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Conclusions
* Log data from various vintages needed to be normalized to be used

* Ifthe old data is ignored, even ES logs, geological complexity would be difficult to identify
* Understanding the complex geology is essential to the success of the ASP flood
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Agenda

e Project overview and objectives
e Building the database
e Stratigraphy and correlations

e Define and map the sand bodies
« get the container volumes right

e Log and core data analysis
» get the pore volume right
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Project overview

e Rex Energy acquired Lawrence field in 2006
for its large residual oil in place and EOR
potential

e Field was formerly owned an operated by
Marathon Oil Company, sold in early 1990’s

 Marathon used Lawrence field as a test bed for
chemical EOR methods in the 1960's-1980’s

« Two “proof of concept” surfactant polymer floods
were technical successes, but uneconomic at the

time
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Building the database....

e Very old field, discovered in 1906
e Lots of location problems
* Mis-match of state records and commercial databases
» Mostly paper records, had to scan/digitize logs & many

other records

e Large well count (nearly 12,000 in the database)
» Depth registered raster log images for 5600 wells
» Digital logs for ~2400 wells

- includes 900 wells with neutron or density logs, plus
wells with core analysis data

» Digitized core analyses and intervals for ~1500 wells

» Perforations, tests, engineering data
» Old operator tops were inconsistent & of minimal value
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Petrophysical process

e all GR, RhoB, and Nphi logs needed to be
corrected and normalized

e over 70 yrs of logging history, all vendors, all
kinds of tools

e Developed separate petrophysical models for
Bridgeport and Cypress

* Varied Rw, p,, etc.

e Every well with a porosity log was calculated
for mapping
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The Correlation Problem

e Massive correlation project, about 6000 wells with
logs of various vintages to correlate

e Lots of location problems, bad APl numbers, etc. to
catch and correct on the fly

e Stratigraphically complex Pennsylvanian section with
several cross-cutting incised valley fill (1VF)
sequences

e Marginally simpler Upper Mississippian section with
good marine limestone markers, but overlapping and
shingled sand bodies with internal complexities
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e Mix of old and new
logs because horizons
look different on each

e Tight spacing between
sections




[TDG]

IDGEPORT__A

—_——

[TDG]

N [TDG]

GLEN_DEAN

MISS/PENN_UNCONF

b

AN




=
o (=] L= o

Zx3 g 2 8 3 o 8 g g 2 g s 8
0 ! ) [=] 1] - - o i 2 L] -
[ Pl..m. [ I 1 Ty [ o | 1 I 1 o ! ¥ 3 i [

X 8 8 2 g o

o = E £ E g o

= ) 0] = 0

-— i a & % & b e E

o E ! L E ! o W

W m m 8 < g 5 Y] o

! _ ! - T_ M_ )

| ;: o 'Y [ o Z

2 P 5§ ¢ g Z §

o, Lr ] ] w i ﬂ_ o

: g B 2 & 8 il

4 14 x [+ 4 P o

_Lz.._mm...,/ .,»_}g_w”‘_ (ﬁrp _ HIES mm, AEER e {] =LA
| Ve y S 0
aa s’ 4B \P.,.. z

E .w....ﬁ»/\t_‘
1o PO En.?,_w_w B LB il W
:x@/},a_,? .E___L._.\.u _.ggxihﬂm‘cd Ly ._aﬂ, . IV - ,._Ec ..fft:\uﬂ.v:_ Q_Lrer

L.J....J:Ts i

@ kL\r).\ GLEF\?\&?%\{? =
M_J@/....{{\CG. E&a:__\r;\rl:r e e B I

i @ ORI oS 3 R A PN
w_ﬁ<§_.l.. F._ FRIRIRS r.ﬁ;e« \ﬂrm |

m._....__ u_>\_kw\.f..m E|m£ ___..\L_M:_uﬂm(?u{\.

_ %e?l f&!aﬁyiff_
_ TR t?a
i@ ___,_.\?.», o _f‘,.m)e.%mu f_ﬂwau_pP.,c.if o ‘(?\f >>TJ—. k%béuwﬂiﬂ TN oAt
i @ TV PR R oy ]
o Lo
NS VTORT VP YR | s N

i+ @ K 1;1me [ o T%CS.
m...__eﬁ}\r q,__u_zf ;e:iLHdﬂ P c{{_
w.‘/@/u_ﬁx,))\..a_ Eﬂ_fs\?& et S B
1 @ IS VRSP (s T

1@ A ol PR R AR HHBW\(
OV q_s e :\rx,.i

e AR

Duxriei.lx e en
)t s bt m _
mm/®/r,k£;\ ) hr 2L/. i &
' @ e VY PR [T et
|, O S (U
@ POV Mav% e

i @ T _L__a \fiilu i

o
2|
|
a|
ol
=|
2
=
]
al

S
w9
S
N
Qc
Q)
S
N
S~
N
S
<
S
3
W
Q

A
. A o
g A - g g g @
L -] o =} [=s]
E = E E E EE
o« - 2 o > @
w | E ol Z]
& E = = = o
S 5 & & = )
Y o : "
- L u =
z ) @ 9] & >
- 0 2 Q a !
wn m - Z E i
z e = | o
ﬂ L s [=] ]
i &
- - o | | | | | | | m | t o | [ m [
& 25 g 8 8 3 9 3 8 84 8 2 g g g
£& & - 2 S 2m 8 & 8 £ =4
-5 0 o
8 i



Reservoir property mapping

« mapped all key intervals (in 2D)
gross interval thickness

net sandstone above porosity cutoff (h)
average net porosity (¢)

total net pore volume (¢—h)

average net water saturation (Sw)

net hydrocarbon pore volume (So-¢—h)
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Comparison of Sand Counts

Comparison of "Pay" from SP and Phi > 15
Lawrence Field
Sections 5and 32 - Bridgeport B
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Average Porosity




Conclusions

e Log data from various vintages needed to be
normalized to be used

e If the old data Is ignored, even ES logs,
geological complexity would be difficult to
identify

e Understanding the complex geology is
essential to the success of the ASP flood






