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Understanding Risk and Uncertainty

Environmental Restoration Program — Optimization (ERP-O)
ERP-O Performance data/ Lessons Learned

Emerging Issues

Remediation Performance Risk Management Guidance
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Risk-Based Approach

m Decisions Risk-Based to Maximum Extent Receptor

m Follow National and DOD Guidance
m Risk Assessment to be Representative  DODWAPOR ITRUSION

m Reasonable

m Relevant and

m Representative w29 |
m Multiple Lines of Evidence - ITRC 2007

Reasonable Relevant

m Risk Triangle
m Source, Pathway, Receptor Source Pathway

m EPA Government Performance and Results Act (GPRA)
Environmental Restoration Goals
m Human Exposure Pathways under control
m No Off-Site groundwater Migration
m Restoration of contaminated media to the extent Practicable
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m Coupling atoxicology MODEL with an exposure MODEL to
predict probability of an adverse health outcome

m Benzene-exposed rats develop leukemia - extrapolate to
human subpopulations = calculate concentration in water

that may cause effects

m Develop site specific exposure equations for various
scenarios

Essentially, all models are wronq, some are useful.
George Box, 1987
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mRisk = Likelihood X Conseqguences

Uncertainty /

m The components of risk are
m Likelihood of occurrence
m Consequences of occurrence

Uncertainty = Lack of Knowledge Variability = real identifiable

- Outcome different from Expected differences between individual cases
- Model used / Parameters used - A single action/approach is not

- Better Data can reduce uncertainty optimal in every case

- Better Data cannot reduce variability
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Intended Consequence
m Human exposure pathways under control
m No off-site groundwater migration
m Restoration of contaminated media to the extent practicable

Unintended Consequence

m In-situ performance risks
Remediation is too slow
Community impacts/accidents
Ecological impacts
Legal issues
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m A course of action that addresses all risks related to the
remediation process

m Risks associated with site investigation, remedy selection,
Implementation and close out

m Holistic, life cycle basis

Consider Likelihood of Attaining Goals
m Overstated likelihood of success
m Incorrect Parameters (Cost vs. Certainty)
m Omitting consequence of action

m Objective

m Maximize the certainties in the cleanup process to protect
human health and the environment
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Environmental Restoration

Program Optimization

Environmental Restoration Program
Optimization (ERP-O)

mA comprehensive and systematic review
of an installation’s cleanup activities

mRemediate natural infrastructure
resources to sustain current and planned
mission use

m Environmental Restoration Program
Optimization encompasses three
environmental program processes

m Investigation Process Optimization (IPO)
m Remedial Process Optimization (RPO)
m Post Closure Care

Environmental Restoration Program Optimization

RENEWY
in Place

Promote/incorporate
sustainability
principles

Ensure remedy
effectiveness, first;
then optimize remedy
efficiency

Site Closure

Preliminary Site
Assessment/Site
Investigation
(PA/SI)

Investigation Process
Optimization

No FurtherAction

Response
Complete
NFRA
NFAP

Remedy Selection,

Proposed Plan, and

Record of Decision
(ROD)

Cleanup Confirmed
Site Closure

Remedial
Action
Operations
(RA-O)

Post
Response-
Complete
Care

Remedial Design
(RDY Remedial
Action Construction
(RA-C)

Remedial
Investigation/
Feasibility
Study (RVFS)

Maintenance
*LTM
LUC/C

Remedial Process
Optimization

Technical Assistance Visits
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Process Optimization

An lterative/Systematic Planning Approach for:

Evaluating Remedial
Study Programs with
the Goal of Improving
Overall:

v Investigation
Effectiveness
(through Triad or
RSC)

v'Time and Cost to

Achieve RIP Milestone

v'Development/Update

of a CSM for Decision
Makers

Evaluating
Existing/Proposed
Remediation
Processes with the
Goal of Improving
Overall:

v'"Remediation
Effectiveness

v'Reduction in
Cleanup Time and
Costs

v'Timely Feedback
to Decision Makers

v Efficiency

Final
Decommissioning
Activities Leading to
Site Closure with
the Goal of
Improving Overall:

v'Well
Decommissioning

v'System
Decommissioning

v'RCRA permit
Closure

v'"Removal from NPL
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m Judgment & Checklists
m Performance Measures

m Decision Support
m Matrices
m Probability distributions

m Probabilistic Risk Analysis

Integrity - Service -

Excellence
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Site-Specific
Project Levels
Y

Year of the Air Force  \ / Performance Measures

Family S

Return
Resources to
USAF Military

Mission

USAF Objective/Mission Level

p H ly with i :
rotect Human Comply wit Environmental Restoration

Health and the Regulatory

Environment M Lo Program Level

/" Prevent : :
Aok duals Control Migration Reduce
Contamination o\ cources to  Concentrations to

from "'Bg;;:'"g ore Receptors Protective Levels

Maintain Treatment
Efficiency (Cost, Mass Maintain Remedy | Maintain Worker

Remaoval, Volumetric Effectiveness
Loading)

= Maintain
Acceptable Pace
\ Toward Site
Closure

Minimize Energy
Consumption

ey

Overall system | ¢, ., o iraction wen |NO e€xtraction well| Unit cost of mass | 4,005 system will
will remove 10% |will remove at least 0.5 will produce more| removal will not generate less than
of estimated mass kg of dissolved than 2,000,000 exceed 1,000 tonnes of carbon
annually contaminant annually gallons annually $25,000/kg dioxide annually
r

Example Performance Objectives and Parameters

Concentration

decreases due to

extraction will be at

least 5X that of NA

mechanisms

-Develop a Hierarchy of Objectives

B T

Technology-Specific Requirements

B
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Restoration Program

Pump and Treat
30 yrs

Average

Soil Vapor Llfe-CyCIe Costs
Extraction (SVE) | 13ys by Technology

®
wr

LNAPL Recovery
11 yrs

$1.25B

Enhanced

Bioremediation | 14

Monitored Natural

Attenuation (MNA)

27 yrs
Average Lifetime Operation
Wall/Barrier
SO | “Based on FY08 EDITT System
Inventory as of 15 March 2010
Other ﬁ -~ Other
15 yrs I

12
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ERP-O Tools

Support Tools
v'Uncertainty Tool
v'Sustainability Tool
v'Performance Tracking
v'Recommendation Trac
vLTMO
vEDITT

EDITT

RPD
Recoimimendabion
Tracking Modulo

DD Inventory (RZTM)

ROD Infarmatoin
+ Exl SUathgy

< TiWaer Pralrmninary
Evakaticn

System inventory
{(a.k.a., RIPS)
- Hemadation Symiem
+ Losgaeern Monforing Progerams

+  Emsrging
Contaminints

« Csalitaines EvaRisiien

king

ERP-O Tracker
= Twah Visgs

= Triagd

= Peet Rirvien

« Fiye-Yoar Ravies

Site Inventory
= Camglinhes
=  Rwsigrstien

Edwards AFB e e
- . Example Well Management and Monitoring Decision Tree
(Site OU 1 Site 19)
Bl
100 e
& 90 R ) e
S o &
v 70 F = !
z f| || e
g 40 [ == o LS
@ 30 =
o 20 : T
5 10 * e
ﬂ M s ,‘_::_._‘ u “‘-".- 'u‘.;."l. - =~y
$0 $10 $20 $30 " oy T —— B

Costto Complete (millions)

Emarging
lssues

Materials &
Consumables
LUChC
Inventory

Output:
Sustainability
Metric

I
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Remediation Tool
What the Sustainable Remediation Tool (SRT) does:

m Optimization tool ... helps drive and influence GSR technology selection
Used in future planning and optimization of existing systems

Provides lifetime sustainability assessment

Works in concert with Performance Tracking Tool (PTT) to evaluate
performance and reduce time to site closure

m Virtual roundtable for all-party consensus

m Estimates sustainability metrics for 8 specific technologies

m Sustainability metrics estimated:

m Carbon dioxide emissions to atmosphere m Technology cost

m Total energy consumed m NOx

m Changein resource service m SOX "’“\

m Safety / Accident risk = PM10

m 15 sustainability assessments over past 8 months

m 2010 release — Interface with RACER and additional s RT

features, metrics, and technology modules
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-Risk to Workers

m By operating the groundwater

treatment system: 10 F"j‘ft“a' Exent
m Risk to workers ~ 1 X103 A ]
m Risk to community ~ 1 X104
10-2 ,g g Odds of Death from Transportation Accident (Lifetime)
_ £E
. RISk to HH & ECO from ground 10'3 ég Odds of Death from Excessive Natural
;.3 Cold Conditions (Lifetime)
Water —~ 1 X10-6 l<—] _° Minimum Risk Level for :
10'4 . Active Remediation (4.7 x 10 )
m IS active remediation really L
justified? |
m Alternative to remediation T Tmen et o anestricted use
10"
10"
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m Evaluation of resources being T O

protected California installation
m Technology vs. Energy Use

m [s active remediation really
justified?
m Alternative to remediation *Producing 750 tons of CO2
»$3.6M/Ib TCE removed

=Consuming 1.5M KWH/yr

"Removing <50 grams of TCE/yr
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| essons Learned

Performance Tracking Tool

100

Capital Cost Dp_eratiun & | Projected | Capital | ... Total || Total Mass at RA-O Start-Up [|H 20000 Estimatad
by Fiscal | Maintenance |CostsiMass | Costas |, % | Pecent |[Cost-To-Complete (CTC)($) [§ 7000000 ToDate | tofal cost
Year | COstDyFiscal | Removed | Percent | ppp Mass WD Capital Cost Est $ 3000 CostiAcre] 5 283,261 17832
vear (fromDD) | DO Est Removed CostRcreTeel| 5 25010 0227
Impacted Acres 4 ' '
$ 195000 | 4 - 0 Bl 0 02 - Costlb remaoved 241
& 100000 | ¢ 290,000 o g I a0 Acre-it of groundwater impacteq 265 Total Oal Costs| § 530,000
$ 45000 % 290,000 [ 1062 8 R RA-D Start Year (from DD) 1355 Total Mass Removed 12,263 Ibs
$ S0y i I 5% | RA-O Completion Year 2005{|L__Portion of DD Mass Rem 40.9%
$ 310,000 13 17 8
$ 305,000 173 o 123
% 375,000 23 27 152 120% 120%
$ 340,000 23 32% 183
$ 340,000 2T 6% 20 ?
$ 340,000 0 4 22 100% 100%
$ 340,000 a3 463 243 / / /
$ 240,000 a7 B 26%
$ 240,000 402 BEH 27 80% 30% B
$ 340,000 432 B 2 | s Q
$ 340,000 47% B e | = %
3 340,000 I 70% 0 60% 60% @
$ 340,000 5% 754 Hu | o =
3 340,000 BT B0 36 //// -
3 340,000 B0 a5, ary 40% = 40% &
$ 0000 | B3 30 39 W
3 340,000 BT 355 .
= 20% 20%
T3
7
EI:I:": ':I% T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T D%
Bx £ & & » & 4 5 & 5 89 835 & & 2
a7 222 222 292 § 888K 88K
a0 Performance
93 —+— Cost Performance —s— Restoration Performance
a7 —— Projected CostiMass Rem —— CapCost Performance




Year of the Air Force \\/ Remedlal PrOJeCt

Family i1 .
) Risk Management
Risk Planning

Table 2-1 Example Matrix for Evaluation Risk Level

Impact or Consequence of Occurrence

Critical Crisis

Negligible | Marginal | Significant

LYF(;; ;j‘l ; Low Moderate
Likely Low Moderate

Unlikely Low Low | Moderate

Likelihood of
Occurrence

Very

Unlikely Low Low Low Low
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m Emerging Contaminants: Chemicals & materials that have
pathways to enter the environment and present potential
unacceptable human health or environmental risks

...and either
m they do not have regulatory peer-reviewed human health standards
...or

m the regulatory standards are evolving due to new science,
detection capabilities, or pathways

B Emerging Issues: Items such as exposure pathways, sampling
strategies, policy, or quality assurance that potentially impact cleanup
schedules, increases cost, alters the technical approach, or
necessitates developing new partnerships

m e.g., vapor intrusion, reinvestigation, emerging technologies, and
sustainability
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Emerging Issues Tool

Technical Value Summary Political Value Summary Regulatory Value Summary

mARCEE - usAr nSAR " 0ol Other
egulatory Value

Technical Analysis Summary

3

Probability Demjry
¥ ¥

Rating Entity

AFCEE

Rating Entity

Rating Entity Factor Drive
SAF

e N

Rating Entity Factor Drive

Technical Documents | 0.1)

Rating Entity Factor Drive

[Technical Documents | 0.2]

B Detailed parameter input, such as weightings for each Factor
B Rating Entities input Score and Certainty for the Technical Analysis
B Result of analysis; the PDF curve and confidence of Response Levels are displayed for

the Technical Analysis

H Importance o
B Mission Impact
Technical Documents
W Health and the Environment
Financial Impact

Integrity - Service - Excellence
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Emerging Issues Tool
(cont)

100%

o Probability Density

_—--'/

Technical Analysis Summary

£
o

40 Score 50 80

100

Mean  Stnd Deviation

0 800544758

=
o
aDE Probability Density aGE

Political Analysis Sum

AN

mary

40 60 80

Score

Mean  Stnd Deviation
0.58439711

=
o
=1
&

2 Probability Density

=}

Regulatory Analysis S

ummary

//\\__

Score

100

100%

Probability Density

Technical + Political + Regulatory Analysis Summary

20 40

Score

60

40 60 80

Mean  Stnd Deviation
| 6.3] 0.981178152

M Stats for Technical, Political,
and Regulatory Analysis
displayed separately...

Probability of Occurrence Response Level Confidence

Response Level 0 0.00%

0.00%

Mean Stnd Deviation
6.26704]  0.464424877]

Response Level 1 0.00%

0.00%

B Result of combining the Technical
Analysis, Political Analysis, and the
Regulatory Analysis shown as a PDF

Resinse Level 2 26.83% 26.83%

curve and confidence of Response Levels.

Integrity - Service - Excellence
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SITESIN PROGRESS
|

D | PRE-DECISION | DECISIONI POST-DECISION | S
L I I 1|
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E I 1 L
R 1 1 O
y | 1 S
| 1 U
| : R
|
E
| |
| |
| |
| |
NEW 1| |
SITES | \ I |
| 1 I |
Preliminary Site_ Rem‘edigl Feasibility Rem(_edial R ERp. Lo e
L ol e N P
B P, b, b, b, Fa, Fa, Fa,
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1. Address Site Life Cycle / Start Early

2. Analyze performance & generate
performance data

3. Develop performance measures to leverage
experience and lessons learned

4. Improve estimates until:

« Riskis below decision criteria
e More knowledge doesn't change estimated risk
« Stakes (consequences) are low

(not high enough to warrant further work)
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Questions?
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