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•The talk is divided into two parts 

• Borehole Imaging tools used by NJGS before 2010 and 

after as NJGWS 2011 including a comparison of the results 

of 2nd and 3rd generation borehole televiewer (BTV) 

technology

•3D visualization methods for geological 

structures using GIS and Google Earth
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Geological Research & 
Support Section of the 
Bureau of Water and 
Geoscience

2 Licensed well drillers, 

and the good faith of the 

State of New Jersey.
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• Borehole imaging tools developed from industry’s need for borehole 

inspection devices, for fracture detection and for use in well remediation.

source: Lowell, M.A., Williamson, G., & Harvey, P.K., (eds) 1999, Borehole Imaging: applications and case histories. Geological 

Society of London Special Publication 159, 1-43.

• First devices introduced in the 1950’s with rigged photographic cameras.

• Downhole TV introduced in the 1960’s. 

• First acoustic borehole televiewer’s in the late 1960’s, resistivity shortly after 

• First generation optical imaging, including the Raax BIPS system, late 1980s and 

early 1990’s. 

• Second generation microresistivity and high-resolution devices late 1990 to mid 

2000’s.

• Mid 2000’s on, the third generation devices have increased logging speed from 

increased computing power, electronic refinements, and more data processing 

capabilities….

Borehole Imaging ReviewBorehole Imaging Review
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Robertson Geologging Ltd.System 

Portable Smartwinch w/ 300 m coax cable
Fluid temp and electrical conductivity 
Multi-directional Color TV camera (VHS) 
Optical Televiewer (OPTV)

Heat Pulse Flowmeter NJGS 2002-2010
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OPTV scans of 360 or 720 pixels 

per 1mm scan ring March 18, 2013 G.C. Herman
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Example of RG OPTV resultsExample of RG OPTV results
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The NJThe NJ--NY parts of the Newark basinNY parts of the Newark basin
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Some conclusions from this research:

1) Borehole cross flows in well are systematic and commonly related to 

red and gray bed stratigraphic layering control on aquifer heterogeneity

2) WBFs and WBZs in gray beds are more concentrated in non-bedding 

fractures whereas those in red beds and especially coarser-grained 

units have more bed-parallel WBFs and Zs. 

3) The massive mudstone units have about an equal number, but the 

bed-parallel WBZs are higher transmissivities over longer distances.

4) Gray and Black shale units are confining beds to the red-bed aquifers.

5) The depth of weathering in bedrock is commonly 60 – 100 ft below land 

surface, so having more than 50-ft of casing for supply wells is advised 
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ALT & Mt. Sopris System 2011-

800 m 4MX2 Winch with 
1/8” single conductor cable

Matrix data processor

Optical Borehole Image 
(OBI-40) Tool

Heat-Pulse Flowmeter
HPFM-2293
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The ALTThe ALT-- Mt.Mt.SoprisSopris HPFM HPFM 

Operational range with diverter/centralizer

(.43197 psi/ft ~6000 ft)
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COMPARION OF RG OPTV AND ALTCOMPARION OF RG OPTV AND ALT--MT/SOPRIS OBIMT/SOPRIS OBI--4040

ALTALT-- Mt.Mt.Sopris Sopris OBIOBI

Robertson Robertson 

Geologging Geologging OPTVOPTV
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COMPARION OF RG OPTV AND ALTCOMPARION OF RG OPTV AND ALT--MT/SOPRIS OBIMT/SOPRIS OBI--4040
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ESRI ESRI ArcViewArcView 3.2 3.2 

Avenue scripts and Avenue scripts and 

extensions no longer extensions no longer 

supported in ARC supported in ARC 

GISGIS
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http://www.impacttectonics.org/gcherman/vrml.htm
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This work builds on a concept used for a 300-level structural geology class, 
Rider University, Lawrenceville, NJ

http://www.impacttectonics.org/gcherman/downloads/GEO310/GCH_GESymbols/GCH_GE_Geology_Apps.htm
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• The New Jersey Geological and Water Survey uses Google Earth (GE) to help 

research the physical properties of fractured-bedrock aquifers.

• GE provides a flexible, practical, and popular software platform to help organize, 

display, and share 2D and 3D geological data collected in outcrop and with 

borehole geophysical logging tools. 

• Computerized 2D geological symbols and 3D 

models are generated in Trimble SketchUp, 

then georegistered, scaled, and annotated 

utilizing Microsoft Excel to generate GE 

keyhole-markup-language (KML) files. 
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2D geological map symbols are available for 

stratigraphic layering, cleavage, joints, 

fractures, faults, and lineation, utilizing an 

approach based on Whitmeyer's on-line 

orientation-symbol generator. 

2D geological symbols and 3D 

colored circles (next page) are 

plotted in GE using KML output 
from Excel Worksheets shown 

below.  

The red numbers are the 

symbol numbers used in the 
worksheet. 

The Collada object files (*.dae

files) must reside in the 

directory that the KML script is 
opened from in order for GE to 
be able to read them.
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3D map symbols use circular or elliptical 

planes centered on outcrop locations that 

help tie geological structures to crustal 

physiography. 

Excel worksheets are 

currently designed for 

groups of as much as 50 

structures, and have been 

successfully used in 

structural geology 

laboratory exercises to help 

students visualize their field 

work. 
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The worksheet 

includes cells and 

cell blocks for 

data input and a 

cell block for data 

output. 
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Detail of KML script 

output block
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Google Earth KMZ file of the 

bedrock geology of the 

Flemington, NJ area. 

Base image is from a NJGS project 

map showing basalt flows (orange 

polygons labeled Jp and Jo), 

bedding strike and dips, and 

faults (U – up thrown, and 

D – down thrown fault blocks).

Green (bed) and blue (fracture) 

ellipses are 3D Collada models 

that are 400 m long and 200 m 

wide with respect to strike and 

dip length (for a 2:1 aspect ratio). 

Light blue lines are hydrography

digital line graph shapefiles.
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Interpreted 

borehole 

televiewer 

(BTV) records 

provide 

incremental 

structural 

orientation 

readings, 

associated 

borehole 

telemetry, and 

a measure of 

plane aperture, 

or thickness.
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• Well-field components include borehole traces with cased and open intervals, geophysical 

logs, and 3D ellipses representing structural planes that can be dynamically viewed with 

graduated reference grids. 

• As GE is designed for viewing the Earth's surface, 3D well-field visualization requires lifting 

well-field components above land surface by a distance exceeding the deepest well. 

• Well-head positions are established utilizing global-positioning systems (GPS) and digital 

elevation models. 
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• Availability of BTV data on multiple wells in close proximity facilitates comparison of 

complex stratigraphic and structural relationships. 

These approaches have proven useful for 

linking geological heterogeneity, such as cross 

stratification, to aquifer anisotropy. 
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Comparative thickness values for sets of planar features, such as branching and 

interconnecting faults within a fault zone, can be variably scaled in a model to help assess 

complex structures in multiply-tectonized terrains. 

A water-supply well and three observation wells 

drilled into a fault zone.

Main traces and subordinate splays 

show  Reidel shear geometry

Red – faults are variable scaled 

using aperture thickness

Green –metamorphic layering
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Assessments are planned of the dimensional accuracy of the 3D well-field models 

THANK YOU
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