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AFCEE SRT:

SRT ™ The Basics

The Problem...

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

A Solution...

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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AFCEE SRT:

SRT ™ The Basics

What the Tool Does

Sustainability metrics developed:
1. Carbon dioxide emissions to atmosphere
No, emissions to atmosphere
SO, emissions to atmosphere
PM,, emissions to atmosphere
Total energy consumed
Change in resource service

Technology cost

© N o g M w D

Safety / Accident risk
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AFCEE SRT:

SRT ™ The Basics

What the Tool Does

Estimates sustainability metrics for specific technologies:

Soil
»  Excavation
»  Soil Vapor Extraction
» Thermal Treatment
Groundwater

» Pump and Treat
Enhanced Bioremediation
In Situ Chemical Oxidation

Permeable Reactive Barrier

YV V VYV V

Monitored Natural Attenuation / Long-term Monitoring
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AFCEE SRT:
The Basics

Tool Structure

Materials &
Consumables

Output:
Sustainability
Metrics

:
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Same structure
W with user defined

design inputs
instead of design

rules of thumb.
es ) Design Rules of Thumb &
Design Rules of Thumb & P Materials & Consumables
Materials & Consumables
Design Rules of Thumb &
Design Rules of Thumb & Materials & Consumables
Materials & Consumables
Design Rules of Thumb &
Materials & Consumables
Design Rules of Th
Materials & Consumables
Design Rules of Thumb &
Materials & Consumables

o) Soil or
Groundwater?

Design Rules of Thumb &
Materials & Consumables

=
“Non-normalized” and “Normalized”
» CO, (tons) » Safety/Accident Risk * NO, (tons)
« Energy (megajoules) (lost hours) (not normalized) « SO, (tons)
« Cost ($) * Resource Service Change * PM,, (tons) 6

Outputs:

ad
AFCEE SRT:

SRT ™ How Does It Work?

Example Carbon Emission Calculation

21b CO, 0.453 kg 0.001 metric ton
2,500 b PVC x —— X —x —————

1Ib PVC 11lb 1 kg
= 2 metric tons CO, emitted “Non-normalized” natural units

$6
1ton CO,

= $12 CO, offset  “Normalized” $ units
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AFCEE SRT:
How Does It Work?

Example Resource Service Metric

Treatment Volume
Before: 1,000,000 gal

100,000 gal

Plume Reduction = 900,000 gal
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AFCEE SRT:
The Basics

SRT

Framework:

RIELEY> Tiers of Varying Detail
Toolkit!

Calculation T 7 User-entered
Basis: Rules of Thumb detailed design

Time _
Required: £od s

1-2days

Tier 1 Advantages Tier 2 Advantages

v Shorter execution than Tier 2 v More site-specific results

v Extensive built-in defaults v More default user-overrides

v’ Simpler user inputs v Most appropriate after a

v Most appropriate before a Feasibility Study

Feasibility Study v More appropriate for
optimization of existing systems
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SRT

Levels of Complexity for Calculation Tools

AFCEE SRT:
The Basics

GW Modeling

» Hand calculations

Sustainability (?)
) Hand calculations

SRT

» Analytical models

F.B. Life Cycle
Analysis

» Numerical models

Increasing
Complexity

Integrity - Service - Excellence
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AFCEE SRT:
The Basics

GW Modeling

» Hand calculations

Sustainability (?)
) Hand calculations

» Analytical models SRT

F.B. Life Cycle
Analysis

> Numerical models

Increasing
Complexity
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AFCEE SRT:

SRT ™ Case Study
Tier 2 Case Study — Groundwater Only

m Primary contaminant: trichloroethene (TCE)
Inputs:
m 2,300 m3 source zone

m Typical concentration: 100 mg/kg

m Well-graded sand

m Average contaminated thickness: 6 meters

m Groundwater plume: 100 x1068 liters and shrinking
m 1 hectare wetland is impacted by discharge

. m Thermal Treatment (1 year)
compared with
m Monitored Natural Attenuation (30 years)
m_Monitoring twice per vear

Key Question: What are the effects of a short, intensive

treatment versus MNA?

Integrity - Service - Excellence
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AFCEE SRT:

SRT ™ Case Study

Thermal Treatment: “Non-normalized” Metrics

CO,EMISSIONS. ... 1,300 tons
kg CO2 /kg dissolved mass................. 3,400 kg / kg
NO, EMISSIONS.......ccooiiiiiii 7.4 tons
SO, EMISSIONS....coiiiiiiiiiii e 14 tons
PM; o EMISSIONS......oiiii 2.6 tons
Energy Consumed..............ccoevenineee 20,000,000 Megajoules
(000 153 FUT P $560,000
Cost/Ib contaminant................ccoooeieinnn. $1520/ kg
Safety / Accident Risk............................ 1 x 10 injury risk
Lost work-time.............c.oooeiiinnie 0.005 lost hours
Change in Resource Service
Plume volume reduction................. 90% reduction

Wetland.......oooviei s Restored 1 hectare =
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AFCEE SRT:
SRT ™ Case Study
Thermal Treatment: “Non-normalized” Metrics
CO,EMISSIONS....ovviiiiiiiiii 1,300 tons
kg CO2 / kg dissolved mass.............. 3,400 kg / kg
Energy Consumed...........c..ccceeennnenn. 20,000,000 Megajoules
(000 1] FUT $560,000
Safety / Accident Risk........................... 1 x 10*injury risk
Lost work-time..........ccovvvieiiinnnnn, 0.005 lost hours
Change in Resource Service
Plume volume reduction................. 90% reduction
Wetland.......c.coveiiiiiii i Restored 1 hectare
14
N
AFCEE SRT:
SRT Case Study

Thermal Treatment: “Normalized” Metrics

CO, EMISSIONS....iviii i $2,600
Energy Consumed...........ccoooiii i $180,000
Cost (MinuSs energy CoOStS)....cviiiieiieeiiiiaaineineaene, $380,000
Change in Resource Service
Economic gain.................\ -$16,000
Ecologic gain................ ¢ reduce the -$55,000
total cost
TOTAL $492,000

Converting metrics to dollars gives a common baseline.

i3
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AFCEE SRT:
SRT ™ Case Study
Monitored Natural Attenuation: “Non-normalized” Metrics
CO,L,EMISSIONS....coii i 2.6 tons
kg CO2/kg dissolved mass.................... 3 kg / kg
Energy Consumed..............coveieiiieinnnen. 30,000 Megajoules
(0 1] PR $370,000
Safety / Accident Risk.......................... 2.7 x 103 injury risk
Lost work-time............ccoiiviii e, 0.13 lost hours

Change in Resource Service

Plume volume reduction................. 90% reduction
Wetland.........cooovii Restored 1 hectare
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AFCEE SRT:

SRT Case Study

Monitored Natural Attenuation vs. Thermal:
“Normalized” Metrics
MNA Thermal

CO,EMISSIONS....uuiviiiiiiiiiiee e $5 $2600
Energy Consumed..............cooveveiininnnns $370 $180,000
Cost (minus energy costs)............... $370,000 $380,000
Change in Resource Service
Economic gain..................... -$1,600* -$1600
Ecologic gain..................... -$55,000* -$55,000
TOTAL $341,000 $492,000

*However, this benefit occurs 30 years from now....

Stakeholders can then decide whether varm rengar or
naturlig renggr is better for the given site!




AFCEE SRT:
Case Study

itored Natural Attenuation vs. Thermalg

“Normalized” Metrics
MNA

ermal

CO,EMIiSSiONSWEN................oovnieneannns $2600
Energy Consumelg@lN. .................., $180,000
Cost (minus energy $380,000

Change in Resource Serv
Economic gain..... -$1600
Ecologic gain., -$55,000

TOTAL | $492,000

AFCEE SRT:

Case Study

SUSTAINABLE REMEDIATION TOOL
Imstncans:

1. Enter Project Information. = ENier your dath hire. Chck Bumon 55 the right of e cel for h
Sae N, EXAMPLE SITE - 3 cetaut v o your gwn
e — h\ = Comid vk Yo e g
ek ay Bt

o Calcuation| Cagawanaoalm -] |
SRT

2. Choose Environmental Media

Soil... -0 Groundwater.

Excavation 1 Pump & Treat
[ SDiI[npan' 7] » Output Vo v GWinput » Output

SVE Enhanced Boremediation |

0 St Chom, Ooddation (IS00)

Permeable Reactive Barmier (PRE) |

[Copyright AFCEE 2009. All rights reserved. MHALTM

|DRAFT 01 Oct 2009
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AFCEE SRT:

SRT Case Study

= Caleulated valus. You cannat changs this.

SOIL/SOURCE INPUT = Enter your data here. Click buttan ta the right of the cell for help.
= Use this default value ar override with your oun.
EXAMPLE SITE

Fasts Tier 2 Example
Clear Soil hputs
Area of Affected Soi 4050 |2 =
Depth to Top of Affected Soil 5 ft N
Depth to Bottom of Affected Soil 25 # You are here Next: Choose Technologies
Depth to Groundwater 20 R I Excavstion

I™ Soil Vapar Extraction *[ Resuts |
SoiType| Sand (well graded) | _| ® Trermai Testrert |

Contaminant Class cvocs d _

Max Concentration 200 markg

Typical Concentration| 100 |mgskg

Contaminant mass“fbs M

Calculate natural resource serwne'—'m
Depth to
groundwater Depth to bottom

Land Value (in current state; 510,000 facre §
£ H = of affected soil
Increase in economic value due to project Medium - —
Benefit to ecological service value due to project Hedium )
Current ecosystem setting Cropland - =
Future ecosystem sefting Cropland =
Integrity - Service - Excellence 20

AFCEE SRT:
Features

SRT

CO, Scenarios

as-usual Bank of

America

Integrity - Service - Excellence 21




AFCEE SRT:
Features

EXAMPLE:
CO, Scenarios and Net Present Value Calculations

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

NPV CALCULATION - CARBON DIOXIDE EMISSIONS

Capitalization Rate 003
Business as Usual 2 =1_|% perton per year (base rate)
Bank of America 40 =15 per ton per year

Carbon Constrained Waorld 01 Wear 1
PUMP AND TREAT' \~,\
tons COZ CO, Scenario Values

Capital phase
O&M phase tons CO2 p
| Net Present Value

Duratian [ T e Calculations

Eusiness as Usual Eiank of America Carbon Constrained Tem
$100,000 2,100,000 $10,000,000 |’
$56,000 $1,100,000 $3,200,000 —|

1Pump & 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.

SRT

Stakeholder Conference Table

Integrity - Service - Excellence 117282085




AFCEE SRT:
Features

GROUNDWATER ROUND TABLE - WEIGH THE RESULTS

Person 1 Person 2 Person 3 Person 4 Person 5
Carbon Dictide Emissions to Atmosphere | High - hfedium - Lo - Dontlse - e dium i
Total Energy Consumed hedium I~ Lowy - DontUse - High - Medium -
Technology Cost Lo hd DontUse - High - tedium - Loy -
Change in Resource Service for Land | High j | hdedium j | Loy j | DontUse j | High -
Integrity - Service - Excellence 24

Stakeholder Roundtable Feature: Reaching a Consensus

Monitored Matural Attenuation / Long-term Monitering
Normalized/Cost-based Starting Point

Consensus (Average) Results
dollars 547
$360.

Carbon Dioxide Emiz=ions to Atmozphers 552
Total Energy Consumed 2400
Technology Co=t iR

Change in Rezource E'yervioe_

KEY POINT:
Starting cost is different than

5300,000.

consensus cost

Integrity - Service - Excellence 25




AFCEE SRT:
The Basics

Is it free? - Yes!

The tool is available as a free download from the US Air Force to all
interested parties.

http://www.afcee.af.mil/resources/technologytransfer/programsandinitiatives/sustainableremediation/index.as

or Google:

SRT AFCEE

or email me
cjnewell@gsi-net.com

26
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Questions / Discussion
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Stakeholder Conference Table

» Customizable Stakeholders

> Visual Representation

> Metric Weights

» Output Comparison of Weights
» Poll of Stakeholder Input Weights

» AFCEE PPC Tool W4 \

Integrity - Service - Excellence 117282055
S
\ AFCEE SRT:
SRT ™ Where We Are
Where We Are

» Release of SRT
» Released May 2009

> Available at
http://www.afcee.af.mil/resources/technologytransfer/

programsandinitiatives/sustainableremediation/

Where We Are Going

» Testing of version 2

» Integration with RACER™ costing tool

Integrity - Service - Excellence 29
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AFCEE SRT:

SRT How Does It Work?

Example Carbon Dioxide Emission Calculation

21b CO, 0.453 kg 0.001 metric ton
10,000 Ib PVC x —— x —— x ——

11b PVC 11b 1kg

= 9 metric tons CO, emitted “Non-normalized” natural units

$2
X 1tonCO, * $18 CO, offset  “Normalized” $ units

Integrity - Service - Excellence 30
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SRT

AFCEE SRT:
How Does It Work?

Example NO, Emission Calculation

0.003 Ib NO, 0.453 kg 0.001 metric ton
D —— X D —— I ———————————————

X

11b PVC 11b 1kg

10,000 Ib PVC x

= 0.014 metric tons NO, emitted “Non-normalized” natural units

“Normalized” natural units: not calculated

Integrity - Service - Excellence 31
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SRT

AFCEE SRT:
How Does It Work?

Example SO, Emission Calculation

0.011 Ib SO, 0.453 kg 0.001 metric ton
—— Y ——— I ———————————————

X

11b PVC 11b 1kg

10,000 Ib PVC x

= 0.05 metric tons SO, emitted “Non-normalized” natural units

“Normalized” natural units: not calculated

Integrity - Service - Excellence 32
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AFCEE SRT:

SRT ™ How Does It Work?

Example PM,, Emission Calculation

0.0002 Ib PM,, 0.453 kg 0.001 metric ton
10,000 Ib PVC x — — % — x —— —

11b PVC 11b 1kg

= 0.0009 metric tons PM,,emitted “Non-normalized” natural units

“Normalized” natural units: not calculated

Integrity - Service - Excellence 9
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AFCEE SRT:
How Does It Work?

Example Energy Consumed Metric

150 MJ
32 gal gas x —————— 4,800 MJ energy
1 gal gas
“Non-normalized” natural units

32 gal gas x $2.00

1 gal gas ) .
“Normalized” $ units

Integrity - Service - Excellence
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SRT

AFCEE SRT:
How Does It Work?

Example Resource Service Metric

Treatment Volume
Before: 1,000,000 gal

100,000 gal

Plume Reduction = 900,000 gal

Integrity - Service - Excellence




- Water Supply Well Value
% A\ (>2,500 people) Multiplier*
—_ OR
HJJ @) Discharge to Ecologically 1.25
Vital System
0 =
< 4=
; | No
()] Private water well or V"’}Iu_e
@) spring or within Multiplier*
[ watershed designated for
S No
¥ ' Value
TDS<Z;(\),,\IODOO mg/L Yes Class Iib Mu|tip|ier*
———
GW Yield > 150 gpd 0.5
Resource
No
TDS > 10,000 mg/L Yes Multiplier*
OR
(GW Classes from Yield/= 150igpd 0.1
U.S. EPA, 1986) «If Used
AFCEE SRT:

How Does It Work?

Safety / Accident Risk Example

2.7 x 10 injuries

1 hr worked

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

+ (100 miles traveled) x ————
100,000,000 VMT

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

“Normalized” natural units: not calculated

Risk of non-fatal injuries derived from the US Bureau of Labor, 2006

Integrity - Service - Excellence




AFCEE SRT:
SRT ™ Case Study

Monitored Natural Attenuation / Long-term Monitoring:
“Non-normalized” Metrics

CO,EMISSIONS....uiviiiiiiiiiii e 2.6 tons
kg CO2 /kg dissolved mass................... 3 kg/ kg
NO, EMIiSSIONS.......oviiiiiiiiiiiii 0.0025 tons
SO, EMISSIiONS......cciiiiiiii 0.0032 tons
PM; o EMISSiONS......cooiiiiii 0.0002 tons
Energy Consumed..............ccoveieiieinnnen. 30,000 Megajoules
(000 153 ST $370,000
Cost /kg contaminant..............c.ccooeeveninnnn. $460 / kg
Safety / Accident Risk..................ooo. 2.7 x 103 injury risk
Lost work-time............ocoii v, 0.13 lost hours
Change in Resource Service
Plume volume reduction................. 90% reduction
Wetland..........cooiiiiiiii Restored 1 hectare .,

AFCEE SRT:

Case Study
i | sl ey e
M:'...o.i:.';.;.:.. -:.: h';.:" h.:—' ‘"-.“ e =— "_‘--«L-c-w ..:,v..:,. ! St T e s
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SRT

AFCEE SRT:

Case Study

Non-normalized
Calculations in natural units

Carbon Diozide Emissions to Atmosphere

3,400,

Total Energy Consumed J

20,000,000.

5,600,000.

Normalize? || % Yes © No

Normalized/Cost-based
Results converted to dollars

Carbon Dioide Emissions to Atmosphere MO, =1n P Total Energy Consumed
Adiarns Felisrs
Excavation [N
SV [N seerarios Nt cabuired || e cabuiied
Thermal 2,600

Integrity - Servi
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AFCEE SRT:

Case Study
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\ AFCEE SRT:

SRT ™ Case Study

Non-normalized

Calculations in natural units
Carbon Dictide Emissions ta Atmasphere |
BT, perdh
ST T

Total Energy Consumed |

tons 06 - _| Megsivuies s

Pump & Treat
Enhanced Bio.
1SCO
PREB

MNA ! LTM 26 29 Qoo2s | ooose 00002 30000

Normalized/Cost-based
Results converted to dollars

Carbon Dioxide Emizsions to Atmasphere mO, £0, Pr Taotal Energy Consumed
Gllars scenarios clulars . Scanarios
Pump & Treat
Enhanced Bio. (IS
1sco [ Nt caiveisted Wit cateisted Wit caenisted
rre [
s ¢ Lvoo [T

42
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AFCEE SRT:
Features

SRT

Energy Scenarios

Increasing
Energy
Cost

Business-
as-usual

Available but
Expensive
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