UTILIZING GOOGLE EARTH FOR GEOSPATIAL, TECTONIC, AND
HYDROGEOLOGICAL RESEARCH AT THE NEW JERSEY
GEOLOGICAL AND WATER SURVEY

eThe talk is divided into two parts

e Borehole Imaging tools used by NJGS before 2010 and
after as NJGWS 2011 including a comparison of the results
of 2"d and 3" generation borehole televiewer (BTV)
technology

*3D visualization methods for geological
structures using GIS and Google Earth
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Geological Research &
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Bureau of Water and
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2 Licensed well drillers,
and the good faith of the
State of New Jersey.
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Borehole Imaging Review

* 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....
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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




About OPTV

#’ # _OPTV

DOPTV

ROBERTSON

To Smartwinch,
Microlegger, and FC

A LED ring (L) located
around the camera lens
iluminates a section of the
borehole wall. Borehole wall
image is reflected off the

hyperboleid mirror (H) te
the digital camera (C).
Three-axisa inclinometer (1)
and magnetometer (M)
collect incremental
erientation readings

7~
7 7
OPTV scans of 360 or 720

per 1mm scan ring

DIGITAL OPTICAL TELE-VIEWER

OFTICAL
TELEVIEWER
SCHEMATIC

Pigital camera
captures 360° ring
at Imm-depth
sample intervals.
Successive rings are
stacked in
geographic
alignment based on
incremental
magnetometer and
inclinometer
measurementes.

Sonde Tube

Upper Collar

centralizing
béﬂl‘ldg Bowspring
Locking
Collars
Log Muu:ieI.Lug_Direu:J;ionI Scan I Depth Whesl Positional | Encoder] Wihch.I_ProEue I .
. ¥ Ensble realime image sigrment [ 0.00 Magnetic declination [degrees)
pixels Lo ol
Ok I

March 18, 2013 G.C. Herman




Z
N A
W E s e
e
S
ST T
i Eomy 1| e
o
s o cylindsr interescte
cylindrical korshole cylindrical borshols stssply-incined plans
intsrsscting irtersscting with slliptical trace
gerrtly-inclined plans staeply-inclined plane on cylindar walls

Botlom of casing

NET ® Bodding

HIE B Tectonic Fracture

saction of cylindsr wall
iz unrolle and
tranfarmed Into

rectangular (cartesian)

coordinates. Elliptical

trace is tranformed to
alnuanldal curve.

Amplituds is a function

of dip.

2.
2.
2.
2.
29,
2h
2.
25,
25,
25,
25,
2h.
25,
25,
2h.
b
6.
26,
26,
b
b
26,
26,
26,
b

&0
B0
700
a0
00
(oo
100
200
300
400
&0
GO0
700
a0
300
(oo
100
200
300
400
&00
GO0
700
a00
300

About OPTV

#" QPTV @

ROBERTSON
GEOLOGGING
LIMITED

DOPTV

DIGITAL OPTICAL TELE-VIEWER

M E = W




Example of RG OPTV results

Wells 95 and 96 - Brunswick lower red zone
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FIGURE 3M12. OPTV records of 6-inch diameter wells 95 (left) and 96 (right) at the Stony Brook-Millstone Watershed Association well field showing geologic

structures and hydraulically-conductive features in red and gray mudstone and gray shale. Depth values are in feet below land surface.

March 18, 2013 G.C. Herman



DEPTH FLUID FLUID VELL
(fty  TEMPERATURE ("F) CONDUCTIVITY (#Sicm] DIAGRAM
03 G4 GO 06 07 05 43 4 76 75 &
1] T
5
0
]
LU
15 i
<I
(]
20 Ll
25 static-water =
4 |evel oY
an i
! cf = primany
5 f watar-hearing :
cf TotiE
wl N | REDAUDSTONE {-._
. =
_ : . of %
45 ;" E_-_
' ch : e
= s
v ch gf
55 }
i L 2 —
&0
23 f L J
! ch : =
ok RED|SH TSTONE
E I *ch
5 of v
EXPLAMNATICN: water-bearing zone

Well 46 - Brunswick middle red zone

ch conductive bed
cf conductive fracture

nmf  no measurable Tow

BOREHOLE FLOW (gpim)
0o 9% 10 15 &0 20 0

nor-pumping
caonditions

dowrrward Now

turbulent signal’

# heat-pulze Tow meter reading

ground water _’I—b
erters horehole ground waler

exits horehole

Static water lewval

Conductive fracture

Conductive fracture

MO37 B8 Fracture
Steeply-inclined

FIGURE 3C3. Hydrogeologic section based on geophysical logs (left) for well 46 at 15 Roosevelt Rd, Readington Twp, Hunterdon County, NJ. The section shows the
vertical distribution and types of hydraulically-conductive features and water-bearing zones in red mudstone. An OFTV record of the 6-inch diameter well (right) shows
primary inflow zones. Depth values are in feet below land surface.
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The NJ-NY parts of the Newark basin

EXPLANATION:

lhe Study sites in this report ing app
¢ Study sites in this report included in appendix entry 2F
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Borehole Geophysics and Hydrogeology Studies
in the Newark Basin, New Jersey

By Gregory C. Herman and John F. Curran, N.J. Geological Survey

Appendixes 1 to 4 of

Contributions to the Geology and Hydrogeology of the Newark Basin

N.J. Geological Survey Bulletin 77
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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

o
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OBI40 Optical Borehole Imager

2 Measurement Principle 5

The OBl incorporates a high resolution, high sensitivity CCD digital camera with matching
Pentax optics. The CCD camera, located above a conical mirror, captures the reflection of the
borehole wall. The light source is provided by a light ring assembly located in the optical
head (Figure 2-1).

dlgltal
camera

|
Conical mirror |

C

Figure 2-1 Qptical agsembly

Light bulbs T W

Book 3 - Image & Structure

Borehole wall
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The ALT- Mt.Sopris HPFM

Operational range with diverter/centralizer
Measuring Range

0.03 gpm to 1.0 gpm 0.113 lpm to 3.785 Ipm
0.15 f'min. to 13 ftYmin. 0.046 m/min. to 3.962 m/min.

Resolution Accuracy
5% 2% (Mid-Range) to 15% (Extremes)

Pressure Rating
2000 PSI or 13789 Pascal  (.43197 psi/ft ~6000 ft)
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COMPARION OF RG OPTV AND ALT-MT/SOPRIS OBI-40

Robertson
YR Geologging OPTV

ALT- Mt.Sopris OBI

400 ] 400 500 4200 1500 Feet
= —— ___———|

200 0 200 400 Meters
e e

Base map from the US Geological Survey Frenchtown, NJ-FPa 7-1/2" Topographic quadrangle.

EXPLANATION: & Water well with line  A—— A" ¢rosssection trace

R trace of penetrated 8
Narce ] Q TN
March 18, 2013 G.C. Hérman stratigraphic interval ®  Qutcrop notes — 1 stirke and dip from OBl image analysis
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Inclined water-bearing zones indexed by
estimated yield and packer-test results indexed

h by MTBE concentrations
e y
Well parts use n n

Mudtipatch PolygonZ
planes centered about
the borehole in an
octagonal arrangement

Well-field grid, inclined water-bearing zones (indexed by yield), water-production wells, and
monitoring wells (pink - cased intervals, green open/screened intervals)

42 NJG5 3D WellField Visualization Extension

Flaase Chasse & Program Optios

Electromagnetic Resistivity
(red) and Conductivity
Geophysical Logs

Borehole fractures and fluid-temperature-
differential records from acoustic televiewer and
fuid-temperature logs.
3D generation and visualization of
» Well-field well-construction parts
* Inclined planes
*Packer-test results

* Borehole-fractures

 Borehole geophysical logs
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Virtual Reality Model Language (VRML) programs provide dynamic display of
three-dimensional shapes using VRML viewers and Internet browsers.
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UTILIZING GOOGLE EARTH FOR GEOSPATIAL, TECTONIC, AND HYDROGEOLOGICAL RESEARCH AT
THE NEW JERSEY GEOLOGICAL AND WATER SURVEY

Presentation Time: 4:.40 PM

UTILIZING GOOGLE EARTH FOR GEOSPATIAL, TECTONIC, AND
HYDROGEOLOGICAL RESEARCH AT THE NEW JERSLEY GEOLOGICAL AND
WATER SURVLEY

HERMAN, Gregory C., MJ Department of Environmental Protection, MNJ Geological & Water Survey, PO Box 420, 29 Arctic Parkway,
Trenton, MNJ 08822, greg.herman@dep.state.nj.us

The Mew Jersey Geological and Water Survey uses Google Earth (GE) to help research the physical properies 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 20 geological symbols and 30 models are
generated in Trimble SketchUp, then georegistered, scaled, and annotated utilizing Microsoft Excel to generate GE keyhole-
markup-language (KML) files. 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-symbaol generator. 30 map symbals use 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 labaoratory exercises to
help students visualize their field work. As GE is designed for viewing the Earth’s surface, 30 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 (GP3) and digital elevation models. Interpreted borehole televiewer (BTV) records provide incremental
structural orientation readings, associated borehole telemetry, and a measure of plane aperture, ar thickness. Well-field
components include borehole traces with cased and open intervals, geophysical logs, and 2D ellipses representing structural
planes that can be dynamically viewed with graduated reference grids. Availability of BTV data on multiple wells in close proximity
facilitates comparison of complex stratigraphic and structural relationships. 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. These approaches have proven useful for linking geological heterogeneity, such
as cross stratification, to aquifer anisotropy. Assessments are planned of the dimensional accuracy of the 30 well-field models.

T2Z2 Innovations in Geoscience Education and Research Using Google Earth and Related Digital Technologies
Tuesday, 19 March 2013: 1:20 PM-5:40 PM March 18, 2013 G.C. Herman




THE GEQLOGICAL SOCIETY
OF AMERICA

SCIENMCE = STEWARDSHIP = 51

Northeastern Section - 48th Annual Meeting (18-20 March 2013)

UTILIZING GOOGLE EARTH FOR GEOSPATIAL, TECTONIC, AND HYDROGEOLOGICAL RESEARCH AT
THE NEW JERSEY GEOLOGICAL AND WATER SURVEY

Presentation Time: 4:.40 PM

UTILIZING GOOGLE EARTH FOR GEOSPATIAL, TECTONIC, AND
HYDROGEOLOGICAL RESEARCH AT THE NEW JERSLEY GEOLOGICAL AND
WATER SURVLEY

HERMAN, Gregory C., MJ Department of Environmental Protection, MNJ Geological & Water Survey, PO Box 420, 29 Arctic Parkway,
Trenton, MNJ 08822, greg.herman@dep.state.nj.us

The Mew Jersey Geological and Water Survey uses Google Earth (GE) to help research the physical properies 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 20 geological symbols and 30 models are
generated in Trimble SketchUp, then georegistered, scaled, and annotated utilizing Microsoft Excel to generate GE keyhole-
markup-language (KML) files. 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-symbaol generator. 30 map symbals use 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 labaoratory exercises to
help students visualize their field work. As GE is designed for viewing the Earth’s surface, 30 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 (GP3) and digital elevation models. Interpreted borehole televiewer (BTV) records provide incremental
structural orientation readings, associated borehole telemetry, and a measure of plane aperture, ar thickness. Well-field
components include borehole traces with cased and open intervals, geophysical logs, and 2D ellipses representing structural
planes that can be dynamically viewed with graduated reference grids. Availability of BTV data on multiple wells in close proximity
facilitates comparison of complex stratigraphic and structural relationships. 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. These approaches have proven useful for linking geological heterogeneity, such
as cross stratification, to aquifer anisotropy. Assessments are planned of the dimensional accuracy of the 30 well-field models.

T2Z2 Innovations in Geoscience Education and Research Using Google Earth and Related Digital Technologies
Tuesday, 19 March 2013: 1:20 PM-5:40 PM March 18, 2013 G.C. Herman




This work builds on a concept used for a 300-level structural geology class,
Rider University, Lawrenceville, NJ

. IMPACTTECTONICS.ORG

Google Earth 2D structural geologic symbols, and 3D planes, cross sections,
and borehole traces.

The Notes PDF file (8 ME) explains the MS Excel applications and illustrates the results for
the different symbols, cross-sections, and borehole KMZ files.

GC Herman 2013 www.impactiectonis.org

T GCH GE Notes 2012.pdf (108 MB)

DAE Symbols. zip (23 KB)

Four structures.txt (4 KB)
N A-A'txt (1KB)

NI Bedrock cross section A kmz (253 KB)

NJ Bedrock Geology North kmz (14.2 MB)

Geologic symbols and circles 50 Flemington xls (1.62 MB)

H Geologic symbols and circles 30 Flemington kmz (157 KB)
Stonvbrook Millstone Wellfield OPTV data 2012 xls (2.26 MB)

: e E e E
B, T o e,
: ) T ““h s :
N ;'/ L S\tv_}*’f?'m!.h'- o

Unizip the symbols file into a folder that vou download all files to.
The KMLs that you write must be in the same directory as the symbols (*.dae)
[files i1 order for the scripts to wark

Stonvbrook Millstone Wellfield OPTV data 2012 kmz (28 KB)

GC Herman 04-2012

http://www.impacttectonics.org/gcherman/downloads/GEO310/GCH_GESymbols/GCH_GE_Geology Apps.htm
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e The New Jersey Geological and Water Survey uses Google Earth (GE) to help
research the physical properties of fractured-bedrock aquifers.

e 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.

e 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 (map) geological symbols 2D geological symbols and 3D
0 5 2 4 5 colored circles (next page) are

plotted in GE using KML output

from Excel Worksheets shown
below.

sedimentary bedding igenous or metamorphic

bed.dae layering or foliation

3 layer.dae

The red numbers are the
symbol numbers used in the
worksheet.

The Collada object files (*.dae
files) must reside in the

- . slip directory that the KML script is
cloavage orcip plane. fracture or jolet arrow  lineation opened from in order for GE to
cleavage.dae joint.dae arrow.dae slip.dae be able to read them.
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6 3D 5-m circles
3D map symbols use circular or elliptical ‘
planes centered on outcrop locations that
help tie geological structures to crustal

physiography.
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laboratory exercises to help
students visualize their field
& work.
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3 ‘ 58153 -T4. 36761 4050273 000 a3 L1 A0 0 1 2 Fracture 4 -B. TSN
I E SE15T -T4.86778 4051766 000 252 a7 Al 0 1 L3 Fractare 4 B
1 B SE15T -T4.86778 4051766 000 S0 a1 A0 0 1 3 Fractare 4 -B.
1 SE15T -T4. 86778 4051766 000 204 3 A0 0 1 3 Fracture d S5-m-Exc
d S3155 -T4.56445 4059670 000 222 &0 £ L 0 1 (3 Fracture d 5-m-E<
4 ke 3155 -T4.56445 4059670 000 125 65 Al 0 1 (3 Fractare d 5-m-E
Qi 4 S8153 -74, 85085 40500334 000 S0 0 A0 i 1 [3 Fracture 4 5-m-Eci
§§ 13 s3153 -74 85085 40500934 000 165 4 Al n 1 (3 Fractare d 5-m-E
57 | 58153 -T4. 35085 4050934 0.00 305 0 4 20 1 3 frackure: 4 5-m-E
38 | 55195 -74,57427 4052176 000 T 62 A0 0 1 3 Fractare 4 5-m-E<i
39| 55135 T4, 57427 4052176 0,00 6 [T I 20 1 3 frachure 4 5-m-Eis
,ig; 9 55195 -T4.57427 4052176 000 1358 83 £l n 1 (3 Fracture d S5-m-E
a1 | = 53136 7457154 4052154 0,00 @6 55 do £ 1 3 frackure: 4 5-m-Eis
42 | =9 s32ts -74.54031 A0 505564 000 120 61 A0 0 1 [3 Fracture 4 L
|43 | SE2ts -74, 54031 40505564 000 120 61 Ll 0 1 3 Fracture d 5-m-Ex<
44 | 55225 -T4.85324 4052137 000 256 B3 Ll 0 1 (3 Fracture d S-m-Ex<
45 | ad 5231 -74,33457 4052430 000 154 a3 a0 20 1 [ fractur: L] 5-m-Bx IR L]
L1 Es sE23 -T4, 55457 4052430 000 a0 66 L n i [3 Fracture 4 5-m-Es LI
47 | oo sE23 -74, 55457 4052430 000 S0 5T A0 0 1 (3 Fractare d S5-m-Es
L1 7 sE23 -74, 55457 4052450 000 274 &2 Ll 0 1 [3 Fracture 4 S5-m-Ex
43 J g2 -74, 55457 4052450 000 267 47 E L 0 1 [3 Fracture 4 Ei
50 ) sEas -T4 F545T A0 52450 000 264 63 A z0 1 [3 Fractare q 5-m-B<i
k1 kL sE23 -74, 55457 4052430 000 03 1= A0 0 1 3 Fracture 4 S-m-Fx
52 k) a2 -T4 F3457 4052450 0.00 45 76 A z0 i [3 Fracture 4 5-m-Bs
53 ] sGas2 -T4.54463 40.51335 000 m -1t} a0 i i [3 fracture 4 S-m-Bis
54 xy SE252 -T4.54463 4051335 0.00 134 T An 0 1 [3 Fracture 4 S-m-Ex
55 kL SE252 -T4.54463 4051335 000 P2 52 Ll EL] 1 [3 fracture Ll S-m-Es
56 4 SEa52 -T4.54463 4051335 000 35 43 a0 i 1 [3 fracture 4 Ex
5T J SE2s2 -T4.54463 4051335 000 1T iz Ll i | [ fracture 4 B
55 ] sE252 -T4.54463 40.51335 0.00 204 Il a0 0 | [3 Fracture 4 E
53 kL SE253 -T4.64233 4057554 000 i1l &0 Ll EL] 1 [ fracture 4 B
60 xy SE2F3 -T4.54233 4051554 000 273 &8 Ll 0 1 3 Fracture 4 B
61 e SE253 -T4.54233 4051554 0.00 "t 58 Ll E] i 3 fracture 4 E
62 o SE253 -T4.54233 4051554 000 166 &2 Ll 0 i [3 fracture 4 -Bi
63 i SE254 T4, 54139 40.51533 000 4 a0 L L] 0 1 [3 fracture 4 Ex
64 ay SG254 -T4. 54139 40.51533 000 a0 ar an E] 1 3 fracture 4 Ex
65 e SEa54 T4, 541359 40.51533 000 270 ar dn 0 i [3 fracture 4 Exi
=15 g SEa54 -T4. 54139 40.51533 0.00 an [E] an i 1 [3 Fracture q 5-m-E
&7 af 55235 -T4.63282 40.51947 000 Fa4 &0 L] E i 3 fracture 4 F-m-E
6 af 55235 -T4.63282 40.51947 000 22 1) Ll EL] 1 3 fractare q Frm-Bai
63 e 5255 T4, 51570 40 51913 0.00 12 86 Ll 0 i 3 fracture q Brm-Bai
L] ay 5255 -T4. 51570 4051913 .00 07 &5 Ll 0 1 3 fracture Ll S moBai
T B 5255 =T4.81570 4051913 .00 2] [E] L] E] i 3 fracture q 5 m-E
3
T4
6 0| choml mmlmae Ml lpod fmusa pragin.artd balf2.2" nluniyges Bl pd f o guegieas md b nd = mmle bl by s gy el b 2. 2w sl we il g P s, 3 e F2 B i ™
i 4| Bmnrat:
T 0 {etighe =" mienn " chana Sl gt hanac Sl gL b Ll ghe 2 gl
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@ Geologic_symbols_and_circles_50.xls

& |B [ u] E F G H | J K L 11 N O P o
1
2 INSTRUCTIONS SYMBOL KEY CIRCLE COLORS
3
4 [ 1 Copy this worksheet, and then work with the copy 0 Eedding 0 ‘white
5|2 Enter the RED BOLD variables below 1 Cleavage 1 Elack.
6 | 3 Select the highlighted cells starting with Line 53 2 Layering 2 Fied
T 4 Copy <Ctrl C> the content to the clipboard and paste <Ctrl ¥> them into Notepad. 3 Joint 3 Green
2] H Save the Notepad file as an "_kmil file [Each kml file must have an unique filename) 4 Arrow 4 Elue
3 6 Open the KML file in Google Earth. 5 Lineatian 5 Light Elue
10 [ Circle 3 Fink.
11 “MNote use color 7 when using symbols other than circles
12 KML NAME | 5B-1 |
13
1 ANNDO SPACING FACTOR
1= [increase number for wider spacing)
16
17 2 (20 default = 3, 30= 2]
s 3 [20 default =9, 30 = 3)
13
=
21 Station Longitude Latitude @ Altitude  Azimuth DipiPlunge Xszcale Yszcale Zecale | Symbol Note Color
22 1 55164 -7d. 75146 40.62356 0.00 il 28 20 20 1 B bedding ?
23 2 55165 -7 75207 40.62365 0.00 il 28 20 20 1 0 bedding ?
24 3 5166 -7d. TE206 4061375 0.00 348 15 20 20 1 0 bedding ?
25 4 5124 -T4. 78551 40.60535 0.00 14 34 20 20 1 0 bedding 7
26 5 55283 -T4.TETH 40.60736 0.00 =] 5 20 20 1 0 bedding 7
27 6 25165 -7, THE0Z 40.5342 0.00 147 T4 20 20 1 0 bedding 7
28 T 25170 -T4. 7554 40.53057 0.00 351 15 20 20 1 0 bedding 7
23 & 2581T1 -7 TE4T 40.53056 0.00 351 15 20 20 1 0 bedding 7
30 3 56071 -T4.50103 40.53557 0.00 130 34 20 20 1 0 bedding 7
H 10 56072 -Td. 73543 40.53735 0.00 1v0 66 20 20 1 0 bedding 7
32 1l 6073 -Td. 73655 40,536 76 0.00 185 52 20 20 1 0 bedding 7
33 12 55282 -Td. 74353 40.57702 0.0a 132 52 20 20 1 0 bedding 7
34 13 55175 -7d. 8051 40.57457 0.0a 16 10 20 20 1 0 bedding 7
3B ou 55050 -T4.817E1 40.57025 0.00 135 &1 20 20 1 0 bedding ?
36 15 55108 -T4.81515 40.57005 0.00 185 27 20 20 1 0 bedding ?
ET [ S5 -7d.580513 40.56956 0.00 185 27 20 20 1 0 bedding ?
38 17 5107 -T4.8158T 40.56757 0.00 188 43 20 20 1 0 bedding ?
33 s 55212 - T4, TEE13 40.56133 0.00 22 28 20 20 1 3 fracture ?
40 | 18 55214 -74. 77435 40.5156 0.00 22 28 20 20 1 3 fracture 7
41 | 2o 55205 -T4. 7513 40.60571 0.00 348 15 20 20 1 3 fracture 7
42 | A 55206 -7, 7543 40605857 0.00 14 34 20 20 1 3 fracture 7
43 | a2 25167 -T4. TE23:2 40,606 0.00 13 15 20 20 1 3 fracture 7
44 | 23 5205 -Td4. TEGE 4060141 0.00 25 34 20 20 1 3 fracture 7
45 | 2 55127 -Td. 73208 40,6071 0.00 25 34 20 20 1 3 fracture 7
45 | a5 5207 -Td. TE1S7 40. 60056 0.00 47 4 20 20 1 3 fracture 7
47 | 26 55126 -Td4. THE63 40.60022 0.00 207 &7 20 20 1 3 fracture 7
48 | 27 55203 -Td. 77213 40.53256 0.0a 154 53 20 20 1 3 fracture 7
43 | 2 55172 -T4. 7837 40.5313 0.0a 154 53 20 20 1 3 fracture 7
50 | 23 55070 -7d4. 73979 40.55761 0.00 170 BE 20 20 1 3 fracture ?
51 | s 55069 -T4. 73115 40.58652 0.00 158 52 20 20 1 3 fracture ?
52 = 58077 -7d. 7853 40.55613 0.00 180 7o 20 20 1 3 fracture ?
53 | = 55210 -7 TTE2T 4058567 0.00 180 7o 20 20 1 3 fracture ?
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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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] Geologic_symbols_and circles 30 Flemington.xls

b. Bottom of the scripted
KML cell block for symbols
and Top of the Anno block.
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@ Geologic_symbols_and_circles_50.xls

70
71

73
[
75
76
7T
75
79
80
81
82
83

100
101
102
103
104
105
106
107
108
109
110
Lk

A4

A B C
49 58080
50 58169

-74.81211
-74.78643

E
40.56773
40.5904

F

0.00
0.00

G
188
190

H | J K
43 20 20 1
34 20 20 1

M
fracture
shear plane

N 0
7

7

<Document=

=Folder=<name=
=Placemark=
<name:>
<Lookat=
<longitude:
<latitude:
=gltitude=
<heading=

=titt=

“range=

<Model id=" model_1
<Location=
<longitude=
<latitude=
=gltitude=
<Orientation=
<heading=
<tilt=

<rolk=
<Scale=

<=

{y}

<ZF

=Link=
<href- circle
<fLink=>
</Model-</Placemark=
<Placemark=

“name=

<L ookat=

<longitude=

1 R NN s a|alalalalalalalalajlalalalalalalalalalala|lalalalalalololola

=latitude=

bedding 28/011
-T4.751450
40.6238600

0

0
0
¥

<alttudeMode=relativeToGround</altitudeMode:

-T4.751450
40.6238600
0.00

11
28
0

20
20
1

bedding 28/011

-T4.752070
40.6236500
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=/name=
=/name=

</longitude=
=flatitude=
=/altitude=
=/heading=

=ilt=
</range=</LookAt=

n,

</longitude=
=/latitude=
=/altitude==/Location=

=/heading=

=Hilt=
=froll=={Orientation=
<=

=fy=

=lz==/Scale=

</href>

=/name=

=/longitude=
=/latitude>

<5tyle id="sn_noicon"=<lconStyle=<lcon=</lcon=</lconStyle=<ListStyle=</ListStyle=</Style>
SB-1 structures

Detail of KML script
output block

<kml xmins="http:iwww opengis.net/kmli2 2* xmins: g=="hitp:i’www google comkmliext/? 2" xmins:kml="http:/fwww opengis.net’kml2 2" xminz: atom="http:www w3 orgf2005/4tom™>



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).

SAND, .. : .y . f:‘mmse i 7 , . Light blue lines are hydrography

LINE
: Smcf‘ﬂ | digital line graph shapefiles.

4

!
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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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[BHLO Mg, BHLAT, BHALTgam)

A Origin (O) $ .

Model borehole

I
I
DELDEPTH, i
N .--trace
..
1
| BHTILT,
PROFILE |
I
I
VIEW 8
I
|
DELTAX, | _b (BHLON,, BHLAT,, BHALT,)
|
DELDEPTH; | !
| BHTILT
|
|
)
DELTAX: ||
! L'BHLDéhﬁHAT-U BHALT.)
: 3
DELDEPTH; | |
|
| |, [BHLON;, BHLAT;, BHALT;)
£ - DELTAMg
B
BHAZM,
¥ DELTAX,
W X E
DELTAY,
0
MAP
(BHLON,, BHLAT,, BHALT
VIEW ' v = :)

8 IDRIFTy

c M5 Excel Worksheet variables and
formulas for calculating the 3D
model borehole vertices and traces

in decimal degrees
BHLO Mg — Borehale longitude
BHLAT; — Borehole latitude
BHALT, — Borehole altitude
ADEPTH, = BTV feature depth
BHAZM,, = BTV incremental borehole azimuth
BHTILT,, =BTV incremental borehole tilt
DELDEPTH, = Incremental vertical depth

|DRIFT, [INCREMENTAL DRIFT] =
IF (BHAZ M>180, DELDEPTH *-1 * SIN (RADIANS (BHTILT]),
[ELSE] DELDEPTH * SIN {RADIANS [BHTILT}))

DELTAX,, = IDRIFT, * SIN (RADIANS (BHAZM, ))*0.000009
DELTAY, = IDRIFT,, * COS (RADIANS (BHAZM,))*0.000009
BHLON,, = BHLOMN,., + DELTAX,
BHLAT, =BHLAT,.; + DELTAY,
BHALT, =BHALT,.; + DELDEPTH,
TDEPTH [TOTAL DEPTH] = Sum total of DELDEPTH(s)

for the map example, BAZM,; =130°

2) 1 meter ™ 0.000003 degree



e 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.

e Well-head positions are established utilizing global-positioning systems (GPS) and digital
elevation models.
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e Availability of BTV data on multiple wells in close proximity facilitates comparison of
complex stratigraphic and structural relationships.

=SB

Google earth

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.

Red — faults are variable scaled
using aperture thickness

Y
Main traces and subordinate splays

show Reidel shear geometry

992 |lat

A water-supply well and three observation wells
drilled into a fault zone.

March 18, 2013 G.C. Herman



Assessments are planned of the dimensional accuracy of the 3D well-field models

THANKYOU
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