		---

		2:44		53" H2O		8" Hg		16.95		20		---		---		---		---

		3:00		55" H2O		8" Hg		17.00		29		---		---		---		---		Knockout tank filled 1.25 inches in 5 minutes.

		3:07		53" H2O		8.25" Hg		16.98		Out of Range		---		---		---		---		Collected ESW10-2.

		3:15		52" H2O		8.5" Hg		17.08		Out of Range		---		---		---		---		Collected ESW10-3A.  48% LEL for unit.

		3:23		52" H2O		8.5" Hg		16.96		Out of Range		---		---		---		---		Collected ESW10-4A.

		3:30		55" H2O		8.5" Hg		17.07		Out of Range		---		---		---		---		Collected ESW10-V1.

		3:34										---		---		---		---		Shut system down.

		3:38						16.98				---		---		---		---		Collected ESW10-5.





Test 1 (Observation)

		TEST 1

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3

		Distance to Extraction Well				6'8"						9'3"						20'4"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				12.68		---				12.33		---				12.71		---				---		---				---		---				---		---

		2:42				---		0.15				---		1.9				---		0.1				---		---				---		---				---		---

		2:46				---		0.15				---		1.9				---		0.1				---		---				---		---				---		---

		2:59				---		0.15				---		1.9				---		0.12				---		---				---		---				---		---

		3:11				---		0.15				---		1.9				---		0.11				---		---				---		---				---		---

		3:17				---		0.15				---		1.9				---		0.11				---		---				---		---				---		---

		3:23				---		0.15				---		1.9				---		0.12				---		---				---		---				---		---

		3:25				12.78		---				12.34		---				12.75		---				---		---				---		---				---		---





Test 2 (Extraction)

		TEST 2

		EXTRACTION WELL ESW10

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

		3:55						15.82				---		---		---		---		Collected baseline water sample (ESW10-6).  Started Test 2.

		4:02		>100" H2O		11.5" Hg		18.64				---		---		---		---

		4:09		>100" H2O		11.5" Hg		18.64				---		---		---		---

		4:12		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-7A.

		4:17		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---

		4:29		>100" H2O		11.5" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-8A.

		4:37		>100" H2O		11.5" Hg		18.61		Out of Range		---		---		---		---

		4:47		>100" H2O		11" Hg		18.64		Out of Range		---		---		---		---

		4:50		>100" H2O		11" Hg		18.63		Out of Range		---		---		---		---		Collected ESW10-9A.

		4:52		>100" H2O		11" Hg		18.62		Out of Range		---		---		---		---		Collected ESW10-V2.

		4:57		>100" H2O		11" Hg		18.69		Out of Range		---		---		---		---

		5:01										---		---		---		---		Shut system down.

		5:08						18.53				---		---		---		---		Collected ESW10-10.





Test 2 (Observation)

		TEST 2

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3

		Distance to Extraction Well				6'8"						9'3"						20'4"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				12.68		---				12.33		---				12.71		---				---		---				---		---				---		---

		3:25				12.78		---				12.34		---				12.75		---				---		---				---		---				---		---

		4:00				---		0.25				---		3.8				---		0				---		---				---		---				---		---

		4:08				---		0.25				---		4.2				---		<0				---		---				---		---				---		---

		4:17				---		0.25				---		4.2				---		<0				---		---				---		---				---		---

		4:28				---		0.27				---		4.4				---		0.01				---		---				---		---				---		---

		4:34				---		0.25				---		4.2				---		0.04				---		---				---		---				---		---

		4:46				---		0.25				---		4.2				---		0.07				---		---				---		---				---		---

		4:51				---		0.25				---		4.2				---		0.08				---		---				---		---				---		---

		4:57				---		0.25				---		4.2				---		0.11				---		---				---		---				---		---

		4:58				12.91		---				12.29		---				12.49		---				---		---				---		---				---		---





Test 3 (Extraction)

		TEST 3

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

				---		---		---		---						11.71		Faulty Sensor		Collected baseline sample (MW2-1).

		5:25		---		---		---		---						11.93		Faulty Sensor		Started Test #3.

		5:45		---		---		---		---		19" H2O		6" Hg		13.10		Faulty Sensor		Well stabalized @ ~13.1' @ 6"Hg.

		5:47		---		---		---		---		19" H2O		5.5" Hg		13.15		Faulty Sensor		Collected sample MW2-2A.

		5:52		---		---		---		---		19" H2O		6" Hg		13.10		Faulty Sensor		Knockout tank filled 11.25" in 5 min.

		5:58		---		---		---		---		19" H2O		6" Hg		13.15		Faulty Sensor		Collected sample MW2-3A.

		6:05		---		---		---		---		18" H2O		6" Hg		13.17		Faulty Sensor		Knockout tank filled 12.25" in 5 min.

		6:09		---		---		---		---		17" H2O		6" Hg		13.14		Faulty Sensor		LEL = 3%.  Collected sample MW2-V1.

		6:17		---		---		---		---		18" H2O		6" Hg		13.17		Faulty Sensor		Collected sample MW2-4A.

		6:23		---		---		---		---		18" H2O		6" Hg		13.13		Faulty Sensor		LEL = 4%.

		6:27		---		---		---		---										Shut system down.

																12.35				Collected sample MW2-5.





Test 3 (Observation)

		TEST 3

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #																						GW-4						GW-5						GW-6

		Distance to Extraction Well																						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				---		---				---		---				---		---				11.54		---				11.41		---				11.66		---

		5:22				---		---				---		---				---		---				11.57		---				11.42		---				11.62		---

		5:49				---		---				---		---				---		---				---		0				---		0				---		0

		5:53				---		---				---		---				---		---				---		0				---		0				---		0

		5:57				---		---				---		---				---		---				---		0				---		0				---		0

		6:01				---		---				---		---				---		---				---		0				---		0				---		0

		6:05				---		---				---		---				---		---				---		0				---		0				---		0

		6:13				---		---				---		---				---		---				---		0				---		0				---		0

		6:18				---		---				---		---				---		---				---		0				---		0				---		0

		6:23				---		---				---		---				---		---				---		0				---		0				---		0

		6:25				---		---				---		---				---		---				12.12		---				11.73		---				11.66		---





Test 4 (Extraction)

		TEST 4

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

				---		---		---		---								Faulty Sensor		Collected baseline sample (MW2-6).

		6:40		---		---		---		---		25" H2O		11" Hg		15.00		Faulty Sensor		Started Test #4.  Dilution valve 100% closed.

		6:48		---		---		---		---		28" H2O		11" Hg		15.15		Faulty Sensor		Unit is pulling "slugs" of water.

		6:51		---		---		---		---		29" H2O		12" Hg		15.32		Faulty Sensor		Knockout tank filled 14.625" in 3 minute.

		6:54		---		---		---		---		28" H2O		11" Hg		15.36		Faulty Sensor

		6:56		---		---		---		---		30" H2O		11" Hg		15.42		Faulty Sensor		Collected sample MW2-7A.

		7:00		---		---		---		---		28" H2O		12" Hg		15.43		Faulty Sensor

		7:05		---		---		---		---		33" H2O		12" Hg		15.35		Faulty Sensor		Collected sample MW2-8A.

		7:07		---		---		---		---		33" H2O		12" Hg		15.23		Faulty Sensor		Collected sample MW2-V2.

		7:14		---		---		---		---		36" H2O		12" Hg		15.23		Faulty Sensor		Collected sample MW2-9A.

		7:19		---		---		---		---		34" H2O		12" Hg		15.15		Faulty Sensor		Knockout tank filled 13.75" in 3 minutes.

		7:24		---		---		---		---										Shut system down.

		7:30		---		---		---		---						12.60				Collected sample MW2-10.





Test 4 (Observation)

		TEST 4

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #																						GW-4						GW-5						GW-6

		Distance to Extraction Well																						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:35				---		---				---		---				---		---				11.54		---				11.41		---				11.66		---

		5:22				---		---				---		---				---		---				11.57		---				11.42		---				11.62		---

		6:25				---		---				---		---				---		---				12.12		---				11.73		---				11.66		---

		6:47				---		---				---		---				---		---				---		0				---		0				---		0

		6:50				---		---				---		---				---		---				---		0				---		0				---		0

		6:56				---		---				---		---				---		---				---		0				---		0				---		0

		7:01				---		---				---		---				---		---				---		0				---		0				---		0

		7:15				---		---				---		---				---		---				---		0				---		0				---		0

		7:20				---		---				---		---				---		---				---		0				---		0				---		0

		7:21				---		---				---		---				---		---				12.82		---				11.92		---				11.84		---





Test 5 (Extraction)

		TEST 5

		EXTRACTION WELL MW2

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

				ESW-10								MW-2

		Time		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Vacuum				Depth to Water (Feet)		Stinger Flow (CFM)		Notes

				Well		Stinger						Well		Stinger						(LEL, System CFM, Temperature, System Vacuum, GPM, Samples)

																				Collected baseline samples (ESW10-11 and MW2-11)

		9:30						13.25								12.01

		9:50		45" H2O		9" Hg		18.66		Faulty Sensor		20" H2O		6" Hg		13.13		Faulty Sensor		Started test with both extraction wells open.  Collected samples ESW10-12, MW2-12A and MW2-12B.  System vacuum = ~12" Hg.

		10:10		92" H2O		7.5" Hg		18.70		Faulty Sensor		21" H2O		5" Hg		13.43		Faulty Sensor

		10:36		>100" H2O		10" Hg		18.72		Faulty Sensor		20" H2O		6" Hg		13.29		Faulty Sensor		Knockout tank filled 12.375" in 5 minutes.

		10:45		94" H2O		9" Hg		18.67		Faulty Sensor		24" H2O		7" Hg		13.40		Faulty Sensor

		11:13		96" H2O		8" Hg		18.68		Faulty Sensor		24" H2O		6" Hg		13.45		Faulty Sensor		Collected  samples ESW10-13, MW2-13A and MW2-13B.

		11:41		>100" H2O		8.5" Hg		18.68		Faulty Sensor		24" H2O		6" Hg		13.70		Faulty Sensor

		11:58		>100" H2O		9" Hg		18.69		Faulty Sensor		22" H2O		6" Hg		13.75		Faulty Sensor		Collected vapor sample V1.

		12:06		96" H2O		8" Hg		18.68		Faulty Sensor		22" H2O		6" Hg		13.55		Faulty Sensor		Knockout tank filled 14.875" in 4 minutes.

		12:20		>100" H2O		9" Hg		18.68		Faulty Sensor		23" H2O		6" Hg		13.70		Faulty Sensor		ESW10 vapor temperature = ~85 degrees.

		12:38		>100" H2O		8.5" Hg		18.69		Faulty Sensor		26" H2O		6.5" Hg		13.35		Faulty Sensor		Collected  samples ESW10-14, MW2-14A and MW2-14B.

		13:01		>100" H2O		9" Hg		18.68		Faulty Sensor		25" H2O		6.5" Hg		13.69		Faulty Sensor		Knockout tank filled 13.375" in 3 minutes.

		13:18		>100" H2O		9" Hg		18.69		Faulty Sensor		26" H2O		6" Hg		13.64		Faulty Sensor		Collected vapor sample V2.

		13:43		>100" H2O		9" Hg		18.68		Faulty Sensor		28" H2O		7" Hg		13.63		Faulty Sensor		Collected  samples ESW10-15, MW2-15A and MW2-15B.

		14:10		>100" H2O		12" Hg		18.74		Faulty Sensor		30" H2O		8.5" Hg		14.15		Faulty Sensor		Knockout tank filled 12.50" in 4 minutes.

		14:25		>100" H2O		11" Hg		18.72		Faulty Sensor		31" H2O		7" Hg		14.16		Faulty Sensor		Knockout tank filled 15.75" in 3 minutes.

		14:53		>100" H2O		11" Hg		18.72		Faulty Sensor		30" H2O		8" Hg		14.23		Faulty Sensor		Collected vapor sample V3.  Collected  samples ESW10-16, MW2-16A and MW2-16B.

		15:20		>100" H2O		11" Hg		18.71		Faulty Sensor		30" H2O		7" Hg		14.25		Faulty Sensor		Knockout tank filled 15.625" in 3 minutes.  Collected vapor sample V4.





Test 5 (Observation)

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02
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CHART NOTES

		Chart 1  TEST 5  (ESW10) Observation Well vacuum response

				Maximum vacuum of 4.8 inches of water (iow) was observed at the Observation Well GW-5
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Sheet11

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1		GW-1				GW-2		GW-2				GW-3		GW-3				GW-4		GW-4				GW-5		GW-5				GW-6		GW-6

		Distance to Extraction Well				6'8"		6'8"				9'3"		9'3"				20'4"		20'4"				7'1"		7'1"				10'3"		10'3"				20'2"		20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02
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SAMPLE IDENTIFICATION

TEST 3 SUMMARY OF WATER ANALYSES (MW2)

TPH-G BENZENE

70

PILOT TEST # 3 (TPH-Benzene)
Concentrations in Extracted Water (MW2)


FIGURE 4

		0.41875		0.41875		0.41875

		0.4381944444		0.4381944444		0.4381944444

		0.4444444444		0.4444444444		0.4444444444

		0.4493055556		0.4493055556		0.4493055556

		0.4888888889		0.4888888889		0.4888888889

		0.5076388889		0.5076388889		0.5076388889

		0.5291666667		0.5291666667		0.5291666667

		0.5409722222		0.5409722222		0.5409722222

		0.5520833333		0.5520833333		0.5520833333

		0.5736111111		0.5736111111		0.5736111111

		0.5875		0.5875		0.5875

		0.5965277778		0.5965277778		0.5965277778

		0.6180555556		0.6180555556		0.6180555556

		0.6388888889		0.6388888889		0.6388888889
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FIGURE 4
TEST 5 (ESW10)
VACUUM RESPONSE ON OBSERVATION WELLS
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FIGURE 5
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		0.5965277778		0.5965277778		0.5965277778

		0.6180555556		0.6180555556		0.6180555556

		0.6388888889		0.6388888889		0.6388888889
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FIGURE 5
TEST 5 (ESW10)
WATER DRAWDOWN
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FIGURE 6
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FIGURE 6
TEST 5 (MW2)
VACUUM RESPONSE ON OBSERVATION WELLS
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FIGURE 7
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FIGURE 8
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FIGURE 8
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FIGURE 9
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FIGURE 10
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TEST 3 (MW2)
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FIGURE 11
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FIGURE 12
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FIGURE 13
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FIGURE 14
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FIGURE 4 DATA

				TEST 5

				SUMMARY OF OBSERVATION WELL FIELD DATA

				UNOCAL SERVICE STATION NO. 5350

				10805 LA MIRADA BOULEVARD

				WHITTIER, CALIFORNIA

				Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

				Distance to Extraction Well				6'8" from ESW10						9'3" from ESW10						20'4" from ESW10						7'1" from MW2						10'3" from MW2						20'2" from MW2

				Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

				10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

				10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

				10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

				10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

				11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

				12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

				12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

				12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

				13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

				13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

				14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

				14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

				14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

				15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 5 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		Time				GW-1						GW-2						GW-3

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 6 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 7 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





Test 1 - 4 Results

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		ESW-10		72,000		9,700		9,400		2,200		9,000		ND

		ESW10-2A		110,000		7,300		25,000		2,100		13,000		ND

		ESW10-3A		9,900		6,800		23,000		1,900		12,000		ND

		ESW10-4A		11,000		7,400		25,000		2,100		13,000		ND

		ESW10-5		60,000		7,400		13,000		1,200		5,900		ND

		ESW10-6		54,000		6,800		11,000		1,100		5,300		ND

		ESW10-7A		110,000		6,800		24,000		2,200		13,000		ND

		ESW10-8A		100,000		6,400		23,000		2,100		12,000		ND

		ESW10-9A		95,000		5,900		21,000		2,100		12,000		ND

		ESW10-10		45,000		4,300		11,000		830		4,600		29

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		MW2-1		2,200		720		10		72		22		190

		MW2-2A		ND		7		6		3		8		16

		MW2-3A		ND		8		5		4		7		17

		MW2-4A		ND		13		5		5		6		22

		MW2-5		3,000		940		23		100		43		140

		MW2-6		2,100		660		15		83		31		150

		MW2-7A		130		35		4		13		6		25

		MW2-8A		ND		24		3		11		4		23

		MW2-9A		ND		22		3		11		4		22

		MW2-10		1,700		420		88		140		84		53





TEST 5 RESULTS

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		ESW10-11		54000		3800		10000		1200		7100		ND

		ESW10-12A		110000		6600		24000		2300		14000		ND

		ESW10-13A		110000		6800		26000		2300		14000		ND

		ESW10-14A		110000		6100		24000		2300		13000		ND

		ESW10-15A		110000		6100		25000		2300		14000		ND

		ESW10-16A		94000		5900		21000		2400		14000		ND

		ESW10-17A		97000		5000		21000		2100		12000		ND

		ESW10-18		26000		1900		6200		520		3100		ND

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		MW2-11		2000		480		51		120		55		100

		MW2-12A		ND		27		3.4		12		3.6		31

		MW2-12B		ND		8.9		ND		3.6		ND		12

		MW2-13A		110		22		4.4		11		4.8		25

		MW2-13B		ND		16		3.6		4.4		3.3		15

		MW2-14A		ND		18		4.2		9.1		4		19

		MW2-14B		ND		7.6		2.2		2.3		1.4		ND

		MW2-15A		100		21		5.1		9.5		4.5		21

		MW2-15B		160		32		13		9.8		11		18

		MW2-16A		120		22		6.1		11		5.6		22

		MW2-16B		190		34		16		10		15		16

		MW2-17A		120		23		6.1		11		5.5		21

		MW2-17B		ND		5.3		2.4		1.7		1.5		ND

		MW2-18		9800		1700		950		540		1000		120
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DRAWDOWN DATA (FIG 14 DATA)

				TEST 5

				ESW10

		MONITORING WELL		DISTANCE FROM EXTRACTION WELL		ORIGINAL DEPTH TO GROUNDWATER		DEPTH TO GROUNDWATER		DRAWDOWN		VACUUM RESPONSE

		GW1		6.66		12.76		13.27		0.51		0.4

		GW2		9.25		12.65		12.68		0.03		4.8

		GW3		20.33		12.85		13.12		0.27		0.01

		GW4		7.08		11.61		13.14		1.53		0.01

		GW5		10.25		11.51		12.14		0.63		0

		GW6		20.17		11.69		12.05		0.36		0.02
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PILOT TEST # 3 (MTBE)
MTBE Concentrations in Extracted Water (MW2)

The concentrations of MTBE in the groundwater was increased between pre-test 
(MW2-11) and post test (MW2-18) samples. MTBE concentrations in the extracted 
water samples (MW2-12A through MW2-17A) show up to 90% stripping  during 
extraction.
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FIGURE 12
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FIGURE 4 DATA

				TEST 5

				SUMMARY OF OBSERVATION WELL FIELD DATA

				UNOCAL SERVICE STATION NO. 5350

				10805 LA MIRADA BOULEVARD

				WHITTIER, CALIFORNIA

				Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

				Distance to Extraction Well				6'8" from ESW10						9'3" from ESW10						20'4" from ESW10						7'1" from MW2						10'3" from MW2						20'2" from MW2

				Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

				10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

				10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

				10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

				10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

				11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

				12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

				12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

				12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

				13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

				13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

				14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

				14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

				14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

				15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 5 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		Time				GW-1						GW-2						GW-3

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 6 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		10:03				---		0.3				---		2.8				---		0.07				---		0				---		0				---		0.02

		10:31				---		0.2				---		2				---		0.3				---		0				---		0				---		0.02

		10:40				---		0.4				---		3.4				---		0.32				---		0				---		0				---		0.02

		10:47				---		0.3				---		3.5				---		0.39				---		0				---		0				---		0.02

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:42				---		0.3				---		4				---		0				---		0.02				---		0				---		0.025

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:15				---		0.4				---		4				---		0				---		0.01				---		0				---		0.02

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:06				---		0.4				---		4.7				---		0				---		0.01				---		0				---		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





FIGURE 7 DATA

		TEST 5

		SUMMARY OF OBSERVATION WELL FIELD DATA

		UNOCAL SERVICE STATION NO. 5350

		10805 LA MIRADA BOULEVARD

		WHITTIER, CALIFORNIA

		Well #				GW-1						GW-2						GW-3						GW-4						GW-5						GW-6

		Distance to Extraction Well				6'8"						9'3"						20'4"						7'1"						10'3"						20'2"

		Time				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)				Depth to Water (Feet)		Vacuum ("Water)

		7:46				12.76		---				12.65		---				12.85		---				11.61		---				11.51		---				11.69		---

		11:07				12.97		---				12.41		---				12.88		---				12.34		---				11.78		---				11.9		---

		11:44				13.11		0.4				12.45		3.9				12.96		0.3				12.56		0.03				11.89		0				11.91		0.03

		12:11				13.11		0.3				12.49		3.7				12.99		0.1				12.8		0.02				11.92		0				11.93		0.04

		12:59				13.19		0.4				12.56		4				13.03		0.03				12.89		0.02				11.92		0				12.05		0.04

		13:46				13.17		0.4				12.57		4				13.05		0				12.86		0.01				12.03		0				12.01		0.02

		14:19				13.22		0.4				12.63		4.6				13.09		0				13.02		0.01				12.11		0				12.05		0.03

		14:50				13.3		0.4				12.6		4.8				13.09		0.01				13.1		0.02				12.07		0				11.99		0.02

		15:20				13.27		0.4				12.68		4.8				13.12		0				13.14		0.01				12.14		0				12.05		0.02





Test 1 - 4 Results

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		ESW-10		72,000		9,700		9,400		2,200		9,000		ND

		ESW10-2A		110,000		7,300		25,000		2,100		13,000		ND

		ESW10-3A		9,900		6,800		23,000		1,900		12,000		ND

		ESW10-4A		11,000		7,400		25,000		2,100		13,000		ND

		ESW10-5		60,000		7,400		13,000		1,200		5,900		ND

		ESW10-6		54,000		6,800		11,000		1,100		5,300		ND

		ESW10-7A		110,000		6,800		24,000		2,200		13,000		ND

		ESW10-8A		100,000		6,400		23,000		2,100		12,000		ND

		ESW10-9A		95,000		5,900		21,000		2,100		12,000		ND

		ESW10-10		45,000		4,300		11,000		830		4,600		29

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		MW2-1		2,200		720		10		72		22		190

		MW2-2A		ND		7		6		3		8		16

		MW2-3A		ND		8		5		4		7		17

		MW2-4A		ND		13		5		5		6		22

		MW2-5		3,000		940		23		100		43		140

		MW2-6		2,100		660		15		83		31		150

		MW2-7A		130		35		4		13		6		25

		MW2-8A		ND		24		3		11		4		23

		MW2-9A		ND		22		3		11		4		22

		MW2-10		1,700		420		88		140		84		53





TEST 5 RESULTS

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		ESW10-11		54000		3800		10000		1200		7100		ND

		ESW10-12A		110000		6600		24000		2300		14000		ND

		ESW10-13A		110000		6800		26000		2300		14000		ND

		ESW10-14A		110000		6100		24000		2300		13000		ND

		ESW10-15A		110000		6100		25000		2300		14000		ND

		ESW10-16A		94000		5900		21000		2400		14000		ND

		ESW10-17A		97000		5000		21000		2100		12000		ND

		ESW10-18		26000		1900		6200		520		3100		ND

		Sample		TPH-G		BENZENE		T		E		X		MTBE

		MW2-11		2000		480		51		120		55		100

		MW2-12A		ND		27		3.4		12		3.6		31

		MW2-13A		110		22		4.4		11		4.8		25

		MW2-14A		ND		18		4.2		9.1		4		19

		MW2-15A		100		21		5.1		9.5		4.5		21

		MW2-16A		120		22		6.1		11		5.6		22

		MW2-17A		120		23		6.1		11		5.5		21

		MW2-18		9800		1700		950		540		1000		120





TEST 5 RESULTS
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DRAWDOWN DATA (FIG 14 DATA)

				TEST 5

				ESW10

		MONITORING WELL		DISTANCE FROM EXTRACTION WELL		ORIGINAL DEPTH TO GROUNDWATER		DEPTH TO GROUNDWATER		DRAWDOWN		VACUUM RESPONSE

		GW1		6.66		12.76		13.27		0.51		0.4

		GW2		9.25		12.65		12.68		0.03		4.8

		GW3		20.33		12.85		13.12		0.27		0.01

		GW4		7.08		11.61		13.14		1.53		0.01

		GW5		10.25		11.51		12.14		0.63		0

		GW6		20.17		11.69		12.05		0.36		0.02
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PILOT TEST # 3 (TPH-Benzene in ESW10)


Notes

		

		Prepare a distance drawdown/vacuum response graphs for 6 hour test

		Analyze recovery data (MP)

		analyze distance dd data

		Calculate volume of the vapor impacted zone/soil

		Calculate time to flush out the vapors from the soil for one to three pore volumes

		Calculate carbon consumption for water treatment (Initially)

		Prepare time dd/vacuum response graphs for the select observation wells for 6-hour test

		Stripping effect reduced due to high HC concentrations in vapor (ESW-10) and entrance of cleaner water through the filter pack (MW-2)

				around the packer from the deeper zone of the wells

		Report Outline

		Introduction

		Objective

		Background

		Bubblex Process Description

		Test/System Layout

		Sampling and Analysis Program

		Data Evaluation

				Field Observations

				Laboratory results

				Modeling/Simulations

		Summary of Findings

		Conclusions and Recommendations

		Limitations





Test 1-4 Results (Water)

		Sample		TPH-G		B		T		E		X		MTBE

		ESW-10		72,000		9,700		9,400		2,200		9,000		ND

		ESW10-2A		110,000		7,300		25,000		2,100		13,000		ND

		ESW10-3A		9,900		6,800		23,000		1,900		12,000		ND

		ESW10-4A		11,000		7,400		25,000		2,100		13,000		ND

		ESW10-5		60,000		7,400		13,000		1,200		5,900		ND

		ESW10-6		54,000		6,800		11,000		1,100		5,300		ND

		ESW10-7A		110,000		6,800		24,000		2,200		13,000		ND

		ESW10-8A		100,000		6,400		23,000		2,100		12,000		ND

		ESW10-9A		95,000		5,900		21,000		2,100		12,000		ND

		ESW10-10		45,000		4,300		11,000		830		4,600		29

		Sample		TPH-G		B		T		E		X		MTBE

		MW2-1		2,200		720		10		72		22		190

		MW2-2A		ND		7		6		3		8		16

		MW2-3A		ND		8		5		4		7		17

		MW2-4A		ND		13		5		5		6		22

		MW2-5		3,000		940		23		100		43		140

		MW2-6		2,100		660		15		83		31		150

		MW2-7A		130		35		4		13		6		25

		MW2-8A		ND		24		3		11		4		23

		MW2-9A		ND		22		3		11		4		22

		MW2-10		1,700		420		88		140		84		53
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Test 1-4 Water Graphs
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Test 1-4 Water Graphs
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Test 2 Results (Water)

		MW2-1		MW2-1
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FIGURE X
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Test 2 Water Graphs
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Vapor Data
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Sheet8

		Sample		TPH-G		B		T		E		X		MTBE

		ESW10-11		54000		3800		10000		1200		7100		ND

		ESW10-12A		110000		6600		24000		2300		14000		ND

		ESW10-13A		110000		6800		26000		2300		14000		ND

		ESW10-14A		110000		6100		24000		2300		13000		ND

		ESW10-15A		110000		6100		25000		2300		14000		ND

		ESW10-16A		94000		5900		21000		2400		14000		ND

		ESW10-17A		97000		5000		21000		2100		12000		ND

		ESW10-18		26000		1900		6200		520		3100		ND

		Sample		TPH-G		B		T		E		X		MTBE

		MW2-11		2000		480		51		120		55		100

		Dummy

		MW2-12A		ND		27		3.4		12		3.6		31

		MW2-12B		ND		8.9		ND		3.6		ND		12

		MW2-13A		110		22		4.4		11		4.8		25

		MW2-13B		ND		16		3.6		4.4		3.3		15

		MW2-14A		ND		18		4.2		9.1		4		19

		MW2-14B		ND		7.6		2.2		2.3		1.4		ND

		MW2-15A		100		21		5.1		9.5		4.5		21

		MW2-15B		160		32		13		9.8		11		18

		MW2-16A		120		22		6.1		11		5.6		22

		MW2-16B		190		34		16		10		15		16

		MW2-17A		120		23		6.1		11		5.5		21

		MW2-17B		ND		5.3		2.4		1.7		1.5		ND

		MW2-18		9800		1700		950		540		1000		120



&A

Page &P



Sheet8

		



&A

Page &P

TPH-G

B



Sheet9

		



&A

Page &P



Sheet9
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Sheet11

		

		Step Tests Vapor Samples Analytical Results

		Sample		TPH-G		B		T		E		X		MTBE		Comments

		ESW10-V1		9,000		190		540		57		252		30		Test-1, 8.5"Hg, 17.07 ft

		ESW10-V2		29,000		660		1,900		230		1,070		180		Test-2, 11"Hg, 18.69 ft

		MW2-V1		37		0.78		5.5		0.77		4.4		ND		Test-3, 6"Hg, 13.14 ft

		MW2-V2		33		1.9		4.4		1.2		3.8		0.23		Test-4, 12"Hg, 15.23 ft

		6 - Hour Test Vapor Samples Analytical Results

		Sample		TPH-G		B		T		E		X		MTBE

		V1		17,000		370		1,100		130		550		100

		V2		17,000		360		1,200		140		600		99

		V3		23,000		500		1,600		190		780		120

		V4		25,000		560		1,800		210		910		140

		DL (ppmV)		?		?		?		?		?		?
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Groundwater flow direction

1,000 ug/L

Case Study : Former Gas Station – Huntington Beach, California

•Former Gas Station 
(BTEX, MTBE)

•Depth to groundwater: 
~ 8 ft

•Gradient: 0.005 ft/ft

•Mostly silty clays 
(perm. 0.02 - 5 Darcy)

Stimulated in situ Bioremediation of MTBE In a Tight Soil Formation using Two Phase 
Extraction

73
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Figure_3 (2)

		



&CFigure 3
Concentrations of TPH-G, Benzene, MTBE, and TBA in Groundwater

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California
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		37251.9756944444		37251.9756944444		37251.9756944444

		37252.25		37252.25		37252.25

		37273.875		37273.875		37273.875

		37274.25		37274.25		37274.25

		37287.9166666667		37287.9166666667		37287.9166666667

		37288.25		37288.25		37288.25

		37301.9166666667		37301.9166666667		37301.9166666667

		37302.25		37302.25		37302.25

		37315.875		37315.875		37315.875

		37316.25		37316.25		37316.25

		37329.875		37329.875		37329.875

		37330.25		37330.25		37330.25

		37343.875		37343.875		37343.875

		37344.25		37344.25		37344.25

		37357.875		37357.875		37357.875

		37358.25		37358.25		37358.25

		37378.875		37378.875		37378.875

		37379.25		37379.25		37379.25

		37392.875		37392.875		37392.875

		37393.25		37393.25		37393.25

		37406.875		37406.875		37406.875

		37407.25		37407.25		37407.25



MTBE

TBA

TPH-G

GW-1

270

330

0

1500

0

0

1100

1400

600

0

300

590

160

2200

0

1200

200

1600

190

440

2400

0

200

3200

170

100

1300

97

57

600

81

52

560

77

270

3300

210

140

2900

140

37

3300

0

54

3500

0

20

3100

65

34

1500

58

13

2300

110

13

2300

0

0.01

1700

64

0.01

3000

0

0.01

1900

72

0.01

2800

0

37

1300

110

41

1100

57

37

660

0

38

550

60

32

850

54

41

730

0

11

2000

57

17

1900

100

26

56

0

36

130

0

20

500

210

21

930

0

25

65

0

30

130

0

12

0

0

23

120

0

11

1300

0

24

72

0

20

80

0

20

100

0

14

87

0

26

85

0

15

610

0

15

780

0

25

290

0

25

280

0



Flow

		37008		37008		37008

		37008.25		37008.25		37008.25

		37022		37022		37022

		37022.25		37022.25		37022.25

		37036		37036		37036

		37036.25		37036.25		37036.25

		37063		37063		37063

		37063.25		37063.25		37063.25

		37078		37078		37078

		37078.25		37078.25		37078.25

		37092		37092		37092

		37092.25		37092.25		37092.25

		37106		37106		37106

		37106.25		37106.25		37106.25

		37119		37119		37119

		37119.25		37119.25		37119.25

		37133		37133		37133

		37133.25		37133.25		37133.25

		37148		37148		37148

		37148.25		37148.25		37148.25

		37168.9375		37168.9375		37168.9375

		37169.25		37169.25		37169.25

		37182.9375		37182.9375		37182.9375

		37183.25		37183.25		37183.25

		37197		37197		37197

		37197.25		37197.25		37197.25

		37214.9756944444		37214.9756944444		37214.9756944444

		37215.25		37215.25		37215.25

		37231.9756944444		37231.9756944444		37231.9756944444

		37232.25		37232.25		37232.25

		37251.9756944444		37251.9756944444		37251.9756944444

		37252.25		37252.25		37252.25

		37273.875		37273.875		37273.875

		37274.25		37274.25		37274.25

		37287.9166666667		37287.9166666667		37287.9166666667

		37288.25		37288.25		37288.25

		37301.9166666667		37301.9166666667		37301.9166666667

		37302.25		37302.25		37302.25

		37315.875		37315.875		37315.875

		37316.25		37316.25		37316.25

		37329.875		37329.875		37329.875

		37330.25		37330.25		37330.25

		37343.875		37343.875		37343.875

		37344.25		37344.25		37344.25

		37357.875		37357.875		37357.875

		37358.25		37358.25		37358.25

		37378.875		37378.875		37378.875

		37379.25		37379.25		37379.25

		37392.875		37392.875		37392.875

		37393.25		37393.25		37393.25

		37406.875		37406.875		37406.875

		37407.25		37407.25		37407.25



MTBE

TBA

TPH-G

GW-2

230

270

1800

380

590

3600

420

0

1800

410

480

3100

750

0

1700

480

760

2900

300

1800

910

420

1200

820

880

610

1400

690

990

3900

890

0

1200

750

780

1400

470

2000

650

330

2500

750

910

530

1600

600

1800

850

470

1900

1000

920

1400

1100

210

2200

300

350

1600

650

220

2100

790

720

1600

2900

220

2200

450

200

2100

850

220

1100

870

360

1400

1300

290

2000

1100

480

1600

2100

290

2100

1300

620

0

2300

92

1300

470

140

1100

710

600

1700

2100

590

1300

2100

520

1000

1300

300

1600

1600

270

1900

1200

440

1500

2100

370

1400

2500

320

1600

2100

520

1700

4000

430

1600

2800

350

2200

1300

580

1700

2700

600

1300

2100

480

1600

1500

350

950

610

370

680

830

330

760

360

130

1100

290



G_Rem

		37022		37022

		37022.25		37022.25

		37036		37036

		37036.25		37036.25

		37063		37063

		37063.25		37063.25

		37078		37078

		37078.25		37078.25

		37092		37092

		37092.25		37092.25

		37106		37106

		37106.25		37106.25

		37119		37119

		37119.25		37119.25

		37133		37133

		37133.25		37133.25

		37148		37148

		37148.25		37148.25

		37168.9375		37168.9375

		37169.25		37169.25

		37182.9375		37182.9375

		37183.25		37183.25

		37197		37197

		37197.25		37197.25

		37214.9756944444		37214.9756944444

		37215.25		37215.25

		37231.9756944444		37231.9756944444

		37232.25		37232.25

		37251.9756944444		37251.9756944444

		37252.25		37252.25

		37273.875		37273.875

		37274.25		37274.25

		37287.9166666667		37287.9166666667

		37288.25		37288.25

		37301.9166666667		37301.9166666667

		37302.25		37302.25

		37315.875		37315.875

		37316.25		37316.25

		37329.875		37329.875

		37330.25		37330.25

		37343.875		37343.875

		37344.25		37344.25

		37357.875		37357.875

		37358.25		37358.25

		37378.875		37378.875

		37379.25		37379.25

		37392.875		37392.875

		37393.25		37393.25

		37406.875		37406.875

		37407.25		37407.25



MTBE

TBA

GW-3S

520

0

4200

0

480

0

3400

0

1200

0

3100

0

3200

2400

3300

2100

3100

0

2500

0

5400

0

2100

0

5000

3700

1700

4600

5800

5300

1600

5900

3400

5900

1500

950

2400

6800

2800

0

2500

4600

1600

0

870

1500

1900

1700

2500

5200

1800

2100

2700

4000

3300

2000

990

5500

5900

2100

9800

0

5800

1800

8800

0

3800

0

7800

0

4100

1700

290

0

3300

1200

72

44

4200

0

120

0

5400

0

230

0

4100

0

110

29

2700

590

310

0

2500

1800



GW_1S

		37008		37008

		37008.25		37008.25

		37022		37022

		37022.25		37022.25

		37036		37036

		37036.25		37036.25

		37063		37063

		37063.25		37063.25

		37078		37078

		37078.25		37078.25

		37092		37092

		37092.25		37092.25

		37106		37106

		37106.25		37106.25

		37119		37119

		37119.25		37119.25

		37133		37133

		37133.25		37133.25

		37148		37148

		37148.25		37148.25

		37168.9375		37168.9375

		37169.25		37169.25

		37182.9375		37182.9375

		37183.25		37183.25

		37197		37197

		37197.25		37197.25

		37214.9756944444		37214.9756944444

		37215.25		37215.25

		37231.9756944444		37231.9756944444

		37232.25		37232.25

		37251.9756944444		37251.9756944444

		37252.25		37252.25

		37273.875		37273.875

		37274.25		37274.25

		37287.9166666667		37287.9166666667

		37288.25		37288.25

		37301.9166666667		37301.9166666667

		37302.25		37302.25

		37315.875		37315.875

		37316.25		37316.25

		37329.875		37329.875

		37330.25		37330.25

		37343.875		37343.875

		37344.25		37344.25

		37357.875		37357.875

		37358.25		37358.25

		37378.875		37378.875

		37379.25		37379.25

		37392.875		37392.875

		37393.25		37393.25

		37406.875		37406.875

		37407.25		37407.25



MTBE

TBA

GW-4S

6400

9100

1000

960

8700

3700

570

880

6600

7200

810

1000

8900

6000

410

340

3500

7000

390

240

2700

5500

360

500

3100

4600

290

410

1500

6600

1800

7200

3200

11000

6800

9900

3400

9000

330

340

1200

7700

400

450

4300

3100

350

430

1800

1400

320

840

3700

6800

170

990

3300

8600

270

700

1800

9700

930

2300

1500

1300

8200

0

5800

5600

270

840

330

500

1400

2100

110

41

3300

1200

37

0

780

910

31

80

1000

1200

25

230

1900

1600

15

88

1200

1100

28

110

1700

1100



GW_2S

		37008		37008		37008

		37008.25		37008.25		37008.25

		37022		37022		37022

		37022.25		37022.25		37022.25

		37036		37036		37036

		37036.25		37036.25		37036.25

		37063		37063		37063

		37063.25		37063.25		37063.25

		37078		37078		37078

		37078.25		37078.25		37078.25

		37092		37092		37092

		37092.25		37092.25		37092.25

		37106		37106		37106

		37106.25		37106.25		37106.25

		37119		37119		37119

		37119.25		37119.25		37119.25

		37133		37133		37133

		37133.25		37133.25		37133.25

		37148		37148		37148

		37148.25		37148.25		37148.25

		37168.9375		37168.9375		37168.9375

		37169.25		37169.25		37169.25

		37182.9375		37182.9375		37182.9375

		37183.25		37183.25		37183.25

		37197		37197		37197

		37197.25		37197.25		37197.25

		37214.9756944444		37214.9756944444		37214.9756944444

		37215.25		37215.25		37215.25

		37231.9756944444		37231.9756944444		37231.9756944444

		37232.25		37232.25		37232.25

		37251.9756944444		37251.9756944444		37251.9756944444

		37252.25		37252.25		37252.25

		37273.875		37273.875		37273.875

		37274.25		37274.25		37274.25

		37287.9166666667		37287.9166666667		37287.9166666667

		37288.25		37288.25		37288.25

		37301.9166666667		37301.9166666667		37301.9166666667

		37302.25		37302.25		37302.25

		37315.875		37315.875		37315.875

		37316.25		37316.25		37316.25

		37329.875		37329.875		37329.875

		37330.25		37330.25		37330.25

		37343.875		37343.875		37343.875

		37344.25		37344.25		37344.25

		37357.875		37357.875		37357.875

		37358.25		37358.25		37358.25

		37378.875		37378.875		37378.875

		37379.25		37379.25		37379.25

		37392.875		37392.875		37392.875

		37393.25		37393.25		37393.25

		37406.875		37406.875		37406.875

		37407.25		37407.25		37407.25



MTBE

TBA

TPH-G

GW-5S

78

1300

0

2100

0

0

300

1200

180

1600

1000

890

790

840

250

1400

0

1300

940

0

480

1100

0

440

1200

25

390

1100

0

500

1100

0

490

1100

0

410

1200

350

590

1500

540

590

1300

670

600

1200

660

530

1100

590

370

1000

0

430

720

610

420

690

830

310

480

1100

220

510

1300

210

380

980

180

270

1200

110

210

750

140

180

910

0

310

960

72

330

1100

140

200

820

0

170

880

0

140

780

110

170

1100

0

87

720

0

79

610

0

67

760

170

90

850

100

54

720

0

58

700

300

40

930

0

61

840

0

37

820

0

55

790

0

64

980

0

51

900

0

34

1000

0

30

960

0

36

1000

0

29

870

0

20

980

0

30

950

0



GW_3SBEFORE

		37008		37008

		37008.25		37008.25

		37022		37022

		37022.25		37022.25

		37036		37036

		37036.25		37036.25

		37063		37063

		37063.25		37063.25

		37078		37078

		37078.25		37078.25

		37092		37092

		37092.25		37092.25

		37106		37106

		37106.25		37106.25

		37119		37119

		37119.25		37119.25

		37133		37133

		37133.25		37133.25

		37148		37148

		37148.25		37148.25

		37168.9375		37168.9375

		37169.25		37169.25

		37182.9375		37182.9375

		37183.25		37183.25

		37197		37197

		37197.25		37197.25

		37214.9756944444		37214.9756944444

		37215.25		37215.25

		37231.9756944444		37231.9756944444

		37232.25		37232.25

		37251.9756944444		37251.9756944444

		37252.25		37252.25

		37273.875		37273.875

		37274.25		37274.25

		37287.9166666667		37287.9166666667

		37288.25		37288.25

		37301.9166666667		37301.9166666667

		37302.25		37302.25

		37315.875		37315.875

		37316.25		37316.25

		37329.875		37329.875

		37330.25		37330.25

		37343.875		37343.875

		37344.25		37344.25

		37357.875		37357.875

		37358.25		37358.25

		37378.875		37378.875

		37379.25		37379.25

		37392.875		37392.875

		37393.25		37393.25

		37406.875		37406.875

		37407.25		37407.25



MTBE

TBA

GW-8S

24000

0

28000

0

13000

0

24000

0

31000

0

21000

0

39000

0

28000

0

31000

0

27000

0

27000

0

25000

0

35000

0

18000

0

26000

0

15000

0

17000

0

10000

0

30000

0

7800

5500

18000

0

6500

6600

18000

2800

6100

5100

20000

0

8400

7200

21000

0

5800

5500

11000

8100

5400

7400

10000

5000

4400

7400

9700

4800

4600

6200

16000

0

3800

6900

16000

5300

3300

6100

16000

12000

4300

7500

14000

7300

3700

5500



GW_3S

		DATE/TIME		EVENT ID		EXTRACTED GROUNDWATER  (Totilizer) [GAL]		WELLS USED		EXTRACTED WATER PER WELL		Vendor/Extraction Method

		4/27/01 12:00 AM		1		120.0

		4/27/01 6:00 AM		1		2070.0		5		390.0		Uvao

		5/11/01 12:00 AM		2		2070.0

		5/11/01 6:00 AM		2		4380.0		5		462.0		Uvao

		5/25/01 12:00 AM		3		4380.0

		5/25/01 6:00 AM		3		6880.0		5		500.0		Uvao

		6/21/01 12:00 AM		4		6880.0

		6/21/01 6:00 AM		4		6934.0		1		254.0		Uvao

		7/6/01 12:00 AM		5		6934.0

		7/6/01 6:00 AM		5		7240.0		1		306.0		Uvao

		7/20/01 12:00 AM		6		7240.0

		7/20/01 6:00 AM		6		7830.0		2		295.0		Uvao

		8/3/01 12:00 AM		7		7830.0

		8/3/01 6:00 AM		7		8730.0		3		300.0		Uvao

		8/16/01 12:00 AM		8		8730.0

		8/16/01 6:00 AM		8		9000.0		1		270.0		Uvao

		8/30/01 12:00 AM		9		9000.0

		8/30/01 6:00 AM		9		9453.0		1		453.0		Uvao

		9/14/01 12:00 AM		10		9453.0

		9/14/01 6:00 AM		10		10462.0		3		336.3		Uvao

		10/5/01 12:00 AM		11		10462.0

		10/5/01 6:00 AM		11		11541.0		3		359.7		Uvao

		10/19/01 12:00 AM		12		11541.0

		10/19/01 6:00 AM		12		12580.0		3		346.3		Uvao

		11/2/01 12:00 AM		13		12582.0

		11/2/01 6:00 AM		13		13607.0		3		341.7		Uvao

		11/19/01 11:00 PM		14

		11/20/01 6:00 AM		14		1250.0		3		416.7		Vacuum Track

		12/6/01 11:25 PM		15

		12/7/01 6:00 AM		15		1300.0		3		433.3		Vacuum Track

		12/26/01 11:25 PM		16

		12/27/01 6:00 AM		16		1270.0		3		423.3		Trc-alton

		1/17/02 10:00 PM		17

		1/18/02 6:00 AM		17		1270.0		3		423.3		Trc-alton

		1/31/02 10:00 PM		18

		2/1/02 6:00 AM		18		1320.0		3		440.0		Trc-alton

		2/14/02 10:00 PM		19

		2/15/02 6:00 AM		19		770.0		3		256.7		Trc-alton

		2/28/02 9:00 PM		20

		3/1/02 6:00 AM		20		970.0		3		323.3		Trc-alton

		3/14/02 9:00 PM		21

		3/15/02 6:00 AM		21		1120.0		3		373.3		Trc-alton

		3/28/02 9:00 PM		22

		3/29/02 6:00 AM		22		1100.0		3		366.7		Trc-alton

		4/11/02 9:00 PM		23

		4/12/02 6:00 AM		23		1140.0		3		380.0		Trc-alton

		5/2/02 9:00 PM		24

		5/3/02 6:00 AM		24		1220.0		3		406.7		Trc-alton

		5/16/02 9:00 PM		25

		5/17/02 6:00 AM		25		750.0		3		250.0		Trc-alton

		5/30/02 9:00 PM		26

		5/31/02 6:00 AM		26		1000.0		3		333.3		Trc-alton

		6/13/02 9:00 PM		27

		6/14/02 6:00 AM		27								Trc-alton

		SUMMARY

		Notes



&CTable 1
Treated Groundwater per Extraction Event

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



GW_4SBEFORE

		DATE AND TIME								HOURS OF OPERATION		INFLUENT FID (ppmV)		SCFM		TPH-G REMOVED BASED ON FID (1)  (LBS)

		12/26/01 10:00 PM		37,251.0000		0.9167		37,251.9167		0.0		140.0		141.0		0.0000

		12/26/01 10:30 PM		37,251.0000		0.9375		37,251.9375		0.5		80.0		124.0		0.0655

		12/26/01 11:00 PM		37,251.0000		0.9583		37,251.9583		1.0		50.0		144.0		0.0475

		12/26/01 11:30 PM		37,251.0000		0.9792		37,251.9792		1.5		50.0		150.0		0.0495

		12/27/01 12:00 AM		37,252.0000		0.0000		37,252.0000		2.0		60.0		152.0		0.0602

		12/27/01 12:30 AM		37,252.0000		0.0208		37,252.0208		2.5		130.0		155.0		0.1330

		12/27/01 1:00 AM		37,252.0000		0.0417		37,252.0417		3.0		120.0		156.0		0.1236

		12/27/01 1:30 AM		37,252.0000		0.0625		37,252.0625		3.5		100.0		156.0		0.1030

		12/27/01 2:00 AM		37,252.0000		0.0833		37,252.0833		4.0		110.0		156.0		0.1133

		12/27/01 2:30 AM		37,252.0000		0.1042		37,252.1042		4.5		120.0		156.0		0.1236

		12/27/01 3:00 AM		37,252.0000		0.1250		37,252.1250		5.0		200.0		134.0		0.1770

		12/27/01 3:30 AM		37,252.0000		0.1458		37,252.1458		5.5		230.0		136.0		0.2065

		12/27/01 4:00 AM		37,252.0000		0.1667		37,252.1667		6.0		260.0		136.0		0.2335

		12/27/01 4:30 AM		37,252.0000		0.1875		37,252.1875		6.5		270.0		134.0		0.2389

		12/27/01 5:00 AM		37,252.0000		0.2083		37,252.2083		7.0		230.0		156.0		0.2369

		12/27/01 5:30 AM		37,252.0000		0.2292		37,252.2292		7.5		240.0		158.0		0.2504

		12/27/01 6:00 AM		37,252.0000		0.2500		37,252.2500		8.0		260.0		158.0		0.2712		2.4		2.4

		01/17/02 10:00 PM		37,273.0000		0.9167		37,273.9167		0.0		150.0		149.0		0.0000

		01/17/02 10:30 PM		37,273.0000		0.9375		37,273.9375		0.5		80.0		144.0		0.0761

		01/17/02 11:00 PM		37,273.0000		0.9583		37,273.9583		1.0		90.0		139.0		0.0826

		01/17/02 11:30 PM		37,273.0000		0.9792		37,273.9792		1.5		70.0		149.0		0.0689

		01/18/02 12:00 AM		37,274.0000		0.0000		37,274.0000		2.0		70.0		150.0		0.0693

		01/18/02 12:30 AM		37,274.0000		0.0208		37,274.0208		2.5		90.0		126.0		0.0749

		01/18/02 1:00 AM		37,274.0000		0.0417		37,274.0417		3.0		120.0		122.0		0.0967

		01/18/02 1:30 AM		37,274.0000		0.0625		37,274.0625		3.5		140.0		117.0		0.1082

		01/18/02 2:00 AM		37,274.0000		0.0833		37,274.0833		4.0		150.0		115.0		0.1139

		01/18/02 2:30 AM		37,274.0000		0.1042		37,274.1042		4.5		170.0		117.0		0.1313

		01/18/02 3:00 AM		37,274.0000		0.1250		37,274.1250		5.0		240.0		120.0		0.1902

		01/18/02 3:30 AM		37,274.0000		0.1458		37,274.1458		5.5		270.0		117.0		0.2086

		01/18/02 4:00 AM		37,274.0000		0.1667		37,274.1667		6.0		300.0		120.0		0.2377

		01/18/02 4:30 AM		37,274.0000		0.1875		37,274.1875		6.5		320.0		120.0		0.2535

		01/18/02 5:00 AM		37,274.0000		0.2083		37,274.2083		7.0		260.0		134.0		0.2300

		01/18/02 5:30 AM		37,274.0000		0.2292		37,274.2292		7.5		220.0		139.0		0.2019

		01/18/02 6:00 AM		37,274.0000		0.2500		37,274.2500		8.0		240.0		137.0		0.2171		2.4		4.8

		01/31/02 9:00 PM		37,287.0000		0.8750		37,287.8750		0.0		30.0		153.0		0.0000

		01/31/02 9:30 PM		37,287.0000		0.8958		37,287.8958		0.5		20.0		150.0		0.0198

		01/31/02 10:00 PM		37,287.0000		0.9167		37,287.9167		1.0		30.0		120.0		0.0238

		01/31/02 10:30 PM		37,287.0000		0.9375		37,287.9375		1.5		40.0		120.0		0.0317

		01/31/02 11:00 PM		37,287.0000		0.9583		37,287.9583		2.0		40.0		153.0		0.0404

		01/31/02 11:30 PM		37,287.0000		0.9792		37,287.9792		2.5		50.0		155.0		0.0512

		02/01/02 12:00 AM		37,288.0000		0.0000		37,288.0000		3.0		70.0		144.0		0.0666

		02/01/02 12:30 AM		37,288.0000		0.0208		37,288.0208		3.5		80.0		141.0		0.0745

		02/01/02 1:00 AM		37,288.0000		0.0417		37,288.0417		4.0		90.0		134.0		0.0796

		02/01/02 1:30 AM		37,288.0000		0.0625		37,288.0625		4.5		110.0		158.0		0.1148

		02/01/02 2:00 AM		37,288.0000		0.0833		37,288.0833		5.0		120.0		155.0		0.1228

		02/01/02 2:30 AM		37,288.0000		0.1042		37,288.1042		5.5		130.0		155.0		0.1330

		02/01/02 3:00 AM		37,288.0000		0.1250		37,288.1250		6.0		130.0		155.0		0.1330

		02/01/02 3:30 AM		37,288.0000		0.1458		37,288.1458		6.5		120.0		155.0		0.1228

		02/01/02 4:00 AM		37,288.0000		0.1667		37,288.1667		7.0		120.0		153.0		0.1212

		02/01/02 4:30 AM		37,288.0000		0.1875		37,288.1875		7.5		140.0		137.0		0.1266

		02/01/02 5:00 AM		37,288.0000		0.2083		37,288.2083		8.0		150.0		150.0		0.1486		1.4		6.2

		02/14/02 9:00 PM		37,301.0000		0.8750		37,301.8750		0.0		100.0		155.0		0.0000

		02/14/02 9:30 PM		37,301.0000		0.8958		37,301.8958		0.5		20.0		156.0		0.0206

		02/14/02 10:00 PM		37,301.0000		0.9167		37,301.9167		1.0		20.0		189.0		0.0250

		02/14/02 10:30 PM		37,301.0000		0.9375		37,301.9375		1.5		10.0		176.0		0.0116

		02/14/02 11:00 PM		37,301.0000		0.9583		37,301.9583		2.0		10.0		186.0		0.0123

		02/14/02 11:30 PM		37,301.0000		0.9792		37,301.9792		2.5		10.0		186.0		0.0123

		02/15/02 12:00 AM		37,302.0000		0.0000		37,302.0000		3.0		10.0		189.0		0.0125

		02/15/02 12:30 AM		37,302.0000		0.0208		37,302.0208		3.5		10.0		189.0		0.0125

		02/15/02 1:00 AM		37,302.0000		0.0417		37,302.0417		4.0		10.0		189.0		0.0125

		02/15/02 1:30 AM		37,302.0000		0.0625		37,302.0625		4.5		20.0		165.0		0.0218

		02/15/02 2:00 AM		37,302.0000		0.0833		37,302.0833		5.0		30.0		173.0		0.0343

		02/15/02 2:30 AM		37,302.0000		0.1042		37,302.1042		5.5		30.0		171.0		0.0339

		02/15/02 3:00 AM		37,302.0000		0.1250		37,302.1250		6.0		30.0		169.0		0.0335

		02/15/02 3:30 AM		37,302.0000		0.1458		37,302.1458		6.5		30.0		171.0		0.0339

		02/15/02 4:00 AM		37,302.0000		0.1667		37,302.1667		7.0		40.0		171.0		0.0452

		02/15/02 4:30 AM		37,302.0000		0.1875		37,302.1875		7.5		30.0		173.0		0.0343

		02/15/02 5:00 AM		37,302.0000		0.2083		37,302.2083		8.0		40.0		171.0		0.0452

		02/15/02 5:30 AM		37,302.0000		0.2292		37,302.2292		8.5		40.0		171.0		0.0452		0.4		6.7

		02/28/02 8:30 PM		37,315.0000		0.8542		37,315.8542		0.0		40.0		147.0		0.0000

		02/28/02 9:00 PM		37,315.0000		0.8750		37,315.8750		0.5		30.0		117.0		0.0232

		02/28/02 9:30 PM		37,315.0000		0.8958		37,315.8958		1.0		30.0		152.0		0.0301

		02/28/02 10:00 PM		37,315.0000		0.9167		37,315.9167		1.5		30.0		159.0		0.0315

		02/28/02 10:30 PM		37,315.0000		0.9375		37,315.9375		2.0		30.0		150.0		0.0297

		02/28/02 11:00 PM		37,315.0000		0.9583		37,315.9583		2.5		30.0		131.0		0.0259

		02/28/02 11:30 PM		37,315.0000		0.9792		37,315.9792		3.0		30.0		120.0		0.0238

		03/01/02 12:00 AM		37,316.0000		0.0000		37,316.0000		3.5		30.0		156.0		0.0309

		03/01/02 12:30 AM		37,316.0000		0.0208		37,316.0208		4.0		30.0		162.0		0.0321

		03/01/02 1:00 AM		37,316.0000		0.0417		37,316.0417		4.5		40.0		156.0		0.0412

		03/01/02 1:30 AM		37,316.0000		0.0625		37,316.0625		5.0		40.0		147.0		0.0388

		03/01/02 2:00 AM		37,316.0000		0.0833		37,316.0833		5.5		40.0		162.0		0.0428

		03/01/02 2:30 AM		37,316.0000		0.1042		37,316.1042		6.0		40.0		153.0		0.0404

		03/01/02 3:00 AM		37,316.0000		0.1250		37,316.1250		6.5		40.0		150.0		0.0396

		03/01/02 3:30 AM		37,316.0000		0.1458		37,316.1458		7.0		50.0		144.0		0.0475

		03/01/02 4:00 AM		37,316.0000		0.1667		37,316.1667		7.5		50.0		166.0		0.0548

		03/01/02 4:30 AM		37,316.0000		0.1875		37,316.1875		8.0		50.0		159.0		0.0525		0.6		7.2

		03/14/02 9:30 PM		37,329.0000		0.8958		37,329.8958		0.0		30.0		164.0		0.0000

		03/14/02 10:00 PM		37,329.0000		0.9167		37,329.9167		0.5		20.0		146.0		0.0193

		03/14/02 10:30 PM		37,329.0000		0.9375		37,329.9375		1.0		30.0		155.0		0.0307

		03/14/02 11:00 PM		37,329.0000		0.9583		37,329.9583		1.5		30.0		156.0		0.0309

		03/14/02 11:30 PM		37,329.0000		0.9792		37,329.9792		2.0		20.0		146.0		0.0193

		03/15/02 12:00 AM		37,330.0000		0.0000		37,330.0000		2.5		140.0		86.0		0.0795

		03/15/02 12:30 AM		37,330.0000		0.0208		37,330.0208		3.0		200.0		91.0		0.1202

		03/15/02 1:00 AM		37,330.0000		0.0417		37,330.0417		3.5		220.0		88.0		0.1278

		03/15/02 1:30 AM		37,330.0000		0.0625		37,330.0625		4.0		310.0		95.0		0.1945

		03/15/02 2:00 AM		37,330.0000		0.0833		37,330.0833		4.5		370.0		91.0		0.2223

		03/15/02 2:30 AM		37,330.0000		0.1042		37,330.1042		5.0		380.0		88.0		0.2208

		03/15/02 3:00 AM		37,330.0000		0.1250		37,330.1250		5.5		420.0		78.0		0.2163

		03/15/02 3:30 AM		37,330.0000		0.1458		37,330.1458		6.0		470.0		88.0		0.2731

		03/15/02 4:00 AM		37,330.0000		0.1667		37,330.1667		6.5		120.0		164.0		0.1299

		03/15/02 4:30 AM		37,330.0000		0.1875		37,330.1875		7.0		120.0		141.0		0.1117

		03/15/02 5:00 AM		37,330.0000		0.2083		37,330.2083		7.5		120.0		161.0		0.1276

		03/15/02 5:30 AM		37,330.0000		0.2292		37,330.2292		8.0		120.0		161.0		0.1276		2.1		9.3

		03/28/02 9:45 PM		37,343.0000		0.9063		37,343.9063		0.0		20.0		164.0		0.0000

		03/28/02 10:15 PM		37,343.0000		0.9271		37,343.9271		0.5		20.0		152.0		0.0201

		03/28/02 10:45 PM		37,343.0000		0.9479		37,343.9479		1.0		30.0		150.0		0.0297

		03/28/02 11:15 PM		37,343.0000		0.9688		37,343.9688		1.5		30.0		166.0		0.0329

		03/28/02 11:45 PM		37,343.0000		0.9896		37,343.9896		2.0		30.0		166.0		0.0329

		03/29/02 12:15 AM		37,344.0000		0.0104		37,344.0104		2.5		130.0		90.0		0.0773

		03/29/02 12:45 AM		37,344.0000		0.0313		37,344.0313		3.0		180.0		85.0		0.1010

		03/29/02 1:15 AM		37,344.0000		0.0521		37,344.0521		3.5		220.0		75.0		0.1089

		03/29/02 1:45 AM		37,344.0000		0.0729		37,344.0729		4.0		260.0		75.0		0.1288

		03/29/02 2:15 AM		37,344.0000		0.0938		37,344.0938		4.5		300.0		88.0		0.1743

		03/29/02 2:45 AM		37,344.0000		0.1146		37,344.1146		5.0		350.0		83.0		0.1918

		03/29/02 3:15 AM		37,344.0000		0.1354		37,344.1354		5.5		380.0		81.0		0.2032

		03/29/02 3:45 AM		37,344.0000		0.1563		37,344.1563		6.0		430.0		83.0		0.2357

		03/29/02 4:15 AM		37,344.0000		0.1771		37,344.1771		6.5		100.0		166.0		0.1096

		03/29/02 4:45 AM		37,344.0000		0.1979		37,344.1979		7.0		110.0		161.0		0.1169

		03/29/02 5:15 AM		37,344.0000		0.2188		37,344.2188		7.5		110.0		152.0		0.1104

		03/29/02 5:45 AM		37,344.0000		0.2396		37,344.2396		8.0		110.0		152.0		0.1104		1.8		11.1

		04/11/02 9:30 PM		37,357.0000		0.8958		37,357.8958		0.0		30.0		159.0		0.0000

		04/11/02 10:00 PM		37,357.0000		0.9167		37,357.9167		0.5		30.0		150.0		0.0297

		04/11/02 10:30 PM		37,357.0000		0.9375		37,357.9375		1.0		30.0		164.0		0.0325

		04/11/02 11:00 PM		37,357.0000		0.9583		37,357.9583		1.5		30.0		172.0		0.0341

		04/11/02 11:30 PM		37,357.0000		0.9792		37,357.9792		2.0		30.0		159.0		0.0315

		04/12/02 12:00 AM		37,358.0000		0.0000		37,358.0000		2.5		120.0		88.0		0.0697

		04/12/02 12:30 AM		37,358.0000		0.0208		37,358.0208		3.0		180.0		83.0		0.0986

		04/12/02 1:00 AM		37,358.0000		0.0417		37,358.0417		3.5		210.0		86.0		0.1192

		04/12/02 1:30 AM		37,358.0000		0.0625		37,358.0625		4.0		250.0		75.0		0.1238

		04/12/02 2:00 AM		37,358.0000		0.0833		37,358.0833		4.5		280.0		86.0		0.1590

		04/12/02 2:30 AM		37,358.0000		0.1042		37,358.1042		5.0		320.0		83.0		0.1754

		04/12/02 3:00 AM		37,358.0000		0.1250		37,358.1250		5.5		380.0		86.0		0.2158

		04/12/02 3:30 AM		37,358.0000		0.1458		37,358.1458		6.0		390.0		83.0		0.2137

		04/12/02 4:00 AM		37,358.0000		0.1667		37,358.1667		6.5		100.0		177.0		0.1169

		04/12/02 4:30 AM		37,358.0000		0.1875		37,358.1875		7.0		120.0		180.0		0.1426

		04/12/02 5:00 AM		37,358.0000		0.2083		37,358.2083		7.5		120.0		166.0		0.1315

		04/12/02 5:30 AM		37,358.0000		0.2292		37,358.2292		8.0		120.0		164.0		0.1299		1.8		12.9

		SUMMARY														12.895		12.9

		Notes														Total HD, lbs

		NOTES:

		(1) Total pounds of TPH_G removed (based on influent FID readings)

		(2) Hexane Molecular Weight :										86.2



&CTable 2
Vapor Phase Flowrate, Concentrations and amount of TPH-G removed

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



GW_4SBEFORE

		



TPH-G REMOVED BASED ON FID (1)  (LBS)



GW_4S

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.15		-1.76		0.0		270.0		330.0		0.0		ND		ND		ND

		4/27/01 6:00 AM		1		NA		NA		0.0		1500.0		0.0		0.0		0.0		0.0		0.0		0.000		1.306		0.244		0.000

		5/11/01 12:00 AM		2		7.32		-1.93		600.0		1100.0		1400.0		0.0		0.0		0.0		0.0

		5/11/01 6:00 AM		2		7.70		-2.31		0.0						0.0		0.0		0.0		0.0		0.525		0.962		1.224		0.000

		5/25/01 12:00 AM		3		7.57		-2.18		160.0		300.0		590.0		0.0		0.0		0.0		0.0

		5/25/01 6:00 AM		3		7.91		-2.52		1200.0		2200.0		0.0		0.0		0.0		0.0		0.0		1.287		2.366		0.558		0.000

		6/21/01 12:00 AM		4		7.44		-2.05		190.0		200.0		1600.0		0.0		0.0		0.0		0.0

		6/21/01 6:00 AM		4		7.46		-2.07		0.0		440.0		2400.0		0.0		0.0		0.0		0.0

		7/6/01 12:00 AM		5		7.71		-2.32		170.0		200.0		3200.0		0.0		0.0		0.0		0.0

		7/6/01 6:00 AM		5		7.49		-2.10		97.0		100.0		1300.0		0.0		0.0		0.0		0.0

		7/20/01 12:00 AM		6		7.83		-2.44		81.0		57.0		600.0		0.0		0.0		0.0		0.0

		7/20/01 6:00 AM		6		7.67		-2.28		77.0		52.0		560.0		0.0		0.0		0.0		0.0

		8/3/01 12:00 AM		7		7.80		-2.41		210.0		270.0		3300.0		0.0		0.0		0.0		0.0

		8/3/01 6:00 AM		7		7.77		-2.38		140.0		140.0		2900.0		0.0		0.0		0.0		0.0

		8/16/01 12:00 AM		8		7.83		-2.44		0.0		37.0		3300.0		0.0		0.0		0.0		0.0

		8/16/01 6:00 AM		8		7.84		-2.45		0.0		54.0		3500.0		0.0		0.0		0.0		0.0

		8/30/01 12:00 AM		9		7.92		-2.53		65.0		20.0		3100.0		0.0		0.0		0.0		0.0

		8/30/01 6:00 AM		9		7.88		-2.49		58.0		34.0		1500.0		0.0		0.0		0.0		0.0

		9/14/01 12:00 AM		10		8.00		-2.61		110.0		13.0		2300.0		0.0		0.0		0.0		0.0

		9/14/01 6:00 AM		10		7.90		-2.51		0.0		13.0		2300.0		0.0		0.0		0.0		0.0

		10/4/01 10:30 PM		11		8.00		-2.61		64.0		0.0		1700.0		0.0		0.0		0.0		0.0

		10/5/01 6:00 AM		11		7.89		-2.50		0.0		0.0		3000.0		0.0		0.0		0.0		0.0

		10/18/01 10:30 PM		12		8.18		-2.79		72.0		0.0		1900.0		0.0		0.0		0.0		0.0

		10/19/01 6:00 AM		12		8.05		-2.66		0.0		0.0		2800.0		0.0		0.0		0.0		0.0

		11/2/01 12:00 AM		13						110.0		37.0		1300.0		0.0		0.0		0.0		0.0

		11/2/01 6:00 AM		13						57.0		41.0		1100.0		0.0		0.0		0.0		0.0

		11/19/01 11:25 PM		14		8.32		-2.93		0.0		37.0		660.0		0.0		0.0		0.0		0.0

		11/20/01 6:00 AM		14		8.26		-2.87		60.0		38.0		550.0		0.0		0.0		0.0		0.0

		12/6/01 11:25 PM		15		8.25		-2.86		54.0		32.0		850.0		0.0		0.0		0.0		0.0

		12/7/01 6:00 AM		15		8.22		-2.83		0.0		41.0		730.0		0.0		0.0		0.0		0.0

		12/26/01 11:25 PM		16		8.10		-2.71		57.0		11.0		2000.0		0.0		0.0		0.0		0.0

		12/27/01 6:00 AM		16		8.20		-2.81		100.0		17.0		1900.0		0.0		0.0		0.0		0.0

		1/17/02 9:00 PM		17		8.04		-2.65		0.0		26.0		56.0		0.0		0.0		0.0		0.0

		1/18/02 6:00 AM		17		8.15		-2.76		0.0		36.0		130.0		0.0		0.0		0.0		0.0

		1/31/02 10:00 PM		18		8.11		-2.72		210.0		20.0		500.0		0.0		0.0		0.0		0.0

		2/1/02 6:00 AM		18		8.15		-2.76		0.0		21.0		930.0		0.0		0.0		0.0		0.0

		2/14/02 10:00 PM		19		8.12		-2.73		0.0		25.0		65.0		0.0		0.0		0.0		0.0

		2/15/02 6:00 AM		19		8.18		-2.79		0.0		30.0		130.0		0.0		0.0		0.0		0.0

		2/28/02 9:00 PM		20		8.15		-2.76		0.0		12.0		0.0		0.0		0.0		0.0		0.0

		3/1/02 6:00 AM		20		8.24		-2.85		0.0		23.0		120.0		0.0		0.0		0.0		0.0

		3/14/02 9:00 PM		21		8.22		-2.83		0.0		11.0		1300.0		0.0		0.0		0.0		0.0

		3/15/02 6:00 AM		21		8.32		-2.93		0.0		24.0		72.0		0.0		0.0		0.0		0.0

		3/28/02 9:00 PM		22		8.30		-2.91		0.0		20.0		80.0		0.0		0.0		0.0		0.0

		3/29/02 6:00 AM		22		8.39		-3.00		0.0		20.0		100.0		0.0		0.0		0.0		0.0

		4/11/02 9:00 PM		23		8.28		-2.89		0.0		14.0		87.0		0.0		0.0		0.0		0.0

		4/12/02 6:00 AM		23		8.38		-2.99		0.0		26.0		85.0		0.0		0.0		0.0		0.0

		5/2/02 9:00 PM		24		8.24		-2.85		0.0		15.0		610.0		0.0		0.0		0.0		0.0

		5/3/02 6:00 AM		24		8.32		-2.93		0.0		15.0		780.0		0.0		0.0		0.0		0.0

		5/16/02 9:00 PM		25		8.08		-2.69		0.0		25.0		290.0		0.0		0.0		0.0		0.0

		5/17/02 6:00 AM		25		8.20		-2.81		0.0		25.0		280.0		0.0		0.0		0.0		0.0

		5/30/02 9:00 PM		26		8.15		-2.76

		5/31/02 6:00 AM		26		8.22		-2.83

		SUMMARY																						1.812		4.634		2.026		0.000

		Notes

		NOTES:		TOP OF CASING ELEVATION:												5.39



&CTable 3a
Well GW-1S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



GW_5S

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.13		-1.82		1800.0		230.0		270.0		0.0		130.0		0.0		0.0

		4/27/01 6:00 AM		1						3600.0		380.0		590.0		0.0		170.0		0.0		153.0		3.986		0.450		0.635		0.000

		5/11/01 12:00 AM		2		7.27		-1.96		1800.0		420.0		0.0		310.0		110.0		0.0		ND

		5/11/01 6:00 AM		2		8.00		-2.69		3100.0		410.0		480.0		270.0		180.0		ND		213.0		4.284		0.726		0.420		0.507

		5/25/01 12:00 AM		3		7.56		-2.25		1700.0		750.0		0.0		550.0		140.0		ND		ND

		5/25/01 6:00 AM		3		8.25		-2.94		2900.0		480.0		760.0		380.0		260.0		ND		358.0		4.353		1.164		0.719		0.880

		6/21/01 12:00 AM		4		7.41		-2.10		910.0		300.0		1800.0		130.0		ND		ND		ND

		6/21/01 6:00 AM		4		7.42		-2.11		820.0		420.0		1200.0		290.0		33.0		ND		ND

		7/6/01 12:00 AM		5		7.69		-2.38		1400.0		880.0		610.0		570.0		96.0		ND		ND

		7/6/01 6:00 AM		5		7.48		-2.17		3900.0		690.0		990.0		410.0		45.0		ND		ND

		7/20/01 12:00 AM		6		7.75		-2.44		1200.0		890.0		ND		460.0		22.0		ND		ND

		7/20/01 6:00 AM		6		7.68		-2.37		1400.0		750.0		780.0		430.0		22.0		ND		ND

		8/3/01 12:00 AM		7		7.85		-2.54		650.0		470.0		2000.0		88.0		ND		ND		ND

		8/3/01 6:00 AM		7		7.80		-2.49		750.0		330.0		2500.0		94.0		ND		ND		ND

		8/16/01 12:00 AM		8		7.95		-2.64		1600.0		910.0		530.0		660.0		ND		ND		ND

		8/16/01 6:00 AM		8		7.87		-2.56		850.0		600.0		1800.0		150.0		ND		ND		ND

		8/30/01 12:00 AM		9		7.92		-2.61		1000.0		470.0		1900.0		190.0		ND		ND		ND

		8/30/01 6:00 AM		9		7.88		-2.57		1100.0		920.0		1400.0		590.0		ND		ND		ND

		9/14/01 12:00 AM		10		7.98		-2.67		300.0		210.0		2200.0		96.0		ND		ND		ND

		9/14/01 6:00 AM		10		7.94		-2.63		650.0		350.0		1600.0		280.0		ND		ND		ND

		10/4/01 10:30 PM		11		7.95		-2.64		790.0		220.0		2100.0		190.0		ND		ND		ND

		10/5/01 6:00 AM		11		7.95		-2.64		2900.0		720.0		1600.0		900.0		ND		ND		91.0

		10/18/01 10:30 PM		12		8.11		-2.80		450.0		220.0		2200.0		180.0		ND		ND		ND

		10/19/01 6:00 AM		12		8.11		-2.80		850.0		200.0		2100.0		230.0		ND		ND		ND

		11/2/01 12:00 AM		13						870.0		220.0		1100.0		180.0		5.0		ND		51.0

		11/2/01 6:00 AM		13						1300.0		360.0		1400.0		310.0		21.0		ND		66.0

		11/19/01 11:25 PM		14		8.11		-2.80		1100.0		290.0		2000.0		360.0		0.0		31.0		49.0

		11/20/01 6:00 AM		14		8.13		-2.82		2100.0		480.0		1600.0		800.0		24.0		0.0		0.0

		12/6/01 11:25 PM		15		8.23		-2.92		1300.0		290.0		2100.0		370.0		0.0		0.0		0.0

		12/7/01 6:00 AM		15		8.16		-2.85		2300.0		620.0		0.0		1000.0		0.0		0.0		0.0

		12/26/01 11:25 PM		16		8.03		-2.72		470.0		92.0		1300.0		160.0		3.2		3.4		5.1

		12/27/01 6:00 AM		16		8.15		-2.84		710.0		140.0		1100.0		220.0		0.0		0.0		0.0

		1/17/02 9:00 PM		17		7.94		-2.63		2100.0		600.0		1700.0		680.0		0.0		0.0		0.0

		1/18/02 6:00 AM		17		8.17		-2.86		2100.0		590.0		1300.0		790.0		0.0		0.0		63.0

		1/31/02 10:00 PM		18		8.01		-2.70		1300.0		520.0		1000.0		390.0		0.0		0.0		0.0

		2/1/02 6:00 AM		18		8.14		-2.83		1600.0		300.0		1600.0		430.0		0.0		0.0		0.0

		2/14/02 10:00 PM		19		8.01		-2.70		1200.0		270.0		1900.0		510.0		51.0		0.0		57.0

		2/15/02 6:00 AM		19		8.15		-2.84		2100.0		440.0		1500.0		680.0		53.0		0.0		67.0

		2/28/02 9:00 PM		20		8.04		-2.73		2500.0		370.0		1400.0		680.0		70.0		0.0		80.0

		3/1/02 6:00 AM		20		8.15		-2.84		2100.0		320.0		1600.0		540.0		0.0		0.0		0.0

		3/14/02 9:00 PM		21		8.10		-2.79		4000.0		520.0		1700.0		950.0		0.0		0.0		0.0

		3/15/02 6:00 AM		21		8.22		-2.91		2800.0		430.0		1600.0		760.0		0.0		0.0		0.0

		3/28/02 9:00 PM		22		8.18		-2.87		1300.0		350.0		2200.0		400.0		0.0		0.0		31.0

		3/29/02 6:00 AM		22		8.31		-3.00		2700.0		580.0		1700.0		840.0		0.0		0.0		64.0

		4/11/02 9:00 PM		23		8.15		-2.84		2100.0		600.0		1300.0		820.0		0.0		0.0		0.0

		4/12/02 6:00 AM		23		8.31		-3.00		1500.0		480.0		1600.0		630.0		0.0		0.0		0.0

		5/2/02 9:00 PM		24		8.12		-2.81		610.0		350.0		950.0		200.0		0.0		0.0		28.0

		5/3/02 6:00 AM		24		8.27		-2.96		830.0		370.0		680.0		360.0		0.0		0.0		26.0

		5/16/02 9:00 PM		25		8.14		-2.83		360.0		330.0		760.0		76.0		0.0		0.0		0.0

		5/17/02 6:00 AM		25		8.19		-2.88		290.0		130.0		1100.0		71.0		0.0		0.0		0.0

		5/30/02 9:00 PM		26		8.17		-2.86

		5/31/02 6:00 AM		26		8.18		-2.87

		SUMMARY																						12.623		2.340		1.774		1.387

		Notes

		NOTES:		TOP OF CASING ELEVATION:												5.31



&CTable 3b
Well GW-2S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



GW_8SB

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)				TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.93		-1.85		0.0		550.0		0.0		0.0		0.0		0.0		0.0

		5/11/01 12:00 AM		2		8.05		-1.97		250.0		520.0		0.0		0.0		0.0		0.0		0.0

		5/25/01 12:00 AM		3		8.22		-2.14		230.0		480.0		0.0		12.0		0.0		0.0		0.0

		6/21/01 12:00 AM		4		8.22		-2.14		820.0		1200.0		0.0		100.0		0.0		0.0		0.0

		7/6/01 12:00 AM		5		8.52		-2.44		2400.0		3200.0		2400.0		61.0		0.0		0.0		0.0

		7/20/01 12:00 AM		6		8.61		-2.53		2100.0		3100.0		0.0		280.0		0.0		0.0		0.0

		8/3/01 12:00 AM		7		8.72		-2.64		3700.0		5400.0		0.0		150.0		0.0		0.0		0.0

		8/16/01 12:00 AM		8		8.86		-2.78		5800.0		5000.0		3700.0		350.0		0.0		0.0		0.0

		8/30/01 12:00 AM		9		8.81		-2.73		4300.0		5800.0		5300.0		640.0		0.0		0.0		60.0

		9/14/01 12:00 AM		10		8.78		-2.70		3400.0		3400.0		5900.0		650.0		0.0		0.0		0.0

		10/4/01 10:30 PM		11		8.77		-2.69		4600.0		2400.0		6800.0		530.0		0.0		0.0		0.0

		10/18/01 10:30 PM		12		8.93		-2.85		2100.0		2500.0		4600.0		480.0		0.0		0.0		0.0

		11/2/01 12:00 AM		13						870.0		870.00		1500.00		72.0		0.0		0.0		0.0

		11/19/01 11:25 PM		14		8.93		-2.85		1600.0		2500.00		5200.00		550.0		0.0		0.0		120.0

		12/6/01 11:25 PM		15		8.75		-2.67		2200.0		2700.00		4000.00		580.0		0.0		0.0		0.0

		12/26/01 11:25 PM		16		8.85		-2.77		3600.0		990.00		5500.00		300.0		12.0		0.0		2.5

		1/17/02 9:00 PM		17		8.62		-2.54		15000.0		9800.00		0.00		1300.00		720.0		0.0		670.0

		1/31/02 10:00 PM		18		8.65		-2.57		14000.0		8800.00		0.00		920.0		600.0		0.0		1500.0

		2/14/02 10:00 PM		19		8.60		-2.52		20000.0		7800.00		0.00		1300.0		1200.0		0.0		3800.0

		2/28/02 9:00 PM		20		8.65		-2.57		1100.0		290.00		0.00		30.0		21.0		0.0		51.0

		3/14/02 9:00 PM		21		8.72		-2.64		220.0		72.00		44.00		56.0		67.0		0.0		70.0

		3/28/02 9:00 PM		22		8.83		-2.75		620.0		120.00		0.00		18.0		0.0		0.0		53.0

		4/11/02 9:00 PM		23		8.82		-2.74		320.0		230.00		0.00		0.0		0.0		0.0		0.0

		5/2/02 9:00 PM		24		8.79		-2.71		260.0		110.00		29.00		0.0		0.0		0.0		0.0

		5/16/02 9:00 PM		25		8.78		-2.70		640.0		310.00		0.00		0.0		20.0		0.0		0.0

		5/30/02 9:00 PM		26		8.75		-2.67

		SUMMARY																								0.000		0.000		0.000		0.000

		Notes

		NOTES:		TOP OF CASING ELEVATION:												6.08



&CTable 3c
Well GW-3S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



GW_8S

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)				TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.93		-1.85		0.0		550.0		0.0		0.0		0.0		0.0		0.0

		4/27/01 6:00 AM		1						0.0		4200.0		0.0		0.0		0.0		0.0		0.0				0.000		3.506		0.000		0.000

		5/11/01 12:00 AM		2		8.05		-1.97		250.0		520.0		0.0		0.0		0.0		0.0		0.0

		5/11/01 6:00 AM		2		8.85		-2.77		4200.0		4200.0		0.0		87.0		0.0		0.0		0.0				3.891		4.127		0.000		0.000

		5/25/01 12:00 AM		3		8.22		-2.14		230.0		480.0		0.0		12.0		0.0		0.0		0.0

		5/25/01 6:00 AM		3		9.19		-3.11		3100.0		3400.0		0.0		0.0		0.0		0.0		0.0				3.151		3.672		0.000		0.000

		6/21/01 12:00 AM		4		8.22		-2.14		820.0		1200.0		0.0		100.0		0.0		0.0		0.0

		6/21/01 6:00 AM		4		8.31		-2.23		2400.0		3100.0		0.0		160.0		0.0		0.0		0.0

		7/6/01 12:00 AM		5		8.52		-2.44		2400.0		3200.0		2400.0		61.0		0.0		0.0		0.0

		7/6/01 6:00 AM		5		8.40		-2.32		2500.0		3300.0		2100.0		83.0		0.0		0.0		0.0

		7/20/01 12:00 AM		6		8.61		-2.53		2100.0		3100.0		0.0		280.0		0.0		0.0		0.0

		7/20/01 6:00 AM		6		9.11		-3.03		1500.0		2500.0		0.0		0.0		0.0		0.0		0.0				2.010		3.126		0.000		0.000

		8/3/01 12:00 AM		7		8.72		-2.64		3700.0		5400.0		0.0		150.0		0.0		0.0		0.0

		8/3/01 6:00 AM		7		10.10		-4.02		2400.0		2100.0		0.0		23.0		0.0		0.0		0.0				3.463		4.258		0.098		0.000

		8/16/01 12:00 AM		8		8.86		-2.78		5800.0		5000.0		3700.0		350.0		0.0		0.0		0.0

		8/16/01 6:00 AM		8		8.95		-2.87		2700.0		1700.0		4600.0		120.0		0.0		0.0		0.0

		8/30/01 12:00 AM		9		8.81		-2.73		4300.0		5800.0		5300.0		640.0		0.0		0.0		60.0

		8/30/01 6:00 AM		9		8.92		-2.84		2000.0		1600.0		5900.0		140.0		0.0		0.0		31.0

		9/14/01 12:00 AM		10		8.78		-2.70		3400.0		3400.0		5900.0		650.0		0.0		0.0		0.0

		9/14/01 6:00 AM		10		9.79		-3.71		1800.0		1500.0		950.0		0.0		0.0		0.0		0.0				3.310		3.119		0.414		4.360

		10/4/01 10:30 PM		11		8.77		-2.69		4600.0		2400.0		6800.0		530.0		0.0		0.0		0.0

		10/5/01 6:00 AM		11		10.15		-4.07		2400.0		2800.0		0.0		0.0		0.0		0.0		0.0				4.765		3.540		0.361		4.629

		10/18/01 10:30 PM		12		8.93		-2.85		2100.0		2500.0		4600.0		480.0		0.0		0.0		0.0

		10/19/01 6:00 AM		12		9.92		-3.84		1200.0		1600.0		0.0		0.0		0.0		0.0		0.0				2.163		2.687		0.315		3.015

		11/2/01 12:00 AM		13						870.0		870.00		1500.00		72.0		0.0		0.0		0.0

		11/2/01 6:00 AM		13						2400.0		1900.00		1700.00		63.0		0.0		0.0		53.0				2.114		1.791		0.087		2.069

		11/19/01 11:25 PM		14		8.93		-2.85		1600.0		2500.00		5200.00		550.0		0.0		0.0		120.0

		11/20/01 6:00 AM		14		9.43		-3.35		2700.0		1800.00		2100.00		38.0		0.0		0.0		0.0				3.391		3.391		0.464		5.756

		12/6/01 11:25 PM		15		8.75		-2.67		2200.0		2700.00		4000.00		580.0		0.0		0.0		0.0

		12/7/01 6:00 AM		15		9.43		-3.35		720.0		3300.00		2000.00		160.0		17.0		3.9		44.0				2.395		4.921		0.607		4.921

		12/26/01 11:25 PM		16		8.85		-2.77		3600.0		990.00		5500.00		300.0		12.0		0.0		2.5

		12/27/01 6:00 AM		16		9.77		-3.69		25000.0		5900.00		2100.00		170.0		5000.0		2200.0		6600.0				22.914		5.520		0.377		6.089

		1/17/02 9:00 PM		17		8.62		-2.54		15000.0		9800.00		0.00		1300.00		720.0		0.0		670.0

		1/18/02 6:00 AM		17		9.78		-3.70		25000.0		5800.00		1800.00		1400.0		1300.0		1700.0		5000.0				32.047		12.498		2.163		1.442

		1/31/02 10:00 PM		18		8.65		-2.57		14000.0		8800.00		0.00		920.0		600.0		0.0		1500.0

		2/1/02 6:00 AM		18		9.31		-3.23		30000.0		3800.00		0.00		1400.0		1200.0		2100.0		5900.0				36.640		10.492		1.932		0.000

		2/14/02 10:00 PM		19		8.60		-2.52		20000.0		7800.00		0.00		1300.0		1200.0		0.0		3800.0

		2/15/02 6:00 AM		19		9.26		-3.18		14000.0		4100.00		1700.00		1400.0		1300.0		2700.0		5700.0				16.516		5.780		1.312		0.826

		2/28/02 9:00 PM		20		8.65		-2.57		1100.0		290.00		0.00		30.0		21.0		0.0		51.0

		3/1/02 6:00 AM		20		9.07		-2.99		11000.0		3300.00		1200.00		540.0		510.0		440.0		2300.0				7.404		2.197		0.349		0.734

		3/14/02 9:00 PM		21		8.72		-2.64		220.0		72.00		44.00		56.0		67.0		0.0		70.0

		3/15/02 6:00 AM		21		9.11		-3.03		26000.0		4200.00		0.00		1600.0		1000.0		2500.0		5100.0				18.526		3.018		1.170		0.031

		3/28/02 9:00 PM		22		8.83		-2.75		620.0		120.00		0.00		18.0		0.0		0.0		53.0

		3/29/02 6:00 AM		22		9.25		-3.17		19000.0		5400.00		0.00		1800.0		1000.0		3000.0		6000.0				13.615		3.830		1.262		0.000

		4/11/02 9:00 PM		23		8.82		-2.74		320.0		230.00		0.00		0.0		0.0		0.0		0.0

		4/12/02 6:00 AM		23		9.25		-3.17		22000.0		4100.00		0.00		1400.0		890.0		1800.0		4600.0

		5/2/02 9:00 PM		24		8.79		-2.71		260.0		110.00		29.00		0.0		0.0		0.0		0.0

		5/3/02 6:00 AM		24		8.82		-2.74		17000.0		2700.00		590.00		860.0		640.0		970.0		2400.0

		5/16/02 9:00 PM		25		8.78		-2.70		640.0		310.00		0.00		0.0		20.0		0.0		0.0

		5/17/02 6:00 AM		25		9.24		-3.16		7300.0		2500.00		1800.00		530.0		500.0		460.0		1400.0

		5/30/02 9:00 PM		26		8.75		-2.67

		5/31/02 6:00 AM		26		9.13		-3.05

		SUMMARY																								178.313		81.474		10.909		33.872

		Notes

		NOTES:		TOP OF CASING ELEVATION:												6.08



&CTable 3c
Well GW-3S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



L_Removal

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.24		-1.64		19000.0		6400.0		9100.0		4200.0		1100.0		0.0		1070.0

		5/11/01 12:00 AM		2		7.32		-1.72		12000.0		8700.0		3700.0		3300.0		750.0		0.0		810.0

		5/25/01 12:00 AM		3		7.52		-1.92		5900.0		6600.0		7200.0		3500.0		730.0		0.0		420.0

		6/21/01 12:00 AM		4		7.51		-1.91		15000.0		8900.0		6000.0		4200.0		1100.0		0.0		860.0

		7/6/01 12:00 AM		5		7.70		-2.10		10000.0		3500.0		7000.0		2900.0		770.0		160.0		450.0

		7/20/01 12:00 AM		6		7.78		-2.18		6700.0		2700.0		5500.0		2000.0		570.0		0.0		300.0

		8/3/01 12:00 AM		7		7.85		-2.25		4200.0		3100.0		4600.0		1100.0		280.0		0.0		370.0

		8/16/01 12:00 AM		8		7.97		-2.37		4400.0		1500.0		6600.0		1500.0		290.0		26.0		187.0

		8/30/01 12:00 AM		9		7.99		-2.39		6200.0		3200.0		11000.0		3400.0		790.0		74.0		440.0

		9/14/01 12:00 AM		10		8.00		-2.40		7600.0		3400.0		9000.0		3400.0		760.0		120.0		360.0

		10/4/01 10:30 PM		11		8.02		-2.42		8200.0		1200.0		7700.0		2300.0		430.0		130.0		520.0

		10/18/01 10:30 PM		12		8.12		-2.52		9500.0		4300.0		3100.0		3000.0		780.0		0.0		760.0

		11/2/01 12:00 AM		13						4400.0		1800.0		1400.0		690.0		180.0		0.0		290.0

		11/19/01 11:25 PM		14		8.20		-2.60		7800.0		3700.0		6800.0		3400.0		810.0		120.0		640.0

		12/6/01 11:25 PM		15		8.04		-2.44		10000.0		3300.0		8600.0		3600.0		810.0		150.0		460.0

		12/26/01 11:25 PM		16		8.10		-2.50		8900.0		1800.0		9700.0		3400.0		530.0		21.0		190.0

		1/17/02 9:00 PM		17		7.88		-2.28		2100.0		1500.0		1300.0		420.0		0.0		0.0		0.0

		1/31/02 10:00 PM		18		7.90		-2.30		35000.0		5800.0		5600.0		2700.0		1000.0		1700.0		6400.0

		2/14/02 10:00 PM		19		7.90		-2.30		950.0		330.0		500.0		40.0		22.0		0.0		58.0

		2/28/02 9:00 PM		20		7.91		-2.31		1900.0		110.0		41.0		42.0		44.0		0.0		67.0

		3/14/02 9:00 PM		21		7.99		-2.39		0.0		37.0		0.0		0.0		0.0		0.0		0.0

		3/28/02 9:00 PM		22		8.11		-2.51		340.0		31.00		80.00		7.1		0.0		0.0		0.0

		4/11/02 9:00 PM		23		8.10		-2.50		260.0		25.00		230.00		25.0		15.0		0.0		0.0

		5/2/02 9:00 PM		24		8.09		-2.49		220.0		15.00		88.00		6.2		0.0		0.0		0.0

		5/16/02 9:00 PM		25		8.09		-2.49		380.0		28.00		110.00		13.0		6.8		0.0		0.0

		5/30/02 9:00 PM		26		8.08		-2.48

		SUMMARY																						0.000		0.000		0.000		0.000

		Notes

		NOTES:		TOP OF CASING ELEVATION:												5.60



&CTable 3d
Well GW-4S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



L_Removal

		



MTBE   (mg/L)

TBA   (mg/L)



Figure_3

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		7.24		-1.64		19000.0		6400.0		9100.0		4200.0		1100.0		0.0		1070.0

		4/27/01 6:00 AM		1		NA		NA		1700.0		1000.0		960.0		140.0		0.0		76.0		81.0		15.278		5.462		7.425		3.203

		5/11/01 12:00 AM		2		7.32		-1.72		12000.0		8700.0		3700.0		3300.0		750.0		0.0		810.0

		5/11/01 6:00 AM		2		7.73		-2.13		1200.0		570.0		880.0		150.0		32.0		41.0		67.0		11.541		8.105		4.005		3.017

		5/25/01 12:00 AM		3		7.52		-1.92		5900.0		6600.0		7200.0		3500.0		730.0		0.0		420.0

		5/25/01 6:00 AM		3		7.90		-2.30		1400.0		810.0		1000.0		130.0		19.0		23.0		26.0		6.908		7.012		7.759		3.435

		6/21/01 12:00 AM		4		7.51		-1.91		15000.0		8900.0		6000.0		4200.0		1100.0		0.0		860.0

		6/21/01 6:00 AM		4		7.82		-2.22		1200.0		410.0		340.0		35.0		0.0		25.0		12.0		7.787		4.475		3.048		2.036

		7/6/01 12:00 AM		5		7.70		-2.10		10000.0		3500.0		7000.0		2900.0		770.0		160.0		450.0

		7/6/01 6:00 AM		5		8.02		-2.42		1000.0		390.0		240.0		24.0		5.0		27.0		17.0		6.370		2.253		4.193		1.693

		7/20/01 12:00 AM		6		7.78		-2.18		6700.0		2700.0		5500.0		2000.0		570.0		0.0		300.0

		7/20/01 6:00 AM		6		8.10		-2.50		720.0		360.0		500.0		56.0		12.0		70.0		42.0		4.143		1.708		3.350		1.148

		8/3/01 12:00 AM		7		7.85		-2.25		4200.0		3100.0		4600.0		1100.0		280.0		0.0		370.0

		8/3/01 6:00 AM		7		8.74		-3.14		4200.0		290.0		410.0		30.0		6.4		41.0		23.9		4.769		1.925		2.844		0.642

		8/16/01 12:00 AM		8		7.97		-2.37		4400.0		1500.0		6600.0		1500.0		290.0		26.0		187.0

		8/16/01 6:00 AM		8		7.91		-2.31		4000.0		1800.0		7200.0		1600.0		360.0		43.0		280.0

		8/30/01 12:00 AM		9		7.99		-2.39		6200.0		3200.0		11000.0		3400.0		790.0		74.0		440.0

		8/30/01 6:00 AM		9		7.93		-2.33		17000.0		6800.0		9900.0		4800.0		1300.0		420.0		1120.0

		9/14/01 12:00 AM		10		8.00		-2.40		7600.0		3400.0		9000.0		3400.0		760.0		120.0		360.0

		9/14/01 6:00 AM		10		8.51		-2.91		860.0		330.0		340.0		41.0		9.2		92.0		48.0		5.385		2.374		5.945		2.190

		10/4/01 10:30 PM		11		8.02		-2.42		8200.0		1200.0		7700.0		2300.0		430.0		130.0		520.0

		10/5/01 6:00 AM		11		8.60		-3.00		980.0		400.0		450.0		48.0		14.0		110.0		71.0		6.249		1.089		5.548		1.598

		10/18/01 10:30 PM		12		8.12		-2.52		9500.0		4300.0		3100.0		3000.0		780.0		0.0		760.0

		10/19/01 6:00 AM		12		8.55		-2.95		760.0		350.0		430.0		34.0		13.0		13.0		65.0		6.725		3.048		2.314		1.989

		11/2/01 12:00 AM		13						4400.0		1800.0		1400.0		690.0		180.0		0.0		290.0

		11/2/01 6:00 AM		13						15000.0		320.0		840.0		260.0		36.0		400.0		270.0		12.544		1.371		1.448		0.614

		11/19/01 11:25 PM		14		8.20		-2.60		7800.0		3700.0		6800.0		3400.0		810.0		120.0		640.0

		11/20/01 6:00 AM		14		8.29		-2.69		970.0		170.0		990.0		94.0		22.0		80.0		75.0		6.916		3.052		6.143		2.755

		12/6/01 11:25 PM		15		8.04		-2.44		10000.0		3300.0		8600.0		3600.0		810.0		150.0		460.0

		12/7/01 6:00 AM		15		8.34		-2.74		1000.0		270.0		700.0		120.0		22.0		200.0		120.0		9.021		2.928		7.627		3.051

		12/26/01 11:25 PM		16		8.10		-2.50		8900.0		1800.0		9700.0		3400.0		530.0		21.0		190.0

		12/27/01 6:00 AM		16		8.65		-3.05		10000.0		930.0		2300.0		860.0		470.0		1700.0		2200.0		15.142		2.187		9.614		3.413

		1/17/02 9:00 PM		17		7.88		-2.28		2100.0		1500.0		1300.0		420.0		0.0		0.0		0.0

		1/18/02 6:00 AM		17		8.65		-3.05		75000.0		8200.0		0.0		5600.0		4000.0		15000.0		21000.0		61.771		7.771		1.042		4.823

		1/31/02 10:00 PM		18		7.90		-2.30		35000.0		5800.0		5600.0		2700.0		1000.0		1700.0		6400.0

		2/1/02 6:00 AM		18		8.36		-2.76		3000.0		270.0		840.0		99.0		86.0		140.0		360.0		31.643		5.055		5.363		2.331

		2/14/02 10:00 PM		19		7.90		-2.30		950.0		330.0		500.0		40.0		22.0		0.0		58.0

		2/15/02 6:00 AM		19		8.25		-2.65		15000.0		1400.0		2100.0		1000.0		680.0		1700.0		3700.0		7.748		0.840		1.263		0.505

		2/28/02 9:00 PM		20		7.91		-2.31		1900.0		110.0		41.0		42.0		44.0		0.0		67.0

		3/1/02 6:00 AM		20		8.19		-2.59		5500.0		3300.0		1200.0		540.0		510.0		440.0		2300.0		4.528		2.087		0.759		0.356

		3/14/02 9:00 PM		21		7.99		-2.39		0.0		37.0		0.0		0.0		0.0		0.0		0.0

		3/15/02 6:00 AM		21		7.85		-2.25		3200.0		780.00		910.00		110.0		49.0		140.0		1200.0		2.261		0.577		0.643		0.078

		3/28/02 9:00 PM		22		8.11		-2.51		340.0		31.00		80.00		7.1		0.0		0.0		0.0

		3/29/02 6:00 AM		22		8.32		-2.72		3500.0		1000.00		1200.00		300.0		0.0		290.0		1000.0		2.665		0.715		0.888		0.213

		4/11/02 9:00 PM		23		8.10		-2.50		260.0		25.00		230.00		25.0		15.0		0.0		0.0

		4/12/02 6:00 AM		23		8.26		-2.66		9100.0		1900.00		1600.00		730.0		340.0		820.0		1800.0

		5/2/02 9:00 PM		24		8.09		-2.49		220.0		15.00		88.00		6.2		0.0		0.0		0.0

		5/3/02 6:00 AM		24		8.30		-2.70		3400.0		1200.00		1100.00		390.0		160.0		480.0		1300.0

		5/16/02 9:00 PM		25		8.09		-2.49		380.0		28.00		110.00		13.0		6.8		0.0		0.0

		5/17/02 6:00 AM		25		8.33		-2.73		3700.0		1700.00		1100.00		530.0		240.0		630.0		1300.0

		5/30/02 9:00 PM		26		8.08		-2.48

		5/31/02 6:00 AM		26		8.27		-2.67

		SUMMARY																						229.395		64.035		81.220		39.090

		Notes

		NOTES:		TOP OF CASING ELEVATION:												5.60



&CTable 3d
Well GW-4S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



Figure_4

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH_G  (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1		6.95		-1.71		0.0		78.0		1300.0		0.0		0.0		0.0		0.0

		4/27/01 6:00 AM		1		NA		NA		0.0		2100.0		0.0		0.0		0.0		0.0		0.0		0.000		1.608		0.960		0.000

		5/11/01 12:00 AM		2		7.04		-1.80		180.0		300.0		1200.0		0.0		0.0		0.0		0.0

		5/11/01 6:00 AM		2		7.73		-2.49		890.0		1600.0		1000.0		0.0		0.0		0.0		0.0		0.936		1.661		1.924		0.000

		5/25/01 12:00 AM		3		7.13		-1.89		250.0		790.0		840.0		0.0		0.0		0.0		0.0

		5/25/01 6:00 AM		3		8.00		-2.76		1300.0		1400.0		0.0		0.0		0.0		0.0		0.0		1.467		2.072		0.795		0.000

		6/21/01 12:00 AM		4		7.20		-1.96		480.0		940.0		0.0		0.0		0.0		0.0		0.0

		6/21/01 6:00 AM		4		7.22		-1.98		440.0		1100.0		0.0		0.0		0.0		0.0		128.0

		7/6/01 12:00 AM		5		7.29		-2.05		390.0		1200.0		25.0		0.0		0.0		0.0		0.0

		7/6/01 6:00 AM		5		7.24		-2.00		500.0		1100.0		0.0		0.0		0.0		0.0		0.0

		7/20/01 12:00 AM		6		7.38		-2.14		490.0		1100.0		0.0		0.0		0.0		0.0		0.0

		7/20/01 6:00 AM		6		7.43		-2.19		410.0		1100.0		0.0		0.0		0.0		0.0		0.0

		8/3/01 12:00 AM		7		7.45		-2.21		590.0		1200.0		350.0		0.0		0.0		0.0		0.0

		8/3/01 6:00 AM		7		7.51		-2.27		590.0		1500.0		540.0		0.0		0.0		0.0		0.0

		8/16/01 12:00 AM		8		7.62		-2.38		600.0		1300.0		670.0		0.0		0.0		0.0		0.0

		8/16/01 6:00 AM		8		7.58		-2.34		530.0		1200.0		660.0		0.0		0.0		0.0		0.0

		8/30/01 12:00 AM		9		8.61		-3.37		370.0		1100.0		590.0		0.0		0.0		0.0		0.0

		8/30/01 6:00 AM		9		7.62		-2.38		430.0		1000.0		0.0		0.0		0.0		0.0		0.0

		9/14/01 12:00 AM		10		7.62		-2.38		420.0		720.0		610.0		0.0		0.0		0.0		0.0

		9/14/01 6:00 AM		10		7.66		-2.42		310.0		690.0		830.0		0.0		0.0		0.0		0.0

		10/4/01 10:30 PM		11		7.62		-2.38		220.0		480.0		1100.0		0.0		0.0		0.0		0.0

		10/5/01 6:00 AM		11		7.68		-2.44		210.0		510.0		1300.0		0.0		0.0		0.0		0.0

		10/18/01 10:30 PM		12		7.75		-2.51		180.0		380.0		980.0		0.0		0.0		0.0		0.0

		10/19/01 6:00 AM		12		7.79		-2.55		110.0		270.0		1200.0		0.0		0.0		0.0		0.0

		11/2/01 12:00 AM		13						140.0		210.0		750.0		0.0		0.0		0.0		0.0

		11/2/01 6:00 AM		13						0.0		180.0		910.0		0.0		0.0		0.0		0.0

		11/19/01 11:25 PM		14		7.78		-2.54		72.0		310.0		960.0		0.0		0.0		0.0		0.0

		11/20/01 6:00 AM		14		7.83		-2.59		140.0		330.0		1100.0		83.0		86.0		320.0		430.0

		12/6/01 11:25 PM		15		7.83		-2.59		0.0		200.0		820.0		0.0		0.0		0.0		0.0

		12/7/01 6:00 AM		15		7.89		-2.65		0.0		170.0		880.0		0.0		0.0		0.0		0.0

		12/26/01 11:25 PM		16		7.77		-2.53		110.0		140.0		780.0		0.0		0.0		0.0		0.0

		12/27/01 6:00 AM		16		7.85		-2.61		0.0		170.0		1100.0		0.0		0.0		0.0		0.0

		1/17/02 9:00 PM		17		7.72		-2.48		0.0		87.0		720.0		0.0		0.0		0.0		0.0

		1/18/02 6:00 AM		17		7.80		-2.56		0.0		79.0		610.0		0.0		0.0		0.0		0.0

		1/31/02 10:00 PM		18		8.75		-3.51		170.0		67.0		760.0		0.0		0.0		0.0		0.0

		2/1/02 6:00 AM		18		7.82		-2.58		100.0		90.0		850.0		0.0		0.0		0.0		0.0

		2/14/02 10:00 PM		19		7.75		-2.51		0.0		54.0		720.0		0.0		0.0		0.0		0.0

		2/15/02 6:00 AM		19		7.82		-2.58		300.0		58.0		700.0		0.0		0.0		0.0		0.0

		2/28/02 9:00 PM		20		7.75		-2.51		0.0		40.0		930.0		0.0		0.0		0.0		0.0

		3/1/02 6:00 AM		20		7.85		-2.61		0.0		61.0		840.0		0.0		0.0		0.0		0.0

		3/14/02 9:00 PM		21		7.85		-2.61		0.0		37.0		820.0		0.0		0.0		0.0		0.0

		3/15/02 6:00 AM		21		8.10		-2.86		0.0		55.0		790.0		0.0		0.0		0.0		0.0

		3/28/02 9:00 PM		22		7.93		-2.69		0.0		64.0		980.0		0.0		0.0		0.0		0.0

		3/29/02 6:00 AM		22		7.99		-2.75		0.0		51.0		900.0		0.0		0.0		0.0		0.0

		4/11/02 9:00 PM		23		7.90		-2.66		0.0		34.0		1000.0		0.0		0.0		0.0		0.0

		4/12/02 6:00 AM		23		7.98		-2.74		0.0		30.0		960.0		0.0		0.0		0.0		0.0

		5/2/02 9:00 PM		24		7.89		-2.65		0.0		36.0		1000.0		0.0		0.0		0.0		0.0

		5/3/02 6:00 AM		24		7.97		-2.73		0.0		29.0		870.0		0.0		0.0		0.0		0.0

		5/16/02 9:00 PM		25		7.85		-2.61		0.0		20.0		980.0		0.0		0.0		0.0		0.0

		5/17/02 6:00 AM		25		7.94		-2.70		0.0		30.0		950.0		0.0		0.0		0.0		0.0

		5/30/02 9:00 PM		26		7.98		-2.74

		5/31/02 6:00 AM		26		7.92		-2.68

		SUMMARY																						2.402		5.341		3.678		0.000

		Notes

		NOTES:		TOP OF CASING ELEVATION:												5.24



&CTable 3e
Well GW-5S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



Figure_Elevation

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH-G   (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1

		4/27/01 6:00 AM		1

		5/11/01 12:00 AM		2

		5/11/01 6:00 AM		2

		5/25/01 12:00 AM		3

		5/25/01 6:00 AM		3

		6/21/01 12:00 AM		4

		6/21/01 6:00 AM		4

		7/6/01 12:00 AM		5		6.49		-2.42		19000.0		24000.0		0.0		4400.0		1100.0		0.0		420.0

		7/6/01 6:00 AM		5		6.51		-2.44		19000.0		28000.0		0.0		3900.0		880.0		0.0		410.0

		7/20/01 12:00 AM		6		6.60		-2.53		20000.0		13000.0		0.0		3900.0		1200.0		0.0		1200.0

		7/20/01 6:00 AM		6		6.96		-2.89		24000.0		24000.0		0.0		3300.0		880.0		0.0		0.0

		8/3/01 12:00 AM		7		6.67		-2.60		27000.0		31000.0		0.0		2700.0		580.0		750.0		3080.0

		8/3/01 6:00 AM		7		8.81		-4.74		21000.0		21000.0		0.0		640.0		300.0		650.0		1380.0		27.253		29.524		0.000		1.896

		8/16/01 12:00 AM		8		6.76		-2.69		30000.0		39000.0		0.0		4300.0		870.0		800.0		5600.0

		8/16/01 6:00 AM		8		7.85		-3.78		20000.0		28000.0		0.0		1100.0		0.0		840.0		1700.0		25.549		34.236		0.000		2.759

		8/30/01 12:00 AM		9		6.69		-2.62		30000.0		31000.0		0.0		4200.0		1100.0		1100.0		6800.0

		8/30/01 6:00 AM		9		7.43		-3.36		16000.0		27000.0		0.0		740.0		0.0		560.0		1270.0		39.437		49.725		0.000		4.235

		9/14/01 12:00 AM		10		6.67		-2.60		31000.0		27000.0		0.0		2800.0		0.0		0.0		2510.0

		9/14/01 6:00 AM		10		8.12		-4.05		17000.0		25000.0		0.0		870.0		210.0		660.0		1460.0		30.553		33.099		0.000		2.336

		10/4/01 10:30 PM		11		6.65		-2.58		24000.0		35000.0		0.0		4000.0		0.0		0.0		2070.0

		10/5/01 6:00 AM		11		8.00		-3.93		13000.0		18000.0		0.0		0.0		0.0		0.0		0.0		25.185		36.076		0.000		2.723

		10/18/01 10:30 PM		12		6.86		-2.79		16000.0		26000.0		0.0		2800.0		0.0		0.0		2100.0

		10/19/01 6:00 AM		12		8.15		-4.08		10000.0		15000.0		0.0		740.0		250.0		250.0		1440.0		17.042		26.873		0.000		2.320

		11/2/01 12:00 AM		13						17000.0		17000.0		0.0		1300.0		0.0		0.0		1700.0

		11/2/01 6:00 AM		13						9200.0		10000.0		0.0		510.0		0.0		280.0		910.0		16.941		17.459		0.000		1.170

		11/19/01 11:25 PM		14		6.84		-2.77		18000.0		30000.0		0.0		2900.0		0.0		0.0		3300.0

		11/20/01 6:00 AM		14		7.53		-3.46		4500.0		7800.0		5500.0		470.0		0.0		110.0		460.0		17.743		29.807		4.337		2.657

		12/6/01 11:25 PM		15		8.86		-4.79		10000.0		18000.0		0.0		2300.0		480.0		140.0		1500.0

		12/7/01 6:00 AM		15		8.80		-4.73		2300.0		6500.0		6600.0		230.0		79.0		150.0		490.0		10.087		20.092		5.413		2.075

		12/26/01 11:25 PM		16		6.90		-2.83		12000.0		18000.0		2800.0		1800.0		270.0		63.0		900.0

		12/27/01 6:00 AM		16		8.97		-4.90		5500.0		6100.0		5100.0		560.0		210.0		620.0		1100.0		14.021		19.308		6.329		1.891

		1/17/02 9:00 PM		17		6.80		-2.73		15000.0		20000.0		0.0		2000.0		0.0		0.0		1700.0

		1/18/02 6:00 AM		17		9.55		-5.48		11000.0		8400.0		7200.0		1300.0		430.0		1400.0		2800.0		20.831		22.753		5.768		2.644

		1/31/02 10:00 PM		18		6.80		-2.73		26000.0		21000.0		0.0		0.0		0.0		0.0		0.0

		2/1/02 6:00 AM		18		7.50		-3.43		10000.0		5800.0		5500.0		770.0		0.0		460.0		1800.0		29.978		22.317		4.580		0.641

		2/14/02 10:00 PM		19		6.91		-2.84		11000.0		11000.0		8100.0		1600.0		0.0		0.0		1300.0

		2/15/02 6:00 AM		19		7.65		-3.58		9700.0		5400.0		7400.0		660.0		0.0		370.0		1700.0		10.055		7.966		7.529		1.098

		2/28/02 9:00 PM		20		6.92		-2.85		15000.0		10000.0		5000.0		2200.0		610.0		0.0		2200.0

		3/1/02 6:00 AM		20		7.31		-3.24		7600.0		4400.0		7400.0		580.0		0.0		0.0		1300.0		13.829		8.812		7.588		1.701

		3/14/02 9:00 PM		21		7.02		-2.95		18000.0		9700.0		4800.0		2000.0		480.0		0.0		1900.0

		3/15/02 6:00 AM		21		7.62		-3.55		8800.0		4600.0		6200.0		660.0		86.0		650.0		1400.0		18.935		10.104		7.772		1.879

		3/28/02 9:00 PM		22		7.01		-2.94		36000.0		16000.0		0.0		4700.0		1600.0		1900.0		7700.0

		3/29/02 6:00 AM		22		7.65		-3.58		4200.0		3800.0		6900.0		610.0		0.0		600.0		1400.0		27.896		13.740		4.788		3.685

		4/11/02 9:00 PM		23		7.08		-3.01		31000.0		16000.0		5300.0		4900.0		1500.0		0.0		7000.0

		4/12/02 6:00 AM		23		7.72		-3.65		5700.0		3300.0		6100.0		500.0		0.0		450.0		1100.0

		5/2/02 9:00 PM		24		7.00		-2.93		20000.0		16000.0		12000.0		3400.0		1100.0		0.0		5000.0

		5/3/02 6:00 AM		24		7.60		-3.53		6300.0		4300.0		7500.0		810.0		250.0		860.0		1600.0

		5/16/02 9:00 PM		25		6.95		-2.88		22000.0		14000.0		7300.0		5000.0		1900.0		0.0		7200.0

		5/17/02 6:00 AM		25		7.58		-3.51		10000.0		3700.0		5500.0		890.0		0.0		730.0		2300.0

		5/30/02 9:00 PM		26		6.92		-2.85

		5/31/02 6:00 AM		26		7.52		-3.45

		SUMMARY																						345.335		381.892		54.105		35.712

		Notes

		NOTES:		TOP OF CASING ELEVATION:												4.07



&CTable 3f
Well GW-8S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



Pitot_tube

		DATE/TIME		EVENT ID		DEPTH TO WATER		ELEVATIONS AMSL		TPH-G   (mg/L)		MTBE   (mg/L)		TBA   (mg/L)		B    (mg/L)		E    (mg/L)		T    (mg/L)		X    (mg/L)		TPH_G REMOVED    (GRAMS)		MTBE REMOVED    (GRAMS)		TBA REMOVED    (GRAMS)		BENZ. REMOVED    (GRAMS)

		4/27/01 12:00 AM		1

		4/27/01 6:00 AM		1

		5/11/01 12:00 AM		2

		5/11/01 6:00 AM		2

		5/25/01 12:00 AM		3

		5/25/01 6:00 AM		3

		6/21/01 12:00 AM		4

		6/21/01 6:00 AM		4

		7/6/01 12:00 AM		5		6.49		-2.42		19000.0		24000.0		0.0		4400.0		1100.0		0.0		420.0

		7/6/01 6:00 AM		5		6.51		-2.44		19000.0		28000.0		0.0		3900.0		880.0		0.0		410.0

		7/20/01 12:00 AM		6		6.60		-2.53		20000.0		13000.0		0.0		3900.0		1200.0		0.0		1200.0

		7/20/01 6:00 AM		6		6.96		-2.89		24000.0		24000.0		0.0		3300.0		880.0		0.0		0.0

		8/3/01 12:00 AM		7		6.67		-2.60		27000.0		31000.0		0.0		2700.0		580.0		750.0		3080.0

		8/3/01 6:00 AM		7		8.81		-4.74		21000.0		21000.0		0.0		640.0		300.0		650.0		1380.0		27.253		29.524		0.000		1.896

		8/16/01 12:00 AM		8		6.76		-2.69		30000.0		39000.0		0.0		4300.0		870.0		800.0		5600.0

		8/16/01 6:00 AM		8		7.85		-3.78		20000.0		28000.0		0.0		1100.0		0.0		840.0		1700.0		25.549		34.236		0.000		2.759

		8/30/01 12:00 AM		9		6.69		-2.62		30000.0		31000.0		0.0		4200.0		1100.0		1100.0		6800.0

		8/30/01 6:00 AM		9		7.43		-3.36		16000.0		27000.0		0.0		740.0		0.0		560.0		1270.0		39.437		49.725		0.000		4.235

		9/14/01 12:00 AM		10		6.67		-2.60		31000.0		27000.0		0.0		2800.0		0.0		0.0		2510.0

		9/14/01 6:00 AM		10		8.12		-4.05		17000.0		25000.0		0.0		870.0		210.0		660.0		1460.0		30.553		33.099		0.000		2.336

		10/4/01 10:30 PM		11		6.65		-2.58		24000.0		35000.0		0.0		4000.0		0.0		0.0		2070.0

		10/5/01 6:00 AM		11		8.00		-3.93		13000.0		18000.0		0.0		0.0		0.0		0.0		0.0		25.185		36.076		0.000		2.723

		10/18/01 10:30 PM		12		6.86		-2.79		16000.0		26000.0		0.0		2800.0		0.0		0.0		2100.0

		10/19/01 6:00 AM		12		8.15		-4.08		10000.0		15000.0		0.0		740.0		250.0		250.0		1440.0		17.042		26.873		0.000		2.320

		11/2/01 12:00 AM		13						17000.0		17000.0		0.0		1300.0		0.0		0.0		1700.0

		11/2/01 6:00 AM		13						9200.0		10000.0		0.0		510.0		0.0		280.0		910.0		16.941		17.459		0.000		1.170

		11/19/01 11:25 PM		14		6.84		-2.77		18000.0		30000.0		0.0		2900.0		0.0		0.0		3300.0

		11/20/01 6:00 AM		14		7.53		-3.46		4500.0		7800.0		5500.0		470.0		0.0		110.0		460.0		17.743		29.807		4.337		2.657

		12/6/01 11:25 PM		15		8.86		-4.79		10000.0		18000.0		0.0		2300.0		480.0		140.0		1500.0

		12/7/01 6:00 AM		15		8.80		-4.73		2300.0		6500.0		6600.0		230.0		79.0		150.0		490.0		10.087		20.092		5.413		2.075

		12/26/01 11:25 PM		16		6.90		-2.83		12000.0		18000.0		2800.0		1800.0		270.0		63.0		900.0

		12/27/01 6:00 AM		16		8.97		-4.90		5500.0		6100.0		5100.0		560.0		210.0		620.0		1100.0		14.021		19.308		6.329		1.891

		1/17/02 9:00 PM		17		6.80		-2.73		15000.0		20000.0		0.0		2000.0		0.0		0.0		1700.0

		1/18/02 6:00 AM		17		9.55		-5.48		11000.0		8400.0		7200.0		1300.0		430.0		1400.0		2800.0		20.831		22.753		5.768		2.644

		1/31/02 10:00 PM		18		6.80		-2.73		26000.0		21000.0		0.0		0.0		0.0		0.0		0.0

		2/1/02 6:00 AM		18		7.50		-3.43		10000.0		5800.0		5500.0		770.0		0.0		460.0		1800.0		29.978		22.317		4.580		0.641

		2/14/02 10:00 PM		19		6.91		-2.84		11000.0		11000.0		8100.0		1600.0		0.0		0.0		1300.0

		2/15/02 6:00 AM		19		7.65		-3.58		9700.0		5400.0		7400.0		660.0		0.0		370.0		1700.0		10.055		7.966		7.529		1.098

		2/28/02 9:00 PM		20		6.92		-2.85		15000.0		10000.0		5000.0		2200.0		610.0		0.0		2200.0

		3/1/02 6:00 AM		20		7.31		-3.24		7600.0		4400.0		7400.0		580.0		0.0		0.0		1300.0		13.829		8.812		7.588		1.701

		3/14/02 9:00 PM		21		7.02		-2.95		18000.0		9700.0		4800.0		2000.0		480.0		0.0		1900.0

		3/15/02 6:00 AM		21		7.62		-3.55		8800.0		4600.0		6200.0		660.0		86.0		650.0		1400.0		18.935		10.104		7.772		1.879

		3/28/02 9:00 PM		22		7.01		-2.94		36000.0		16000.0		0.0		4700.0		1600.0		1900.0		7700.0

		3/29/02 6:00 AM		22		7.65		-3.58		4200.0		3800.0		6900.0		610.0		0.0		600.0		1400.0		27.896		13.740		4.788		3.685

		4/11/02 9:00 PM		23		7.08		-3.01		31000.0		16000.0		5300.0		4900.0		1500.0		0.0		7000.0

		4/12/02 6:00 AM		23		7.72		-3.65		5700.0		3300.0		6100.0		500.0		0.0		450.0		1100.0

		5/2/02 9:00 PM		24		7.00		-2.93		20000.0		16000.0		12000.0		3400.0		1100.0		0.0		5000.0

		5/3/02 6:00 AM		24		7.60		-3.53		6300.0		4300.0		7500.0		810.0		250.0		860.0		1600.0

		5/16/02 9:00 PM		25		6.95		-2.88		22000.0		14000.0		7300.0		5000.0		1900.0		0.0		7200.0

		5/17/02 6:00 AM		25		7.58		-3.51		10000.0		3700.0		5500.0		890.0		0.0		730.0		2300.0

		5/30/02 9:00 PM		26		6.92		-2.85

		5/31/02 6:00 AM		26		7.52		-3.45

		SUMMARY																						345.335		381.892		54.105		35.712

		Notes

		NOTES:		TOP OF CASING ELEVATION:												4.07



&CTable 3f
Well GW-8S
Concentrations in groundwater and amountsremoved

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California



				TPH GAS		MTBE		TBA		BENZENE						TPH GAS		MTBE		TBA		BENZENE

		4/27/01 6:00 AM		19.26		8.83		12.77		3.20						19.26		8.83		12.77		3.20

		5/11/01 6:00 AM		17.29		15.34		11.70		3.52						36.55		24.17		24.47		6.73

		5/25/01 6:00 AM		14.01		15.76		13.50		4.31						50.56		39.94		37.97		11.04

		6/21/01 6:00 AM		7.79		4.48		3.05		2.04						58.35		44.41		41.02		13.08

		7/6/01 6:00 AM		6.37		2.25		4.19		1.69						64.72		46.66		45.21		14.77

		7/20/01 6:00 AM		4.14		3.72		6.48		1.15						68.86		50.38		51.69		15.92

		8/3/01 6:00 AM		32.02		34.91		7.10		2.64						100.89		85.29		58.79		18.56

		8/16/01 6:00 AM		25.55		34.24		0.00		2.76						126.44		119.53		58.79		21.31

		8/30/01 6:00 AM		39.44		49.72		0.00		4.24						165.87		169.25		58.79		25.55

		9/14/01 6:00 AM		35.94		38.78		9.06		4.94						201.81		208.04		67.85		30.49

		10/5/01 6:00 AM		31.43		41.93		9.09		4.68						233.24		249.97		76.94		35.17

		10/19/01 6:00 AM		23.77		32.08		5.00		4.62						257.01		282.05		81.94		39.79

		11/2/01 6:00 AM		29.49		20.94		3.24		1.87						286.50		303.00		85.18		41.67

		11/20/01 6:00 AM		24.66		36.25		13.87		5.88						311.16		339.25		99.05		47.54

		12/7/01 6:00 AM		19.11		25.41		17.96		5.73						330.26		364.66		117.01		53.28

		12/27/01 6:00 AM		29.16		44.41		21.46		5.68						359.43		409.07		138.48		58.96

		1/18/02 6:00 AM		82.60		62.57		19.31		9.63						442.03		471.64		157.79		68.59

		2/1/02 6:00 AM		61.62		64.01		20.43		4.90						503.65		535.65		178.22		73.49

		2/15/02 6:00 AM		17.80		25.32		14.57		2.91						521.45		560.98		192.79		76.40

		3/1/02 6:00 AM		18.36		18.30		10.54		2.41						539.81		579.28		203.34		78.81

		3/15/02 6:00 AM		21.20		29.21		11.43		3.13						561.01		608.48		214.77		81.94

		TOTAL		561.01		608.48		214.77		81.94

		SUMMARY		591.57		636.55		224.28		87.10





		



&CFigure 3
Concentrations of TPH-G, Benzene, MTBE, and TBA in Groundwater

&CEM2313, Former Unocal Service Station No. 5336, 6012 Warner Avenue, Huntington Beach, California
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&CFigure 5
Cumulative removal of TPH-G, Benzene, MTBE, and TBA in from Extracted Groundwater

&CEM2313, Former Unocal Service Station No. 5336, 6021 Warner Avenue, Huntington Beach, California



		4/27/01 6:00 AM		4/27/01 6:00 AM		4/27/01 6:00 AM		4/27/01 6:00 AM

		5/11/01 6:00 AM		5/11/01 6:00 AM		5/11/01 6:00 AM		5/11/01 6:00 AM

		5/25/01 6:00 AM		5/25/01 6:00 AM		5/25/01 6:00 AM		5/25/01 6:00 AM

		6/21/01 6:00 AM		6/21/01 6:00 AM		6/21/01 6:00 AM		6/21/01 6:00 AM

		7/6/01 6:00 AM		7/6/01 6:00 AM		7/6/01 6:00 AM		7/6/01 6:00 AM

		7/20/01 6:00 AM		7/20/01 6:00 AM		7/20/01 6:00 AM		7/20/01 6:00 AM

		8/3/01 6:00 AM		8/3/01 6:00 AM		8/3/01 6:00 AM		8/3/01 6:00 AM

		8/16/01 6:00 AM		8/16/01 6:00 AM		8/16/01 6:00 AM		8/16/01 6:00 AM

		8/30/01 6:00 AM		8/30/01 6:00 AM		8/30/01 6:00 AM		8/30/01 6:00 AM

		9/14/01 6:00 AM		9/14/01 6:00 AM		9/14/01 6:00 AM		9/14/01 6:00 AM

		10/5/01 6:00 AM		10/5/01 6:00 AM		10/5/01 6:00 AM		10/5/01 6:00 AM

		10/19/01 6:00 AM		10/19/01 6:00 AM		10/19/01 6:00 AM		10/19/01 6:00 AM

		11/2/01 6:00 AM		11/2/01 6:00 AM		11/2/01 6:00 AM		11/2/01 6:00 AM

		11/20/01 6:00 AM		11/20/01 6:00 AM		11/20/01 6:00 AM		11/20/01 6:00 AM

		12/7/01 6:00 AM		12/7/01 6:00 AM		12/7/01 6:00 AM		12/7/01 6:00 AM

		12/27/01 6:00 AM		12/27/01 6:00 AM		12/27/01 6:00 AM		12/27/01 6:00 AM

		1/18/02 6:00 AM		1/18/02 6:00 AM		1/18/02 6:00 AM		1/18/02 6:00 AM

		2/1/02 6:00 AM		2/1/02 6:00 AM		2/1/02 6:00 AM		2/1/02 6:00 AM

		2/15/02 6:00 AM		2/15/02 6:00 AM		2/15/02 6:00 AM		2/15/02 6:00 AM

		3/1/02 6:00 AM		3/1/02 6:00 AM		3/1/02 6:00 AM		3/1/02 6:00 AM

		3/15/02 6:00 AM		3/15/02 6:00 AM		3/15/02 6:00 AM		3/15/02 6:00 AM

		TOTAL		TOTAL		TOTAL		TOTAL

		SUMMARY		SUMMARY		SUMMARY		SUMMARY
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19.2641585933
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36.5501214492

24.1709833569

24.467809237

6.7269556099

50.5643757358

39.9358365922

37.9710778845

11.0419454511

58.3517968754

44.4112002224
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13.0777311626

64.7220845093
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45.2115551363

14.771069439
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50.3822377436

51.6878249768

15.9189324384
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85.2939121292

58.79052536
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58.79052536

21.3143730252
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58.79052536
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233.2445552822
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157.785116922

68.5861288931
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535.653041831

178.2200003906

73.4900012951

521.4512684318

560.9752821412

192.7925538014

76.4045119773

539.8089006506
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203.3365658268
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81.9377672835
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		37148.25		37148.25		37148.25		37148.25		37148.25		37215.25

		37168.9375		37168.9375		37168.9375		37168.9375		37168.9375

		37169.25		37169.25		37169.25		37169.25		37169.25

		37182.9375		37182.9375		37182.9375		37182.9375		37182.9375

		37183.25		37183.25		37183.25		37183.25		37183.25

		37197		37197		37197		37197		37197

		37197.25		37197.25		37197.25		37197.25		37197.25

		37214.9756944444		37214.9756944444		37214.9756944444		37214.9756944444		37214.9756944444

		37215.25		37215.25		37215.25		37215.25		37215.25



&CFigure  3
Observed Elevations Above Mean Sea Level  [ft]

&CEM2313, Former Unocal Service Station No. 5336, 6021 Warner Avenue, Huntington Beach, California
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		Vacuum		Vacuum		P		D P		D P		K		D		Q		Temp				Velocity		Vacuum		Pressure		Q		Q

		in H2O		Psi		Psi		in H2O		psi		for 2 in		inches		scfm		F				FPM		in H2O		in H2O		ASFM		SCFM

		30		1.0838541855		13.6121458145		0.75		0.0270758123		0.64		2		8.71150		68				100		0		406.825		2.1806		2.1806

		20		0.722569457		13.973430543		0.5		0.0180505415		0.64		2		7.20668		68				200		70		336.825		4.3612		3.6107938057

		40		1.445138914		13.250861086		2		0.0722021661		0.64		2		14.03576		68				300		10		396.825		6.5418		6.3809986726







Case Study: Former Car Dealership– Buena Park, California

• 1000 gallons UST leaked
• Free product in tank Cavity
• UST Cleanup fund case
• Property was to be 

redeveloped and purchased 
from owner 

• 2-million dollar held in 
escrow to be dispersed after  
case closure
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BUENA PARK SITE
Dealing With the Friction Loss

• Lifting water to Knockout 
tank level after 
extracting from the well 
provided challenge. 

• Water was slushing back 
and forth in the elbow 
where water and vapor 
flow to be lifted to the 
knockout inlet. 
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Site Closure- Soil Confirmation

First Case of Pilot Test to Site Closure
Single blower SVE system operated as TPE
PD Blower
Complete Remediation in 7 Months - ~250,000 gallons of water ~ 
30M cuft Vapor were extracted-
Confirmation soil samples are all ND or very low level of TPH-G
Case Closure – Client received 2M held in escrow after the closure.
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In-well stripping methods use wells to strip VOCs 
from groundwater which incorporates water 

recirculation, air injection, vapor extraction and  
a vapor treatment unit.



Typical

In-Well 

Stripping and 

Recirculation  

System

Vapor
Treatment

Vapor Extraction BlowerAir Injection Blower

6-inch well casing

2-inch well casing

Borehole
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NoVOC System was
developed by Stanford
University and Purchased
by EG&G Environmental in
1994.

NoVOC System uses dual
screened well, air sparging
and vapor extraction in the
same well.

Unterdruck-Verdampfer-
Brunnen (UVB) Method
uses dual screened well that
upper and lower screen
portions are divided by a
packer

Above the packer a diffusion
plate is installed at the lower
section of the upper screen
interval

Density Driven Convection
(DDC) system, developed and 
patented by Wasatch 
Environmental, Inc.

DCC Method uses dual screened 
well. Air Sparged into the water 
from the nearly bottom of the well. 
Air is allowed to escape into the 
vadose zone after stripping VOCs 
from the water.

Accelerated Remediation 
Technologies, Inc. (ART), was 
patented “ART In-Well 
Technology” in 1996.  Technology 
uses unique groundwater 
circulation well to airstrip VOCs, 
extract vapor and recirculate 
groundwater in the well.
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Vacuum Driven In-Well Stripping & 
Recirculation System



Vacuum 

Driven In-Well 

Stripping and 

Recirculation 

System  

Vapor
Treatment

Blower

Recirculation Well

Borehole

6-inch well casing

2-inch well casing
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Single 

Borehole  

Dual Well 

Recirculation

Vapor
Treatment

Blower

Recirculation Well Pairs
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Slant 

Well 

Pair

Vapor
Treatment

Blower

Release  Well

Collection  Well

Drawdown

Injection Head
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Dual-

Well 

Pair

Vapor
Treatment

Blower

Water 
Flow

Release WellCollection Well 

Collection and release wells may be 
reversed as necessary to increase 
efficiency at different stages of remediation

Water with 
elevated DO and 
less VOCs 
released into this 
well from the 
bottom of drop 
tube

Water with elevated 
VOCs and less DO is 
extracted using drop 
tube to the air/water 
separation level. 
During this process 
VOCs stripped off 
and DO is increased. 

Drawdown

Injection Head
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Air/Water 

Separation

WELLHEAD DETAIL

RELEASE
WELL

COLLECTION
TUBE

TO VAPOR 
TREATMENT UNIT

RELEASE TUBE

COLLECTION
WELL



Typical 

System 

Layout

Blower

Vapor
Treatment

GW FLOW DIRECTION

Treatment
 barrier

Source Treatment
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VOC 

Removal by 

Recirculation
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A pilot test was performed using two-phase in-well stripping method. 

The method involved extracting water from the water table using two-phase 
extraction and re-injecting at the vadose zone using a dual screen/dual well 
system. 

Water levels were measured using two piezometers installed in the well 
annulus.

Water samples were collected from these two piezometers to assess 
effectiveness of in-well stripping and chemical composition of extracted and 
injected water
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A TYPICAL IN-WELL STRIPPING DATA OBSERVED DURING TWO-PHASE RE-
CIRCULATION

SAMPLE LOCATION TPH-G
(ug/l)

Benzene
(ug/l)

Toluene
(ug/l)

Ethyl  benz
ene
(ug/l)

Xylene

(ug/l)

MTBE
(ug/l)

TBA
(ug/l)

WATER SAMPLE AT 
THE RETURN SCREEN

(post stripping) 900 22 79 6.6 169 94 ND<10
WATER SAMPLE FROM 

DEEP  SCREEN
(pre-stripping) 29000 2400 7600 860 5700 200 ND<10

% IN-WELL STRIPPING 97% 99% 99% 99% 97% 53% NA
The test was performed using a single borehole dual completion well. Water was removed from 
100 feet deep screen zone and released into the vadose zone at 60 feet deep.
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• One In-well stripping and recirculation 
Well and four Observation Wells were 
Installed  

• Water from the deep saturated zone is 
air lifted (using the drop tube) up to the 
unsaturated shallow screen interval in 
the recirculation well.

• Water is then percolated down through 
the surrounding soil from shallow screen 
interval to the saturated zone. 
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WELL ID: 

Borehole Diameter (in):

Casing Diameter (in):

VCRW-1

12

6

Project No: 0130001

Project Name: South Tank Farm Pilot Test

Site Address: Kern Oil & Refining
Bakersfield, California

NOT TO SCALE

VACCIRC
VACUUM DRIVEN IN-WELL AIR STRIPPING AND 

RECIRCULATION PILOT TEST WELL (VCRW-1) 
FLOW DIAGRAM

FIGURE 6

Water Flow Lines

To Vapor Treatment Unit

Packer (@90 ft.) and 
bentonite seal(86-95
ft.) separating 
collection and release 
well screens

Collection Well (2-inch well 
inside a 6-inch recirculation well)

1-inch recirculation drop tube 
inside  2-inch well)

Sand filter pack

1-inch diameter water level gauging and sampling 
probes. Installed in the annulus with screens 
identical to shallow and deep screens of the 6-inch 
well. 

6-inch diameter 
recirculation well

Groundwater drawn into the 
lower screen zone and is airlifted 
to the shallow screen zone. 
Max Depth to Water = 109.04 ft.
Min. Depth to Water = 108.79 ft.
Max. DD = 0.25 ft. (Negligible)
Average DO = 0.05 mg/l
Fe(II) =190 ug/l - BOD = 150 mg/l -
COD = 620 mg O2/l
Average Temp = 84.23 oF
Average TPH-G = 1520 ug/l
Average Benzene = 16.2 ug/l
Average Total BTEX = 71 ug/l

Recirculating water with less VOCs, higher DO and 
higher temperature released into the vadose zone  to 
percolate down to groundwater and mix with 
groundwater for additional recirculation. During this 
process, circulated water will dissolve hydrocarbons 
from soil, and move water down to groundwater 
level.  Water with higher DO will increase biological 
activity and biodegradation of hydrocarbons in the 
vadose zone and in the groundwater. 
Max Depth to Water = 85.89 ft.
Min. Depth to Water = 73.70 ft.
Max. Head (mounding) from recirculation = 12.19 ft.
Average DO = 0.37 mg/l  increased 678%
Fe(II) =100 ug/l - BOD = 14 mg/l - COD = 120 mg O2/l
Average Temp = 97.71 oF  increased 16% (13 oF)
Average TPH-G = 200 ug/l  reduced 87%
Average Benzene = 1.8 ug/l reduced 89%
Average Total BTEX = 8.4 ug/l reduced 88%

Air/water seperation Point at 65 feet

During Recirculation:
• DO increased
• TPH-g decreased
• BTEX decreased
• BOD/COD/Fe(II) 

decreased
• Temperature increased
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SAMPLE SAMPLE 
DESCRIPTION DATE & TIME TPH-G B T E X MTBE NOTES

ID (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

VCRW-1D

Water in the deep 
screen prior to air 
lifting to shallow 

zone

3/1/2017 15:30 2,100.0 20.0 4.9 45.0 24.0 0.52

VCRW-1S

Water in shallow 
zone after being air 
lifted from the deep 

zone

3/1/2017 16:45 270.0 3.1 0.4 3.7 5.9 <0.50
Reporting limit was 
used for calculation 

when ND (<0.50)

=1-(VCRW-1S)/(VCRW-1D) 87% 85% 92% 92% 76% NA

VCRW-1D

Water in the deep 
screen prior to air 
lifting to shallow 

zone

3/3/2017 11:20 1,700.0 4.7 1.1 9.9 4.8 <0.50

VCRW-1S

Water in shallow 
zone after being air 
lifted from the deep 

zone

3/3/2017 11:40 280.0 <0.50 <0.50 <0.50 <1.0 <0.50
Reporting limit was 
used for calculation 

when ND (<0.50)

=1-(VCRW-1S)/(VCRW-1D) 84% 89% 55% 95% 79% NA

VOC Removal/Stripping Ratio
 (% reduction)

VOC Removal/Stripping Ratio 
(% reduction)
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SAMPLE ID DATE DO
(mg/l)

Temp
(Fo)

DTW
(ft btoc)

VCRW-1D 03/03/17 0.02 85.1 108.79

VCRW-1S 03/03/17 0.09 91.4 73.7

% Change 350% 7.4% NA

VCRW-1D 03/10/17 0.04 85.3 108.97

VCRW-1S 03/10/17 0.22 98.2 80.24

% Change 450% 15% NA

VCRW-1D 03/15/17 0.08 85.3 108.86

VCRW-1S 03/15/17 0.08 102 83.04

% Change 0% 19.5% NA

VCRW-1D 03/24/17 0.05 83.1 108.98

VCRW-1S 03/24/17 0.08 100.4 79.83

% Change 60% 20.8% NA
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		SAMPLE ID		DATE		DO
(mg/l)		Temp
(Fo)		DTW
(ft btoc)

		VCRW-1D		03/03/17		0.02		85.1		108.79

		VCRW-1S		03/03/17		0.09		91.4		73.7

				% Change		350%		7.4%		NA

		VCRW-1D		03/10/17		0.04		85.3		108.97

		VCRW-1S		03/10/17		0.22		98.2		80.24

				% Change		450%		15%		NA

		VCRW-1D		03/15/17		0.08		85.3		108.86

		VCRW-1S		03/15/17		0.08		102		83.04

				% Change		0%		19.5%		NA

		VCRW-1D		03/24/17		0.05		83.1		108.98

		VCRW-1S		03/24/17		0.08		100.4		79.83

				% Change		60%		20.8%		NA
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TPH-G/D, BOD, COD, Fe(II)  LABORATORY RESULTS

SAMPLE ID DATE & TIME

TPH-D 
(C12-C24)

TPH-G 
(C6-C12) BOD COD Fe(II)

(ug/L) (ug/L) (mg/L) (mg 
O2/L) (ug/L)

VCRW-1S
3/9/2017 12:00 2700 100 24 180

3/24/2017 10:45 1800 150 14 120 100

VCOW-1D 3/9/2017 10:15 11000 6,800 150 710
3/24/2017 9:30 7400 2,000 150 620 190
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Dual-Well Pilot Test Schematic
Vapor
Treatment

Blower

Water 
Flow

Injection Well
TD: 40 ft

Extraction Well
TD: 40 ft 

35 ft

Vacuum: 7-in Hg

Drawdown: 8-ft

Injection Head: 6-ft
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TO VAPOR 
TREATMENT UNIT

REMOVAL TUBE

EXTRACTION WELL

WATER TO 
INJECTION WELL

Dual Well Pilot Test

A gas station site in New York

Separate Extraction Well (EW) and 
Injection Well (IW) were used
Depth to water  ~32 ft

Total depth of EW and IW is 40 ft.

Distance between EW and IW is 35 ft. 

Applied Vacuum at the Extraction well 
drop tube is 7-inches of Hg
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Dual Well Pilot Test, EW Wellhead 

Injection 
Well

99

Extraction well head and air/water separation column. 
Clear 4-inch container was used to measure water flow.
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Dual Well Pilot Test 
Information

•1 Day Test
•Over 32 ft ROI for vacuum 
Response

•Over 27 ft of ROI for Water 
Drawdown

•Extraction Well had over 8 ft. 
Drawdown

• Injection Well had over 6 ft. of 
head
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Calculated zone of influence based 
on distance drawdown and distance 
head graphs. Considering water flow 
from High elevation to lower 
elevation when there is a 6 feet of 
head in one well and 8 feet of 
drawdown in the other it is almost 
imperative that extraction well to 
capture over 90 % of the injected 
water. 

Calculated Zone 
of Influence
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A two-dimensional analytical model was 
prepared to evaluate steady state condition of 
the recirculation cell. Model show that 100% of 
the injected (release) water is recaptured by the 
extraction (collection) well. This will make a 
closed loop treatment cell.

Modeled Zone of 
Influence
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Zone of influence of 
drawdown and water 
mound based on water 
level drawdown data 
collected during the 
pilot test.

Field Zone of 
Influence
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Dual Well Pilot Test 
VOC Stripping

Sample Location Benzene Ethylbenzene MTBE Toluene Xylene (Total)
Extraction Well 670            2,000            49         310       4,700              
Injection Well 9                24                 4           30         81                   

% VOC Stripping 99% 99% 92% 90% 98%
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Dual Well Pilot 
Test Results

With ~7-inches Hg Vacuum and ~55 CFM vapor flow lift 
water from 40 feet bgs.  

EW 8 feet of drawdown  in 5 minutes and sustained. 

IW had a 6 feet water mound and sustained that. 

Can recirculate groundwater 3 – 4 times in a year within 
35 feet ZOI 

40 feet ZOI for vacuum with directional response.

Over 90% to 98% VOC stripping.
 
Elevated CO2 and CH4 and DO
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Workshop - 02

MODULE-04
 Remediation Case Studies



Case Studies
Chicago, IL

Charleston, SC

PFAS in Real Estate Transactions 
Two Case Studies from Illinois

1



2

Membrane Interface Probe (MIP) or MiHPTCase Study I : Manufacturing Operation (1940s to 1980s) – Chicago, Illinois

Geology:
0-3’ Urban Fill 
3-11’ Silty Clay (Lacustrine)
11-25’ Dense Clay Till (Glacial)

Hydrogeology:
Groundwater at 8’ BGS
Flow to the South-Southeast

Investigations:
1) Limited Phase II (9 Borings)

2) MiHPT Investigation (32 Borings)

3) Soil Investigation (41 Borings)

TCE: 2,620 mg/kg

TCE: 24,600 mg/kg



3

Membrane Interface Probe (MIP) or MiHPT Area of Impacted Soil (>15 mg/kg):
12,000 Square Feet

Volume of Impacted Soil (>15 mg/kg):
3,700 Cubic yards

Depth of Impacts:
5-15 Ft BGS (Majority)
21’ Ft BGS (Maximum)

Estimated TCE Mass:
62,000 Pounds

Groundwater:
MW-2 and MW-5: Impacted
MW-3 and MW-4: Below ROs

Remedial Option:
Soil Blending with In-Situ Chemical 
Reduction - Zero-Valent Iron (ZVI)
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Membrane Interface Probe (MIP) or MiHPT
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Membrane Interface Probe (MIP) or MiHPT
5x5’ Grid

Bottom Elevation
Of Treatment

Area
(Ft AMSL)
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Membrane Interface Probe (MIP) or MiHPT
5x5’ Grid

Estimated
TCE Mass
(Pounds)
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Membrane Interface Probe (MIP) or MiHPT

475 Tons of Zero Valent 
Iron (ZVI)

GPS Readout in Cab

Soil Blending 
Equipment
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Membrane Interface Probe (MIP) or MiHPT
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Membrane Interface Probe (MIP) or MiHPT

Initial Six Months After Treatment

80% Reduction in TCE Mass
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Membrane Interface Probe (MIP) or MiHPT
Next Steps:

1) Targeted Injections in Recalcitrant Areas

2) Resampling of 12 (of 18) Confirmation Sampling (CS) Locations

3) Reinject (if Needed) – Three Events were Budgeted

4) Resampling of CS Locations not Meeting 15 mg/kg

Note: Remediation goal of 15 mg/kg for TCE was guaranteed by contractor
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Membrane Interface Probe (MIP) or MiHPTLessons Learned:

1) Utilize HRSC Tools & Investigate Thoroughly
 - Located an Additional Source Area
 - SICR & RAP Approved by Agency

2)    Use 3D Statistical Modeling
 - Mass Estimation 
 - Remedial Design & Implementation

3)    Perform a Bench Test
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Membrane Interface Probe (MIP) or MiHPTCase Study II : Former Gas Station – Charleston, South Carolina

10 Monitoring Wells

Free Product Present 
Near USTs

Benzene at 4,600 ug/L 
100’ North of USTs

Benzene at 870 ug/L 
Near Northern 
Property Boundary
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Membrane Interface Probe (MIP) or MiHPT
Steps:

1) Delineate the LNAPL using the Optical Image Profiler / 
Hydraulic Profiling Tool (OIHPT)

2) Identify the subsurface plume in groundwater using the 
combined Membrane Interface Probe / Hydraulic Profiling 
Tool (MiHPT)

3) Evaluate and propose remedial options
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Membrane Interface Probe (MIP) or MiHPT

OIP Boring Location Map
Example Log – OIHPT-10
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Membrane Interface Probe (MIP) or MiHPTOptical Image Profiler (OIP) Investigation
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Membrane Interface Probe (MIP) or MiHPTOptical Image Profiler (OIP) – Map of the LNAPL
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Membrane Interface Probe (MIP) or MiHPTOptical Image Profiler (OIP) – Cross Section
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Membrane Interface Probe (MIP) or MiHPTOptical Image Profiler (OIP) – Cross Section
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Membrane Interface Probe (MIP) or MiHPTMembrane Interface Probe (MIP) Investigation
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Membrane Interface Probe (MIP) or MiHPTMap of the Dissolved 
and Sorbed Impacts

Note:
MiHPT Borings Not Performed 
Here Due to Strong Likelihood 
of High Impacts
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Membrane Interface Probe (MIP) or MiHPTCombined Cross Section
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Membrane Interface Probe (MIP) or MiHPTSource Area: Optimize the Placement of Extraction/Injection Wells or ORC Socks

PLAN VIEW

CROSS SECTION VIEW
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Membrane Interface Probe (MIP) or MiHPTDowngradient Plume in Groundwater

PLAN VIEW

CROSS SECTION 
VIEW
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Membrane Interface Probe (MIP) or MiHPTPermeable Reactive Barrier (PRB) the Treat Downgradient Plume in Groundwater

8’

85’

PLAN VIEW

CROSS SECTION 
VIEW

680 
sq. ft.



Lessons Learned

1) Utilize HRSC Tools
- OIP for LNAPL
- MIP for Sorbed and Dissolved Phase

2)  Use 3D Statistical Modeling
- Delineation of Impacts
- Optimize Remedial Design

3)  Leverage Biodegradation to Reduce Remedial Costs
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PFAS IN REAL ESTATE 
TRANSACTIONS 
Two Case Studies 
from Illinois



• PFAS in the Environment
• Recent Regulatory Highlights

• US EPA
• Illinois EPA

• Due-Diligence Challenges for EPs
• Case Studies 
• Questions

OVERVIEW





BIOSOLIDS/SLUDGE PFAS SOURCES

Source: pfas-initiatives-wastewater-sludge.pdf (michigan.gov).



• Illinois EPA PFAS 
Sampling Network 
(2020-2021)

PFAS in Community Supply Well Sources



PFAS REGULATORY HIGHLIGHTS

• US EPA
• Designation of PFOA and PFOS as CERCLA Hazardous Substances – May 9, 

2024 (effective July 8, 2024)
• PFAS Enforcement Discretion and Settlement Policy Under CERCLA - April 

2024 
• Guidance on how the US EPA will exercise enforcement discretion regarding PFAS
• Certain protections to “Parties” from PFAS response actions or costs under CERCLA - NOT 

protected from civil lawsuit

• Illinois EPA
• Updates to Part 620 GW Standards –  6 PFAS compounds, approval pending
• Part 742 (TACO) to be updated with PFAS – Date TBD???
• In the interim, non-TACO screening levels developed (May 2024)



Due-Diligence Challenges for EPs

• How should an EP evaluate known or potential PFAS releases?
• Prior to ASTM E1527-21

• Not evaluated

• After ASTM E1527-21
• Considered as emerging contaminants under “Non-Scope Considerations”
• Depending on User’s risk tolerance, possibly considered Business Environmental Risk 

(BER)

• After Recent 2024 PFOS and PFOA Haz. Designation
• Recognized Environmental Condition (REC)
• Are releases of other PFAS compounds considered BERs?



• Corn crib fire - Spring 2021
• AFFF used by FDs to mitigate 

fire and protect livestock
• Release identified in 

environmental database

PROPERTY

• Phase I ESA - Fall 2023 
• Farmstead property 

surrounded by soybean and 
corn crops

• Res. development to south, 
owners on shallow bedrock 
wells

Case Study #1 – Suspected PFAS During Due-Diligence



Surface
Topography

Round 1 Investigation 
72 samples total

Surface Water Drains Away



Round 1 Investigation 
72 samples total

PFHxA in Soil
SCGI SL = 9.25 ug/kg



PFOS in Soil
SCGI SL = 0.61 ug/kg

Round 1 Investigation 
72 samples total



Round 2 Investigation
158 samples total

PFOS in Soil
SCGI SL = 0.61 ug/kg



Round 3 Investigation
209 samples total

PFOS in Soil
SCGI SL = 0.61 ug/kg



Hay 
Storage



• Then What???



What Happened?
• Further “What If” IEPA Discussion 

• Non-TACO screening levels used to evaluate data
• Path forward to Focused NFR in SRP - same process as other COCs
• Deeper groundwater evaluation required despite geotechnical borings 

showing thick clay sequence to 25 ft bgs 

• Attorneys got involved and data shared with owner
• Buyer/investor’s risk profile requires off-site disposal of soils 

exceeding non-TACO SCGI screening levels



What Happened?
• Profile approved as non-hazardous special waste at sub-title D 

landfill
• Estimated cost for off-site soil disposal ($85-90/ton) 

• AFFF Impacted Soils – $50,000-55,000
• Hay Impacted Soils (extent not final) – At least $1MM

• Who pays for cleanup?
• Buyer ultimately walked from deal 



Takeaways & Lessons Learned – Phase 1
• Look for hay storage or processing on OR adjacent to a 

property
• Evaluate historical aerials  - ERIS/EDR/, Nearmap, 

Google Earth
• Bio-sludge applied on the hay source soils? 
• Before initiating Phase II ESA, if possible, collect and 

analyze a sample of hay for PFAS



• Source of PFAS impacts can dictate design of sampling 

• AFFF source = denser sampling
• Bio source = more contingency/step-out sampling

• Rather than monitoring wells, use groundwater profile 
sample tooling to collect discrete GW samples and identify 
flow zones using HPT 

Takeaways & Lessons Learned - Phase 2



• What lab method is acceptable? 
- ASTM D8421/8327  - faster TAT and lower price, IEPA had 
approved for project)
- Method 1633 (approved by US EPA in January 2024 for all 
matrices)

• Are there soil standards established to screen against data?
• Consider running leach testing (SPLP) for marginal 

exceedances in soil for SCGI pathway 

Takeaways & Lessons Learned - Phase 2



• Field Considerations

• Use driller that has sampled for PFAS before
• Uses “PFAS-free” equipment and materials 
• Provides data for their water source

• Develop internal SOPs for sampling, project QAPP (if possible)

• Ensure materials used by field staff for sampling, PPE, etc. are “PFAS-free”

• QA/QC sampling is important – collect blanks (equipment, field, trip)

• If using method ASTM D8421/8327, collect splits for Method 1633 

Takeaways & Lessons Learned - Phase 2



Case Study #2 – Possible PFAS During Due-
Diligence Investigation

• 700 Acre Farm Field

• Known Application of Biosolids

• Sampling Area Divided into 32 
Composite Cells
- 119 Total Samples
- 2-4 Grab Samples per Cell
- One Composite Sample Per Cell (32)



Case Study #2 – PFAS Discovered



Case Study #2 – Map of PFAS Impacts

• 31 out of 32 Composite Samples Exceeded the 
Residential Ingestion Objective for PFOA 
(Purple)

• C15 Did Not Exceed Any Objective for any PFAS 
Compound (Green)

• C8 Exceeded the Industrial/Commercial 
Ingestion Objective for PFOA (Blue)

• The 4 Individual Samples in Composite C8 were 
Analyzed



Case Study #2 – Grab Samples Analyzed From 
Composite C8

Only P8-7 
Exceeded the 

Industrial 
Commercial 

Objective              
(0.195 mg/kg)

Zoom In



Case Study #2 – Future PFAS 
Delineation

• Exceedance (P8-7) in Red

• Impacted Area (To Clean Samples)
 - 8.11 Acres (520’ x 680’)
 - 26,000 CY (Assuming 2’ feet thick)

• Goal: Reduce the Footprint and 
Volume of Impacted Soil with 
Additional Sampling (18 Samples)



Case Study #2 – Solutions

• Excavate and Dispose of the Impacted 
Soil Once Delineated

• Cover the Exceedance with Three Feet of 
Clean Soil (Meets Residential Objectives)

• Soils from Cell C15 Meet the Criteria of 
Clean Soil 



Discussions

JHA Environmental, Inc. 
15375 Barranca Parkway, Suite J-101, Irvine, CA 92618

Ph: 949-453-1045, www.jhainc.com 
  

THANK YOU 

James Depa 
jdepa@jhainc.com

Mehmet Pehlivan 
mpehlivan@jhainc.com
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