
























































































































































































































































































































































































































































































































































































































































































































































FILLED
DEPRESSION

Shale-filled depression
{arrow) above sandstone
beds.

Shale-filled topographic depression
interpreted as a siump scar on the
upper surface of a sandstone bed. The
shaleé has been resedimented into the
depression.




(Slatt et al., 1994)




FMS IMAGE,
GULF OF MEXICO

TURBIDITES

1994)

(Slatt et al.,

Jackfork Sandstone, DeGray Spillway, Arkansas




General borehole
image characteristics
of sheet sandstones

“Layered”

(Slatt et al., 1994)

General borehole image
characteristics of
channel-fill sandstones

“Chaotic”

(Slatt et al., 1994)




Seismic Wireline Logs and Core FMS Interpreted Column
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Outcrop Analog

(Mahaffie et al,, 1994)
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Sheet or channel-fill
sandstone????
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Channel-fill???
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Cretaceous Lewis Shale, Wyoming
“Bashful outcrops”

S1 and S2 are continuous Lewis sheet sandstones
CC is Lewis leveed channel complex on Spine 1
F is shallow marine Fox Hills
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Cretaceous Lewis Shale, Wyoming

S1 and S2 are continuous Lewis sheet sandstones
CC is Lewis leveed channel complex on Spine I
F is shallow marine Fox Hills

Sheet Sandstones:
Laterally continuous

Sfor miles: i.e. good
potential reservoir
Sfacies; individual
sandstone intervals
are separated by
shales.

(Witton, 1999)
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Cretaceous Lewis Shale, Wyoming

ST and 82 are continuous Lewis sheet sandstones
CC is Lewis leveed channel complex on Spine 1
F is shallow marine Fox Hills

Cretaceous Lewis Shale, Wyoming

S1 and S2 are continuous Lewis sheet sandstones
CC is Lewis leveed channel complex on Spine I
Fis shallow marine Fox Hills
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" Dyriarmic

. Nb_rmalized tmage
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(Witton, 2000)
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DIFFERENTIATING SHEET FROM CHANNEL
SANDSTONES
(Subseismic scale)

« PRESENCE OR ABSENCE OF COMMON SHALE
RIP-UP CLASTS IN SANDSTONES

« SCOUR- vs. FLAT-BASED SANDSTONES

« INTERBEDDED DEBRITES AND TURBIDITES vs.
TURBIDITES

« BOREHOLE IMAGE/CORE FEATURES

-Above features:

Behind-outcrop drilling for logs and core

19
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| Contorted beds (slump) readily seen on image log
| but only faintly visible on core

Lewis Shale

Statically
normalized

Statically
normalized

Dynamically
normalized

{Kuecher. 2000)

. Rip-up clasts in small channel fill,-

Dynamically
normattzed

B ek

{Kuecher. 2000)
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Channel scour, debris flows, flame structures
in the Lewis Shale

statically
normalized

{Kuecher, 2000}

Waning Flow
Suspension

Relatively
Higher
Energy

Fio i'

one depositional event
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STATIC IMAGE DYNAMIC IMAGE

Truncated bed

- Scoured surface

Figure 3.9

Image of a scoured surface in the [verson well. The underlying bed was truncated by the
scoured surface. Depth is in fi.
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APPLIED RESERVOIR CHARACTERIZATION FOR THE
INDEPENDENT OPERATOR: WITH EMPHASIS ON
COMPARTMENTALIZED RESERVOIRS AND ROUTINE
TECHNIQUES FOR DETECTING COMPARTMENTS

UNIT 1:

UNIT 2:

UNIT 3:
UNIT 3A:

UNIT 4:
UNIT 5:
UNIT 6:
UNIT 7:
UNIT 8:
UNIT 9:
UNIT 10:

UNIT 11:

*UNIT 12:

UNIT 13:

INTRODUCTION TO RESERVOIR CHARACTERIZATION

EXAMPLES OF COMPARTMENTALIZED RESERVOIRS

GEOLOGIC CONTROLS ON POROSITY AND
PERMEABILITY

SEISMIC POROSITY DETECTION IN A CARBONATE
RESERVOIR

FLOW UNIT DETERMINATION & CHARACTERIZATION
BASICS OF SEQUENCE STRATIGRAPHY

FLUVIAL DEPOSITS AND RESERVOIRS

EOLIAN DEPOSITS AND RESERVOIRS

SHOREFACE DEPOSITS AND RESERVOIRS

DELTAIC DEPOSITS AND RESERVOIRS

DEEP-WATER (TURBIDITE) DEPOSITS AND RESERVOIRS

BOREHOLE IMAGE LOGS AND APPLICATIONS

DIPMETER LOGS AND APPLICATIONS

STRUCTURALLY COMPARTMENTALIZED
RESERVOIRS

KEY REFERENCES TO INDIVIDUAL UNITS



APPLICATIONS OF DIPMETER
LOGS

NORMAL FAULT
Flat Dip Downthrown East A
Dip Magnitude - W
GR

14500

-
=

-—

*]

T] g







Thin-bedded
reservoir madeling
example.

From Recember, 1697
AAPG Explarer.

Miocene Mt. Messenger Formation, Taranaki Basin,
New Zealand: Cliff is 250m high and several km long

PHOTOMOSAICS FROM HELICOPTER; WELLS; CORES; LOGS; HIGH-
RESOLUTION SHALLOW SEISMIC; MEASURED SECTIONS




Depositional interval or bed scale
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CENTRAL BOREHOLE ~———150m— NORTH BOREHOLE

f’ N :t.)!D x 4( 0 .
7 e i’,-
Ty 2 4 b - imal
Z{ttcrotp T 7N é ST
ipmeter - MERARES 2
logs by | 1|43 Y TR
Schlumber- ——ﬁg—;’f T2
- ¢ g % B { A
) 4 Lil=
ger) - 4 . G }l :
*{g Distal levee/ =.
. i e _ ( !
LSS £ Lt - (Slatt et al.,
3 SLLL D LAE L 1999
TR ER e K e

PROXIMAL DISTAL

LEVEE FACIES

Proximal levee: Higher net sand; thin bedded; cut-and-fill; mud-lined scours,
climbing ripples; good connectivity; high angle and
iable di f bed

Distal levee Lower net sand; thin bedded; interbedded sand/silt;

good continuity; low angle and uniform dips of beds

Channel Complex: stumps, discontinuities, mud-lined; variable fiuid
margins: communication in leveed channel reservoirs




——
5 : * .
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{ 2HANDELEUR \00?’ 7 &g MaRG) "DOME.
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. _ ’ W
MAIN PASS
J : @
DY %
| wesT DELTA %
VIOSCA KNOLL . :
RAM/POWELL
Al =
(Clemenceau et al., 1995)

L Sand, Ram/Powell Field, Gulf of Mexico: comprises channel,
proximal, & distal levee facies.

Ram

Powell Field

(Clemenceau et al., 2000)




Ram Powell ‘L’ Sand
east

west

i
Hise
=, i ,
wRIREH low resistivity gas pay ~ zows
datum base of sand
(Clemenceau et al, 2000)
Ram Powell ‘L’ Sand
west east
HYCULT .
friie 2= ——l : f
i' ww {HI E L wet ] » i :
l i H 1 _; i | A :
ii l“./ | 'F- |§| i
e
TR Inferred complex resistivity gas pay  zows
datum base of sand channel margin

(Clemenceau et al, 2000)




Ram Powell ‘L’ Sand

west east

channel proximal levee distal levee

F I wet ~LifilL M

; T
Inferred complex
datum base of sand channel margin

(Clemenceau et al, 2000)

channel-levee “guli-wing” model

Hl

b ‘—" :""\/‘l'\

|5
E

enlarged in Fig. 9 ¢

120 ft TVD

/< { o datum base of sand ]
= TR 3
= il 11000 ft = .
proximal < —>» distal levee-overbank

(Clemenceau et al., 2000)
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Drill

and

Strategy: Horig
“Well pegformance exceed

4 H k1)
3 miles K

[Grame |

A-1(horizontal) 8 \th well
® A8st1
© ABst2

- O A17

© 957-1st2

distal
levee-overbank

W Yeds, parallel to channel:
RS fgH et/ 10Smmefed
{Clemenceau et al, 2000)

,
w

11



CUMULATATIVE DIP
MAGNITUDE AND DIRECTION
CALCULATIONS

Sample  Depth (ft.) Dip (°) Cum. Dip (°) Dip Dir. (°)

1 3767 2 2 257
2 3775 6 8 221
3 3776 5 13 240
4 3782 4 17 247
5 3791 4 21 234
6 3793 3 24 226
7 3797 5 29 230

Scour

High angle cross bedding

Slumps

-
<
o)
E
o
pd
@
o
£
33
w

Dip Azimuth

0-80 degrees iblue diamonds)
©0-180 degrees {pink squares)
120-270 degrees igreen triangles)
270-360 degrees ired crosses)

200 300 400 500
Cumutative Bedding-Plane Dip {Deg)




North Corehole Central Corehole
Cumulative Dip Cumuiative Dip
10 ~ - T ABALEA
20
E Ep— sennin 1 | L 1
20 =]
Dip Sea
- -\ o mad Level
ser |1 W\
Level i §
# et =20
\
g .0
2 Hain 4
10
40 tomain $
60
Plp Domain 6
“« \
80
o 2000° 000> 100X 0" 2000° 6000° 10000°
Cumulative Dip Cumatative Dip
(Spang, 1998)

=

Vector plot for beds with gamma ray vatue > 80 API unit in the Dad and upper member of the Lewis

Figure 4.3
Shale in the Pilgrim Federal well, The beds are dipping to the west-northwest. Inflection points are

shown. Depthiis in f.

13



283
282

260
259
258

MODIFIED FISCHER PLOT

Cycle Cycle
No.

Top

(ft.)
1403
14037

14045
14045
14046

Cycle Depart. Dim. Depart Cum. Dim Depart.

Thick from from MCT from MCT
() MCT

0.88 0.21 0.31

0.24 -043 -0.64

043 -024 -0.35
078 0.12  0.18
1.12 045  0.67

0.50
0.85
0.67

*Mean Cycle Thickness (MCT) for this sequence = 0.67ft.
*Dimensionless Departure from MCT =Depart./MCT
*Cum. Dimensionless Depart from MCT starts at bottom of sequence

Two wells--5 miles apart...

Ec1]
FERVAL

Forkm.ATION
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BOREHOLE IMAGE AND DIPMETER LOGS

-« PROVIDES ELECTRICAL/ACOUSTIC IMAGE OF
BOREHOLE WALL

« WATER-BASED OR SYNTHETIC MUDS REQUIRED
OBMI Log (™ Schlumberger)
e FIRST USED TO OBSERVE FAULTS AND FRACTURES

« NOW USED FOR SEDIMENTARY/STRATIGRAPHIC
INTERPRETATION; PROVIDES INFORMATION
ON BEDDING AND STRATIFICATION STYLES,
BED CONTINUITY AWAY FROM WELLBORE, ETC.

* DIPMETER DATA CAN BE USED FOR CORRELATION
AND INTERPRETATION PURPOSES
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APPLIED RESERVOIR CHARACTERIZATION FOR THE
INDEPENDENT OPERATOR: WITH EMPHASIS ON
COMPARTMENTALIZED RESERVOIRS AND ROUTINE
TECHNIQUES FOR DETECTING COMPARTMENTS

UNIT 1:

UNIT 2:

UNIT 3:
UNIT 3A:

UNIT 4:
UNIT 5:
UNIT 6:
UNIT 7:
UNIT 8:
UNIT 9:
UNIT 10:
UNIT 11:

UNIT 12:

*UNIT 13:

INTRODUCTION TO RESERVOIR CHARACTERIZATION

EXAMPLES OF COMPARTMENTALIZED RESERVOIRS

GEOLOGIC CONTROLS ON POROSITY AND
PERMEABILITY

SEISMIC POROSITY DETECTION IN A CARBONATE
RESERVOIR

FLOW UNIT DETERMINATION & CHARACTERIZATION
BASICS OF SEQUENCE STRATIGRAPHY

FLUVIAL DEPOSITS AND RESERVOIRS

EOLIAN DEPOSITS AND RESERVOIRS

SHOREFACE DEPOSITS AND RESERVOIRS

DELTAIC DEPOSITS AND RESERVOIRS

DEEP-WATER (TURBIDITE) DEPOSITS AND RESERVOIRS
BOREHOLE IMAGE LOGS AND APPLICATIONS

DIPMETER LOGS AND APPLICATIONS

STRUCTURALLY COMPARTMENTALIZED
RESERVOIRS

KEY REFERENCES TO INDIVIDUAL UNITS



STRUCTURAL
COMPARTMENTALIZATION
« ROCKY MOUNTAIN EXAMPLES

« MORE COMMON THAN PREVIOUSLY
THOUGHT
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‘STRUCTUI;-IE CROSS-SECTION
ON D2 BENTONITE .
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[——— Zone Clay Fraction

Shale Gouge Ratio {SGR)

SGR = Sum [(Zone Thickness) X {Zone Clay Fraction}] X 100
Fault Throw

Note: * x 100 " is a modification, generating whole numbers

Fault Throw (ft)

SGR = Sum [(Zone Thickness) X (Clay Fraction)] X100
Fauit Throw
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SHALE GOUGE RATIO_CALCUILATION FOR_TERRY SANDSTONE

Two wells in Sec. 20
12519 Struct ural Elev. = 433 ft. GOR= 104,500
14079 Struct ural Ekev. = 380 ft. GOR= 200
Well GOR Spud Date Dist ance Apart
12519 104,500 11/ 88

app. 13 00ft. (420m)
14079 200 12/ 88

Assume 15 % clay in the Terry Sand sto ne
Assume 15 0ft. th icknesso f Terry Sandston e
Shale Gouge Ratio = (I150ft.)(15) /(433 -380) =42

Assume SGR = 25 for fault gouge to occur , therefore there is
gouge present.

K WERL LOCATIONS SINUL ATEO IR MODEL
[0 siTe OF CODELL IMTERCEPT SHOWK I FIGURE 3
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2-18 & 2-18A ELLIJT FARMS
NWNE Sec 18-T3N-RETW

Birisiingham;1809 "]

CONCLUSIONS

« FAULTS MAY BE SEALING IF FILLED WITH CEMENT
AND/OR GOUGE

« GOR’S MAY BE USEFUL FOR DETECTING SEALING
FAULTS IN THE ABSENCE OF PRESSURE
DATA

* FAULTS MAY BE BENEATH SEISMIC RESOLUTION

« TO DETECT SUB-SEISMIC SCALE FAULTS REQUIRES
DETAILED MAPPING

« SMALL COMPARTMENTS MAY BE UNTAPPED;
CLOSELY SPACED WELLS MAY BE
PRODUCTIVE
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