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-for Improved Subsurface Reservoir Modeling-
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Presentation Outline

What’s the Problem?

Multispectral Primer

Using Remote Sensing & GIS to Develop
Accurate Shapes & DEMs of Landforms

Developing Geostatistics for Geologic Models .

Distributing Data in User-Friendly Formats
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Over Half of the World's Oil Comes from
Carbonate Reservoirs

Based on Data from 17 Giant Provinces Accounting for 80% of
World Oil Reserves
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One Third of the World's Gas Comes from
Carbonate Reservoirs

Based on Data from 16 Giant Provinces Accounting for 80% of
World Gas Reserves

Middle East '

< 6 Trillion Cubic Feet (TCF) B 240 - 480 TCF
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BN 120 - 240 TCF B - 960 TCF
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Modern Analogs Help Refine Subsurface

Interpretations
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Modern Analogs Can Provide Key Inputs for Reservoir
Modeling

Grainstone

\/15\‘«\ i Reservoir
—— 74“'“-15 Training Images Based on Modern Analogs

T basin Ward

Sand Body
A

Sand Lobe

Island

Map view of Tl

Exumas, GBB ; R ]
\ _,-'"'H I;

Perspective view of Tl I|
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Landsat Bands
Multispectral

+ ASTER, GeoEYE,
WV-2, SPOT,
Quickbird, Ikonos,
RapidEye

grayscale “band”

records reflected light

of a specific wavelength
range — 30m Landsat TM data

DVC Geog 160 J. Ellis



Landsat Color
Composites
+ Thermal

Different

Wavelengths

Combined into 3-band

Images (RGB)
321,432,457, 741, PC135, Thermal Band 6
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MODERN CARBONATE ENVIRONMENTS
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USE GIS

TO ORGANIZE
IMAGES &
MAPS

Enables
Integration
Attributes
GeoStatistics
Change-Detection,
Spatial Analysis
GeoPDFs

GIS Stack of Images & Maps for Caicos Platform
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Geologic Maps
Peyy Nt rpretation
Wanlass end Davis, 1289
Harns and Viaswanke!, 2007

Bathymetry Contral

Points & Lines. Soundings, Landsat,
fill-in intarpratad dapths

Onshore-Qffshore DEM

Geobff Grid 30 m

Onshore DEM
Space Shuttle SRTN - onginal 90m gnd
Land-Water Boundary - 30 m

Offshore DEM
TIN, converted to arid - 30m

Quickbird Imagery — 0.6 m

ASTER Imagery— 13 m
2001-2002

Landsat Imagery — 30 m
1972-2001 six scanes

Base Satellite Image
(2001 Landsat ETM# Image)
30-m color +15-m BEW
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What can be
done with -
Multispectral
Images?
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Navigation
Chart
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Landsat
Color
Bands
321 as
RGB
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_. Deep Water
Landsat - oy - »_. = & Vegetated
Band 1 ,. ’ T Land have

Dark Pixels
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Landsat
Total
Infrared
Bands
457 as
RGB
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Shoreline
Derived from
Land-Water
Mask
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ASTER

CIR
Normal
Processing

Too much

red...little

difference
in soils or

vegetation
shown
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ASTER

CIR
Geologic
Contrast
Stretching

Land masked so
features under
water are not
excessively
brightened
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Space
Shuttle
SRTM

Missing
Islands

.y vl
et ey

Building a DEM
of Islands
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STRM Island Trimmed
With Landsat Land-Water Mask
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Original
SRTM
DEM
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Building a DEM

Trimmed _ FEs, ¢ of Islands
SRTM - . .

DEM of
Islands
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Land Cover
Environmental

Mapping of

Islands
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Quickbird
2.6 meter
Color Image

Four
Multispectral
Bands

B, G, R, NIR

0 025 05

L1
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Mask to Separate
Land from Water
For Land Cover
Mapping

Ellis GeoSpatial Nov 2012



Shroud Cay - Sand Flats Mapping Spectral Classification

Derive
20 Different
Spectral

CIR 0
Quickbird o ‘9{ -

0 025 05
] S I VR (o OO L ()
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Analyst Map - ? Carbonate Geologist Map

Roll-Up
20 Classes
Into 8

Shroud_Cay_Bclass_landoover_GIS gy j
Class_Name - ol : Quickbird Classification

I Water-desper . e . I Ticat Channel or Pond
water_shallow T 8 k. : Water Saturated Imestsdal
I:'N'k._ﬂf!-!ﬁ _upeshream LY - ] " 3 Unvegetmied intertdal or Baach
Beach-unvegstated sands :
Yegetation with clearings
Yegetation_thin canopy-cover

B vegetation closed-canopy
Ocean

Lighlly Vepstafion Inbertidal
Densaly Vegetated intertidal

Supratidal with Microblal Cover

_ Densaly Vepetated Supratidal
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Distribution
Of Onshore
Landcover Types

Cusckbird Classification
I 7l Channsl o Pond

eabwr Bataatesd Irdarbcsl
e e frderidsl o Beach
Lighdy VeQeEaTon imerdal
Duerrialy Wigaiated inbetdal

I Gocootcal anh Misstial Cover
R Ceciily eputwied Suprabdal

e

Spectral Classification of Onshore Landcover Types
Landcover Type CQIG;:: Fig. Area (m?) ngf
Tidal Channel or Pond Elue 712,552 9.1
Water Saturated Intertidal Light Blue 819,360 10.5
Unvegetated Intertidal or Beach Light Gray 532,045 6.8
Lightly Vegetation Intertidal Light Green 1,431,510 18.3
Densely Vegetated Intertidal Orange 873,919 1.2
Supratidal with Microbial Cover Red 759,842 9.7
Densely Vegetated Supratidal Green 2,700,046 34.5
TOTAL 7.829.274 100.0
9310 polygons in
the classification
map...
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Tidal Channels and Change Detection

Changes in channels and associated sand bodies
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Using Historic Imagery to Document Channel Stability
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Developing

an Offshore

Bathymetry
DEM

TroTw

Scha{:nery

TE OO

24" 0°0°N
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Navigation g
Chart

| kemps POINT
24° 52 8B0'N

75'1BDD'W$
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TE* 500" TE4000"W TE°200°W

Landsat TM §
e _ Color Image
8 Feb 2000

TE 400"W
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7E°S00W 76°40'0"W 76°30°0"W 76°200°W

Landsat TM
25°100°N Color Image 2100w
3 June 1984

24°50°0°M

T 40'0"'W TE°30'0"'W TE*2000"'W




e s0owW TEt400"W TE*300W TET2000W

Landsat TM |

25100 _ Color Image
Bathymetric
Soundings

25°00°N

24°50'0°M

76°40'0"W T6°30'0"W T8 20'0"W
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FE"S00"W e 300w

Landsat TM

251007

25°0'0°N

24°500°N

TE 300w TE"20'0"'W
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Landsat TM
Band 1
Excessively Dark
Pixels

TE 2000°W
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Landsat TM
Dark Pixels
Minimized
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i _ Landsat TM
‘ | Color-Coded

Schooners_SandBody_DEM
Depth (m)
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Example of
Correlating
§- Wax Cay - Band 1 Brightness
<. Shroud Cay
Hawksbill Cay to Water Depth

: Highborne Cay ~

. ' Normans Cay

+., Bell Island

v, A
..1.1' 5

. ‘Great Guana Cay
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Some Areas had
Navigation Charts

:
I

Navigation
Chart with
Soundings
(1:32,000)

1t il mosh

Landsat image
of reflected blue
light as a
grayscale image

Islands masked
black using
Space Shuttle
Radar Image
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12-43_Brightness-Depthi Depth Brigltness
2-43_Brightness-Dept o o
400 0.2 254
0.4 52
il 0.4 254
g 05 231
0.7 242
e - 1.0 207
1.0 233
i om0 1.0 234
£ | 1.3 10
£ [« Dn 1.4 208
?: | —Powar (00 | 15 07
] 16 192
3 20 185
20 190
|y = {208 AT 20 200
R = 08042 23 154
2.3 184
s 23 188
28 180
] . 1 3.0 184
Lif1] 50 100 50 20.0 25.0 3.0 165
Depth (meters) 30 157
30 162
3.0 149
3.0 173
3.0 146
34 153
4.0 178
4.0 143
4.7 138
48 138
5.0 152
5.0 130
5.0 138
5.0 134
5.0 136
50 148
5.0 154
5.0 138
6.0 122
6.0 138
6.0 138
6.0 127
B.O 133
8.0 116
8.0 116
8.0 129
9.0 113
9.0 120

Millions of x,y,z points in the offshore DEM
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Color-Coded
Offshore DEM

Waker Depth (m)
o
Hoto-1
[C-ito-3
_|-3to-5
COsto-8
B-5to-12

M-
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Color-Coded comf:us;
Offshore "
Contours
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Bathymetric Contours (0.2 meter interval)

1,000 Meters ﬂ“ :
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Sand Body Contours

Depth (m)
— 032
— Q18

Bathymetric
Contours

(Selected Contours

from 0.2 meter

interval)
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Strahler Stream

Drainage Model
on Landsat TM
DEM

RiverWorks Software

i |dentify
Identify fram: K High-Guana_Drainage_onshore-offsharel ™|
| = High-Guana_Drainage_onsl || 339,573.482 2,6 =
339563.25
Field | Yalue |
FID G226
Shape Palyline
Dowanskrm_x 339563.25
Dovnskrm_Y 2R92593.75
Diowniskrmn_Z -2.4417
Drskrrn_ID 3311786
Upstrm_ID 3335497
H3_Crder 3
Area_kmz 02291
SL_Len_km 0.3876
Length_km 0.458
Drop_m 0,3177
sL_Slope 0,00062
Slope 0.000594
Tat_Len_km 1.5716
Magnitude 5
Max_Len_km 0.5354
: Relief_km 0
[ Met_Diam 4
n Sinuosity 1.15816 &
| Drain_Dens 6,861 =i~
| Source_Den 21,8289 0 115{]{] SIDDD M
WIdentified 1 Feature | 2l Nov 2012
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Analysis of Sand Lobe Profile
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Sand Body Images, DEM, and Maps

Shroud Cay Total Sand body =
Overall distribution of
modern carbonate
sands

Hawksbill Cay

Cistern Cay

Warderick
Wells Cay
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DEM shaded and color-coded

For water depth
Offshore DEM (0 — 20 m water depth) Weter Depth ()

|
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Sand Body interpretation faded onto
shaded offshore DEM Sand Body interpretation
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Subdividing the Sand Body using Water Depth

Shallowest Sands
0 - 1.8 m depth

101 km2 (37%)
of the Sand Body
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Sand Body Depositional Settings

Using GIS to Separate
. Sand Flats/
Flood Tidal Delta Lobes Island-Attached
Ebb Tidal Delta Lobes : Sands
Sand Flats/ _
Island-Attached Sands

Ebb Delta
Lobes

Flood Delta
Lobes
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Sand Body
Depositional
Settings

Area & Percentage of 3 Depositional Settings
] Depositional ) o
Color on Figure Setting Area (km?) Area (%)
Green Flood Tidal Delta 9732 85.3
Lobes
Yellow Ebb Tidal Delta 29 6 9.2
Lobes
Sand Flats and ]
Red island-attached 17.4 5.4
sands
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Distance from Flood Tidal Delta
Lobe to Ebb-Flood Divide Line
meters

B o-s00
B 510- 1,000
[ ] 1,100- 1,500
[ ]1.600-2000
I 2.100- 2,500
B 2.600- 3,000
[ 3.100- 4,000
[ 4.100- 5,000
. B I 5,100 - 6,000

67% of the flood tidal . Y | B .10 - 7,000

delta lobes lie between sl y 5

1-4 km from the channel

openings
Average distance is 2.7

km (+/- 1.5 km) with a
range from 0 to 7.3 km

Sediments with

Similar Properties
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Can We Interpret
Landforms of
Different

Age?

Hawksbill Cay
highlighted

e L
- e !
L™
e i\
v TN
Image NASA SRS o

Image © 2008 DigitalGlobe}
© 2008 Europa Technologies X oSpatial Nov 2012




-

Our Space 4 Our Onshore

Shuttle DEM ~ # Quickbird Image
V" -4 “severe” CIR




Interpreted
Interpreted Holocene
Pleistocene Ridges

Our Quickbird
“severe” CIR




Holocene Pleistocene & Holocene
Ridges Statistics

Pleistocene

Hawksbill Cay

Land Area 2.8 km?

Pleistocene 1.07 km? (38%)
Holocene 1.73 km? (62%)

Holocene Ridges 17.6 km total
length

~320 m average
length
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Analysis of Island Topography

Holocene ridges have elevations from near sea
level to 12 m (mean elevation of 7.7 +/- 2.5 m)

Pleistocene landforms have elevations
from near sea level to 19 m (mean
elevation 0f 9.3 +/- 3 m)

Ellis GeoSpatial Nov 2012



446 sq. km

77°0'0"W

716 sq. km

Schooners

3,120 sqg. km

Sand Bars

3 sites
4,282 sqg. km

1,175 GIS polygons
partitioned to:

Sandbars (547) and Bar-crests (628)
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Sandbars and Bar Crests

Sandbars

Select Contours of DEM

Bar Crests
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Level 1 Shape Metrics, Hand-Measured

4 77A

[1] Form Factor (FF) FF = o2
L - DMG

[2] Sinuosity (S) S = 3

L -W,
[3] Aspect (As) As = T
[4] Roundness (also termed elongation) (R) R = DMG _Wm

DMG

where, A is the area of a sandbar polygon, Pris the perimeter, L is length, Wa and Wm are
average and maximum widths, respectively, and DMG is ‘distance made good’.

Total length (L - green line), distance made
good (DMG - red line), maximum width
(Wm — longer purple line) and estimated
average width (Wa — shorter purple line)
for an irregular-shaped sandbar.
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TE45'0°W TET24'0°W

TOTO Sandbars

Area (m2)

B 0167 - 1,150,663
1,150,664 - 3,318,908
3,318,909 - 7,047,149
7,047,150 - 13,365,350

B 12,365,351 - 26,077,272

23°40'0°N

23*20'0"N -'.r ! .
o Tl g 23°2000"N

Tre2row TE45'0"W
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TE450W TE*24'0°W

Sandbars Form Factor
FormFactor (0-1)

B 0.02-0.10

0.11-0.19
0.20-0.31
0.32-0.51

I 052-081

23 200°N
23°2000"N

76°450"W 76°240°W
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Form Factor Statistics from Sand Bar Attribute Table

Classification
Classification Classification Skatiskics
Method: |Natural Breaks {enks) ﬂ Counk: 180
. Minirnurm;: 0.0z
Classss! 3 :I' Mairnmm: 051
Diaka Exclusion aurn: 34.80
Mean: 0,19
Exclusion .., | Sampling ... | Median: 016
Standard Dewiation: 0.14
Columns: 10 = [ Show Std. Dev, W Show Mean
Break Yalues o
1o = o i o o 0.10
= (] = = = D. 19
0,31
0,51
0,91
10—+
5_-
0 l T l K,
0.0z .21 0.41 0.61 0.81
|_ Cancel
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GeoStatistics

Form Factor vs. Area

1 Iilll"l_ll I IIlIIIII 1 IIIIIIII 1 IIIIlIlI I 1T 1T 1Inrnd

Exumas
© Schooners
O TOTO -

1 !III[II 1 1 I[IIIIi 1 1 lIlIIII
10* 10° 10° 10
Bar area (mz)

Sam PUI"kiS, Nova SE University Ellis GeoSpatial Nov 2012
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Tr2rew Traow

Sandbar Nearest Neighbor
meters

I 526 - 1985

327 - 825

e 45'0"W

T8°24'0°W
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GeoStatistics

Form Factor vs. Bar separating distance

round | l | ] [
A 09 — TOTO —
08t © -
0.7 -
o
©
L 0.5 poa—
E (o)
LE 04 & (o] -
O
3 S O
0.2 4IRS O ?p o o o .
v O' o o) o
elongate 0 I cr I I
500 1,000 1,500 2,000 2,500

Nearest neighbor sand bar separation (m)

Sam Purkis, Nova SE University Ellis GeoSpatial Nov 2012
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23400 N

23" 200N~

rarow

Treow
1

?ﬁ“-i-?'ﬂ'w

Ter24'o0w

TOTO Sandbar Centerlines
Spatial Density

B o17-031
B 032-045
B 0.47-08
] 061-074
[ Jo7s-0s8
[ Josa-1
[ 11-12
B i3-13
Bl ia-1s

-23°400°N

=23 20'0"N

TT2TTW

T
erw

76*45'0°W
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Exumas Grid resolution = 2.5 km

0 10 km
. Schooners A

Sam PUfkiS, Nova SE University Ellis GeoSpatial Nov 2012



T6°500"W Te 400w T6°30'0"W 76" 2000°W
Schooners Platform Edge
Sandbar Mean Depth
Mean Depth
B o60--013
W -1.08--0.70
-1.41--1.09
-1,93--1.42

24°50'0°"N

24°50'0"M

Te 400w TE*300W

e 200°W
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TE°500"W 7 400w TE730'0"W 76720007

Schooners Platform Edge

Sandbar Mean Depth Variance
meters
B 0.33-060

0.18-0.32

0.10-0.17

0.04-0.09

I 0.00-0.03

4°50'0"N
AN 24°50'0'N

Te 400w TE*300W e 200°W
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TE°500"W 7 400w TE730'0"W 76720007

Schooners Platform Edge

Sandbar Centroid Min Distance-to-Shelf
25°10°0°N P - meters
: ' B 15530 19.804
12,675 - 15,538
9,905 - 12,674
6,578 - 9,904

B 2ss6-6577

4°50'0"N -
Gl . 24'500'N

Te 400w TE*300W e 200°W
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GeoStatistics

0.8
I I | I I I I I
0.7 |- Schooners O Close (0 - 7 km) =
' \ O Intermediate (7 - 13 km)
" O Far (>13 km)

0.6 — \ (o) —

Variance in water depth over sand bar (m)

2 4 6 8 10 12 14 16 18 20
Minimum distance to platform-edge from polygon (km)
Sam PUfkiS, Nova SE University Ellis GeoSpatial Nov 2012



Modern Analogs Can Provide Key Inputs for Reservoir
Modeling

Grainstone

\/15\‘«\ i Reservoir
—— 74“'“-15 Training Images Based on Modern Analogs

T basin Ward

Sand Body
A

Sand Lobe

Island

Map view of Tl

Exumas, GBB ; R ]
\ _,-'"'H I;

Perspective view of Tl I|

© 2011 Chevron U.S.A. Inc. All rights reserved. Ellis GeoSpatial Nov 2012



Information Distribution

GIS Stack of Images & Maps for Exumas
New Geologic Maps
Local

Bathymetric/Topographic Contours
Derived from DEMs

GIS Hyperlinked References

Descriptions of specific sites

Integrated Images & Maps
For visualization of select areas

Bathymetry Control
Depths from MNautical Charts

Land-Water Boundary

30 m — derived from Landsat

Onshore DEM

ArcGIS Explorer _— S
& Online | =

o PR, S SR Sl Mo, P A

o D P mI R aa=e ) @A —— -
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For the: pasi 10 some years, the Caicos Platiorm has been an imporiant
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SUMMARY
Multispectral imagery is highly versatile

Remote Sensing & GIS provide unique, cost-effective,
and timely information on surface features

Much multispectral data — but where’s the low-cost,
entry-level software to process it? (ASPRS RSAD)

The End

Jim Ellis

Ellis GeoSpatial
www.ellis-geospatial.com
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