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The Problem…

A Solution…

Historical approach to contaminated sites does not fully 
consider sustainability concepts.

Develop tool to help AFCEE environmental professionals 
incorporate sustainability concepts into their remediation 
decision making process (e.g., PBM, RRM, ERP-O) for 

i) planning future remediation implementation

ii) optimizing operating remediation sites
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Tool Distribution

The tool will be available as freeware from the US Air Force 
to all interested parties.

Input
Input

Design

Materials & 
Consumables

Output: 
Sustainability 

Metrics
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What the Tool Does
Estimates sustainability metrics for specific 

technologies:
1. Excavation

2. Soil Vapor Extraction

3. Pump and Treat

4. Enhanced Bioremediation

The Air Force Center for Engineering and the Environment (AFCEE) 
intends to add additional technology modules in the future.
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What the Tool Does

Sustainability metrics developed:


 

Carbon dioxide emissions to atmosphere



 

Total energy consumed



 

Change in resource service



 

Technology cost



 

Safety / Accident risk

AFCEE intends to add additional metrics in the future.
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Tool Structure

Input
Input

Design

Materials & 
Consumables

Output: 
Sustainability 

Metrics
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GW

Soil or 
Groundwater?

Soil

SVE Yes

No

No

Design Rules of 
Thumb & Materials & 

Consumables
Pump & 
Treat?

Biodeg

Yes

No

Yes

No

Excavation?

Tier 1 Tier 2

Design Rules of 
Thumb & Materials & 
Consumables

Design Rules of Thumb & 
Materials & Consumables

• CO2 (tons)
• Energy (megajoules)
• Cost ($)
• Safety/Accident Risk (lost hours)
• Resource Service Change

3

2

1

“Non-normalized” and “Normalized”

Outputs:

Yes

Design Rules of 
Thumb & Materials & 

Consumables

Tier? 

Same structure 
as Tier 1, except 
with user defined 
design inputs 
instead of design 
rules of thumb
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Levels of Complexity for Calculation Tools

GW Modeling


 

Hand calculations



 

Analytical models



 

Numerical models

Sustainability (?)


 

Hand calculations



 

Spreadsheets



 

F.B. Life Cycle 
AnalysisIn

cr
ea
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ng

C
om

pl
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ity

LOW

HIGH
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Framework:  
Tiers of Varying Detail

Calculation 
Basis: “Rules of Thumb” User-entered 

detailed design

1 - 2  hrs 1 - 2 days

Tier 1 Tier 2

Like RBCA 
Toolkit!

Time 
Required:

Tier 1 Advantages Tier 2 Advantages
 Shorter execution than Tier 2

 Extensive built-in defaults

 Simpler user inputs



 

Most appropriate before a 
Feasibility Study

 More site-specific results

 More default user-overrides



 

Most appropriate after a 
Feasibility Study



 

More appropriate for 
optimization of existing systems
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Example Carbon Emission Calculation

2,500 lb PVC x x x

= 2 metric tons CO2 emitted        “Non-normalized” natural units

x = $12 CO2 offset     “Normalized” $ units

0.453 kg

1 lb

2 lb CO2

1 lb PVC

0.001 metric ton

1 kg

$6

1 ton CO2
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Example Energy Consumed Metric

32 gal gas x          = 4,800 MJ energy                          

“Non-normalized” natural units

32 gal gas x          = $128             

“Normalized” $ units

150 MJ

1 gal gas

$4.00

1 gal gas
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Example Resource Service Metric

Treatment Volume
Before: 1,000,000 gal

After: 100,000 gal

Plume Reduction = 900,000 gal



Class I

Class IIa

Class IIb

Class III

Private water well or 
spring  or within 

watershed designated for 
WQP

Water Supply Well 
(>2,500 people) 

OR
Discharge to Ecologically 

Vital System

1

Value 
Multiplier*

1.25

Yes

No

Yes

No

YesTDS < 10,000 mg/L 
AND

Yield > 150 gpd

No

YesTDS  > 10,000 mg/L 
OR 

Yield < 150 gpd

Value 
Multiplier*

1.0

Value 
Multiplier*

0.5

Value 
Multiplier*

0.1

A
FC

EE
 S

R
T:

H
ow

 D
oe

s 
It 

W
or

k?

GW 
Resource 

Value 
Calc

(GW Classes from 
U.S. EPA, 1986) * If Used
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Safety / Accident Risk Example

(1,000 hrs worked + 400 hrs traveled) x  

+ (100 miles traveled) x 

= 9.5 x 10-5 injuries                     “Non-normalized” natural units

2.7 x 10-9 injuries

1 hr worked
91 injuries

100,000,000 VMT

“Normalized” natural units:  not calculated

Risk of non-fatal injuries derived from the US Bureau of Labor, 2006
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Tier 2 Case Study Site
■

 

Existing large-scale groundwater extraction 
and treatment system

■

 

Operating since 1999
■

 

Pumping over 3,500 gpm, through 17 wells
■

 

Approximately 300 lbs TCE removed / year 
using activated carbon

■

 

System optimized on a regular basis

■

 

Sandy aquifer
■

 

Low concentrations of trichloroethene 
(TCE)

■

 

Average contaminated aquifer 
thickness: < 100 ft

■

 

Models predict pumping for additional 
47 years to reach MCLs

Site 
Stats:

Plume 
Stats:
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Five Metrics for GW Remediation: “Non-normalized”
Pump & Treat over 47-year projected lifetime

CO2 Emissions…………..…..………………………….57,000 tons
lb CO2 / lb dissolved mass……………..160,000 lb / lb

Energy Consumed.…………………….920,000,000 Megajoules
Cost…………………………..………………….……….$58,000,000

Cost / lb dissolved mass……………………$80,000 / lb
Safety / Accident Risk……………………………...1.7 injury risk

Lost work-time……………………………..83 lost hours
Change in Resource Service

Plume reduction…………………..1,700 million gallons
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Five Metrics for GW Remediation: “Normalized”
Pump & Treat over 47-year projected lifetime

Converting metrics to dollars gives a common baseline.

CO2 Emissions…………..…..……………………………..$340,000
Energy Consumed.……………………………………..$8,700,000
Cost (minus energy costs)………………….……….$49,000,000
Change in Resource Service

Economic gain………………………………… -$430,000
Ecologic gain……………………………………. -$50,000

TOTAL $58,000,000

Gains 
reduce the 
total cost
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CO2 Scenarios

Years

$ 
/ T

on

6

Business- 
as-usual

Years

20-40

Bank of 
America$ 

/ T
on

Years

300 CO2 
Constrained 
World$ 

/ T
on

Increasing 
15% / yr

Steady at 
$30 / ton

Steady at 
$6 / ton
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EXAMPLE:
CO2 Scenarios and Net Present Value Calculations

EXAMPLE:
CO2 Scenarios and Net Present Value Calculations

Using a given capitalization rate, the tool calculates the net present value of CO2 
offset costs in three different future scenarios.

1 Pump & Treat calculations assume all PVC, Steel, Diesel, and capital-phase gasoline are used in capital phase; all other materials 
and fuel are used in O&M phase.

CO2 Scenario Values

Net Present Value 
Calculations
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Energy Scenarios

Years

$ 
/ k

W
h

Business- 
as-usual

Years
Years

Increasing 
Energy 
Cost$ 

/ k
W

h

Increasing 
10% / yr

Years

Available but 
Expensive

$ 
/ k

W
h

Increasing 
5% / yr

Steady at 
$0.10 / kWh
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Stakeholder Roundtable Feature: Reaching a Consensus
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Starting cost is different than 
consensus cost

KEY POINT: 

Stakeholder Roundtable Feature: Reaching a Consensus
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Where We Are

Where We Are Going

 Beta testing
 First Round  released January 16, 2009

 Review comments due February 20, 2009

 Release of SRT following compilation / updating

 ~ 4 - 6 Weeks

 Additional technology modules

 Additional metrics (?)

 Integration with RACER™ costing tool 
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Questions / Discussion
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