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Hydrogeological Assessment Tools

SABCS was funded by BC MOE in 2005 to develop 
scientific tools for the identification, assessment and
management of contaminated sites in BC. 

Objective was to develop sophisticated hydrogeological 
assessment tools (HAT) for screening level and detailed 
risk assessments.

The HAT tools are intended for use by specialists
in hydrogeology.



i. Vertical contaminant transport in groundwater; 
ii. Contaminant transport in the unsaturated zone;
iii. Light non-aqueous phase liquid mobility;
iv. Biodegradation rate of organic contaminants in 

groundwater; and
v. Transport of metals in groundwater.

The HAT tools were developed to address five 
key topics :

Hydrogeological Assessment Tools



The HAT documents:

Have not been formally approved by BC MOE; 

Promote current science but do not endorse 
policy;

BC MOE may ultimately recommend only select
tools for use at contaminated sites.  Many of these
tools have data requirements that are likely too
onerous for typical site investigations. 

Hydrogeological Assessment Tools



Regardless of their end use at contaminated sites, the HAT 
documents provide:

An excellent summary of the current science and a detailed 
overview of theory and concepts for each topic;
An array of approaches of varying complexity, including the 
advantages and disadvantages for each method and 
recommendations for their application;

Numerous excellent reference documents in the 
Appendices.

Hydrogeological Assessment Tools

The HAT documents are not manuals on how to use
these hydrogeology tools.



Current assessment tools for dissolved contaminant
transport are conservative in BC, consider only 
horizontal migration:

Vertical Transport Assessment Tools



Vertical transport tools consider either upwards 
or downwards flow:

Vertical Transport Assessment Tools



Approach is based on a set of sequential questions:

Vertical Transport Assessment Tools

Q1: How thick is the shallow aquifer and 
does the dissolved phase plume extend 
to its base

Q2: Is the deep aquifer present?

Q3: Is the vertical gradient down?

Q4: Is the horizontal flux in the deep
aquifer high?
Is the vertical flux in the aquitard significant



Presents quantitative methods to assess the
potential for deep transport pathways. Tools range
from simple to complex:

Vertical Transport Assessment Tools

Darcy’s Law and equation for mixing

Composite analytical models (e.g. Bear) 

Numerical modelling (primarily 2-D)



Three main geochemical models are presented:

Metals Transport Assessment Tools

Static models

Reaction path models

Coupled reactive transport models



Static Models:

Metals Transport Assessment Tools

Assess aqueous speciation, complexation and 
surface reactions, but not reactive transport. 
Static models include:

Speciation models

Solubility and precipitation-dissolution models

Sorption models:
Isotherm based models
Ion exchange models
Surface complexation models



Metals Transport Assessment Tools



Reaction Path Models:

Metals Transport Assessment Tools

Calculate and solve a series of equilibrium reactions in 
response to changes in concentration along a flowpath
(e.g. NETPATH)
Are capable of assessing dissolution, precipitation, ion 
exchange, oxidation/reduction, degradation, mixing, 
evaporation, dilution, isotope fractionation and gas exchange.
Can not incorporate temporal or spatial changes
Constrained by assumptions of aquifer composition along 
flowpath
Typically used to identify reactions causing changes in 
chemistry between two points. 



Coupled Reactive Transport Models:

Metals Transport Assessment Tools

Link the process-based approaches to the 
geochemical mass-action reactions and the 
differential equations for ground water transport.

Capable of assessing advective-dispersive 
transport of chemically reactive substances.

Can simulate how a geochemical system evolves 
over time along a flowpath in 3D.



Metals Transport Assessment Tools



Conclusions in HAT for Metals Transport:

Metals Transport Assessment Tools

There are serious constraints for all models due to lack of 
site-specific data and heterogeneity of subsurface 
conditions.

Application of the Kd isotherm approach to metal transport is 
not scientifically defensible at most contaminated sites. 

Due to the complexity of issues associated with metals 
transport and the need for geochemical interpretation, many 
contaminated sites professionals would not have the 
background to apply all the tools described in this document.



Biodegradation Rate Assessment Tools

Summarizes tools that can be used for quantitative 
risk assessment to determine biodegradation rate 
constants for the transport of organic compounds 
in shallow groundwater.

Reviews methods to differentiate the effects of 
degradation from other attenuation processes.

Methods to estimate biodegradation rate constants 
are divided into three categories:

Laboratory methods
Field techniques
Modelling



A process is recommended for screening out low risk
sites:

Biodegradation Rate Assessment Tools

Approach is conservative.

Must provide evidence that biodegradation is 
occurring

Applies only to contaminants where a high level of 
understanding exists for biodegradation processes 

Hydrogeology must be well characterized

Biodegradation processes must be sustainable

Degradation products must be of low concern



Biodegradation Rate Assessment Tools



Biodegradation Rate Assessment Tools

Provides an excellent overview of natural 
attenuation processes including Monod kinetics 
and the associated assumptions and 
limitations:

First order rate constants

Zero order rate constants

Importance of site-specific factors

Does not address groundwater-surface water 
interaction (hyporheic zone)



Biodegradation Rate Assessment Tools

Laboratory techniques:

Microcosm studies

Column studies



Biodegradation Rate Assessment Tools

Field Experiment Techniques:

Push-pull tracer tests

Well to well injection tests

Biotracer tests

Circulating well tests

In situ tests



Biodegradation Rate Assessment Tools

Field Characterization Techniques:

Visual methods

Statistical methods

Prescriptive tests

Multi-method approaches

Presents a wide variety of tools for evaluating field 
data and the assumptions and limitations of each
method

Plume stability tests:



Biodegradation Rate Assessment Tools

Field Characterization Techniques (cont’d):

Mass Flux Estimates:

Transect Method

Pumping Wells

Passive Flux Meter



Biodegradation Rate Assessment Tools

Field Characterization Techniques (cont’d):

Compound specific isotope analysis

Mass Balances

Regression

Conservative tracers



Biodegradation Rate Assessment Tools

Evaluation Using Complex Models:

Discusses models that have the ability to include 
detailed processes that effect contaminant fate 
and transport

Presents analytical models, numerical models 
and hybrid models of each

Provides a qualitative comparison of the 
applicability of each model, including the 
advantages and disadvantages

Lists public domain codes



Biodegradation Rate Assessment Tools



Biodegradation Rate Assessment Tools



Unsaturated Zone Contaminant Transport

Summarizes approaches and methods to evaluate the fate 
and transport of chemicals in the unsaturated zone

Focus is on the leaching of chemicals from contamination 
sources within unsaturated soil and the migration of 
dissolved chemicals to the saturated zone

Presents fundamental aspects related to the 
soil-water characteristics curve and unsaturated zone 
hydraulic conductivity

Does not address the migration of vapours or NAPL



Unsaturated Zone Contaminant Transport

Provides an excellent overview of unsaturated zone
transport fundamentals including:

An overview of vadose zone processes

Common water retention or soil-water characteristics curve 
models

Methods to estimate unsaturated hydraulic conductivity

Presents a range of concepts and approaches to evaluate 
solute transport through the unsaturated zone from simple 
closed-form analytical solutions to complex numerical models



Unsaturated Zone Contaminant Transport

Common mathematical functions to describe SWCC and various 
methods for laboratory and field measurement are presented 



Unsaturated Zone Contaminant Transport



Unsaturated Zone Contaminant Transport



Unsaturated Zone Contaminant Transport

A number of empirical models are presented for the estimation of the hydraulic 
conductivity function for an unsaturated soil 



Unsaturated Zone Contaminant Transport

Groundwater seepage in the unsaturated zone is 
addressed primarily through modelling tools

Solute transport options presented include 
analytical models such as the BC Environment 
CSST model and more complex numerical codes

Numerous tools are discussed to derive water 
balance estimates required as inputs to many of 
these models



Unsaturated Zone Contaminant Transport

Water balance methods:

Water balance equations

Water balance modelling
(HELP, SESOIL)

Empirical methods

Measurement of rainfall infiltration

Natural and experimental tracers

Specialized field equipment

Geophysics



Unsaturated Zone Contaminant Transport

Different approaches are evaluated for the 
application of recharge estimates:

Derivation of a site-specific leachate-groundwater 
dilution factor

Calculation of an average seepage velocity



Unsaturated Zone Contaminant Transport



Unsaturated Zone Contaminant Transport

Provides a detailed 
review and comparison 
of various solute 
transport models (e.g. 
SESOIL, VLEACH, 
HYDRUS-2D, VS2DT, 
SVFlux)

Qualitative tools 
(Drastic, API)



Provides a set of useful approaches and 
quantitative tools for the evaluation of LNAPL 
mobility

Provides an excellent overview of NAPL 
fundamentals

A number of complementary methods are 
recommended in a “toolbox approach”

Not intended to address DNAPL sites

LNAPL Mobility Assessment Tools

Provides an appreciation for the complexity in 
defining realistic endpoints for LNAPL recovery



LNAPL Mobility Assessment Tools

LNAPL Conceptual Model:

Early conceptual models based on a “pancake”
conceptualization for LNAPL distribution and migration

LNAPL was considered to spread horizontally as a 
continuous single-phase fluid

LNAPL was assumed to ‘float’ as a separate layer on the 
water table

Ignored the critical influence of capillarity, resulting in over
predictions of LNAPL volume and recoverability



LNAPL Mobility Assessment Tools

Updated Conceptual Model:

Updated paradigm is based on 
a “multiphase model”, where 
LNAPL, water and air coexist

LNAPL movement is constrained by the capillary pressures 
needed to displace water from the soil pores

LNAPL is conceptualized as an iceberg at sea, largely 
submerged

LNAPL saturations do not reach 100%



LNAPL Mobility Assessment Tools

Based on the multiphase LNAPL paradigm, the 
document provides an overview of:

LNAPL volume and mobility relationships to soil 
types

Effect of water table fluctuations

Conditions effecting the thickness of LNAPL in 
wells

Various assumptions and limitations of the 
multiphase model



LNAPL Mobility Assessment Tools

Conditions 
effecting the 
thickness of 
LNAPL in wells



LNAPL Mobility Assessment Tools
Presentation of LNAPL mobility and stability concepts

Small scale mobility Plume scale mobility



LNAPL Mobility Assessment Tools

Several approaches are discussed for evaluating
LNAPL mobility:

1. Observational approach
2. LNAPL recovery analysis
3. Theoretical methods to estimate LNAPL 

plume mobility
4. Evaluation of pore-scale movement at plume 

front
5. Laboratory tests



LNAPL Mobility Assessment Tools

Recommendation is to use a combination of 
these tools to evaluate LNAPL mobility based on 
multiple lines of evidence

Emphasis is on observational data at wells and 
field tests to assess LNAPL presence and 
mobility
Primary field-based tools include analysis of soil 
cores, laser induced fluorescence, product bail-
down tests and short term pilot tests of LNAPL 
recovery



LNAPL Mobility Assessment Tools

Theoretical estimates of LNAPL mobility:

Intrinsic permeability

Relative permeability

Theoretical estimates from LNAPL thickness in 
wells
Field LNAPL bail-down tests

LNAPL gradient

Automated tools (e.g. API Interactive LNAPL Guide)

Implications of mobility estimates and de minimus values



LNAPL Mobility Assessment Tools



LNAPL Mobility Assessment Tools

Theoretical methods in summary:

Emphasis on determination of capillary parameters for 
the water retention (soil characteristic) curve

Theoretical models not considered appropriate as 
stand-alone tools to determine LNAPL mobility:

Methods are complex and in relatively 
early stages of development

Difficulty in measuring parameters

Significant spatial variation in parameters



LNAPL Mobility Assessment Tools

Conceptual approach
for LNAPL mobility 

evaluation



Summary

Three common threads in SABCS HAT documents:

Importance of developing a sound conceptual 
site model

Tool box approach

Recommendations favour approaches that are 
conservative, well known and less complex 



The HAT documents can be found online 
at the SABCS website:

http://www.sabcs.chem.uvic.ca/

Hydrogeological Assessment Tools

Thank You
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