LITHOLOGY OF GAS-BEARING INTERVAL

DDV #63 Core Analysis
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DDV #67 Core Analysis

Normalized GR GR (API) Phi Grain density Summary Core Description
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Well Log Core Measurements

In March 2001, core was acquired at two locations along the Wilson Road seismic
line to the west of Hutchinson: DDV #63 (dry hole) and DDV #67 (gas). DDV #67
was located approximately 75 ft from DDV #53, which was actively venting a high
volume of gas. In the DDV #67 core, the gas-bearing 3-finger dolomite
corresponds to a series of thin dolomite and gypsum layers, separated by shales.
The dolomites in DDV #67 have low matrix porosity, suggesting that fractures

controlled gas migration within this interval. The 3-finger interval is observed in dry
hole DDV #63, but the core from this well shows that the interval is more shaly and

gypsiferous than in gas well DDV #67.

Because dolomite is brittle and fracture-prone in contrast to shale and evaporites,
which are in general more ductile, dolomite is likely to undergo induced fracturing
and be able to maintain open fractures when subjected to high-pressure gas that
exceeds the fracture pore pressure of the dolomite. An increase in the amount of
gypsum and shale, both less brittle than dolomite, would tend to inhibit fracturing

and prevent migration of gas.
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Natural gamma ray serves as an
indicator of lithology when substantiated
with nearby core or outcrops. The
gamma-ray logs in the Hutchinson-
Yaggy study area were normalized to
vary from 0 (salt) to 100 (shale), and
variations in lithology of the 3-finger
dolomite interval were investigated by
looking at maps of mean normalized
gamma ray and minimum normalized
gamma ray.

Mean gamma shows the average
shaliness of the interval and indicates
that, in general, the 3-finger dolomite is
cleanest along a northwest-southeast-
trending corridor from Yaggy to
Hutchinson, including the city proper,
with considerable increase in shaliness
to the southwest and minor increase in
shaliness to the northeast.

Minimum gamma, which identifies the
shaliness of the cleanest dolomite
within the interval (the top dolomite in
all but a few wells), shows an even
more dramatic decrease beneath
Hutchinson and along the corridor
northwest of the city toward Yaggy. The
areas of lowest gamma ray in the 3-
finger dolomite within and near the city
are deemed more susceptible to
fracturing and possibly have existing
natural fractures that could serve as
gas conduits, because the parting
pressures of these fractures could be
considerably lower than the pressure
needed to create new fractures.

The location of the cleanest dolomite in
the minimum gamma map of the 3-
finger interval corresponds closely to a
location of thick salt in the S2-S1
isopach map, suggesting that this area
of preserved salt was a slight
topographic high during the time of
deposition of the 3-finger dolomite. This
shallowing may have led to decreased
turbidity and encouraged greater
carbonate productivity.

RESULTS OF SUBSURFACE SHUT-IN ANALYSES

Calculated shut-in pressures (psi) at 3-finger dolomite
(Bhattacharya and Watney, 2001, 2002, 2003)
March 2001 Survey _July 2002 Survey

42180003 |

o8
4218000@53$ ==
l§\ Fal =
1

h DEisz 2
S 4216000 Doy o83 | oove
0 Byes Y

4216000

4214000 { 4214000

1]

]

L

4212000 :: DE %@q 4212000~ : L
oo o od o 3 ]
=" o 3 [ 120 R ° Rl
) - o i ™
=20 Shut-in aborted \\ 0 o o \‘{1?‘13‘\;47
4210000 ' as surface pressure \¥ = 4210000 N \\i\o L
= came close to exceedi N\ \ —]
P N\ = AT
e pressure limits of 1T YN 7 0 H i /
= equipment 'Y Lo VAN
4208000 L1, quip L N = 4208000+ ||, l_h*l' L
1 1

T T T T T T T T T T T T T T T T
584000 586000 588000 590000 592000 594000 596000 598000 600000 584000 586000 588000 590000 592000 594000 596000 598000 600000

Shut-in times varied between 14 to 50 hrs to Shut-in times varied between 75 to 95 hrs
operate within safety limits of surface
equipment

Aug 2001 Survey Jan-Feb 2003 Survey

42180004 4

o
= I~ 440 ~oB
Yo gy M
| L | I L
4216000 ¢ 4216000 | ooyzs
4 D%SD
20 240 S & - e
4214000 220 4214000 220 DOV ppyzg -
Oy n
200 200 DDVA47, DDV #42 ‘ ,J— ‘
—180 2 ] 180 59 L e
4212000 160 ; = 4212000 160 \ ool
i 10 L 104 _

4210000 r 4210000

4208000 r 4208000

5 Y I

1
T T T T T T T T
584000 586000 588000 590000 592000 594000 596000 598000 600000

Shut-in times varied between 75 to 95 hrs. Group 2
wells (that never flowed gas) were plugged.

_ July-Aug 2003 Survey
i s |

T T T T T T T T
584000 586000 588000 590000 592000 594000 596000 598000 600000

Shut-in times varied between 70 to 96 hrs

OB #4
4

4218000 -,

134.95 - -.. o TJ a \—‘Hw I
{ L

J

4216000 | r 4216000 -

4214000 | r 4214000

[

N
N
3

DDV #42 1 11
A I ’
57.5 S
4212000 -|

I

+ 4212000 L ~ boy #12 F

140 . 1?0 ’J—]
N

A \ ] i

L ‘ /A‘WJ

o )

N
38

4210000 |

3
8

r 4210000

=
8

)
3

[

40 1 ‘

=20 7‘71

4208000 4208000

T T T T T T T T
584000 586000 588000 590000 592000 594000 596000 598000 600000

T T T T T T T T
584000 586000 588000 590000 592000 594000 596000 598000 600000

Shut-in times varied between 70 to 96 hrs

Shut-in times varied between 70 to 96 hrs

Vent wells have enabled controlled release of subsurface pressure over most of the affected area. In general,
higher surface shut-in pressures have been noted closer to Yaggy and along the crest of the Yaggy-
Hutchinson anticline. Current flow rates and shut-in pressures indicate that limited volumes of gas are venting
from the remaining wells. Areas of the subsurface continue to be pressurized, though sub-hydrostatically,
along the crest of the anticline; thus, select wells have been kept open for continued monitoring. The present
slow decline in subsurface pressures associated with negligible gas flow at vent wells suggests reduced
permeabilities and loss of apparent connectivity. This is consistent with a fracture model where, with reduced
gas pressure, fracture apertures are reduced and closed due to decreased pore pressure.
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CONCLUSIONS

. The gas that caused the January 2001 explosions in Hutchinson,
Kansas, primarily moved laterally within a 20-30-ft-thick interval, which
is composed of several thin dolomite layers, approximately 170 ft
above the Hutchinson Salt Member.

. The main gas-bearing interval can be correlated on gamma-ray logs
throughout the Hutchinson area and shows a regional westerly
structural dip, with a broad west-northwest-trending anticline (the
Yaggy-Hutchinson anticline) superimposed.

. The uppermost occurrence of gas is in a slightly deeper stratigraphic
interval in the northernmost vent wells and appears to step up to the
south by approximately 20 ft along a northwest-trending line which
corresponds to the edge of a zone of local dissolution of the upper
Hutchinson Salt Member.

. Dissolution of the upper Hutchinson Salt Member in the study area
occurs along two structural trends (northwest and north-northeast).

This dissolution may have caused flexure and preferred zones of
weakness in the overlying strata, providing pathways for gas migration.

. Deep-seated faults and fractures appear to have controlled salt
dissolution.

. A combination of core and gamma ray log data indicates that the 3-
finger dolomite interval is less shaly along a northwest-southeast-
trending corridor between Yaggy and Hutchinson.

. Salt remnants, produced by surrounding dissolution, may have been
topographic highs during the deposition of the 3-finger dolomite,
leading to the production of cleaner carbonates over these remnants.
The cleaner carbonates are more susceptible to fracturing and could
be preferential gas conduits.

. Higher subsurface shut-in pressures have been noted in vent and
observation wells closer to Yaggy and in a linear trend along the crest
of the Yaggy-Hutchinson anticline.

. Current slow decline in subsurface pressure associated with negligible
gas flow at the vent wells is consistent with a fracture-flow model
where fracture apertures have closed with reduced gas pressure.
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