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Fifty-four gas analyses were collected from publish ed and private sources from the region of the EImda  le Gas

Field in Kansas to survey the likely range of compo sitions of natural gas in this region and to determ ine what

strata may contain low-BTU gas resources. Several p  ay zones, ranging in age from Permian to Mississipp ian,
produce gas in the region.




DEPTH vs. BTU
(Nemaha Uplift Gas Fields, Morris and Chase Co., KS)
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In general, the shallower pay zones contain low-BTU gas (i.e. <950 BTU/scf)




DEPTH vs. HYDROCARBON WETNESS
(Nemaha Uplift Gas Fields, Morris and Chase Co., KS)
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Hydrocarbon wetness, the ratio of heavier molecular  -weight hydrocarbons to that of
methane plus the heavier molecular-weight hydrocarb ons, increases with increasing age
and depth of the producing formation.



DEPTH vs. NITROGEN %
(Nemaha Uplift Gas Fields, Morris and Chase Co., KS)
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The presence of these heavier-molecular-weight hydr ~ ocarbons increase the heating value (BTU
content) when natural gases contain them, and this partly account for the better BTU content of the
deeper gases, in addition to the greater percentage s on nitrogen in the shallower gases.



DEPTH vs. NITROGEN-to-HELIUM RATIO
(Nemaha Uplift Gas Fields, Morris and Chase Co., KS)
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Nitrogen-to-helium ratios for all the gases essenti ally remains the same regardless of the age of the
pay zone, suggesting a common source for these comp onent gases. The greater percentages of
nitrogen and helium in the shallower, low-BTU zones indicates that these zones will have better
economics if helium is attempted to be recovered fr om the rejected noncombustible gases in the

upgrading process.



PERCENTAGE RANGES in COMPONENT-GAS COMPOSITIONS

Gas fields on Nemaha Uplift
Morris and Chase Counties, KS
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Compositional ranges of hydrocarbon and nonhydrocar bon gases — Part 1. The deeper formations
have a greater range in composition, but this may b e due to more samples being available.




PERCENTAGE RANGES in COMPONENT-GAS COMPOSITIONS
Gas fields on Nemaha Uplift
Morris and Chase Counties, KS
nonhydrocarbon gases
nitrogen carbon dioxide helium
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Compositional ranges of hydrocarbon and nonhydrocar bon gases — Part 2. The deeper formations have a
greater range in composition, but this may be due t 0 more samples being available.



RESOURCE EVALUATION - |
LOW-BTU GAS — ELMDALE FIELD, CHASE COUNTY, KS

* Wireline logs from 26 wells in and around Elmdale fie  Id were
analyzed for resource evaluation

 Initial analysis at Frankhauser Trust E1 well - Tecum  seh
interval (704 to 714 ft)
— Produced water free
— Gas effect visible on neutron porosity

— Separation between porosity and BVW (bulk-volume-wa  ter)
« Implies water-free or production with minimal water
— Low GR (gamma) values
» Above log analysis was used to define

— Archie parameters—-m =1.8,a=1, and Rw = 0.079
» Used universally in analysis of other wells in the study
— Petrophysical cut-offs

» Porosity > 0.19, Sw < 0.60, Vshale < 85%, and BVW <0 .15



RESOURCE EVALUATION - |
LOW-BTU GAS — ELMDALE FIELD, CHASE COUNTY, KS

Most wells in study area produce pipeline quality g as from LKC
(Lansing-Kansas City)

Shallower sands that were analyzed at all wells for ~ low-BTU
potential include
— lreland, Douglas, Tecumseh, Calhoun, Severy, and Wh ite Clouds

Porosity correction

— Density and neutron porosity logs run on limestone matrix (2.71
g/cc) were corrected to sandstone matrix (2.65 g/cc )
Gas Effect — neutron cross-over

— Neutron Porosity < Density Porosity
» Deeper invasion into low porosity zones often mask gas effects
» Gas effects easily visible in high porosity zones w ith shallow invasion
— Presence of Gas Effect — strong indicator of presenc e of gas
— Absence of Gas Effect — does not necessarily mean th  at the zone
Is bereft of producible gas
Zonal production potential prediction was based on respective
log signatures
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; ; ; 11 11 11
Sw=20% > S S 2 s 2
s R g & & Fankhauser Tr. E-1
S / / Tecumseh
e / Tecumseh (704-714 ft)
s = » Neutron gas effect, relatively low
3P Anga GR, and separation between
| / density phi and BVW, Sw < 60%
8 0.100 * |
[e] .
: \ N7 / « BVW clustering at low value
ool - (0.12) indicating larger pores, and
E 737- 750 no or limited water production
726 - 737
[ 714-726
D vos. 74  Gas zone — flowed water-free
0,010 Bl 693-704 gas
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Log analysis of Tecumseh zone in Frankhauser TrustE 1 well.



SUMMARY OF RESOURCE ANALYSIS

Well API Operator Sec Twn-S pteffer  Tireland Tdouglas ITechumseh ICalhoun ISevery IWhite Cloud
Palmer 1 15-017-20845 Range Oil Co 9 20 7 yes

Donahue Al 15-017-20846 AEC 18 19 7 wet wet wet

Stevens Al 15-017-20861 AEC 18 19 7 wet wet wet wet

Giger D1 15-017-20844 AEC 20 19 7 yes trans trans wet

Kohr A1 15-017-20842 AEC 21 19 7 yes wet wet wet trans

Ward Ranch Al 15-017-20816 AEC 21 19 7 yes wet wet-coal wet wet-coal

Mushrush B1 15-017-20810 AEC 23 19 7 no Rt

Mushrush 26-1 15-017-20497-0001 Tejas Energy 26 19 7 yes wet wet wet wet

Mushrush 26-2 15-017-20790 AEC 26 19 7 yes wet wet trans-fine itrans & coal

Noble 1 15-017-20868 AEC 27 19 7 yes wet wet trans-fine iwet

McCallum Al 15-017-20822 AEC 27 19 7 no Rt

Thurston 1-27 15-017-20092-0001 AEC 27 19 7 wet
Giger Al 15-017-20823 AEC 28 19 7 yes wet wet-coal

Pretzer Al 15-017-20817 AEC 28 19 7 yes wet

Marshall A1 15-017-20811 AEC 28 19 7 yes wet

Davis/Giger B1 Gas Ur 15-017-20860 AEC 29 19 7 yes as + transition wet + 2 ft coal

Giger B1 15-017-20824 AEC 29 19 7 yes trans +2ftcoal ¢ |
Kissel 1-29 15-017-20081-0001 AEC 29 19 7 yes

Fankhauser Trust E1  15-017-20843 AEC 32 19 7yes  wet  twet  (GacHSSENSHAIVENNSRSI |
Fankhauser Trust D1 15-017-20841 AEC 33 19 7 yes wet? wet-coal |+ ]
Wood Al 15-017-20828 AEC 33 19 7 yes gas? wet wet-coal

Fankhauser 1-33 15-017-20091-0001 AEC 33 19 7nort I 4
Starkey AL 15-017-20800 AEC 34 19 7 yes Iwet " SESENNNNN v <t trans-fine G GGINGICRCORINE |
McCallum-Simmons GI15-017-20858 AEC 34 19 7 yes !Wet trans wet wet wet+coal

Stauffer 1A-34 15-017-20762 Yellow Rose Energy 34 19 7 na :

Stauffer 3-34 15-017-20372 D&F Petr 34 19 7 na b

Stauffer 2-35 15-017-20090 Viking Intl Pet 35 19 7 yes jwet gas -looks trans {wet wet wet

Stauffer 8-35 15-017-20789 AEC 35 19 7 yes jwet trans-shaly tran-wet trans

Stauffer 5-35 15-017-20373-0001 Viking Intl Pet 35 19 7 not loggedy

Spinden Al 15-017-20801 AEC 36 19 7 yes |trans trans wet wet trans

Stauffer 3 15-017-20126 Jackman & Jackman 35 19 7 1

Steerman Al 15-017-20830 AEC 1 20 7

Reehling Trust B1 15-017-20809 AEC 1 20 7 yes lwet | wet wet wet wet

Reehling Trust B3 15-017-20826 AEC 1 20 7 yes lwet wet wet wet wet

Summary of log analyses for wells in and around the

Elmdale field, Chase County, Kansas.
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RESOURCE EVALUATION - Example
PALMER 1 — ELMDALE FIELD, CHASE COUNTY, KS

Analyzed zones marked in RED
Ireland sand (1014 to 1030 ft) — Strong gas producti  on potential
— High porosity, low GR values, BVW cluster around 0. 14
— Gas effect on neutron log over lower part of the in  terval
— Produces water-free low-BTU gas
Tecumseh sand (744 to 754 ft) — Good indications of  gas
— Low BVW (< 0.1) and GR, gas effect on neutron
— Tested significant volumes of low-BTU gas
Calhoun sand (654 to 657 ft) — Some gas potential

— Low BVW (< 0.14) and GR, minor gas effect on neutro n, separation between

porosity and BVW
— No gas shows recorded during drilling

Severy sand (570 to 578 ft) — Gas bearing potential

— Gas effect on neutron, moderate GR, separation betw  een density porosity

and BVW
— Transition zone visible
— Tested significant volumes of low-BTU gas

13



E z 'g Palmer #1 Palmer #1
Sw=20% 5 5 5
o o o105 Ireland (1014-1030 ft)
X:
Sw=60% “ * Strong gas indications  with high
B m L8 porosity, low BVW including
> e 0or clustering around 0.12, and lower
% 0.100 G R
g
* Neutron gas effect on cleaner
= DBZ;;F-‘ 1098 sandstone
Bl 1062 - 1080
[ 1044- 1062
(] 1030- 1044 *Sw < 60%
0.010 Bl 1010- 1030
. 10 * Produces water-free low-BTU gas
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L | ¢
L 7( -
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a | 8 — BVW g 3 8
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B K
1070 + i 1070 + 1070 + %/ I 1070 +
— > —(
1080 + ] 1080 + 1080 + ) I 1080 +
] ~ B m
1090 HH 1090 — 1090 == —f 1090
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Log analysis of Ireland sand in Palmer #1 well.



cl'_l,! § § §' Palmer #1
Sw=20% s % % % Techu.mseh
1.000 " 2 > S < )Ezfepth. 740 - 769.5
— ) Palmer #1
m: 1.8
Sw=60% n
oo e — - Tecumseh (744-754 ft)
Sw=100% RE/= - K=1000 md - )
T 7/\3L ;i‘ o0 mg » Good indications of gas pay
G o S auns — - cetome _ relatively low GR, BVW
8 — = Ke1md cluster ~0.08, high porosity,
1= K=01md gas effect on neutron log, Sw <
DEPTH )
[|gross sand = 744-753 (9 ft) [ 7605-7735 50 /0
hc-por-ft = 1.97 Bl 754-7605
[[ave phi Bl 744-754 i ifi
: T it oo . T_ecumseh |dent_|f|ed as pay
: E s using cut-offs defined at
RESISTIVITY Ohm-m Frankhauser Trust E1 well
Palmer #1 - Tecumseh || Palmer #1 - Tecumseh Palmer #1 -~ Tecumseh
30 85 140 | 0.6 0.4 0.2 0 0.000 0.500 A
740 - - L . | . . 740 740 , " . CUT'OFFS
| < ( PHICUT 0.19
— || : SWCUT 0.625
745 J——CR AP N 725 T VSHCUT 2
| / \3 ( BVWCUT 0.15
750 + || \)/ 750 750 ”“,
z =
2 755 %/ \‘ 755 %— o 755
760 \\ 760 760
- | ——sw
| — NPHIL.% — PAY
765 - ——| — DPHLVV 765 765 n
K/ - BVW 2 5
= | [
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Log analysis of Tecumseh sand in Palmer 1 well.




Depth

Palmer #1 Tecumseh

-1.0 0.0 1.0
740 S o o p—|
—\/SH
745 | Vs/h(n-’d)'d/>
< Palmer #1 — Tecumseh Sandstone
750 + \ .
N « Gamma ray does not recognize the
s | N fine-grained, well sorted, porous sand,

probably due to K-rich mica content
760 1 » Vsh from Neutron-density overcorrect

due to probable gas effect on neutron
765 %;

Ay DST #2: 741-756/30-30-60-60

P Shale: light gray, saft ET5/30 sec, GA 764 MCFED/ 10",

Limestone: light brown, fime to medium g'ulned, dense, GA B63 MCEGD/4" no other GA

denaely fosailiferous w/fusulinids, little visible

due to water mist

Tecumseh 5d 744 +515 | Rec: 10 GCW

| : IFP 276-264%
Sandztone: , fi ined, well sorted, fair slight

27 a HW/50 andstone: gray, fine graned, well sorted, fair sionly FRP 273-350%
diig oW gas es on break, no edar, ne tlu, no SIP 337-334#
cut P 397-384%

Shale: light groy, soft

Lecompton 766 +493

Comparison of Vshale calculated from gamma with that calculated from neutron-density porosities in
Tecumseh sand in Palmer 1.
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Sw=20% - @ ] @ 2
_ fogpay gzg;le)lli‘lg45—680 Palmer #1
Sw=40% no shows \Z X:
W=60% | Yfl Calhoun (654-657 ft)
Sw=80% ;:2 . . .
Sw=100% oty n 2 e Indications of gas pay with
% v RW: 0.079 .
> 7 / ér\_} ] low BVW (~0.13), possible gas
2 oa0n | —7 7 effect on neutron log, Sw <
2 | 60%, separation between
o density porosity and BVW
[ 669.9- 6853
/ B 657- 6699 * However, no shows observed
/ - e during drilling through zone
0.010 W [ 639.1-6468
RESISTIVITY Ohm-m
bg
Calhoun 52 |
bg - Calhoun - Calhoun Calhoun
0 100 200 B3 0.400 0.200 0.000 0.000 0.500 1.000 0.1 1 10
645 R ﬁ 645 —_— [ 645 . P S S S—— 645 et e -
—GR 34 - / ] ——sw ——RT {
650 + GAPI | 18 650 f S 650 + — 650 A
: ! \
655 < é 655 K il 655 /\ 655 5§
as
660 + B5 _ 660 7 < 660 T 660
d s e il g
(665 -+ 6 O ggs L O 665 O 665
L6 || ——PHI . w
670 L B7 670 L|— NPHL% 670 T 670
% BVW L
675 + 77 675 1 [ 675 + 675
37 . || : /
680 /8 680 D) | 680 680
17

Log analysis of Calhoun sand in Palmer 1 well.




g 3 3 g 2 Severy
1) 0 1) 0 T Depth: 550 - 610
Sw=20% g § g § § X:
v Palmer 1
SW=40% m2 Severy (570-578 ft)
SV=60% IR;W: 0.079
e, BVW=008 » Gas effect on neutron,
separation between density
porosity and BVW, GR ~100
8 0.100
e APIl, Sw < 60%
d « Parts of the sand has BVW <
‘ / I:lDngTl—éll 0 14
Il 578-598 1 1
s — b » Possibly gas bearing
[] 559-570
0.010 ] 546-559
1 10
RESISTIVITY Ohm-m
| B 5
N i 2
- Severy N - Severy B - Severy 5
m 3 Severy
100 200 0.400 0.200 0.000 0.000 0.500 1000 P 0.1 1 10
550 N 550 : | 550 +— : : : : 4 550 ‘
1 | B - SWib ——RT
- — PAY g -
560 m 560 — 560 1 | 5 560 +— = RWA
— | T - — ; ’
570 - 520, \ - S 570 —
7
£ = ~ \ < ) 5i <
Q. j=n e o jon o
8 580 8 ool \ 8 580 58: 8 580 (
——GR .GAPI L N | 5§
590 + L 500 f— L 590 | 5% 590 +
[ — NPHIL.% [ 6
600 W 600 —L—B\VW — 600 e 600
i i — - 1 d
610 — 610 610 52( 610 1=
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Log analysis of Severy sand in Palmer 1 well.




ﬁ % ? REEHLING B-1 )
W=20% g g g Reehllng B-1
1.000 Douglas
SW=40% )Dfpthi 1025-1050 Douglas (1044-1049 ft)
SW=60% | v High I d '
veaoth ;:11.8 * Hig por03|ty an separatlon
W=100% 7/ n2 between density porosity and
-« — RW:0.079
S VAR BVW
- ! I
- — « However, GR is > 100 API
. » Zone appears to be shaly. Need
B 1044- 1049 to test to validate GR cut-off.
B 10395-1044
[ 1034-10395
T 10985 1030 * Poor prospect for gas - shaly
0.010 [ 1023-10285
1 10
RESISTIVITY Ohm-m
REEHLING B-1 - n REEHLING B-1 - ] REEHLING B-1 - %‘ REEHLING B-1 - Douglas
Douglas Douglas B Douglas 02
£3]
100 200 | 0.400 0.200 0.000 | | 0.01 0.1 1 10 0z 0.000 0.500 1.000
1025 ‘ ‘ 1025 ‘ 1025 ‘ 29 1025 f— — :
——GR .GAPI ——PHI ——RT 0: E—yy
| corr N N —  RWA 30 ——— PAY
1030 + L 1030 + BVW ( 1030 + 0z 1030
; 31
- / i o
1035 + 1035 + 1035 + 2 1035 +
=% — a ‘ = la o
8 - - & ( 031_ 8
1040 + L 1040 + 1040 + Z 1040 +
- / i | :
1045 — 1045 | u 1045 | Oé 1045 |
? B / < i / i6
1050 I B 1050 L I N 1050 I \ % 1050 /

Log analysis of Douglas sand in Reehling B1 well.
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S8 3 9
oo 1) REEHLING B-1
s 3 2 2
wW=20% B B & &
1.000
Severy
_ / Depth: 625 - 680 .
Sw=40% X: Reehling B-1
Sw=60% / ;;1
Sw=80% / 18 Severy (643-666 ft)
SW=100% n2
— = RW: 0.079 i
) B o * High GR
'3
=
%] - -
g o X * BVW and density porosity
8
| overlap
1
DEPTH
\ [ 672-684 e Sw > 80%
Bl 666-672
\ B 643 666 » Expected to be wet
\ [] 636-643
0.010 H [ 624-636
1 10 100
RESISTIVITY Ohm-m
= W ¥
REEHLING B-1 - Severy REEHLING B-1 - Severy REEHLING B-1 - Severy 7 REEHLING B-1 - Severy
63
0 100 200 : 0.500 0.250 0.000 : 0.01 0.1 1 10 100 E
625 - 625 625 ! 2 0.000 0.500 .
T B T i ‘ s
— —RWA | ]
635 + [ 635 + E I 635 + 6
8 61 635 +
- - 11
645 - B 645 + Q B 645 + \ 63 oas L
= - s ) - 2
o o =% b3 <
A 655 8 essf ] & ess ¢ i3l § ass |
63
N 4
665 — — AAS. - 665, 7: 65—
L g B i5
\ 63
675 + | 675 T { ——PHI 675 + 16| 675 +
— 2 ——NPHLVIV || 64
[ BVW || 17|

Log analysis of Severy sand in Reehling B1 well.
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g Z Z i REEHLING B-1
M=% @ 2 @ g
1000 White Cloud
o o Reehling B-1
Sw=60% :1 .
SW=80% ?:21'8 White Cloud (590'604 ﬂ:)
Sw=100% IR;WZ0,079
> Vg « High GR (~100 API), little
seperation between density
: — porosity and BVW
[lDeizTF:m e Sw > 80%
I 59 - 604
[ 574 - 59
D oo  Expected to be wet
0.010 Il 546 - 560
. . 5% .
REEH'-C”I\‘GdB'l - White REEHLING B-1 - White m REEHLING B-1 - White 7 REEHLING B-1 - White
ou B Cloud ] Cloud 5t Cloud
8
555 o ¢ n 0.500 0.250 0.000 | | 0.01 0.1 1 10 o1 0.000 0.500 1.000
——GR w : : 9 e ‘
GAPI 59 ——PHI >0 —RT Ig5¢ > —sw
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Log analysis of White Cloud sand in Reehling B1 wel l. 21




1.000

Sw=40%

Sw=80%
Sw=100%

POROSITY
o
i
15}
S

0.010

=18

Sw=20%

BVW

=16

BVW

=14

BVW

REEHLING B-3

Techumseh

X:

Sw=60% |—_

Y:

al

m: 1.8
n:2

RW: 0.079

DEPTH

OUNEE

RESISTIVITY Ohm-m

10

Depth: 865 - 890

885.5-891
880 - 885.5
870.5- 880
869 - 870.5
863.5 - 869

Reehling B-3
Tecumseh (872-880 ft)

» Washout at shale accounting
for high porosity on top of sand
* High GR (~100 API), and
overlap of BVW and density
porosity
» Expected to be wet

Density log reading high

(~50%) at washout across
shale see caliper log
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200
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Tecumseh
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REEHLING B-3 - A
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1.000
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875 +
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875 +
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885 +
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885 +
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Log analysis of Tecumseh sand in Reehling B3 well.
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1.000

Sw=20%

REEHLING B-3

Sw=40%

Sw=60%
Sw=80%

0.100 +

Sw=100% \

| o——

POROSITY

0.010

RESISTIVITY Ohm-m

10

Severy

Depth: 685 - 730
X:

Y:

al

m: 1.8

n2

RW: 0.079

DEPTH
[ 7227-7326
B 7128-7227
[ 7029-7128
[] 692-7029
Bl 685-692

Reehling B-3
Severy (692-702 ft)

* Overlying coal (690-692 ft)
possibly - high porosity combines
with slightly lower GR

» Sand - overlap between BVW

and density porosity
» Expected to be wet

] B bt
REEHLING B-3 - Severy 1 REEHLING B-3 - Severy — REEHLING B-3 - Severy y7 REEHLING B-3 - Severy
6¢
0 80 160 0.500 0.250 0.000 0.01 0.1 1 10 8 0.000 0.500 1.000
685 4 | 685 i — B 685 ‘ ‘ ‘ B¢ 685 — ‘
< — — W
690 | N 690 1 [ corrN | 690 | RWA e 690 + PAY
= ~ BVW | o .
695 | = 695 | 0 — 695 | % 6:( 695 +
n 5 | | o
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\ C
= ; — " GE
c 705+ || < 705+ { | = 705+ 2 705+
=1 2 N 2 > 8
(] — [0 — [0] — O
O 710 + O 710 + 7 Q 710 + { )33 O 710 +
D ( b
715 n 715 1 ) ) = 715 + 715+
(. I - rr
n > . B¢
720 + 720 + Q 720 + 5 720 +
725 6
725 £ — + - 725 £ o 725 +
)6
n | g )6
730 L 730 L 730 L= Q; 730

Log analysis of Severy sand in Reehling B3 well.
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Log showing location of coal bed atop the Severy sa nd in Reehling B3 well. 24



g 3 9
SPINDEN A-1 % % |§|
Sw=80% Sw=60% Sw=40% w=20% = = =
B | 1) el Spinden A-1
/ / Depth: 1015 - 1160
/ ] X Ireland (1080-1086 ft)
\\ al
™~ / m: 1.8 . .
\"\\. /- n2 » Separation between density
. N I RW: 0.079 .
) ’&}3‘/; porosity and BVW
£ Raw
N « GR < 100, Sw~80%, BVW
3 \ high
\ ‘ e Poor prospect — Some gas in
\ I DEPTH ..
[ 1120- 1184 transition
\ Il 1086- 1120
\ / Bl 10805 - 1086
- (] 1024-1080.5
0.010 [ 992- 1024
0.1 1 10
RESISTIVITY Ohm-m
SPINDEN A-1 - Ireland SPINDEN A-1 - Ireland SPINDEN A-1 - Ireland O7J SPINDEN A-1 - Ireland
B ] 01
0 100 200 | 0.600 0.300 0.000 [ 0.01 0.1 1 10 § 0.000 0.500 1.000
1015 L i 1015 - 1015 } } 1 1015 . . . . L . . . .
——GR .GAPI | ——PHI = m —RT ol — —sw
corr N | (\ 1035 — RWA ] <] — PAY
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Log analysis of Ireland sand in Spinden Al well.
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14
12

I’ I I SPINDEN A-1
SW=20% § § §
1,000 Douglas Splnden A'l
—400 h: -
Su=40% e Douglas (1035-40)
SW=60% ;:1
SW=80% , .
W=100% — < 2'21'8 . ngh GR (> 100 AP|),
Kmon N RW: 0.079 i i
o M4 separation between desnity
B o | — porosity and BVW
3 * Increasing Sw at the base
indicate possible transition
B o 1040 » Probably some gas where
B 10285- 1035 Sw < 60%.
[ 1023-10285
[ 10175-1023 * GR cut-off needs to be
0.010 3 1012-10175
. 0 tested.
RESISTIVITY Ohm-m
SPINDEN A-1 - SPINDEN A-1 - SPINDEN A-1 - 7 SPINDEN A-1 -
Douglas ] Douglas B Douglas 01 Douglas
8
0 100 200 | 0.500 0.300 0.100 B 0.01 0.1 1 10 0791 0.000 0.500 1.000
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L ——— NPHILVIV \\ L \ RWA 09 PAY N
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f ) 1
] < - ( 02 d
1025 H 1025 + w [ 1025 ¢ \ DE’ 1025
il \ F s &
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i _ B | | : N
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Log analysis of Douglas sand in Spinden Al well.




|§|' g % SPINDEN A-1
Swv=20% 5 5 5
Techumseh Spinden A-1
Sw=40% Depth: 815 - 840 p
x: Tecumseh (822-30 ft)
SW=60% Y:
al
Sw=80% m: 1.8
Sw=100% -2 ° i
ne Capping shale on top of
. sand.
g oa00 7 * Density porosity and BVW
o I . .
: overlap in sand, and high GR
DEPTH (> 10(():1 API) q b
) I [0 836- 8415 e Sand expected to be wet
High porosity shale E 830.5- 836 P
822 -830.5
caps sand B sis. g2
0.010 [] s14-818
1 10
RESISTIVITY Ohrm-m Capping shale — not a wash out effect
SPINDEN A-1 - = SPINDEN A-1 - B SPINDEN A-1 - % SPINDEN A-1 -
Tecumseh — Tecumseh - Tecumseh 8—81 Tecumseh
[ LA |
100 200 L 0.500 0.250 0.0 | 0.01 0.1 1 10 @ 0.000 0.500 1.000
815 L i 815 )B/ 815 } . RT 9 815 L
—— GR .GAPI - 84 — SW
* — RWA 6 — PAY
820 820 820 + B84 820 +
B D i 1 <
825 |- : 825 + > K : 825 + | E 825 +
Jé L g - g / %‘ g.
3 g \ 8 ( | &
830 + — B30 - B30 ‘ = 830
4
— PHI 87
¢ corr N > 5|
835 + — 835 BVW | | H 835 + g 835 |
\ ]
840 840 840 872 840
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Log analysis of Tecumseh sand in Spinden Al well.
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Log showing the location of the shale bed capping t he Tecumseh sand in Spinden Al well.



Q ; Q SPINDEN A-1
sw=20% = = =
S=40% geev:trh):,ms»eso Spmden A-1
X: -
. . Severy (655-61 ft)
SN=80% m 18
SW=100% :.E 1 n2 * Cleaner sand (low GR) with
N . > .. .
. — hlgh BVW (>0.16) indicating
g o ] finer pores
: N « Seperation between density
DEPTH porosity and BVW
Bl 655- 661 ;
— R * Intermediate Sw (between
B0 630-644 60 and 70%) suggests
] 616-630 . .
B 602-616  Gas In transition
RESISTIVITY Ohm-m
SPINDEN A-1 - Severy SPINDEN A-1 - Severy SPINDEN A-1 - Severy g] SPINDEN A-1 - Severy
B B 61
80 125 170 0.600 0.300 0.000 0.01 01 1 10 |8 0.000 0.500 1.000
615 ‘ B 615 +— : — ] L 615 : S E—— 615 ; E——ry
7 § corrN | |— — RWA Q < —PAY
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> é ) é:
635 | B 6L g B 635 | 1] 635 1
- < { - 3
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5 5 > 5 5§
a a S a 23 O
655 . L 655+ L 655 + 62 655 &
B - IR Z |
665 i 665 i (? i 665 q )5 665 s
64
675 + | 675 F ¥ ) = 675 | 26 675 + -
L i - < 64
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Log analysis of Severy sand in Spinden Al well.



% % ﬁ ? STAUFFER #2-35
1000 Douges Stauffer 2-35
Sw=40% Depth 1025- 1060 Douglas (1034-42 ft)
Sw=60% ;:1
o /- m: 18 « Gas confirmed during
—2= ttm’ RW: 0.079 d ri | | | ng
> - R .
% 000 = TR B * GR <100 AEI, seperation
& T between density porosity and
BVW
DEPTH 0 :
B roone- 10626 * Sw > 70% and increases
Bl 10472- 10549 with depth
[ 1042-1047.2 .
B 1034- 1042 * Probably some gas in
oo | | [ 10241203 transitional
RESISTIVTY Ohm-m * Recommend further testing
STAUFFER #2-35 - ] STAUFFER #2-35 - — STAUFFER #2-35 - 7‘ STAUFFER #2-35 -
Douglas : Douglas B Douglas 0z Douglas
8
0 100 200 | 0.300 0.150 0.000 — 0.01 0.1 1 10 0_9: 0.000 0.500 1.000
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[ L 31
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103 ] / B 1 %
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2 T —3 « B
0O 1045 + ] O 1045 T O 1045+ ) oz O 1045+
‘ 4
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i B \ i5
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Log analysis of Douglas sand in Stauffer 2-35 well.




1.000

=18

BVW

Sw=20%

=16
=14

BVW
BVW

=12

BVW

STAUFFER #2-35

Techumseh

Sw=40%

Depth: 815 - 860

X:

Sw=60%
Sw=80%

Y:
al

Sw=100%

0.100

m: 1.8
n: 2
RwW: 0.079

POROSITY

DEPTH
[ 845-861.3

Il 839-845

0.010

[ 831.6-839
[] 821.7-8316
Il 8118-821.7

RESISTIVITY Ohm-m

10

Stauffer 2-35
Tecumseh (839-45 ft)

* Little separation between density
porosity and BVW

» Sw increases with depth and exceeds
80%

» Sand expected to be wet

/Shale overlying sand

]
STAUFFER #2-35 - — STAUFFER #2-35 - 2-35 - 7 STAUFFER #2-35 -
Tecumseh — Tecumseh 8—8] Tecumseh
0 | 0.300 0.150 0.000 . 81 0.000 0.500 1.000
815 | 815 ‘ J 9 815 ‘ ]
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2
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2 — B - B ) =
O 840 — 0O 840 1 ) H QO 840 | 5 O 840 + \
845 B 245 L L\ | 2451 )/ z 245,
Y )’ B
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\ 82
855 - — 855 m 855 + // 6 855 +
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Log analysis of Tecumseh sand in Stauffer 2-35 well
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S 9 3 g
g 4 g g STAUFFER #2-35
i T T T
1.000
Severy
Sw=40% Depth: 635 - 700
e " Stauffer 2-35
=60% | :
Sw=80% | il Severy (672-679 ft)
Sw=100% AN n2
RW: 0.079
. wet (red)  Overlap of BVW and
E B~
g 0.100 1 zones above higher phi, but shaly (high GR) N‘*‘v\\\ B denSIty porOSIty
¢ « Sw > 80%)
DEPTH « Slight cleaning of sand
3 679- 700
Bl 672-679 upward
[ 658-672 *Sand expected to be wet
] 644-658
0.010 Bl 630-644
1 10
RESISTIVITY Ohm-m
STAUFFER #2-35 - m STAUFFER #2-35 - m STAUFFER #2-35 - 67 STAUFFER #2-35 -
Severy ] Severy B Severy X Severy
8
40 85 130 - 0.300 0.150 0.000 L 001 01 1 10 % 0.000 0.500 1.000
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Log analysis of Severy sand in Stauffer 2-35 well.
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1.000

Sw=40%

Sw=60% [—

Sw=80%
Sw=100%

POROSITY
o
i
8

0.010

Sw=20%

=18

BVW

=.16

BVW

=14

VW

=12

BVW

14
e

Wl

RESISTIVITY Ohm-m

10

STAUFFEN #8-35

Douglas

Depth: 940 - 970
X:

Y:

al

m: 1.8

n2

RW:0.079

DEPTH
Il 962- 967
Il 957-9636
[ 950.4-957
[] 9438-950.4
[ 937.2-9438

Stauffer 8-35

964 ft)

* Sw < 80%

gas.

Douglas (965-967 ft)

» Shale washout on top of sand (962-
» Sand below shale - BVW cluster
around 0.15, separation between
density porosity and BVW

* Thin zone with some transitional

* Zone needs to be tested to see if water

IS mobile.
0/
STAUFFEN #8-35 - I STAUFFEN #8-35 - m STAUFFEN #8-35 - B STAUFFEN #8-35 - Douglas
Douglas || Douglas B Douglas 04
3 0.000 0.500 1.000
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——GR .GAPI | | ) PRI | } RT 94 PAY
I corr N — RWA 5 945 +
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, ) 6 950 +
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S o055 + T & 55+ \ N 5 es5 t J I8 g’ 955
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Log analysis of Douglas sand in Stauffer 8-35 well.
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Log showing shale that was washed out. Shale overli es the Severy sand in Stauffer 2-35 well. 35



= 2 = = STAUFFEN #8-35 Stauffer 8-35
0% 3 2 2 z
- S S S - Tecumseh (755-759 ft)
SW=40% Depth: 750 - 770
X:
Sw=60% | v *Smalll clustering at moderate BVW
o [ m1e (0.15) — test to check for mobile water
N \_\M I * Decrease in GR upwards may be
2 o100 S N indicative of coarsening
g » Top of sand - Separation between
i density porosity and BVW
[ 7656- 0
| 322?76757.2 * Sw > 80% .
W 755- 750 * Bottom of sand - Sw increases
— [ 752.4-755
3 748- 7524 downwards
' RS TVTY On ! « Poor prospect - gas in transition
zone
STAUFFEN #8-35 - = STAUFFEN #8-35 - — STAUFFEN #8-35 - lzt STAUFFEN #8-35 -
Tecumseh o Tecumseh - Tecumseh % Tecumseh
70 140 | 0.400 0.200 0.000 | 0.01 0.1 1 10 E 0.000 0.500 1.000
750 i ——ErTTR 750 Y, ‘ i 750 : : E— ﬁr 750 ‘ E——
752 + } E = 752 > corr N |— 752 + \ ——RWA % 752 + ——PAY
[ BVW | — r~
754 + || 754 + | 754 + e 754 +
756 [ 756 T [ 756 + ) 715 756 +
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Log analysis of Tecumseh sand in Stauffer 8-35 well
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g ; g g STAUFFEN #8-35
i & &
1.000 Cahoun _
s o s - 630 Stauffer 8-35
X:
SW=60% ;:1 Calhoun (658-65 ft)
Sw=80% m: 1.8
SW=100% ne * Top of sand — low GR and
. W?\z B seperation between density
8 oa00 A _ porosity and BVW, BVW around
] ——
: — 0.14
e * Base of sand - Sw increases with
Bl 671-6765 depth — indicative of transition
[ e66-671
. s « Probably gas in transition
RESISTIVITY Ohm-m
STAUFFEN #8-35 - STAUFFEN #8-35 - STAUFFEN #8-35 - 675 STAUFFEN #8-35 -
Calhoun B Calhoun ] Calhoun bE Calhoun
8
0 30 60 90 120 : 0.400 0.200 : 0.01 0.1 10 %E 0.000 0.500 1.000
655 7(;’? o | 655 ) || 655 “\, / :iJVA & 655 :EZVY
| B il L 6€ I
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s ( 6
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Log analysis of Calhoun sand in Stauffer 8-35 well.
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o < N
u iy ¥ STAUFFEN #8-35 Stauffer 8-35
1.000 w20 i 5 5
' Severy Severy (577-588 ft)
Sw=40% Depth: 570 - 610
X:
P, g Y:
Sw=60% 1 a1
SW=80% | ¥ m 18 e Clustered BVW ~0.14
Sw=100% A n2
5L W R 0079 « Coal on top of sand (high porosity,
> N >
& B d moderate GR)
& 0.100
o | —
8 T * GR indicates cleaning upward in sand.
No gas effect visible. Porosity low.
DEPTH
/ E S « Slight separation between density
Coal B 577-588 porosity and BVW, Sw < 80%
[ s72-577
od [ s632-572 * Probable gas
1 10
RESISTIVITY Ohm-m
STAUFFEN #8-35 - STAUFFEN #8-35 - STAUFFEN #8-35 - A STAUFFEN #8-35 -
Severy Severy Severy 57 Severy
3
65 130 - 60 0.350 0.100 L 0.01 0.1 1 10 E 0.000 0.500 1.000
570 — : 570 570 = 4 570 :
57 —
575 + B 575 - K B 575 + — 1T 5] 575 F
580 - B 580 1 B 580 1 / 6] 580
L - ) 2
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£ — = = 3 57 £
Q 590 + [ 2 590 + [ & 59 T [ rg| 9 590 +
8 8 ) at S
595 -+ 595 -+ < 595 ) 9 595 1
600 + I 600 —PHI [ 600 + | g 600 T
b corr N . —RT o) Toosw
605 + 605 + BVW ) 605 + M —Y SlE 605 + PAY
— ~__ — &l
610 - 610 [ 610 ‘ ‘ ‘ HHH i; 610
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Log analysis of Severy sand in Stauffer 8-35 well.
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Sw=80% /
SW=100% \'\ N sand
~
=L,
> —
& \\\
%)
& 0.100
g I
& \ R —

0.010

RESISTIVITY Ohm-m

10

Douglas

X:

Y:
al
m: 1.8
n:2

Depth: 880 - 900

RW: 0.079

DEPTH

[ 897-902.0001

B s90- 897
[ 884.4-890

(] 880.0001 - 884.4
Bl 875.6 - 880.0001

McCallum Simmons GU #1
Douglas (895-897 ft)

» Washout above sand in shale bed (891-
895 ft)

* BVW < 0.14 in sand with separation
between density porosity and BVW

* Sw < 80% in sand

* Probably gas in transition

Depth

MCCALLUM SIMMONS GU m MCCALLUM SIMMONS GU m MCCALLUM SIMMONS GU % MCCALLUM SIMMONS GU #1 -
#1 - Douglas ] #1 - Douglas ] #1 - Douglas 8¢ Douglas
] ] 33
0 90 180 L 0.400 0.200 0.000 0.01 01 1 10 8t 0.000 0.500 1.000
880 : 880 . : 880 4 880 ‘
o] | [ Ml el | — R
882 + b
BVW
884 + || 884 | || 884 1 / 8t 884 +
886 1 B 886 1 | B 886 - r\ g 886
888 |- B 888 | / B 888 | g 37 888 |
£ £ ‘ B <
890 + M &89 M & 89 T % 890 +
[a) [ () a
892 + | 892 + | 892 - 8t 892 +
9
894 894 894 4 ¢ 894 1
896 < L 896 | L 896 20 896 -
Q(
go8 1 ) 898 1 Y 898 " 898 1 K
900 900 900 8¢ 900 i
2

Log analysis of Douglas sand in McCallum Simmons GU 1 well.
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i i i ) STARKEY A-1
SW=20% g g g g Starkey A-1
1000 Douglas
SW=40% )Dfplh: 865 - 890 Douglas (871-874 ft)
Sw=60% |— Y: .
D R ——— a1 » Gas effect on neutron porosity,
sw=100% & _ VAN n 2 separation between density porosity
" RW: 0.079
) ~— X g and BVW. No washouit.
= o
- = « But high BVW (>0.18) suggesting
i) fine pores and probable lower perm
DEPTH .
E 885.5 - 891 » Coarsening upward package
880 - 885.5 . . -
[ 735-880 indicated by decreasing BVW. GR <
Bl 869-8735
o T o635 866 100 APL.
1 10
RESISTIVITY Ohm-m (] May prOduce gaS_
STARKEY A-1 - I STARKEY A-1 - — STARKEY A-1 - 8*7( STARKEY A-1 -
Douglas B Douglas B Douglas 84 Douglas
8
0 100 200 | 0.400 0.200 0.000 | 0.01 0.1 1 10 g 0.000 0.500 1.000
865 ‘ 865 9
865 ——GR .GAPI | 2 /7:;:,\‘ B ::ll—VA 8] 865 :EXVY
0
870 + sof . 870 0 81 870 +
i
— J = E
< B < B [
875 + L 875 + L S0 T / | 875 +
£ £ ) -] | Bl g
; i R : 7
880 + L 880 5 L 880 % 880 +
- ~ 8]
885 + B 885 - g B 885 'BE_ 885 +
L L ) 8]
- \ L 6 —
890 L 890 | 890 8l 890
7
40

Log analysis of Douglas sand in Starkey Al well.




i ; ; ; ; STARKEY A1
| S Sw0%  Swed0k M=% F F 3 & Starkey A-1
Sw=100% / / gdpﬁugm 600
€] N -
. Calhoun (583-86 ft)
Y:
1 .
/ / m 18 « Slight gas effect on neutron
;2 .
™ RW: 0,079 porosity
oo * high BVW (>0.2) suggest fine
g pores
| s * high Sw (+ 80%) suggests
B sss- 504 transition. Also Sw increases with
B 579-586
[] 574.2-579 depth
0.010 [ s567.6-574.2 ) o
1 10 * Gas In transition
RESISTIVITY Ohm-m
STARKEY A-1 - — STARKEY A-1 - — STARKEY A-1 - 21 STARKEY A-1 -
Calhoun B Calhoun B Calhoun 57 Calhoun
3.
0 100 200 0.500 0.250 0.000 0.01 0.1 1 10 7 0.000 0.500 1.000
‘ ‘ ) — 0 : 4. ‘
570 Elm 57 = —PHI 57 - —RT | 570 —sw
— corr N — RWA 5 — PAY
575 © 575 + BVW 575 7 575 +
B B 6.
580 | 580 1 B 580 1 »7 580 +
| | 7.
S = N = =
§- 585 f- L B é.} 585 + /K B é.} 585 + g PC:— 585 + K
590 + : 590 + W : 590 + g 590 +
L L »8
B \ L 0.
595 4 595 + | 595 + 8 595 +
- ( - L
600 | 600 | 600 »8 600
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Log analysis of Calhoun sand in Starkey Al well.




= = = STARKEY A-1
SW=20% 2 2 2 Starkey A-1
.000 aa} oo} faet SE'VE(y
Sw=40% Sopin 480530 Severy (500-506 ft)
Sw=60% - le . .
SW=80% - g » Slight gas effect on neutron porosity
Sw=100% = / ,f A %\Q o2
. w\z — R0 * Low BVW (~0.12) suggest larger
2 0100 7 pores. Sw increases with depth. Much
g — of sand at Sw < 60%.
\
— \ .
Y| g™ * A (3 ft) coal bed is suspected to
517 - 539
|| oo overly the sand.
/ E 494 - 507
484 - 494
0.010 I [ 473-484 * GAS zone
RESISTIVITY Ohm-m . .
__ Indicative of Coal
L~
STARKEY A-1 - Severy STARKEY A-1 - Severy ; STARKEY A-1 - Severy
4
0 100 200 0.01 0.1 1 10 g 0.000 0.500 1.000
480 : —— 480 ‘ ‘ | 480 +— — —
7/46'R’EGAPI B _ —RT el — sw
485 + 485 + ——RWA ¥ 485 ——— PAY
490 + 490 + § 490 +
4
495 + 495 + 8¢ 495 +
500 ¥ = 500 /\ JO0 Sil 300 !
%L 505 i/r B %L 505 : 2 505 ¢ 4 ﬁg cos j/ R
a a) = a)
510 -+ B 510 + 510 ) 4 510 +
515 + - sist 515 + ) 82 515 +
520 | B 520 + } —PHI " 520 + ) o( 520
525 L — 525 + J\K% BVW 525 + /) gil 525 +
530 530 : | 530 L= 4 530
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Log analysis of Severy sand in Starkey Al well.




% % % (T\." WOOD A-1
= = B B
1.000 Sw=20% 5 5 5 5 WOOd A'l
’ Douglas
Sw=40% opn: 926+ 9% Douglas (940-943 ft)
SW=60% ;:1
Sw=80% |— s * No gas effect on neutron
Sw=100% x://m/ n2 porosity. Separation between
> \“? ﬂ\&vz density porosity and BVW.
2 0100 /\ .
g * Quite shaly (GR> 100 API), but
BVW less than 0.155
\ DEPTH . .
/ [ o43- 9515 * Sw < 80% and increases with
\7 - B 940-943 depth
[ 935-940
\/ ] 929.5-935 ) ) o
0010 B 924-9295 » Possible gas in transition
1 10
RESISTIVITY Ohm-m
WOOD A-1 - Douglas = WOOD A-1 - Douglas = WOOD A-1 - Douglas %2 WOOD A-1 - Douglas
o:
0 100 200 B 0.400 0.150 0100 | | 0.01 0.1 1 10 8 0.000 0.500 1.000
925 L i 925 ‘ L 925 } : z 925 .
—GR GAPI | /\ ——PHI . ] :EJVA 19 :EX\’Y
> BVW ¢
930 | 930 + > < L 930 w 30 930 +
/ o:
1
935 + — 935 + > — 935 + %: 935 +
2 B B o: B
8 -8 { ( i s & (
940 548 948 s 548
- (N - % |
945 + B 945 + ] 945 3 945 +
L N | | o
6
950 950 950 - 97 950
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Log analysis of Douglas sand in Wood Al well.




© < N
g 4 4 WOOD A-1
Sw=20% > > >
1000 o 2 2 Techumeen Wood A-1
—40% Depth: 720 - 745
Sw=d0% | — X Tecumseh (732-736 ft)
Sw=60% a_'.l .
- m 15 « Slight gas effect on neutron
Sw=100% \/ RW: 0.079 |Og '
E‘\,_ L .
{ i | « GR < 100 API with
5 = + moderate porosity and BVW
— cluster around 0.0135
DEPTH .
[ 736- 748 * Sw < 80%. No transition
Bl 731-736 ..
3 726-731 visible
[] 7205- 726 ]
o010 Bl 715-7205 * Possibly gas
1 10
RESISTIVITY Ohm-m
WNANN A ] | WNNN AT - || WOOD A-1 - ,72 Woon A-1 -
Tecumseh B Tecumseh ] Tecumseh 7 Tecumseh
23
0 100 200 L 0.400 0.200 0.000 L 0.01 0.1 1 10 L 0.000 0.500 1.000
= R e e R e 11 1 et A m e (]
= corr ) - -
- C avw | | / s
725 | | 725 + \ || 725 + \ 7 725 +
L < u \ ’75’
730 + B 730 + \ | 730 + \ 7;7 730 +
o < = : k 3 ! K T L
o - a ) H o O 7. o
735 1 L 735 L 735 + £« 735 +
- / i \ v
740 B 740 \ I 740 < 376 740
J | 51
745 B 745 (\\""‘*' L 745 ) 7 745
RO

Log analysis of Tecumseh sand in Wood Al well.
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1.000
Sw=100%

POROSITY
o
i
o
]

0.010

Sw=80%

Sw=60%

Sw=40%

Sw=20%

=16

BVW

=14

=12

BVW

|~ BVW

.

T

1
RESISTIVITY Ohm-m

10

KISSEL #1-29

Ireland

Depth: 980 - 1090
X:

Y:

al

m: 1.8

n:2

RW: 0.079

DEPTH
[ 1056- 1104
Il 1034- 1056
Il 1018-1034
(] 984-1018
[ 960-984

Kissel 1-29

Ireland (1020-1037 ft)

 Gas effect visible on neutron
porosity log, separation between

density porosity and BVW

* Low GR (< 100 API) and BVW
cluster around 0.14

* 60% > Sw > 80%

* Possibly Gas

0¢
KISSEL #1-29 - Ireland = KISSEL #1-29 - Ireland = KISSEL #1-29 - Ireland o KISSEL #1-29 - Ireland
- | o
50 85 120 | 0.400 0.200 0.000 L 0.01 0.1 10 33 0.000 0.500 1.000
980 ‘ ] 90— 980 : 9§ 980 +— — :
——GR .GAPI | == g || RT 14
| = i PHI L | — RWA |
L < ) corrN | || ( 94
1000 + B 1000 ¢ < Bww | | | 1000 35 1000 + =
= 7 o¢ —_
L ¢ 6
1020 1020 + — 1020 — o¢ 1020 T
B < Q/‘ ] e <"3 7 z
=3 £ % = = o
& 1040 + & 1040 = & 1040 38 A 1040 |
4 08
3 9
1060 | B 1060 + 3 B 1060 9¢ 1060 R
- < > - =3
A %0
Y } 9 &
1080 | 1080 IS | 1080 )1 1080 |
— s | B =
('7, = L 9(
w)

—SW
—PAY

Log analysis of Ireland sand in Kissel 1-29 well.
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18
16
14
12

i i v i KISSEL #1-29 _
Sw=20% § g § g Kissel 1-29
1,000 Techumseh
Sw=40% Depi 760785 Tecumseh (766-771 ft)
SW=60% Yfl .
Swes al » Gas effect on neutron porosity,
SW=100% n i i i
oo separation between density porosity
- and BVW
o * BVW < 0.16 with some clustering
1\ around 0.14. Sw close to 60%
DEPTH
[ 781- 786. . . .
— Ry « Possible mudcake build up over this
3 771-7755 i i i i i ili
B e interval indicating higher permeability
0.010 ] 759- 765 .
. 0 » Possibly gas
RESISTIVITY Ohm-m
KISSEL #1-29 - — KISSEL #1-29 - — KISSEL #1-29 - 775 KISSEL #1-29 -
Tecumseh B Tecumseh - Tecumseh 13( Tecumseh
0 65 130 B 0.400 0.200 0.000 B 0.01 0.1 1 10 ﬁ 0.000 0.500 1.000
760 ‘ L 760 . E——— | 760 ‘ E—— ¥4 760 +— : E—y
\\‘\ corrN i ——— RWA 7; . ——— PAY
765 + L 765 + 2L B 765 + ¢ 765 +
. i Bt
770 B 770 + B 770 + 7 770 +
£ TE | —z T
a — & / < — & | L
775 + 775 + 775 + 74 775 +
\ 9
| " B j 7
780 | | 780 + \ = 780 / 9 780 +
L - L \ 11
785 ] 785 T B 785 LI L 2 785
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Log analysis of Tecumseh sand in Kissel 1-29 well.




Hle Edit View Options Tools Help
DB & »w8F0 G | & Zoom 25 =
h N\NODAOCRY¥ED 4 &K E

=== e =T — 2
. 1 + =] i i I . :
Kissel 1-29 : F- = —
. T - e O - e !
» Mudcake buildup 762-772 ft. : e i — =Nl
3 — = = +- ; M SR
= T ™
o = = =
B i —— ] _-___'___
{" ] 5 2 I r A
= oy -
_— — =] — __f__;" _ i
E Bt E‘,
- — =l _::"‘} :._
. = = r —-;“% Pzt
f — T e = ¢ ) i

Image Properties : 8385 W x 12557 H (in} : 2656 W x 37671 H (dotz) : 300 DPI: 1 bit color X=340, ¥=3831

Log showing mud cake buildup over the Tecumseh sand in Kissel 1-29 well.
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2 9 = = = GIGER B-1
Sw=20% § § § § § Giger B-1
1.000 Vad b Techumseh
Sw=40% Dept: 750- 775 Tecumseh (750-755 ft)
Sw=60% |— Y ]
g0 Bl * Gas effect on neutron porosity,
Sw=100% S | n2 separation between density
’ RW:0.079 )
- L — porosity and BVW
§ 0.100 A adl s — —
8 — * BVW clusters around 0.15,
Sy moderately high density porosity
I 7645-770
[ 759- 7645 i
1 7535-759 *GR hlgh
R o « Possibly gas bearing. No
RESISTIVITY Ohm-m show during drilling.
g T - ~1- | g mimn
Tecumseh — Tecumseh — 1 Tecumseh =z Te Tecumseh
B B 53|
75 150 - 0.400 0.200 0.000 | 0.01 0.1 1 10 E 0.000 0.500 1.000
750 ‘ 750 ‘ 750 ; 4 750 :
[ ) 78 )
N B + M C
755 F - 755 — 755 16': 755
L - 7
760 + ] 760 + B 760 - ( 7: 760 +
g g —rn g | D= (AR —
a o cor N o | ——RwaA b o ——— PAY
765 + || 765 + BVW | 765 1 §~ 765 +
B B i
770 + N 770 T B 770 ; 770 +
775 775 775 75 775
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Log analysis of Tecumseh sand in Giger B1 well.




E Edit Wiew Options Tools ﬂlelp
D=l &S »wBEHl BGH | &8 Zoom 25 %7
K \NDAOCGUYED /X &

1 F : P [ b

= bl Yo 2R | Eodedl Tt Ll
T ot o 1 i 5 o o EEE S et IRl - ) FRRSRN ) Y R
R 4

Giger B-1

» Samples indicate fine
grain porous sandstone
in spite of high gamma
ray;

* No gas show during
drilling.

Fa _;___-_j::__._i__ SEmElEn
] b )
‘ o B B Limestone: oflf1 white, fine grained, dense, no visible
| 11 porosity, no show
LIIJ.I T :_'_ 750 ty Tecumseh 752 +503

Sandstone: gray, fine grained, fair sorted, poor cement,
good intergranular porosity, no show

|_Shale: gray to green, arrenaceous

Lecompton 773 +482

imestone: light brown, medium crystalline, no visible
porosity, no show, fossiliferous

=
§
L

Log showing high GR over sand interval while geo re port indicates fine grained sand from the same inte rval. 49



u ﬁ THIr THIJ GIGER B-1
Sw=20% % E % % H
8 & & & Giger B-1
Severy
=40% Depth: 570 - 610
Su=40% e Severy (580-585 ft)
Sw=60% ;:1 ) )
W=80% m 18 » Gas effect on neutron porosity, slight
St RlW: 0.079 . . .
i separation between density porosit
> and BVW
3 ] « Increasing BVW and Sw with depth
DEPTH » Moderate porosity, and relativity low
[ 4-
=y GR (< 100 API), Sw + 70%
/ B 5795-585
L [ 572-5795 ° i
i“sﬁ’e"t o] or2- o195 Possible coal bed (2 ft) above sand
oa 1 10 . . .
4 RESISTIVITY Ohmm » Possible gas zone in transition
GISER B-W GIGER B-1 - Severy ] GIGER B-1 - Severy % GIGER B-1 - Severy
N i 2
0 150 0.500 0.400 0.300 0.200 0.100 0.01 0.1 1 10 0.000 0.500 1.000
570 \ —\1@\ ‘ — — 570 —7 ) i % 570 —
- EsSsaul 5 | D 5 — | ]
575 + B 575+ || | s1s o l 575 f—— |
- ¢ 5
580 = 580 — =530 = 596
; i : i :
585 ™ LSR5, = 585, 2 535,
%. 590 + [ % 590 + [/ —PHI [] %— 590 g %— 590 - sw
[a 1 o cor N o 5| [a  pay L
595 + ] 595 + ( BVW | 595 g| 595 +
\ i 5]
600 + ] 600 + / | 600 9| 600
( 5
605 + N 605 + > ) | 605 \ 10 605 +
S | 5 <
610 || 610 L] 610 i 610

Log analysis of Severy sand in Giger B1 well. 50




e Schlumberger BlueView : F:\Gryphon FA\2007\SWC proposal\geomodel\databa... ED@
Fle Edit View Options Tools Help

DEW & WMERD BGE [Zoms -

A \NOACCRYED 4 & B

= E 3 i e R SR

Giger B-1, Severy

1T

T e

i B i

I I A AHN Y B JENL Y R
———— T +

NikdEE
x

* Possible coal bed

'.'".q:-v_-\."!' "'r:‘l A% A

A
=
3 LS
; e
="
I el
r
[ s
*nd ;
-
o e
-
Per
:
4
h
A :
A
}-

L]

IRERR

TN P i R ==

i B
- s R T IR S

2 (B S Rl f'__{_; 5 e B L L I ey L

I
1

Image Properties : 835 W x 12592H (in} . 2656 W x 37775 H (dots) 300 DPlL. 1 bit color X=851 , Y=5055

Log showing presence of possible coal bed in Giger B1 well. 51



?‘ ﬁ ﬁ ? ‘._Ol! DAVIS/GIGER GU B-1
s = = s s
w2 F 7 & 5 5
1000 Techumseh ] ]
S=40% Depth: 745 - 775 DaV|s/G|ger GU B-1
X:
W=60% | 9 Tecumseh (752-756 ft)
Sw=80% m: 1.8
Sw=100% 2 * No gas effect, separation
N h between density porosity and
gomo B BVW
o) | —
S * Increasing Sw and BVW with
DEPTH depth. Upper sand Sw < 80%
[ 7e56-7788
~__— — i and BVW < 0.16.
B 750- 756 :
[ 7458- 750 e Some chance of gas in
0.010 [ 73027458 transition. No show during
1 10 crpe
RESISTIVITY Ohm-m drilli ng.
DAVIS/GIGER GU B-1 - DAVIS/GIGER GU B-1 - DAVIS/GIGER GU B-1 - [ DAVIS/GIGER GU B-1 -
L L > : 7 i .
Tecumseh = Tecumseh I~ Tecumseh L%‘ Tecumseh

0 150 0.400 0.200 0.000 | 0.01 0.1 1 10 E 0.000 0.500 1.000

75
1 S —— 1 S S — 745 9 745 - -
——GR .GAPI RT 78 sw
—Rwa ——PAY
750 | m 750 | — 750 + & 750 +
1
755 ¢ ? || 755 + > . 755 + & 755 +
2
< s S 79 <
o <4 o <4 o + o €1
S 760 S 760 2 760 3 & 760
fat = a — a e O
765 -+ | 765 -+ ——PHI |\ L 765 -+ ﬁc 765 +
— cor N ( — %
770 | 770 | BVW 770 + e 770 +
— 5
|| AN - / a
775 || 775 ‘ L 775 & 775
Z

52
Log analysis of Tecumseh sand in Davis-Giger GU B1 well.




Davis/Giger GU B-1

File Edit View Options Tools Help
DER @RI RGN |8 2om2s - ® Georeport indicate sand without gas show
EFNwODACCRYED 4 &R E
= o - e :
.- 5o eyt Fey £ copl - -
= AT ] LEX
Fle Edtt View QOptions Toos Hep
D@ &HEFERD @GN |8 zom 50 =
run
kI \WOAOCQRYED /K&
! R e ‘ ~
| | 114
{ | |
Shale: black, fissle
I Limestone: white to off white. fine to medium
- I dense, no visible porosity
T
I ‘ ‘ Shale: gray to green
I | Limesfone: of f white, fine grained, dense, no visible |
porosity, no show
e i Shale: gray to green
Fal = | i
| Limestone: oi; white, fine grained, dense, no visible
orosity, S| .
750 |Lxetyeson Tecumseh 752 +503
Sandstone: gray, fine grained, fair sorted, poor cement,
good intergranular porosity, no show
i
I Shale: gray to green, arrenaceous ;
I Lecompton 773 +482
Limestone: %E' brown ;Vgi um crystalline, no visible
{1 orosity, no show, fossili ]
- B ‘ p i1y, o erou:
| I
E i i Shale: gray to green
L I
N
: : - 800
1L i | Limestone: obrown, medium crystalline, no visible porosity,
A I S e S ) e e === | no show, fossiliferous
T
$ . = | | Limestone: obrown, medium crystalline. no visible borosity %
>
Image Properties : 8.85 Wx 132.02 H (in} : 2656 W x 39607 H (dots) : 300 DP!: 1 bit color X=880, ¥=5393 £
Image Properties - 9.25 W x45.33 H (in) - 2775 W x 13508 H (dofs) - 300 DP| - 8 bit color X=800 , Y=1004

Geo report indicates no gas shows during drilling o f Tecumseh in Davis/Giger GU B1 well.
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S 3 9
0 0 )
Sw=20% E E E DAVIS/GIGER GU B-1
1.000 &80 80
Severy
Depth: 570 - 610 . .
Sw=40% o Davis/Giger GU B-1
SW=60% | :::l
Sw=80% 18 Severy (579-586 ft)
Sw=100% \ n2
- RW:0.079 » Suspect coal to overly the sand
=
[2]) . .
o o0 | * Little separation between
@] — . .
: density porosity and BVW
/
/ = * Sw +90%
I 589.6-598.4
[ 579-589.6  \Wet sand
Bl 575-579 -
0.010 [ 563.2-575
1 10
Suspect coal bed RESISTIVITY Ohm-m
\
DAVIS/GIGER GU B- B DAVIS/GIGER GU B-1 - B DAVIS/GIGER GU B-1 - 72' DAVIS/GIGER GU B-1 -
Sever B Severy B Severy F Severy
3
0 75 150 \400 0.200 0.000 0.01 0.1 1 10 P 0.000 0.500 1.000
570 S (R 57 e 570 ‘ 4 570 +— b
\——GR .GAPI 7PH'N | 725\“_\ 5i 722’\(
575 + 575 - cor || 575 + — 5 575 —
: . BVW : 5 )
580 580 T ‘ 580 | 6 580 |
< i ¢ ¢ i 5 I
585 585 f 585 f 7 585 1
£ = — = 51 <
2 590 T 259 ¢ | 2 5% '8 § 590 +
a — Q \ — Q 5 O
595 + — 595 1 /> 4 — 595 + 9 595 1
600 B 600 <? B 600 ¢ 600
0 1
605 — 605 "‘\\f — 605 + Eif 605 +
610 - 610 “ - 610 ELOE 610

Log analysis of Severy sand in Davis-Giger GU B1 we
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© < N
MARSHALL A-1 % % %
=80% =60% =40% =20% = = >
- SwW=80% Sw=60% SW=40% wW=20% = @ = Marshall Al
Sw=100% Ireland
Depth: 980 - 1080
x: Ireland (1007-1026 ft)
Y:
al . . .
i 18 » Minor separation between density
;2 .
% RW: 0078 porosity and BVW
> few gas bubbles “‘
§ 0.100 b4 H|gh GR (+100 API) due to
o . .
8 I micacious sand (georeport)
DEPTH » Some gas show (bubbles)
[ 1056- 1100
B 1036 - 1056 observed (georeport)
Bl 1007-1016
(] 990- 1007
0.010 ] 968-990 ® SW + 90%
0.1 1 10
RESISTIVITY Ohm-m ° Wet Sand
MARSHALL A-1 - MARSHALL A-1 - m MARSHALL A-1 - Ec MARSHALL A-1 -
Ireland Ireland B Ireland 0¢ Ireland
3
0 75 150 0.400 0.200 0.000 0.01 0.1 1 10 P8 0.000 0.500 1.000
980 ‘ 980 — : 980 - I —— 980 ‘ S ———l
990 + 00+ < < m 990 + f —— RWA %E 990 | 1 pav ||
1000 + 1000 + i > ] 1000 F || o¢ 1000 +
_ 6
1010 1010 + s || 1010 = og 1010
1020 - 1020 + g\” ; L 1020 : q Z; 1020 ?
z ~ c c
S 1030 | S 1030 | S - i 2 1030 | I8 2 1030 |
2 toso | 2 toao | i) 2 2 100 - 9% ° 1ou0 =
~ |——PHI Q> L 19 <,
1050 + 1050 + ~ < 1050 oq 1050 =
= cor N z L =
1060 1 1060 + < BVW 5 1060 1 I 9(1 1060 1 q
1070 + 1070 + <:\ é 1070 + 1 1070 + _—
1080 <] 1080 == \\ L 1080 e QT: 1080

Log analysis of Ireland sand in Marshall A1 well.
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1000

Marshall A-1

Sh: gray, soft, sity

Shi gray, soft, sty

Sk gray, solf, ety

Sh: gray, soft, sitty

i

1050

subanguar, micaceous, fair o good intergranuar parosity,
| few gis bubbles

Ireland 55 1015 +235

0 odor

S5: gray, fine to medum grained, fair sorbed wedl com.
sukbanguiar, micaceous, good imtergrarclar porcsity.
fews gae bubbles, no oo

BE: gray, fine to medum grained, fair sorted wel cem, |

subanguiar. micaceous, good to v good intergranuar
poroelty, trace gas bubbles, very tnef coor on break

Sh gray

Sh. gray

Ls: brown to dark brown, coarsely arystaline, highly
foesiiferous veTusulinids & chnoids, no visual porosity
ety By

Geo report showing mention of micacious sand and gas

bubbles during drilling of Ireland in Marshall Al well.
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[} © < N
44 04 4 GIGER A-1
Sw=80% SW=40% W=20% @ @& @
Sw=100% —7 Cahown Giger A-1
Depth: 600 - 630
/ X:
] v Calhoun (608-611 ft)
a
L[] _
o~/ n2 « Gas effect on neutron porosity,
RW: 0.079 . .
g \\\\M\L/ separation between density
2 0100 e} porosity and BVW
o
* Sw~80% and BVW +0.18
I
/ DEPTH
[ 620.4- 6336 * GR~75 API
Il 611-6204
Il 608-611 . .
T cooe. 608 * Probable gas in transition
0.010 [ 594-600.6
0.1 1 10
RESISTIVITY Ohm-m
GIGER A-1 - Calhoun - GIGER A-1-Calhoun = GIGER A-1-Calhoun GIGER A-1 - Calhoun
B - B¢
L = )3
0 75 0.400 0.200 0.000 0.01 0.1 1 10 fC 0.000 1.000
600 ; 600 ; ——— 600 | E—— 4 600 —
f N —
605 + — 605 1+ BVW | — 605 + 55( 605 —
/ B » B 4 )6
610 4 L 610 T (> B 610 + / [ 6 610
E= £ = 61( £
2 615 — 265 - Zoe1s )g & 615 f
o — a - a 6 ©
620 + B 620 + B 620 9 620
L = 61
/\ )
625 + 625 1 625 61 625 +
- o - H
630 - 630 ‘ - 630 67‘] 630
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Log analysis of Calhoun sand in Giger Al well.




1.000

Sw=40%

Sw=60%
Sw=80%
Sw=100%

0.100

POROSITY

0.010

[ce] © < N
~ - = ~
Il Il Il Il
Sw=20% @ ) ) )
—
PN
\ \
T——]—

RESISTIVITY Ohm-m

NOBLE #1

Cdhoun

Depth: 585 - 615
X:

Y:

al

m: 1.8

n: 2

—1 Rw:0.079

DEPTH
[ 607.2-6204
Il 598-607.2
Bl 590-598
[] 587.4-590
[ 580.8-587.4

10

Noble #1

Calhoun (593-598 ft)

» Gas effect on neutron porosity,

some separation between
density porosity and BVW

* High Sw +80% and increasing

with depth. BVW +0.14 and

increases with depth. Slight gas

bubbles on drilling

» Gas in transition

Depth

L L 5¢
NOBLE #1 - Calhoun = NOBLE #1 - Calhoun M NOBLE #1 - Calhoun '7 NOBLE #1 - Calhoun
b¢
0 75 150 | 0.400 0.200 0000 | | 0.01 0.1 1 10 38
585 : 585 : “PHI 585 ‘ RT ¢ 0.000 0.500 1.000
N
— cor N |—| —RWA |~ q——sw
590 + 590 + BVW 590 ;’0 —— PAY
— | \ £ 590 +
595 é 595 k 595 + ;1( K
- _— L =] 595 +
_ / mi 2 sl
600 + 2 600 + 2 600 5¢ £
-8 \ 8 )3 & 600 |
| || s
605 + 605 605 ‘ )4 605 |
: g | 2
| )5
610 [ 610 1 610 J 5¢ 610 +
615 | 615 || 615 2; 615

Log analysis of Calhoun sand in Noble 1 well.
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Noble #1

600

Limestone: of f white, fine gramed o mediom crystalline,
irfercrystalline and foasil porosity, no show,

milifm w/Tusulinids

Shale: gray

Sordstone: oy, IR graned, some very well cemented,
calcarecus, some w/fair cement & good imtergranular
poradity, 2hight show gas bubbles, no ador, no Fluoredence

Sanvdrtone- light , Firve 1o reecivm grained, 20T,
fﬂd‘mm grainy, good iMpﬂﬂﬁ,
no show

.
_ﬂﬂhm.__m.- S R R

hmﬂ*::mgkﬂgmr, fine groined, angilioceous, no visiblke

-

Geo report showing observation of gas bubbles durin g drilling of Calhoun sand in Noble 1 well.
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[c¢] [T} < N
I I I I
SN=20% § % g § MUSHRUSH #2-26 Mushrush 2—26
1.000
Cahoun
SN=40% Depth: 665 - 695 Calhoun (671-675 ft)
X:
SW=60% | v » Appearance of gas effect on
Sv=80% — - 1.8 H H
oot m neutron log, slight separation
RW: 0,079 between density log and BVW
> = * e’ =
.(% *w\ )
9 0100 —] e, Sw +80%, BVW >0.16
o | —
e Poor prospect - gas in
DEPTH transition
[ 686.4-699.6
Il 675-686.4
Il 671-675
[] 666.6-671
0.010 [ e60- 666.6
1 10
RESISTIVITY Ohm-m
MUSHRUSH #2-26 - L MUSHRUSH #2-26 - | MUSHRUSH #2-26 - - MUSHRUSH #2-26 -
calhoun I Calhoun n Calhoun T Calhoun
8
0 75 150 [ 0.500 0.300 0.100 [ 0.01 0.1 1 10 %e 0.000 0.500 1.000
665 : - . . . i 665 . 665 665 f—f—f—+
_ | —RT |4 _
GR .GAPI | // q B R % —EXVY
670 + \ 670 | ) 670 / 4 670 -
B ) < ] 1
675 + - 675 L AZ5. 61 575
2
s s \ = 67<
S 680 + | 2 es0+ / —PHI < | & es0 13| £680
o) a ) corN a \ 510
685 + L 685 + > = \ L 685 6i'_ 685
- C { i ) s
690 + 690 + 690 67 690
- » i Q o N
695 695 _ 695 6_1_ 695

Log analysis of Calhoun sand in Mushrush 2-26 well.
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@ © < ] —
iy y u T MusHRUsH#2-26
Sw=20% & z z 2 >
1.000
Sever
ot o 550- 625 Mushrush 2-26
X:
Sw=60% / ) Severy (596-599 ft)
Sw=80% coal-on to :]: 18
Sw=100% ade . * Thin gas sand, BVW cluster
. A | ~014, Sw 70%
§ 0.100 \
9 — == » Appearance of a gas effect on
P the neutron log, separation
Suspect B 599-613.7999 _ o
Coal bed \ Bl 5% 59 « Gas In transition
[] s584.1- 596
0.010 [ 574.2-584.1
1 10 .
RESISTIVITY Ohm-m ¢ Thln Coal On top
MUSHRUSH #2-26 - ] MUSHRUSH #2-26 - B MUSHRUSH #2-26 - 5; MUSHRUSH #2-26 -
Severy Severy B Severy 54 Severy
3
0 7 150 || 05 0.250 0.000 0.01 0.1 1 10 PY 0.000 0.500 1.000
580 ‘ | 580 ‘ n 580 : : 34 580 ‘ T sw
o Bl — —
585 + SR CAPI ] 585 1+ corN| [ 585 1 i — RWA %E 585 1 /> PAY
= BVW | ) / g ™
590 + B 590 + B 590 - ( iel 590 <
595 + || 595 1 | | 595 \/ : & 595 )
.
E 600 = 00U = 00U / I — 666 K
2 2 g g 5 )
0O 605 + — O 605t M 0O 605 T 0O 605
| ] ) 5¢ g
610 + L 610 + ] 610 I 39 610
b4
615 + 615 615 0 615 + 5
i L = d
620 + 620 + ¢ . 620 + 1 620
i -~ . < 5
625 L 625 L 625 & 625

Log analysis of Severy sand in Mushrush 2-26 well.
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WARD RANCH A-1 ? ﬁ ﬁ ? %
= 2 2 =2 =
Sw=80% SWw=60% Sw=40% W=20% % @ =@ &
SNzl%igg/iJu ‘ / Techumseh
/ / Depth: 800 - 830
X:
Tl codlorf 1o Y. Ward Ranch A-1
4/ / / ;:11.8
N Tecumseh (808-816 ft)
$ L/ RW: 0.079
T « Washout 802-806 ft — so
o \ shale (and not coal) overlies
\ the sand
DEPTH
[ 825-8316 i H
\ =i * BVW > density porosity
\ Bl s13-816
N [ 805.2-813 * Wet sand
0.010 ~ [ 798.6-805.2
0.1 1 10
RESISTIVITY Ohm-m
A-1- - — - B WAF
Tecumseh | - Tecumseh ' gf T Tecumseh
100 200 | 0000 | 0.01 0.1 1 10 8 0.000 0.500 1.000
800 ‘ — E—— 800 ‘ —— R — ‘ —
———GR .GAPI S o 8E SW T
805 - + BVW | | 805 = ol 805 ——
B ) - )¢
810 — T — 810 &l 810 !
£ s & 2 = 8 £
8 815 8 815+ 8 815 4 So815
a) = = 8 -
820 | 820 + | 820 )9 820
L L 8|
S _(
825 825 + — 825 + A 825 +
T L1
830 L 830 \\ L 830 &l 830

Log analysis of Tecumseh sand in Ward Ranch Al well
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Bk Schlumberger BlueView : F:\Gryphon FA\2007\SWC proposal\geomodel\... gm

Hle Edit View Options Tools Help

Ward Ranch A-1 DEeHE & 8800 BGE | & Zom 25 =
h N\NCOAOCCRYED 4 & H

» Wash out coincides with high ] : =t = T
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porosity — suggestive of shale bed o e -
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Image Properties: 907 W x 118.78 H{in) ;- 2720 W x 35334 H [dots) 300 DPI: 1 bit color X=444 , ¥=5289

Log showing washout coincident with porosity high i mplying presence of shale overlying the
Tecumseh sand in Ward Ranch Al well.
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g '; g KOHR A-1
w=20% 2 &
1.000
Severy
S=40% Depth: 570 - 610 Kohr A-1
X:
=60% |— ’} | v
o AT a1 Severy (582-86 ft)
=80% |— N m: 1.
SW=100% oy :
° SR / ) n: 2 i
< — RW: 0079  Coal overlying sand
g \%W\;:’x_' ~, \ y g
2 0100 B} » Gas effect on neutron porosity,
8 separation between density
porosity and BVW
\ DDEPTH
| — RNy « Sw < 80% and increases with
\\ B o1 -5 depth like BVW (> 0.145)
‘ S 572-581
563.2- 572 . ..
oo . 0 * Probably gas in transition
RESISTIVITY Ohm-m
KOHR A-1 - Severy — KOHR A-1 - Severy - KOHR A-1 - Severy % KOHR A-1 - Severy
— ~ 57
0 75 15 0.600 0.300 0.000 0.01 0.1 1 10 3| 0.000 0.500 1.000
570 prtmtmbni [ 570 : R [ 570 : : E— 57 570 : E——
575 + 7 575 1 coril - 575 ||| —_— A 575 [ PAY
< [ o) | 2 =
580 + 580 T 580 + 51 580 + R
6
585 | & B 585 | B 585 + 51 585 | |
ey — = - e 1 ey
2 500 + | 8 ose0+ | B 500 \ 51 2 590
a o - \ 18| O
595 + 595 + 595 l b1 595
i | _ ) | 9
600 + | 600 + ) L 600 ‘} 54 600
\ / / 0
605 T L 605 ) L 605 - o4 605 =
e K " 4
610 | 610 2 L 610 — 575 610 o
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Log analysis of Severy sand in Kohr Al well.




] S pal
H i o
% % % GIGER D-1
Sw=20% @ @
1000 Techumseh
Sw=40% Depth: 720 - 740 Giger D-1
X:
600 Y:
0% a1 Tecumseh (722-727 ft)
Sw=80% m: 1.8
Sw=100% 2 . .
’ iy N L * BVW and Sw increase with
> ’ depth
%)
O 0.100 .
° -
/ . -
2 T — » Separation between density
porosity and BVW
DEPTH
[ 734.8-7436 .
B 7304- 7348 * Poor prospect -gasin
£ 7277304 transition
B 722-727
0.010 (] 717.2-722
1 10
RESISTIVITY Ohm-m
GIGER D-1 - i GIGER D-1 - I GIGER D-1 - %‘ GIGER D-1 -
Tecumseh = Tecumseh = Tecumseh % Tecumseh
0 75 150 : 0.400 0.200 0.000 | 0.01 0.1 1 10 E 0.000 0.500 1.000
720 / ‘ ‘ || 720 ‘ ) L 720 : i, 720
229 GR .GAPI cy L - 250 % oo |
724 | Ll r2a b | 72t > / [ZPY R
6
726 + 726 726 [ ’ 74 726 T
. 728 1 . 728 3 ot i 728 K o ‘\ 772 i 728 +— sw
2 730 M & 730 corN | 1 2 730 — RWA gl T 730 1 PAY
8 8 i oo | || & ) | s 3 (
732 + 732 + 732 72 732
9
734 + ] 734 ] 734 74 734 +
736 1 L 736 L 736 + 0| 736 +
73
738 + ] 738 T ] 738 i 738 +
740 | | 740 - 740 77: 740

Log analysis of Tecumseh sand in Giger D1 well.
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g g g GIGER D-1
Sw=80% Sw=60% Sw=40% W=20% Z @™ @ .
SH=100% cahoun Giger D-1
Depth: 650 - 680
” Calhoun (658-661 ft)
al
] [ m18 * Gas effect on neutron
\ﬁ*/. RW:0079 density, some separation
B Rt between density porosity and
o 0. y
. ! BVW
\ .
\ _— * Sw > 80% and increases
[ 6732- 6864 with depth. BVW + 0.16
Bl 661-6732
B coaneoss « Poor prospect - Gas in
0.010 [ 646.8- 6534 transition ,
0.1 1 10
RESISTIVITY Ohm-m
GIGER D-1 - Calhoun W GIGER D-1 - Calhoun N GIGER D-1 - Calhoun %E GIGER D-1 - Calhoun
6t
il ] i3
0 75 150 || 0.400 0.200 0.000 0.01 0.1 1 10 Bt 0.000 0.200 0.400 0.600 0.800 1.000
650 : ‘ 650 — E—— 650 E—— 650 ittt
\\%‘@ // - )( corN —RWA 655 :EXVY C
655 + 1 655 - BVW | 655 Y 655
1 "F J I e N
660 / L 660 f - / L 660 | 6t 660 C !
— / n '
£ £ £ Bt <
§ 665 B g— 665 { \ ] § 665 + g §' 665
670 + - 670 > X u 670 / 6% 670 |
0
675 + B 675 ) ] 675 { X 675
|| / | / )1
680 - 680 680 67( 680
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Log analysis of Calhoun sand in Giger D1 well.




CONCLUSIONS

Wireline logs from 26 wells in and around the Elmdal e field were analyzed to
determine the gas production potential of several s and bodies such as Ireland,
Douglas, Tecumseh, Calhoun, Severy, and White Cloud . Gas production
potential was identified in these sands at several wells.

— Current log analysis indicates that each of the san  d bodies show gas production
potential at a limited number of wells, and that no ne of the sands have a pervasive gas
production potential over the study area.

— Additional production testing needs to be carried o ut at select wells to validate and
refine the log analysis.

Regional analyses of low-BTU data was initiated usi  ng 54 gas samples and the
following trends observed:

— In general, the shallower zones tend to produce low  -BTU gas.

— Hydrocarbon-wetness increases with age and depth of the producing zone.

— Nitrogen-to-helium ratios are unaffected by the age of the pay zone.

— Given the limited data set available, the deeper fo rmations appear to display a
greater compositional range hydrocarbon and non-hyd rocarbon gases.
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