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The Basics 

 

 We see geophysics as a tool for any industry working directly with the earth’s surface 

and subsurface.  We specialize in the application of 3D geophysical methods for time 

lapse subsurface characterization and monitoring of fluid flow through geological 

materials.  We work with environmental, engineering, ground water, mining, oil & gas, 

chemical and natural resource exploration industries. 

 

HGI is an innovative, 

solutions oriented 

geophysical consulting 

and service provider. 
 



What is Geophysics 

Geophysics is the scientific study of the 

earth’s internal dynamic structure and 

uses Physics, Mathematics, Geology, 

Ecology, and Chemistry as its primary 

tools to understand the physical 

properties of earth materials. 

 

At HGI we use geophysical methods 

and techniques to study near surface 

physical properties and structure of 

earth materials for industrial, 

environmental, and commercial needs.    
 

The figure to the right is an example 

resistivity cross section showing solution 

distribution on a large engineered rock 

pile (ore stockpile) interpreted from 

electrical resistivity data.  Conductive 

areas contain more solution with 

trapped minerals. 



Measurement & Target 

Recognition 
• Geophysics is a measurement science and can 

be used to measure a variety of physical 
properties 

– Electrical and electromagnetic 

– Magnetic 

– Acoustic 

– Thermal 

– Density 

• Best used as a target recognition tool 

– Looking for targets against a dissimilar 
backdrop, e.g., an inorganic plume in 
uncontaminated soil 

– Requires contrasts in physical properties, 
e.g., low vs. high conductivity. 

– Collect sufficient “background” 

• Higher order analyses 

– Relative degree of target size, intensity 

– Correlation to hydro/geo/bio/chemical 
measurements 

– Topics of current academic research 

Target without background information  

is impossible to identify 

Target with sufficient background can be clearly identified 



Why Use Geophysics? 

• Few ways to interrogate the earth 

– Surface geological mapping (doesn’t always capture what's below ground) 

– Drilling (expensive and very limited in characterization area) 

– Geophysics (inexpensive, detailed and scalable project area) 

 

• Earth science isn’t known for being data rich 

– Geophysics offers inexpensive insight with lots data 

– Can be used to help with a variety of disciplines: environmental remediation, 
hydrogeology, civil engineering, geology, geochemistry, mining, etc. 

 

• HGI is driving advancement of characterization technologies 

– Hardware expansions to acquire more data at a faster rate 

– Software expansions to model complex earth responses over large areas 

– Increased understanding of the meaning behind the geophysical models 

– All of our advances are published in peer-reviewed journals 



Scalability in Geophysics 

• Planet/Continent Scale (105 – 107 m) 

– Earthquake analysis 

– Satellite-based instrumentation 

• Regional Scale (104 - 105 m) 

– Airborne methods 

• Macro Site Scale (101 – 104 m) 

– Surface methods 

• Micro Site Scale (10-2 – 101 m) 

– Borehole methods 

A major advantage to using geophysics to map the 

subsurface is the ability to operate over any scale. 

Regardless of size or magnitude of project, HGI can 

provide a graded approach to provide best overall 

value for dollars.   

GRACE gravity satellite 
http://www.csr.utexas.edu/grace/ 

Planetary scale gravity data 



Why HGI for Geophysics 

• HGI is a trusted brand for geophysical data acquisition and analysis 

• A recognized industry leader for over 30 years 

• We employ professionals in a wide range of disciplines: mechanical / civil / 
geological engineering, hydrogeology, environmental sciences, geology 

• We invest heavily in R&D, creating and improving imaging technology in 
response to continually changing regulations and client needs 

• We have a diverse client list, including federal government agencies, local 
municipalities, A&E firms, property developers, and mining companies  

• Our reporting of results uses terminology and visualization specific to the 
industry in which the project is focused 

 Characterization in radiological areas • Our personnel and equipment are highly 

mobile and work domestically / internationally 

• We are supported by our parent company, a 

larger engineering firm with focus on 

mechanical & electrical design, custom 

fabrication, and construction 



HGI’s Innovations 

• Data Acquisition 

– More detailed 3D coverage over broad areas (on the order 

of square miles) 

– Faster monitoring of injected reagents 

– Can meet nuclear industry quality assurance levels 

• Processing 

– Expanded hardware & software to reduce analysis time/cost 

• Interpretation 

– Integration with hydrology, geology, or geochemistry 

– Advanced statistical methods (cluster analysis, geostatistics) 

The properties measured by our methods are more sensitive to hydrogeological variables, 

such as moisture content, contaminant concentration, porosity. We fabricate our own 

equipment for specialized projects and as such, our improvements have been focused on 

acquiring, processing, and interpreting electrical data. 

Server clusters for analysis  

of large datasets 



HGI’s Signature Services 

• Hydrogeological Monitoring 
– Water movement through natural and man-

made materials 
– Injection monitoring 

• Leak Detection & Monitoring (LDM) 
– Underground tanks 

– Earthen dams, ponds, containment structures 

– Pipelines 

• Environmental Site Characterization 
– Structural and geological mapping 

– Contaminant mapping & tracking (plumes) 

• Engineering Site Assessment 
– Geotechnical investigations 

• Exploration 
– Copper and Gold 

– Uranium 

– Groundwater 

Data collection on active heap leach site  

Monitoring of secondary ore extraction 



An Overview of Clients 

• ARCADIS  

• Brown & Caldwell 

• Clear Creek Consulting  

• CH2M Hill  

• Montgomery & Assoc.  

• Flour Hanford Group 

• SRK Consulting  

• Fluid Solutions 

• Tetra Tech  

• URS Corporation  

• MWH 

• Schlumberger Water Services 

• Washington River Protection 

• Bureau of Land Management 

• Arizona State Parks 

• Fremont County, WY 

• Panama Canal Authority 

• Tucson International Airport  

• U.S. Department of Energy 

• U.S. EPA 

• NASA 

• Los Alamos National Lab. 

• Pacific Northwest National 

Laboratory 

A & E Clients 

Mining     &  

Resources Environmental  

&  

Engineering 

Government 

• Apollo Gold 

• Alamos Gold 

• Anglo Gold ASHANTI 

• ASARCO 

• Barrick 

• BHP 

• Freeport McMoRan 

• Cotter Corporation 

• Inland Explorations 

• KGHM  

• Kinross Gold  

• Kennecott Mining 

• Newmont Mining  

• International Coal Group 

• Veris Gold 



Typical Projects for HGI 

• Leak Detection 

– Holes in plastic liners 

– Integrity of underground storage 

tanks 

– Validation of cover systems 

– Spills 

– Landfill seepage 

– Pipeline leaks 

• Plume Mapping 

– Spatial distribution & tracking of 

contaminants 

– Groundwater impacts 

• Geological Mapping 

– Bedrock 

– Structure 

– Hydraulically transmissive faults 

• Site Clearance 

– Mapping underground 

infrastructure (pipes, utilities, tanks) 

– Aiding Phase I/II investigations 

– Brownfields characterization 

• Marine surveys 

– Bathymetry (water depth) 

– Sediment thickness 

– Support engineering design 

• Groundwater Resources 

– Well siting 

– Depth to bedrock / depth of 

alluvium 

• Injection Monitoring 

– Reagent dispersal, coverage, and 

direction 

– Optimized delivery 

 



Geophysics Reduces Costs  

As a remote sensing and target recognition tool, geophysical characterization can 

reduce or optimize drilling and remediation costs by identifying subsurface features 

unidentifiable by other  methods.   For example, geophysical data can provide details 

regarding specific target information (size, depth, intensity), thus reducing costs 

compared to a few randomly placed drill holes. 

 

Below is an example resistivity cross section of a heap showing internal structure 

affecting solution movement.   This information helps mining operators develop new 

optimization possibilities for heap design, construction, and leaching while 

minimizing a costly drilling program.     



Mapping Acid Rock Drainage (ARD) 

In many instances, finding the source 

and transport pathways of acid rock 

drainage, seeps, and leaks cannot be 

solved by ordinary drilling, CPT, or 

monitoring methods.   

 

Such targets are typically well suited for 

geophysical characterization techniques 

because they are considerably more 

electrically conductive than the host 

material through which it is flowing. 

Problem:  Client found acid seep and 

needed to locate source to support 

remediation. 
 

Solution:  HGI mapped plume boundary, 

flow direction and source. 



Mapping Seeps from  

Tailings Piles 

There are a variety of sources for 

groundwater contamination.  

Tailings piles from mining 

operations can pose as a 

significant source due to the 

high volume of inorganic waste 

that has been stacked as a wet 

slurry.  To the right is an example 

of using geophysical data to 

chase the seepage path 

source 

Plume path & flow direction 

Problem:  Client found a seep 

area on side of tailings pile. 
 

Solution:  HGI mapped horizontal 

and vertical seep pathway and 

solution migration. 



Mapping Heaps, Rock Piles, Tailings, 

& Slope Stability via Solution Flow 

Engineered rock piles developed 

from mining operations are 

uniquely structured.  Fluid 

movement through these piles 

are heavily influenced by this 

structure.  Unlike natural earthen 

materials, the structure cannot be 

predicted from a drilling 

campaign, whereby geostatistical 

methods are employed to 

interpolate between data 

locations.   

 
Problem:  Client wanted to 

understand distribution of 

material and solution within 

their heaps & rock piles. 

Solution:  HGI mapped physical structures within heap and identified potential failure  

areas associated with perched water layers, side slope seeps and holes in liner system. 

Areas of trapped metals where highlighted to help client enhance recovery. 



Depth to Bedrock 

Depth to bedrock can be a critical parameter in geotechnical investigations.  Bedrock 

influences the stability of structures built above it, particularly in earthquake prone 

areas, and its depth can strongly impact initial construction costs based on rippability 

and excavation volume. Depth to bedrock is also important in placer mining where 

paleo-channels eroded into bedrock are sought.  In the southwest, usable groundwater 

resources are directly tied to the depth to bedrock.   

Problem:  Client 

needed to understand 

soil volume & rock 

properties for 

construction planning. 
 

Solution:  HGI imaged 

bedrock profile and 

mapped areas of 

competent bedrock 

where solid 

foundations could be 

located. 



Geological Mapping 

Geological mapping of complex stratigraphy is strong suit of geophysical surveying.  Often, 

contacts, dip and strike, or degree of fracturing are not obvious from surface mapping alone.  

Different strata will likely have unique electrical signature, which can be mapped using 

noninvasive geophysical methods.  
 

Problem:  Client wanted to characterize geology at depth over a large area  

Solution: A relationship was established between different geologic materials and measured 

geophysical data. This was used to develop a cross-section showing geologic conditions at 

depth where alluvial fill was shown to be a thin veneer on top of thick bedrock. 



Geological Mapping 

How deep can we go?  Very deep!  HGI has invested in significant equipment inventory to see 

well over a 1000 feet into the earth. This provides us with an unprecedented amount of detail 

and high data quality to ensure accurate depictions of geological conditions.   

Problem:  Los Alamos National 

Laboratory (NM), was concerned 

that surface contamination could 

migrate into regional water table 

through natural faults & fractures. 

Solution:  HGI used electrical resistivity 

measurements to locate conductive areas that 

represented tansmissive clay-gouged geologic faults.  

The cross-section highlights the most likely pathway 

for contamination travel towards the aquifer. 



Geological Mapping  for the 

Panama Canal Expansion 

Problem:  Panama Canal Authority needed a rapid and cost effective way to map geologic 

material beneath the canal to support the expansion survey design to accommodate 

Panamax ships (significantly wider and deeper). 

Solution:  HGI completed a water based resistivity survey over the Panama Canal.  Results 

allowed us to identify the appropriate and most cost effective excavation method 

(dredging vs. blasting).  Marine-based sedimentary rock is conductive (requires blasting) 

and the former channel of the Chagres River is resistive (can be dredged).   

Dredge 

Blast 



Resource Exploration 

Sulfide-based minerals are an important host for base and precious metals.  Due to their 

geochemical makeup, sulfides act as a capacitor to store electrical charge for 10s to 100s 

of milliseconds.   

Sulfide ore 

Problem:  A South American based mining client wanted to locate sulfide-based minerals 

(copper, gold, silver) in minable quantities within very large property holdings.  

Solution:  HGI used an electrical resistivity and induced polarization (IP) survey to map 

sulfide ore targets in order to reduce and optimize validation drilling.  We have 

experience in the US, Mexico, and Central and South America. 

Resistivity 

Induced Polarity 



Plume Mapping 

Understanding contaminant distribution from disposal facilities at the Hanford Nuclear Site has 

been a key focus for HGI over the past 10 years.  Billions of gallons of nitrate-laden waste has 

been disposed in open trenches, concrete vaults, underground storage tanks, injection wells, 

and ponds. Drilling through the waste is expensive, so the Department of Energy relies heavily 

on geophysical methods to define the plume’s characteristics. 

  
Problem:  Client needed to map plume 

boundary and reduce drilling in order to 

determine remediation method 

Solution:  HGI mapped contaminant boundaries and 

enhanced survey resolution to reveal varying 

contaminant concentrations within plume. 



Site Clearance 

HGI employs a number of geophysical methods to locate and map buried infrastructure and 

objects, often in advance of an excavation or an exploratory drill program.  These include 

magnetic, electromagnetic (EM), and ground penetrating radar (GPR).  The same tools are 

frequently applied to explore and map archaeological sites. 

Ground penetrating radar 

survey  (GPR) 

Electromagnetic survey (EM) 

Problem:  Client needed to accurately 

locate subsurface infrastructure without 

using intrusive methods (drilling, pot 

holing, trenching). 

Solution:  HGI located subsurface tanks and a buried 

well  head that had been lost during site remediation 

activities. 



Infrastructure Mapping 

To cover more ground, pipeline mapping 
outside the tank farms at US DOE 
Hanford Nuclear Reservation is 
conducted using electromagnetic 
induction and magnetic gradiometry.  
These instruments are attached to a cart 
and towed behind an ATV (see figure 
below).  In this way, we are capable of 
acquiring data on the order of acres per 
day.  To the right shows the 
underground pipeline network that was 
used to transfer waste from the chemical 
processing plants to the waste tank farms 
at Hanford.  These pipelines manifest as 
very conductive linear features in a 
resistive background. 



Mine Reclamation 

Old and abandoned mine pits can 

continue to pollute groundwater 

and nearby surface waters if not 

treated properly.  The pits typically 

expose sulfide minerals of low 

economic value.  When oxidized, 

these minerals become very acidic 

and can leach other harmful 

metals.  

Problem:  Failed reclamation at 

the Landusky mine (Montana) 

resulted in acid rock drainage 

seeping from property. Given the 

complex geology of the area, 

characterization wells were 

difficult to locate.  
 

Solution:  HGI’s data revealed 

contaminant flow paths that 

caused acid rock drainage to seep 

into the surrounding wilderness. 



Injection Monitoring 

Injecting solution into a formation, 

whether for remediation, fracking, or 

enhanced recovery, is a highly dynamic 

(very quick) event.  As such, the right 

equipment is necessary to accurately 

capture the relevant spatial and temporal 

properties of the injected solution.   

Problem:  Anglo Gold wanted to 

monitor a fluid injection that was part 

of an enhanced mineral recovery 

program.   
 

Solution:  HGI tailored the resistivity 

method to monitor the subsurface with 

a new acquisition system called 

“Geotection”.  Time lapse results  

showed the injected solution migrating 

asymmetrically from the central 

injection well, allowing the client to 

modify the injection plan to better cover 

the target area. 



Cover Monitoring 

Covers are designed to absorb some precipitation and allow the rest to run off in order to keep 

the remaining contaminant material beneath dry.  Cutting off the supply of water should reduce 

future impacts of the material to the environment.   

Problem:  Client was unsure 

whether the cover was effective 

based on long-term treatment of 

draindown waters.   

Solution:  HGI’s geophysical survey revealed that only a few 

spots had likely been compromised and the source of fresh 

water entering the pile was likely groundwater and not 

surface rainfall as suspected 



Pond Liner Leak Location 

Lined systems use a variety of designs, construction techniques, and materials presenting 

challenges with leak location. Traditional methods for leak detection are often not successful, 

because they fail to account for site variations, conductive solutions, and technical limitations.  HGI 

tailors leak detection to fit the problem and uses advanced geophysical methods providing a high 

degree of success (over 90%) and a greater accuracy. 

Problem:  Client had a 60 gallon per 

minute leak between liners in a storage 

pond.  Previous leak location companies 

surveyed the pond without success. 

Solution:  HGI performed an electrical resistivity 

survey using a multiple sensor array.  HGI’s survey 

found three leak locations for repair.  Following repair 

the leak rate decreased from 60 gpm to 0 gpm. 



Long Term Assurance 

Monitoring 
Ensuring the integrity of a 

containment system is conducted 

through a robust leak detection 

program.  At Hanford, that 

program involves geophysical 

monitoring of underground 

storage tanks.  HGI has built 

specialized hardware to 

accommodate the complexity of a 

nuclear site and all monitoring 

occurs continuously, in real time, 

and accessible on the internet 

with logical graphics to determine 

the leak state.  For other systems 

posing less of a threat to human 

welfare, assurance monitoring 

can be conducted less periodically 

and without dedicated systems.  

Monitoring frequency can be 

determined by clients need or 

regulatory requirements. 



Questions / Comments ? 

Website Resources: 

• General:  hgiworld.com  

• Mining:  heapsolutions.com 

• Leak Detection: hgileakdetection.com  

Contacts: 

• Phone:  520-647-3315 

• Sales Manager:  Shawn Calendine 

• Email: scalendine@hgiworld.com  

http://www.hgiworld.com/
http://www.heapsolutions.com/
http://www.hgileakdetection.com/
mailto:scalendine@hgiworld.com

