The Ohio Geological Survey CO2 No. 1 Stratigraphic Test Well
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a diverse group of stakeholders to evaluate CO,
1nJeet1V1ty and storage potential of deep saline
‘reservoirs and the effectiveness of confining units
at the test site. The State of Ohio budgeted
~ approximately $2.3 million from the general revenue
~ and clean coal research funds to meet the project’s

orchole project brought together

operators on an existing lease. Drilling commenced
‘on May 10, 2007, and was completed on June 9, 2007,
at a total depth of 8,695 feet. Strong gas shows ‘were
encountered within ‘the lower Black River Limestone
“and Beekmantown Formations. An extensive suite
of geophysical well logs and sidewall cores were
“obtained from the borehole. Slug and constant-pressure
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Mapping Potential Injection Zones

Maps were constructed using available oil and
gas well data within a 10-mile radius around the
stratigraphic test. Some of these maps are shown at
right.
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Ohio Borehole Test Summary/
Activity Log: basal sand

Perforated Borehole Test Test

Formation Test Interval Activity Date/Time® Comments*
Depth,

ft bKB®

Swab 7/19/07 Total volume of fluid removed from
Development of (15:30 - 18:30) | interval? 3,970 gallons (94.5 barrels);
Basal Sand 7/20/07 pH increased from 1 to 6 and fluid
Perforated Zones (08:00 - 11:30) | weight density from 8.5 to 10.3 1b/gal

during the course of fluid removal

Injection rate at ~ 2 gpm and then
Aborted Injection 7/20/07 test aborted due to inadvertent closing
Test (17:18 - 20:52) | of downhole shut-in tool;
Injection Vol.: 430 gal
Max. Surface Inj. Pressure: < 0 psi
Max. Downhole Obs. Pressure: 3,405
psi
Basal Sand , -8, Avg. Fluid Weight Density: ~ 9.8
Ib/gal

Constant-Pressure 7/22/07 Injection rates varied from 2.42 to
Injection Test (10:08 - 19:01) | 0.61 gpm during the course of the test;

Injection Vol.: 555 gal
Mazx. Surface Inj. Pressure: 3 psi
Max. Downhole Obs. Pressure: 4,355
psi
Avg. Fluid Weight Density: ~ 9.8
Ib/gal

Slug Injection Test 7/23/07 Injection Vol.: 85 gal
07:03 - 09:56 Max. Surface Inj. Pressure: < 0 psi
Max. Downhole Obs. Pressure: 4,340
psi
Avg. Fluid Weight Density: ~ 9.8
Ib/gal

Basal Sand Test Interval Summary:

Total Injection Volume: 1,070 gallons
Total Injection Period: 15.3 hours (1.1gal/min_RAR)
Maximum Surface Injection Pressure: 3 psi
Maximum Observed Downhole Pressure: 4,355 psi

ﬁ
'J {71 h l.

o *i
W

(a) ft bKB: feet below original Kelly Bushing datum; note: packers used to isolate perforated test intervals within cemented well
casing string

(b) Observed surface test time

* Note: Injection Volume represents volume injected into test system during the active injection period; the actual volume
injected into the test zone may be slightly less than this amount. Maximum Surface Injection Pressure represents the

| maximum surface pressure observed during the injection test; Maximum Observed Downhole Injection Pressure represents
the maximum pressure observed with the downhole pressure gauge located in proximity/above the top perforated test interval,;
except for Rose Run #1 where probe depth setting was ~ 495 above top perforated interval. Average Fluid Weight Density
represents the average of the injection fluid weight density measured at the surface during the test

Ohio Well Test Ex?ent' Pressure
History Plot: basal sand

Ohia Berehole

— Observed Test Response Test Event Sequence
Formation: Mt. Simon
Test Interval: B,526 - B,576 ft

Recovery Following Inadvertent
Shut-ln Tool Clasura

Slug Test

\‘:
Constant-Head Injection Test

Injection Test Recovery

Injection Test Build-Up

Downhole Pressure, psia

>3 Open Borehole Recovery from Swabbing

202.0 202.5 203.0 203.5 204.0
Calendar Days - 2007 (July 20 - 23, 2007)
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Ohio Borehole Test Sumni_ary/
. Activity Log: Rose Run #1

Perforated Test Borehole Test Test

Formation | Interval DePth Activity Date/Time® Comments*
ft bKB®

After test system fill-up, the test was
maintained at a constant surface
pressure of 50 psi. Injection rates
varied from 0.2 to 0.07 gpm during the
Constant-Pressure | 7/26/07 (18:10) - | course of the constant-pressure
Injection Test 7/27/07 (08:42) | injection test:
Injection Vol.: 245 gal
Mazx. Surface Inj. Pressure: 50 psi
Max. Downhole Obs. Pressure: 3,680
psi
Avg. Fluid Weight Density: ~ 9.8
Rose Run 7,506 - 7,509 Ib/gal
#1

Injection Vol.: 5 gal
Slug Injection 7/28/07 Max. Surface Inj. Pressure: < 0 psi
Test (07:22 - 10:01) Max. Downhole Obs. Pressure: 3,635
psi
Avg. Fluid Weight Density: ~ 9.8
Ib/gal

Rose Run #1 Test Interval Summary:

Total Injection Volume: 250 gallons
Total Injection Period: 17.2 hours
Maximum Surface Injection Pressure: 50 psi
Maximum Observed Downhole Pressure: 3,680 psi

(a) ft bKB: feet below original Kelly Bushing datum; note: packers used to isolate perforated test intervals within cemented well
casing string

(b) Observed surface test time

* Note: Injection Volume represents volume injected into test system during the active injection period; the actual volume
injected into the test zone may be slightly less than this amount. Maximum Surface Injection Pressure represents the
maximum surface pressure observed during the injection test; Maximum Observed Downhole Injection Pressure represents
the maximum pressure observed with the downhole pressure gauge located in proximity/above the top perforated test interval.;
except for Rose Run #1 where probe depth setting was ~ 495 above top perforated interval. Average Fluid Weight Density
represents the average of the injection fluid weight density measured at the surface during the test

Ohio Well Test Event Pressure
History Plot: Rose Run #1

— Observed Test Response Test E\rant Sequence
Formation: Rose Run #1
Test Interval: 7,506 - 7,509 ft

Injection Test Build-Up Siug Injection/
DET Test

Pulse Test
(caused by
falling probee)

Downhole Pressure, psia

., Wireldine
“‘ cable broke

K ‘: causing probe

Probe Retrieval *, J o fallio
,~Prabe Installation 4 swaling nipple

’ * ! depth

Injaction Test Recovery

208.5 209.0
Calendar Days - 2007 (July 26 - 29, 2007)
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Ohio Borehole Test Summary/
Activity Log: Rose Run #2

Perforated Test Borehole Test Test

Formation | Interval DePth Activity Date/Time® Comments*
ft bKB®

After test system fill-up, the test was

maintained at a constant surface

pressure of 50 psi. Injection rates

varied from 3.2 to 1.0 gpm during the
Constant-Pressure | 7/29/07 (14:00) - | course of the constant-pressure
Injection Test #1 7/30/07 (10:00) | injection test:

Injection Vol.: 245 gal

Mazx. Surface Inj. Pressure: 50 psi

Max. Downhole Obs. Pressure: 3,825

psi

Avg. Fluid Weight Density: ~ 9.8

Ib/gal

Injection Vol.: 45 gal
Slug Injection 7/31/07 Max. Surface Inj. Pressure: < 0 psi
Rose Run 7,416 - 7,418 Test (09:25 - 10:15) Max. Downhole Obs. Pressure: 3,785
#2 7,435 - 7,446 psi
Avg. Fluid Weight Density: ~ 9.8
Ib/gal

After test system fill-up, the test was

maintained at a constant surface
Constant-Pressure 7/31/07 pressure of 50 psi. Injection rates
Injection Test #2 (12:17 - 20:03) | varied from 1.2 to 1.0 gpm during the

course of the constant-pressure

injection test:

Injection Vol.: 530 gal

Mazx. Surface Inj. Pressure: 50 psi

Max. Downhole Obs. Pressure: 3,825

psi

Avg. Fluid Weight Density: ~ 9.8

Ib/gal

Rose Run #2 Test Interval Summary:

Total Injection Volume: 820 gallons
Total Injection Period: 28.6 hours
Maximum Surface Injection Pressure: 50 psi
Maximum Observed Downhole Pressure: 3,825 psi

(a) ft bKB: feet below original Kelly Bushing datum; note: packers used to isolate perforated test intervals within cemented well
casing string

(b) Observed surface test time

*Note: Injection Volume represents volume injected into test system during the active injection period; the actual volume
injected into the test zone may be slightly less than this amount. Maximum Surface Injection Pressure represents the
maximum surface pressure observed during the injection test; Maximum Observed Downhole Injection Pressure represents
the maximum pressure observed with the downhole pressure gauge located in proximity/above the top perforated test interval.;
except for Rose Run #1 where probe depth setting was ~ 495 above top perforated interval. Average Fluid Weight Density
represents the average of the injection fluid weight density measured at the surface during the test

Ohio Well Test Event Pressure
History Plot: Rose Run #2

Ohioc Borehole
Test Event Sequence
Formation: Rose Run #2
Test Interval: 7,416 - 7,418 ft;
7 435-7,446 ft

— Observed Test Response

Injection Test Build-Up
Constant:Pressure Injection Test

Slug Injection/
DST Test 2nd Injection
\ Test Ffemvew

Downhole Pressure, psia

1st Injection Test Recovery
Probe Retrieval

:‘. Probe Installation

211.0 212.0 213.0
Calendar Days - 2007 (July 29 - August 1, 2007)
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Injection Testing Results in the Cambrian Basal Sandstone and the Rose Run Sandstone

Ohio Borehole Test Summary/
Activity Log: Rose Run #3

Perforated Test Borehole Test Test
Formation | Interval DePth Activity Date/Time® Comments*
ft bKB®

After test system fill-up, the test was
maintained at a constant surface
pressure of 50 psi. Injection rates
varied from 0.55 to 0.17 gpm during the
Constant-Pressure 8/1/0 (11:36)- | course of the constant-pressure
Injection Test 8/2/07 (07:36) | injection test:
Injection Vol.: 265 gal
Mazx. Surface Inj. Pressure: 50 psi
Max. Downhole Obs. Pressure: 3,780
psi
Avg. Fluid Weight Density: ~ 9.8 b/gal
Rose Run 7,377 - 7,380
#3 7,387 - 7,396
Injection Vol.: 30 gal
Slug Injection Test 8/3/07 Max. Surface Inj. Pressure: < 0 psi
(07:46 - 9:47) | Max. Downhole Obs. Pressure: 3,745
psi
Avg. Fluid Weight Density: ~ 9.8 1b/gal

Rose Run #3 Test Interval Summary:

Total Injection Volume: 295 gallons
Total Injection Period: 22.0 hours
Maximum Surface Injection Pressure: 50 psi
Maximum Observed Downhole Pressure: 3,780 psi

(a) ft bKB: feet below original Kelly Bushing datum; note: packers used to isolate perforated test intervals within cemented well
casing string

(b) Observed surface test time

*Note: Injection Volume represents volume injected into test system during the active injection period; the actual volume
injected into the test zone may be slightly less than this amount. Maximum Surface Injection Pressure represents the
maximum surface pressure observed during the injection test; Maximum Observed Downhole Injection Pressure represents
the maximum pressure observed with the downhole pressure gauge located in proximity/above the top perforated test interval.;
except for Rose Run #1 where probe depth setting was ~ 495 above top perforated interval. Average Fluid Weight Density
represents the average of the injection fluid weight density measured at the surface during the test

Ohio Well Test Event Pressure
History Plot: Rose Run #3

Ohio Borehole
Test Event Sequence
Formation: Rose Run #3
Test Interval; 7,377 - 7,380 fi;
7387 -7.396 ft

e Observed Test Response

Constant-Pragsure Injection Teasl

Slug Injection/
DST Test

Downhole Pressure, psia

Injection Tail Recovery

» Probe Instaliation

214.0 215.0
Calendar Days - 2007 {(August 1 - August 3, 2007)
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Ohio Borehole Test Summary/
Activity Log: Composite Rose Run

Perforated Test Borehole Test Test

Formation | Interval DePth Activity Date/Time® Comments*
ft bKB®

Set bridge plug at 7,530 ft and initiated
development of composite Rose Run
Swab Development 7/24/07 perforated interval. Total volume of
of Composite Rose (16:00 - 18:15) | fluid removed from interval?10,330
Run Perforated - gallons (246 barrels); pH increased
Zone 7/25/07 from 1 to 5 and weight from 8.6 to 10.1
(07:00 - 13:05) | Ib/gal during the course of fluid
removal

After test system fill-up, the test was
maintained at a constant surface
Constant-Pressure | 8/3/07 (17:25) | pressure of 50 psi. Injection rates

Composite 377 -7, Injection Test - 8/4/07 varied from 2.12 to 0.82 gpm during the
Rose Run R -7, (17:34) course of the constant-pressure

injection test:

Injection Vol.: 1,450 gal

Mazx. Surface Inj. Pressure: 50 psi

Max. Downhole Obs. Pressure: 3,790

psi

Avg. Fluid Weight Density: ~ 9.8 1b/gal

Injection Vol.: 65 gal
Slug Injection Test 8/6/07 Max. Surface Inj. Pressure: < 0 psi
(06:33 - 8:33) | Max. Downhole Obs. Pressure: 3,740
psi
Avg. Fluid Weight Density: ~ 9.8 Ib/gal

Composite Rose Run Test Interval Summary:

Total Injection Volume: 1,515 gallons
Total Injection Period: 26.2 hours
Maximum Surface Injection Pressure: 50 psi
Maximum Observed Downhole Pressure: 3,790 psi

(a) ft bKB: feet below original Kelly Bushing datum; note: packers used to isolate perforated test intervals within cemented well
casing string

B

Al

AN
(b) Observed surface test time _. , ALAL
*Note: Injection Volume represents volume injected into test system during the active injection period; the actual volume . e il '_- [ 305
injected into the test zone may be slightly less than this amount. Maximum Surface Injection Pressure represents the . e e I:" . rJE b
maximum surface pressure observed during the injection test; Maximum Observed Downhole Injection Pressure represents 'I:'_t.'lgrr":-q. i !:Ifl:""i i
the maximum pressure observed with the downhole pressure gauge located in proximity/above the top perforated test interval.; p‘.u [ -?.J;I, {'5_--" 31-",-‘.-'
except for Rose Run #1 where probe depth setting was ~ 495 above top perforated interval. Average Fluid Weight Density i L .\'l'.':. ;.«I 4 135 'i'lr,?.
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Ohio Well Test Event Pressure
History Plot: Composite Rose Run

e

Ohio Borehole
Test Event Sequence
Farmation: Composite Rose Run
Test Interval: 7,377 - 7,380 ft
7,387 - 7,396 ft
7,416 - 7,418 ft
7,435 -7 446 ft
7,506 - 7,509 ft

e Observed Test Response

Constant-Prassure Injection Test

Slug Injection/
DST Test

Downhole Pressure, psia

Injection Test Recovery
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Calendar Days - 2007 (August 3 - August 6, 2007)




