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Sustainability in AF Remediation:

Problem & Solution

The Problem...

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

A Solution...

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

1) planning future remediation implementation
I1) optimizing operating remediation sites

Tool will be available as freeware from US Air Force

Integrity - Service - Excellence



Sustainability in AF Remediation:

Context

Of particular interest to DoD is new paradigm for remediation
propelled by Executive Order (EO) 13423, January 2007.

Call to operate in “sustainable manner” leaves government
environmental restoration professionals with need for tools to help
develop sustainable remediation practices.

Sustainable
humans and nature productive harmony

fulfilling social, economic, and other requirements of present
future generations
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Sustainability in AF Remediation:

et Key Issue

How to Measure Sustainability?

Metrics can quantify sustainability. Requires broad system view
combined with detailed, LCA-style approach in which impacts of each
process step summed and considered in overall decision-making
process.

At present, remedies tend to follow CERCLA Nine Criteria for RIS/FS

and Selection of Two -
300.430(e)(9)(iii)). Threshold 9 Modifying

=T | <
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Sustainability in AF Remediation:

Key Issue

The CERCLA Nine Criteria are:

»Threshold Criteria

»Overall protection of human health and the environment
»Compliance with ARARs

»Primary Balancing Criteria
»Long-term effectiveness and permanence
»Reduction of toxicity, mobility, or volume
»Short-term effectiveness
»Implementability
»Cost

»Modifying Criteria
» State / Support agency acceptance
»Community acceptance
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Sustainability in AF Remediation:

Key Issue

However, many of CERCLA Nine Criteria not easily quantifiable or
comparable. In order to evaluate sustainability, several new metrics
become a part of the remediation process. These include:

» Carbon dioxide emissions
» Energy consumption

» Change in resource service

» Worker safety

Integrity - Service - Excellence



Sustainability in AF Remediation:

What the Tool Does

Estimation of modified / new metrics in easy-to-use tool provides
way to consider sustainability of various remediation technologies
while circumventing time-consuming hand calculations.

Built on Microsoft Excel platform.

Calculates sustainability metrics for specific remediation
technologies (additional technologies are currently being added):

» Soil Technologies
» Excavation
» Soil Vapor Extraction

» Groundwater Technologies
» Pump and Treat
» Enhanced In Situ Bioremediation

Integrity - Service - Excellence



Sustainability in AF Remediation:

as Metric Outputs

SRT sustainability metrics calculated are the following (additional
metrics to included are being evaluated):

» Carbon dioxide emissions to atmosphere
Total energy consumed
Change in resource service

Technology cost

YV V V VY

Safety / Accident risk
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Sustainability in AF Remediation:

SRT Structure

AFCEE Sustainable Remediation Tool

for System Selection and Optimization

Qutput:
Sustilllitiil}ahility
Metrics

=HE

Start About ‘ User Guide
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Sustainability in AF Remediation:

SRT Framework

Like RBCA Tiers of Varying Detall
Toolkit!

SRRl Rules of Thumb e ematon fran”
asts: detailed design

Time

: 1 -2 days
Required: U

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

Feasibility Stud
v Most appropriate before a y U

Feasibility Study v More appropriate for
optimization of existing systems

Integrity - Service - Excellence



Site Basics

Same structure as
Soil or Tier 1, except with
Groundwater? Which Tier? user defined desig
inputs instead of
design rules of
thumb

Design Rules of Thumb &

RS (RS ©F UWIl9 ¢ Materials & Consumables

Excavation? Materials & Consumables Pump & Treat?

Ex: 12 cu yd dump truck volume Ex: pump rate based on capture

zone equation

Design Rules of Thumb & 8 Design Rules of Thumb &
Materials & Consumables Bioremediation? Materials & Consumables

Ex: # wells calculated from affected area Ex: 20 foot injection well spacing

Soil Vapor
Extraction?

Outputs: Results & Roundtable
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Sustainability in AF Remediation:
Basic Input Screen

- Once opened and saved, user taken to the Main Screen.
- Enter Site Name and Location.

- Choose Site/Project Phase for calculation. For an existing system,
choose “O&M only.”

_ Choose Tier 1 or Tier 2.  SUSTAINABLE REMEDIATION TOOL

1. Enter Project Information

Site Name |Example Site
Location|Anyvwhere, Alaska
Site/Project Phase for Calculation| cagital and O&M - ﬂ
& Tier1 " Tier2
2. Choose Soil...

Recommended flow:

2|

Soil Input |—> -

or Groundwater...

Recommended flow:

Integrity - Service - Excellence 12



Sustainability in AF Remediation:
s Soil Input Screen

- After choosing Tier 1 or Tier 2, choose Soil Input or Groundwater (GW) Input.

- Enter site data in white cells.

- See tool calculated values in dark gray cells.

- Use in-tool help anywhere you see this icon.

L

SOILISOURCE INFUT

b g et vt ol B i D il i B ol i P
Vikie thi der el v i (1 Ureerele vtk o e
 Cacdaed valos Wa cannor charge dhir Fate The 1 Bample

camiess |

- Ll e )
(=]
el iahas [ Surmenl Sae Sracre wn r qu-p;_n 1_.:;6' (Illm
Frirparss v weke s |s oo = of affected so v

DBeneft o ecolgicsl nervice wsle dus 1o progect
LT e e T
T e L I

-

W4 ¢ M ManSoeen ) InputSnll J BODesgn f SvDesion  CutputSol f Input@W PTDesign f FRDesgn f Qutpunaw

Integrity - Service - Excellence
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Sustainability in AF Remediation:
s Soil Technology Input Screen

- On each technology design screen.

- Enter site data in white cells and

- Override any default values in light gray cells. Overridden defaults and
subsequent calculations will turn to red text. Defaults can be restored by
clicking “Restore Defaults” button.

EXCAVATION - TIER 1 s Erer your daca bere. Clhck bumon no dee right of the cell for elg.
S SLIER Hink i Sl ke O ST WAl i S [ '1:
o o Cabpulated va, Tou ol charge this. -
—— — Shezw ot I
CAPITAL and DEM
Dasign for Managing Soll ~ S Tt
Aalie mibes oreen by prosec] leam (olal mles Tor ol lravvelers) §000 mies gy pray el
Avparaeys Diztarcs Troveked by She Workers per ore-wsary Brip 0 LTk
Trips By She Vorker s during ©onstnuction F] & far prosct et M [—| NP —
Trips by e Wiorkers afler oonstnachon 1 B e proyec s
Distance 1o DispOTal [one-wiy] mike s
Type of i5P0s8 | Hamwdous |
Wiokume of alfecied sol 20,000, vu i Matarials and Consumable Amounts used for Matrics
Wolume of afected sof cupd Diesel 1,300, gar
Gazoling 74 wat
Total hours to excavate 19, PErSOR-hoors
Mumber of loads for disposal 1. # Technology Cost
Total miles driven for disposal 5,100, miles
Total hours for fill dirt placement 7T hours
Mumber of loads of fill dirt 1. #
Total miles driven for fill 1,500, miles Project-specific Metrics (Add & Subtract/Offsets) " ves & No

M 4 » Ml MainScreen / InputScil % EXDesign ¢ SWDesign 4 OutputSol / InputGw 4 PTDesign / EBDesign / QutputGw / B

Integrity - Service - Excellence
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Sustainability in AF Remediation:
Example Material Calculation & Conversion

2 1b CO, 0.453 kg 0.001 metric ton
2,500 Ib PVC X ——m—— X — Y ——e

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

$5
1 ton CO,

= $10 CO, offset  “Normalized” $ units

Integrity - Service - Excellence 1o



Sustainability in AF Remediation:
e Example Consumable Calculation & Conversion

20.71 1b CO, 0.453 kg 0.001 metric ton
100 gal gas x =————————  —my————
1 gal gas 11b 1 kg

= 1 metric ton CO, emitted “Non-normalized” natural units

$5
1 ton CO,

= $5 CO, offset “Normalized” $ units

Integrity - Service - Excellence



Sustainability in AF Remediation:

Energy Consumed Metric Example

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

32 gal gas «x $4.00

1 gal gas _ _
“Normalized” $ units

Integrity - Service - Excellence Y



Sustainability in AF Remediation:

et Resource Service Metric

“Non-normalized” Resource Service metric is based on volume of plume that is restored
“Normalized” Resource Service Groundwater Valuation:

Change in ,
PWS well f drinki es Class |
Volume of R I—’-\ |
Affected GW e Multiply 1.25
v by $0.20 per

Ecologically Vital: Discharges | yes 11000 gal
into sensitive ecological
system

A4 .
Private water well or spring Yes Class Il A Multlply 1.0 by
or within watershed $0.20/ 1,000 gal
designated for WQP

No
A 4 .
Multiply 0.5 by
< ; Yes Class II B
Il?éo g1;)(,1000 mg/l & yield $0.20 / 1,000 ga|
No

A 4
TDS > 10,000 mg/l or yield ves Class Il Multiply 0.1 by
<150 gpd $0.20/ 1,000 gal

EPA (1986), Guidelines for Groundwater Classification under EPA
Groundwater Protection Strategy, Final Draft.

Integrity - Service - Excellence 18



Sustainability in AF Remediation:

Technology Cost Example

“Non-normalized” and “Normalized” units are the same

$400
10,000 yd® x =— = $4,000,000

1 yd3 Excavation
“Non-normalized” natural units

$400
10,000 yd® x =—— = $4,000,000

1 yd3 Excavation

“Normalized” $ units

Unit costs from Federal Roundtable

Integrity - Service - Excellence o



Sustainability in AF Remediation:

Safety / Accident Risk Example

2.7 x 10° injuries

1 hr worked

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

100,000,000 VMT

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

+ (100 miles traveled) x

48 lost hrs . $80
- (9.5 x 10~ injuries) x = =3%0.36
1injury 1 lost hr

“Normalized” natural units

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

Integrity - Service - Excellence
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Sustainability in AF Remediation:

Output Screen

Example: Output Screen for Soil Technologies

- To view metrics in Normalized format, click “Yes” radio button.

- To access CO, Scenarios feature, click “Scenarios” button next to CO, =
emissions output. To access Energy Scenarios feature, click “Scenarios” button
next to Energy metric output.

- To access Stakeholder Roundtable, click the “Roundtable” button.

Instructions: Recommen ded Flow: "
SOIL/SOURCE RESLULTS =Enber your daka here. You are here
=llza thiz default value or override with your own. . .
Flain I—b Input I—* Technology Design |—l'1 Fiesults
_ =Calculated value. Tou cannot changs this. | 9 g
Ehow Inputz | 44lazt Ecresn |
® Mormalize metrics ko see more, go back ko Inputz ko adjust & compare,
o back o Pain (Tier 102 or G'') or Exik,

Normalized/Cost-based

Results converted to doflars
Excavation SVE

Seenarlos

Non-normalized

Calculations in natural units
Excavation SYE

1,200.

Carbon Diowide Emissions to Atmosphers

T T R Cof O ST 9,600,

Total Energy Consumedm

440,000,
1,800

Technalogy Cost [minus energy)
T T T o TS

Sateryddzcident Risk

Change in Fesource Service for Land - Economic
Change in Resource Service For Land - Ecologic

Gaims, in bold, are subtracted to get the total cast.

T e dhe fodil cast

Yaotal cost iz flagged, if there iz averall cost benefit,

iy

-
Found Tabls il



Sustainability in AF Remediation:

Future Scenarios Feature

Considering the Future: Scenario Planning

Technique used by many businesses to prepare for unknown.
Forecasting wide variety of plausible futures allows businesses to
plan for uncertainty element of future investments or of long-term
projects. Premise — not to predict what will happen but to prepare for
any possible future.

Can be applied to sustainability concepts and to remediation as

sustainability considers requirements of both present and future
generations and because many remediation systems operate for
many years.

SRT applies scenario to:
> Cost of CO, emission offsets
» Cost of energy

Integrity - Service - Excellence 22



Sustainability in AF Remediation:

Future Scenarios Feature

Key Point: SRT users CO, Scenarios

can consider the

long-term costs of
projects given

various CO, and

energy cost Business-
scenarios. as-usual

CO,
Constrained

Bank of
America

Integrity - Service - Excellence 23



Sustainability in AF Remediation:

Future Scenarios Feature

Energy Scenarios

Business-
as-usual

Increasing
Energy
Cost

Available but
Expensive

ncreasing
10% / yr

Integrity - Service - Excellence 24



Sustainability in AF Remediation:

Future Scenarios Feature

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 - CARECOH DIOXIDE EMISSIONS (Hormalized; 100 yvears miax)

Capitalization Rate 0.03 bl
Businezz as Usual = =1 |[Pedon per vear (hase rate)
Bank of America 40
Carbon Constrained Wiorld 015 i Ay ear 1 uzes base rate).

PUMP AND TREAT' ~J] Capitalization Rate

Capitsl phase 260 tons CO2 CO, Scenario Values
D&M phaze 1200 tons CO2 per
| Net Present Value

Duration “Years Calculations

masban Cnstrained
Busziness as Usual Bank of America ‘world

Ho HPV: $340,000 $2,300,000 $34,000,000
| $180,000 $1,200,000 $11,000,000 o

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.

Integrity - Service - Excellence 25



Sustainability in AF Remediation:

Roundtable Feature

Reaching a Consensus Among Stakeholders

Challenge — Reaching consensus from diverse group of perspectives.
Different people value different metrics in various ways.

Stakeholder Roundtable feature facilitates group agreement. Up to five
parties can rank each of five metrics. Tool averages each normalized
metric according to users’ rankings. Users can see consensus
normalized values for each metric (and the summed consensus value).

Consensus output intended to facilitate group communication. Is not
Intended to give “right” answer to the weighing of sustainability metrics.

Integrity - Service - Excellence
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Sustainability in AF Remediation:

Roundtable Output

Stakeholders Roundtable Example

SOIL'SOURCE ROUND TABLE - WEIGH THE RESULTS

O Instiustanng:
wEncer yous dara beere. Clizk buttion b ther right of the call for beip,

LR Ahel bt il R O SRR Wit T D
i aeglied viler Vo0 CERnot chahge this,

Ingtiyctong; Erter weights lor etk person [Total « 13004}
¢ thlain i adl awn i
| st Ton % poele ences
Permon 1 Person # Peruon 3 Pernon 4 Perxson §
Canbon Dicaide Emissions o Amospbee| HIN =~ [weam ¥ [Low - DontUze ~ Modiom =]
Teasl Energy Conrumed| Medum - Lirwy v | Dianlt Uea = High - Wl dim -|
Technalogy Cost| Lo - Corfl Use - | High - bl - Livasa =|
SeleglAocdent Rish | Den'tUze = Kigh - | Medium - Lww v Dont Use =|
Change i Fesowce Service forLand bud - 1 - - =

Excavation
Hesrrmalize) iCowl -based Starting Pols

Carbee Diikide Emaisne o Armad phets Sllre
Tersd Eraegy Coniirrad
Technobogy Cosl
Sulwhyldooident Fligh
Change# in Tesouce Seivice fof Lerd

Consensus Avelage) Resills

Soll Vapor Extraction

Hor malized Cost-based Starting Podrd

Key Point: Starting cost is different
than consensus cost

Cabon Dicride Emaalons to Atmospheie
Tt Erevyy Consumed
Teohnclogy Cont

L ER
$130.00C,
BEFILCY

SalerylAookient Fiok .
Change in Sasourcs Senvioe kor Lang L8

Integrity

1]
LR
[ L]

L]
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Sustainability in AF Remediation:

For Further Information

AFCEE ERP-O Website:
www.afcee.af.mil/resources/restoration/rpo/index.asp

AFCEE Sustainable Remediation Web Site:
www.afcee.af.mil/resources/technologytransfer/progr
amsandinitiatives/sustainableremeditation

Erica Becvar:
Erica.becvar@brooks.af.mil, 210-536-4314

Integrity - Service - Excellence 28



