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O Model-based DecisioBupport
O Deterministic, Probabilistic/s Non-Probabilistic Decisioethods
O Information Gap(info-gap) Decision Theory

O Decision Support for Chromium contamination site @ LANL
o Site conceptual model
0 Model-based decision analyses
0 Monitoring network design
o Additional activities related to contaminant remediation

O MADS Model Analyses &Decision=upport
Open source computational framework
http:// mads.lanl.gov

O )

DecisionsSupportin ASCEMAdvanced=ubsurfaceComputing ASCEM
for Environmental Mlanagement)| http :// ascemdoe.org
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Model-basedecisio®upport

O provides decision makers withnodel analysicof decision scenarias
evaluation, rankingand optimization of alternative decision scenarios

O takes into account site data and knowledge including existing

uncertainties
(uncertainties in conceptualization, model parameters, and model predictions)

O Decision metric(s)e.g. contaminant concentration or environmental risk
at a point of compliance, etc.

~ \\ ol ~ ~ A o ~

O DecisiongoalsS®3d y2 SEOSSRI YO 2F al
at compliance points

O Decision scenariocombinations of predefined activities to achieve the
decision goal(s)




Model-basedDecisio®upport (cont.)

O Activities:
0 data acquisition campaigns
o field/lab experiments
0 monitoring
0 remediation
O Activities are analyzed in terms of their impact on decision making
process(decision uncertaintie}

O Decision uncertainties uncertainties associated with selection of
optimal decision scenarigsor performance of specifidecision scenarios

O TheGame:Decision makews. Nature

Important:

~

O Additional activitiesare selectedonly to reducedecision uncertainties

O Additional activitiesare notselectedto reduce model or parameter
uncertainties (\nconstrained problen).



DecisionMethods
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Decision'Methods
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O Probabilistic methods (Bayesian techniques, GoldSianalyses based on a
series of model simulationsapturing expectecprobabilistic uncertainties
(Monte Carlo, Markov Chain Monte Carlo, Null Space Monte Carlo, etc.)



Decision'Methods
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simulation representingvorsi-caseor SE LIS O0 SR 0 ¢ 0 §ystemé S
behavior

O Probabilistic methods (Bayesian techniques, GoldSianalyses based on a
series of model simulationsapturing expectecprobabilistic uncertainties
(Monte Carlo, Markov Chain Monte Carlo, Null Space Monte Carlo, etc.)

O Non-probabilistic methodsanalyses based on a series of model simulations
representing unknowruncertainties (Minimax/Maximin Theory|nformation
Gap Decision Theoyetc.)



Non-Probabilistic IDecision/Methods

O Lack of knowledgeor information precludes decision analyses requiring
probabilistic distributions (e.g. Bayesian approaches)

0 probability distributions cannot be defined!}
o uniform distributions frequentlyapplied instead ¢ausing biased decision
analyses)
O Severe uncertaintiegean have important impact in the decision analyses
0 heavy tails:non-Gaussian distributions wilinfinite variances

o0 black swanslow probability events in distribution tails with significant decision
impacts
0 dragonkings unexpected high probability events in the distribution tails

O Non-probabillistic decision methods can be applied to effectively incorporate
lack of knowledgeand severe uncertaintiesn decision making process

O Non-Probabilisticand Probabilisticmethods can becoupled
(e.g. unknown probability distribution parameters can be a subjectrafn-probabilistic
analysis, e.g. infagap)




Information GaprbecisionTheory

O Non-probabilisticmethodology for comparison of alternative decision scenaric
O Decision uncertaintis bounded byrobustnessand opportunessfunctions

O Robustnesgunction (immunity tofailure)

O Opportunessfunction (mmunity to windfall)

O Information Gap Decision Theor@ http:// mads.lanl.gov

BenHaim(2006).Info-gap decision theory: decisions under severe uncertailtgademic Press.



Exampleanalyses:

A Deterministic

A Probabilistic (Bayesian

A Non-probabilistic (Info-Gap)



Deterministic analysis
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Bayesian| (probabilisticanalysis
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Bayesian| (probabilisticanalysis
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Bayesian| (probabilisticanalysis

oBesi
prediction MCL
A | 1
s | |
I I
, , I I
oBesk I I
~ parameter set i |
o) o = I
© Q “ PN =
£ gl X GKS OKI f
& a tail characterization

Parameter 1 Contaminant concentration [ppb]



Info-Gap(non-probabilistic) analysis

Parameter 2
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Info-Gap(non-probabilistic) analysis

Nested
parameter
sets
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Info-Gap(non-probabilistic) analysis
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Info-Gap(non-probabilistic) analysis
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Info-Gap /AnalysisDbecision: selection hased ron robustne:s
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Info-Gap /Analysishbecision: selection hased ronrobustne:
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Info-Gap /Analysishbecision: selection hased ronrobustne:
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Info-Gap /AnalysisDbecision: selection aased omopporitn
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Info-Gap /AnalysisDbecision: selection aased omopporitn
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Info-Gap /Analysiss Synthetic NetworkeDesign

O 10 monitoring wellsin an aquifer

O 2 wells detectcontaminant concentrations above wi
N MCL(5 ppm) 0.5
O 8 wells detectbackground concentrations (0.5 ppm)
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Info-Gap /AnalysisSynthetic INetworkDesign

O 3new proposed monitoring well locationsgfeen dot9
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Info-Gap /AnalysisSynthetic INetworkDesign

O Where is the contaminant source?
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Info-Gap /AnalysisSynthetic INetworkDesign

O Where is the contaminant source?
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Info-Gap /AnalysisSynthetic INetwotkDesign

O Where is the contaminant source?
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Info-Gap /AnalysisSynthetic INetworkDesign

O Where is the contaminant source?
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Info-Gap /AnalysisSynthetic INetworkDesign
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Info-Gap /AnalysisSynthetic INetworkDesign
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Info-Gap /AnalysisSynthetic INetworkDesign
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Info-Gap /AnalysisSynthetic INetworkDesign
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Info-Gap /AnalysisSynthetic INetworkDesign
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Info-Gap /AnalysisSynthetic INetworkDesign
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MCL = 5 Background = 0.5

O 10 - Predicted concentrations [ppmys Info-gap uncertainty |ﬁf6-Gap [Aﬂ‘a\l}y&lf
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Chromium plume in:the ¢egi
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Chromiuwm plume in:the regional @quifertatiibANL
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Chromiuwm plume in:the regional @quifertatiibANL
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Chromium plumeiin the regional @guifertatiltANL
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Chromium plumeiin the regional @guifertatiltANL
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Chromium plumeiin: the ¢egi
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LANLCChromiumisite

of Cré* released in Sandia Canyon between 1956 and
1972

O Crb* detected above MCL (50 ppb; NM standard) in 4 monitoring
wells in the regional aquifer beneath LANL

Cré* plume size is about (region above MCL)
Crb* plume is located near LANL site boundary
Series of water-supply wells are located nearby

Contaminant source location and mass flux at the top of the
regional aquifer are unknown due to complex 3D pathways
through the vadose zone

Limited remedial options due to aquifer depth (=300 m below the
ground surface) and complexities in the subsurface flow

O Current conceptual model for chromium migration in the

subsurface is supported by
(hydrogeological, geophysical geophysical, mineralogic, petrographic, and
geochemical studies and model analyses)

O O O O

O
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2009 model analyses for source identification / network design
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U Due to uncertainties, a series of alternative models (plumes) are plausible

U Model predictions are constrained by all the available regional-aquifer data
(hydrogeological and geochemical)

U 11 out 83 plausible plumes shown



2009 model analyses for source identification / network design
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2009 model estimate of the plausible Cr®* [ppb] along the
regional aquifer water table

T 0090

WellsR-62, R61 and R-50were not drilled yet

Locations of wells?-62, R61and R-50 were optimized based on model analyses
Observed concentrationat R-62, R61 and R-50 confirmed model predictions
R-43 concentration were at background when the analyses were performed
Since 2010R-43 concentrations are increasing and approaching the model
predicted concentration
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2012 model estimate of the plausible Cr®* [ppb] along the

regional aquifer water table
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2009 model analyses for source identification / network design
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2012 model analyses for source identification / network design

o Series of plausible contaminant-arrival locations in a well-constrained
region

All the obtained solutions (492) are almost equivalent

o Additional analyses are performed considering multiple contaminant

arrival locations

o



