
1

Building a Consensus Vision Using 
Conceptual Site Models

Presented by: 
Robert Howe, Tetra Tech
robert.howe@ttemi.com

In cooperation with: 
Logan Hackett, Tetra Tech

Dan Powell, US EPA OSTRI 

US EPA Triad Month

August 6th, 2009



2

2

What is a Triad CSM?

A written and graphical 
expression of what is known 
about a site 

Dynamic, living planning tool 
used throughout project 
lifecycle

Used for cleanup efficiency, 
selection of technologies, and 
monitoring and measurement 
strategies optimization

Through application, the    
CSM becomes a focal point   
to establish consensus!
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Anatomy of a Triad CSM 

CSM

Potential Remedies

Geology and 
Hydrogeology

Previous 
Investigations

Description of Past 
Use

Exit Strategies

Decision CriteriaPathway-Receptor  
Networks

Intended Reuse
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Evaluate the following with information from past use and 
previous investigations: 

• Contaminants of potential concern

• Potential release mechanisms

• Location of probable source areas

• Timing of potential releases

• Estimate contaminant distributions

• Evaluate potentially complete pathways

Gather from all existing data to create and build your CSM

Past Use and Previous Investigations
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Geology, Hydrology, and Hydrogeology

Understand and predict contaminant distributions

Design future investigative activities

Predict the applicability of methods and technologies
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Site Location – Jackson Ceramix
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Geology, Hydrology, and Hydrogeology – Jackson Ceramix
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Jackson Ceramix

500 feet
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Past Use and Previous Investigation – contamination

Jackson Ceramix

9
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Geology, Hydrology, and Hydrogeology – Jackson Ceramix

10
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Geology, Hydrology, and Hydrogeology – Melrose Commons
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Intended Reuse

Can dictate decision criteria and action levels

Used to focus sampling strategies

Can drive nature of the remedy

Influenced by property value

Impacted by public interest



13

13

Intended Reuse – Maple Beach
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Pathway-Receptor Network Diagrams

The CSM should identify all actual and potential pathway-receptor 
networks

A pathway-receptor network shows how contaminants migrate from 
the sources, what receptors they reach, and how the receptors are 
exposed

The investigation evaluates each pathway-receptor network
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Using 3D Visualization to Present the CSM

Modeling programs are unparalleled at depicting CSM 
data
• Geology and hydrogeology

• Contaminant distribution

• Time sequencing to show groundwater fluctuation, 
contaminant fate and transport

Remember, though the look impressive, the model is 
only as good as the data set it’s built on!
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Using 3-D to Understand Complex Geology Beneath a Site
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Geologic Environments can Vary Quickly 
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Clay Lenses can Thin Unexpectedly
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Continuous Clays can Sometimes Pinch Out all Together 
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Tracking a Chlorinated Solvent Plume in 3-D over Time to Explain 
Site Conditions
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Contamination is Shown in the Context of Geology
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Models can be Used to Predict Time to Cleanup
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Using the CSM to Design a Sampling Strategy

Using what is known about site conditions, propose an 
optimized strategy to address data gaps
• Ask the right questions before designing a strategy

• What are the site action levels?

• What is the intended reuse?

• Do data gaps in understanding contaminant nature and   
extent exist?

• What are the threats to human health and environment?
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Using the CSM to Design a Sampling Strategy

Optimize your sampling strategy
• Commonly, the fewer the mobilizations, the cheaper the 

investigation costs

• Use of survey technologies can dramatically reduce the 
size of the investigation area

• Field based data collection/management and decision 
making tools can be used to adapt your strategy in real-
time
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Dynamic Sampling Strategies – Jackson Ceramix
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Dynamic Sampling Strategies – Melrose Commons 26
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Dynamic Sampling Strategies – Little James Creek
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Using a CSM to Build a Consensus Vision

Present existing information in a tangible and easy to understand 
format

Identify obvious data gaps

Prioritize data collection activities, and design the dynamic work 
strategy based on the CSM

Revise CSM on a real-time basis and maintain an environment of 
trust with stake-holders

The selling points for dynamic work strategies; they often save 
time, money, and eliminate uncertainty!
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How is the CSM Used?

A preliminary CSM is used to focus and sequence 
proposed activities 

A CSM is the poster board upon which data is hung and 
additional activities optimized

An updated CSM becomes a detailed model of the site 
during cleanup for reuse

When the CSM is complete, so is the project!
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PFM Tool

To T1
contaminant       
absorption

tracer desorption

contaminant flux (J)
contaminant flux averaged 

concentrations (Cf)

Uses of PFMs for this study: 

groundwater flux
(Darcy velocity)

Modified from Hatfield and others 2004

q

Nature, extent, flux characterization
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TCE Flux and Averaged Concentrations

TCE Flux (mg/m2/day)
TCE Averaged Concentration (µg/L)

Darcy Velocity (m2/day)

Parris Island Conceptual Site Model Cross-Section

B B’

Approx groundwater flow direction
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Thank you! 

Questions and comments are welcomed!

Robert Howe

robert.howe@ttemi.com

303.441.7911
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Objectives

• Define the need to integrate copious amounts 
Triad data into site management (SM) decision 
making

• Describe how to apply a set of useful data 
management and decision support tools

• Show that these tools can be used to sustain 
the long-term viability of Triad approaches

34
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Problem Statement

• Typical Triad projects collect a ton of data
– Inevitably, some get “lost” without data management 
– Or are wasted without evaluation tools that can be 

used in a real-time manner

• If data get “lost” or 
“wasted”, then 
uninformed decisions 
are made
– Most of the data is useful 

and important to decision 
making

35
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Problem Statement (continued)

• Practical and accessible tools are needed to 
facilitate data evaluation and make informed 
decisions
– Anyone can collect a ton of information
– Real challenge is to optimize data use and collect 

minimum amount of data to serve as many remedial 
decisions as possible

36
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Execute 
Triad

Remedial Investigation

Feasibility Study

Remedial Design

Operation & Maintenance

Long-Term Monitoring

0

Site Closure

Site Assessment

Evaluate 
CSM

Assess Site Direction 
and Decision Analysis

Contingency

Relationship of 
Triad with Site 
Management

37
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Triad Extension for SM

Real-Time 
Measurements

SCM Certainty 
Screening

Site Direction 
Evaluation

Decision 
Analysis

Dynamic Work 
Strategies

Systematic 
Planning

Data Compilation and 3D/4D 
Geospatial Visualization

Site 
Management 

Decision

Typical 
Triad Scope

38
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Triad Decision Analysis Tools

• Practical real-time data management tools for 
SM:
– Conceptual site model (SCM) checklist and certainty screening 

tool
– Real-time model for assessing remediation direction
– Multi-criteria decision analysis (DA) to integrate the data and 

systematically rationalize a decision

• Applicable to a broad range of SM decisions:
– Stop investigation and proceed with remediation
– Implement partial mass removal
– Define a soil excavation volume
– Identify a site exit strategy or remedial direction
– Optimize a remedy implementation 39
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Project Team Commitment

• These tools are useful only if the project team 
is committed to consensus

• An engaged project team is a critical success 
factor for efficient execution of Triad and SM

• Each core project team member must do their 
homework

• Consensus building is challenging
– Unfortunately, environmental data are often 

debatable

40
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Let’s Assume We Have the 
Triad Data, Now What?

41



42

Copyright 2009 by CH2M HILL. Reproduction and distribution in whole or in part without the written consent of CH2M HILL is prohibited

42

CSM and Site Direction Certainty 
Screening

• Concurrent process 
of looking at where 
you’re headed and 
what data you need 
to get there

• Two synergistic certainty screening tools which 
assist the project team with the questions:
– How much data is enough?
– What is the general site direction?

42
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CSM Checklist Certainty 
Screening Tool

• Simple spreadsheet
– Pulls a lot of data into single resource for efficient review
– Assesses when enough is enough

• Itemizes components of the CSM
– Asks specific questions about the level of user’s understanding

• Explicitly addresses uncertainties
– Opens eyes to knowns and unknowns
– See where discrepancies exist in project team understanding

• Aids group decision-making
– Lays it all out on the table
– Requires commitment to detailed data review and scrutiny

43
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Overview

44
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Q&A Data Input Method

45
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Multi-Site Composite –
CSM Certainty Evaluation Tool

46
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Now that We Understand the 
CSM Certainty, Now What?

47
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Real-time Model for Assessing 
Remediation Direction

• Tackles the question of what direction should 
remedial efforts be headed

• Site direction is useful to optimize Triad data 
collection efforts
– For example, if DNAPL is present, then finer investigation 

spacing and soil samples may be needed for remedial design

• Results are used to re-assess and re-prioritize 
Triad data objectives and to focus collection on 
data to define an Exit Strategy (or come as close 
as possible)

• Similar format as the CSM Certainty Screening 
Tool 48
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Remedial Direction Screening Matrix

49
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Q&A Data Input Method

50
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Results Interpretation –
Remedial Direction Screening Matrix

51
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We’ve Optimized the Data 
Collection and Have a 

General Understanding of 
Where We’re Headed, Now 

What?

52
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Multi-Criteria Decision Analysis 

• A systematic approach to 
resolving complex 
problems involving 
multiple variables and 
competing objectives

• Synergies with Triad process include:
– Allows real-time decision making
– Evaluates both qualitative and quantitative criteria 
– Quantifies uncertainty 
– Builds consensus among multiple stakeholders

53
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Example DA Input

Criterium DecisionPlus® by InfoHarvest, 
http://www.infoharvest.com 54
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Example DA Results

Criterium DecisionPlus® by InfoHarvest, 
http://www.infoharvest.com 55
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There You Have It, Data is 
Collected and Consistent 

with the Site Direction, CSM 
Certainty is Benchmarked, 

and DA Affirms Path Forward

56
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Conclusions
• The 3 tenets of Triad are easily assimilated into 

the full-breadth SM routine
– For example, “Adaptive Site Management” by the US Navy

• A critical success factor for Triad projects is 
efficient integration of data into the SM 
decision making process
– Consistent with the fast pace of a Triad project
– Real-time, consensus-driven decision making tools are 

available to reduce the copious amounts of data to decision 
focal points

• Well informed decisions advance sites to closure

57
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Thank You!

Tom Palaia
CH2M HILL
Evergreen, Colorado USA
(303) 679-2510
tom.palaia@ch2m.com
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Thank You
After viewing the links to additional resources, 

please complete our online feedback form.

Thank You

Links to Additional Resources

Feedback Form
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