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INTRODUCTION

BACKGROUND

One of the most useful methods of characterizing the quality of a reservoir for its deliverability or
injectivity is to make use of analogues from similar or adjacent areas to the area of study. The
production and injection history in the analogue pool or wells can be assessed for possible
similarities to the study area formation. The Wabamun Area CO, Sequestration Project (WASP)
study area is an entire 53 township of land area over top of a large portion of the Nisku aquifer in
central Alberta, Figure 1. This study area was chosen intentionally to avoid existing hydrocarbon
production. As such, there are no depleted pools or mature oil fields producing from the Nisku
horizon in the entire study area. Nor are there any water disposal wells into the Nisku formation in
the study area.

WASP - Nisku Wells
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Figure 1: WASP study area
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The WASP study team was able to find one water source well in the study area, as is discussed in
other section of the WASP documentation. However, this source well is operated with an electrical
submersible pump and there are no bottom hole pressure instruments to determine the production
drawdown associated with brine production. This results in an inability to assess the deliverability
parameters for this well. The operators of the well gave assurances that the drawdown is minimal
and an independent assessment of this location performed by WASP indicates that a very high
deliverability exists for this one well.

In an attempt to find additional confirmation of good reservoir quality conditions for the Nisku
aquifer, a review of water disposal wells in a study area consisting of 30 townships immediately to
the east of the WASP study area was performed. Figure 2 highlights this area along with the
locations of six major Nisku oil and gas pools.
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Figure 2: Water disposal well study area

The discussion that follows provides a summary of the water disposal well operating rates for wells
located in this study area.
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DISCUSSION

ESTIMATED PER WELL CO, INJECTION VOLUMES

A benchmark for estimated injectivity requirements for future commercial CO, sequestration
projects would be helpful for comparison to water disposal volumes. Table 1 provides a listing of
Nisku Aquifer conditions and an estimate of the injection volume requirements at reservoir
conditions to dispose of 1 Mt of CO, per year:

Table 1: Nisku aquifer characteristics and CO, volume at aquifer conditions.

Description Value Unit of Measure
Reservoir Temperature 60 Deg. C
Reservoir Pressure 16,000 kPa
CO, Density @ Res. Cond.* 595 Kg/m?
1 Mega Tonne/Yr 2,740 Tonnes/day
Injection Rate 4,605 m?®/day at res. cond.
Total injection over 50 years 84 million m? at reservoir conditions

* Based on the Peng-Robinson equation of state at stated conditions using the web application
published at http://esdtools.lbl.gov/cgi-bin/webgaseos.cqi

The reservoir volume of CO, to be sequestered on a per well basis is in the order of 84 million m* at
reservoir conditions of 16 kPa and 60 deg. C. The volume injected on a daily basis would be

4,605 m®. These volumes are large in comparison to historic injection rates observed for Nisku
disposal wells—as reported below.

Wabamun Area CO, Sequestration Project (WASP) Page 7 of 16
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2.  STUDY AREA WATER DISPOSAL WELLS INTO THE NISKU AQUIFER

A total of 98 water disposal wells were found for the subject study area. Figure 3 provides a
comparison of the cumulative injection volumes associated with each of these wells.

All Water Injection Wells Within NIS

iNn WASP Area
water inj cum total 69,477,058 (IMm3)

o 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000
00/11-17-053-23wW4/00 | I ] 22.050.28b
00/09-05-053-23wW4/00 | 1 8,802,995
00/08-01-053-24W4/00 5,024,987

00/14-36-052-24wW4/00
00/01-18-050-26W4/00
02/05-29-050-26wW4/00
00/09-01-053-24W4/00
00/11-27-051-27wW4/04
00/14-31-052-23wW4/00 /0 1,601,306
02/13-23-051-27W4/00 == 1,138,593
00/04-11-050-26wW4/02 =/ 1,124,610
02/12-15-050-26wW4/00 == 1,033,233
03/05-29-050-26W4/00 =— 812,660
00/05-11-049-26W4/00 = 692,802
00/06-16-051-26W4/02 = 672,807
02/06-09-051-26W4/00 = 617,710
02/08-34-050-26W4/00 = 536,972
00/14-17-053-23wW4/00 = 526,266
02/16-27-050-26wW4/00 = 507,231
00/12-28-049-26W4/00 = 427,087
00/03-14-053-26wW4/02 = 415,144
02/10-21-050-26W4/00 B 299,049
02/05-34-050-26W4/00 B 247,489
02/09-28-050-26W4/00 B 244,249
00/15-11-049-26wW4/00 p 225,916
02/12-21-050-26wW4/00 B 225,554
02/03-28-050-26W4/00 p 220,456
00/07-24-049-26W4/00 p 218,869
00/11-28-050-26W4/02 p 216,701
00/01-28-050-26W4/00 p 215,704
03/01-20-050-26W4/00 p 207.664
02/11-32-050-26wW4/00 p 203,683
02/11-04-051-26W4/00 p 202,579
02/02-04-051-26W4/00 p 201,049

1 3,9p4,204
e 3,513,878

» .528
e 2,994,109

IIIIIIIIIIIIIIIIIIIIIIIIIINIII
w
W
[0
N

00/01-24-049-26wW4/00 p 195,871
02/13-16-051-26W4/00 p 192,910
00/15-28-049-26W4/00 p 164,114

00/03-21-050-26wW4/00 p 161,394

02/04-04-051-26W4/00 _p 156,176
02/12-16-050-26W4/00 _p 154,826
00/04-08-049-25W4/00 _p 152,753
00/01-17-053-23wW4/00 ::l 149,887
00/12-24-049-26W4/00 _p 147,094

00/11-07-049-26W4/00 p 144,510

02/08-05-051-26W4/00 _p 142,510
00/11-21-049-25W4/00 _jp 139,741
00/10-22-049-26W4/00 _jp 137,120
00/10-05-049-25W4/00 _h 124,870

00/12-18-049-25W4/00
02/08-04-051-26W4/00 p 107,697
02/15-31-050-26wW4/00 p 104,475

p 122,681

00/11-31-050-26wW4/00 :J 102,772
03/01-27-051-27wW4/00 _p 100,297
00/15-31-048-25W4/02 _p 99,679

00/12-05-049-25W4/00 92,332

00/07-07-049-25W4/00 _| 91,195
00/05-07-049-25W4/00 _| 86,785
00/01-26-049-26W4/00 _| 83,563
00/12-23-049-26W4/00 71,926
02/12-26-050-26W4/00 _| 71,154

00/01-13-049-26wW4/00 68,412

00/04-18-049-25W4/00 _| 67,099
02/06-29-049-25W4/02 _| 63,192
00/03-31-049-26W4/00 | 59,381
00/08-18-049-25W4/00 : 56,599
00/05-22-049-26VWW4/00 _| 52,424

00/16-18-049-25W4/00 51,700

00/09-13-049-26wW4/00 : 49,202
00/16-24-049-26VW4/00 _| 46,437
00/06-18-049-25W4/00 45,421
00/14-17-049-25W4/00 | 43,142
00/09-23-049-26W4/00 : 41,117

00/02-28-048-27W4/02 40,388

02/15-32-049-26W4/00 | 39,541
02/06-26-050-26wW4/00 : 36,643
03/11-26-050-26VwW4/00 _| 34,238
00/08-07-049-25W4/00 _| 32,447

00/12-05-049-25W4/02 31,028

02/04-35-050-26W4/00 _| 29,102
02/11-23-051-27W4/00 _| 27,842
00/04-24-049-26W4/00 _| 27,048
00/08-13-049-26wW4/00 : 26,510
02/13-26-050-26vWw4/00 _| 24,868

00/14-18-049-25W4/00 24,082

00/06-17-049-25W4/00 : 23,893
02/10-26-050-26W4/00 22,586
00/11-13-049-27W4/00 | 16,299
02/10-34-050-26W4/00 | 15,541
02/05-35-050-26wW4/00 : 11,030
00/06-23-049-26W4/00 9,306
00/14-30-049-26W4/00 | 4,283
00/07-13-049-26wW4/00 : 4,059
00/12-31-049-26W4/00 3,175
AA/08-17-050-26W4/00 | 2,846
02/12-35-050-26wW4/00 : 2,072
00/02-13-049-27W4/00 1,928
02/11-22-050-26W4/02 | 1,720
02/11-34-050-26W4/00 | 1,612

Figure 3: List of water disposal wells in study area.

Wabamun Area CO, Sequestration Project (WASP) Page 8 of 16
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Figure 4 provides a map of the locations of the top 19 wells in this list.
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Figure 4: Location of top 19 water disposal wells in study area.

As can be seen on this map, two clusters of wells are evident. The NE cluster is located near the
industrial parks of northeastern Edmonton. The SW cluster is located in the Nisku oil and gas pools
SW of Edmonton.

Figure 5 provides a closer look at the cumulative volumes injected for the top 19 disposal wells. As
can be seen from this diagram, the largest disposal well is located in the cluster to the north east of
Edmonton. In fact, disposal wells located in this region generally have higher cumulative volumes
relative to those located in the Nisku oil and gas fields to the south west of Edmonton. It is not
possible to assess rigorously the injectivity parameters for these wells, but by inference only, it
seems likely that the north east cluster wells have higher total injectivity. This is consistent with a
geological interpretation of the Nisku aquifer that suggests there are better reservoir parameters in
the vicinity of the north east cluster (Reference 1).

For the purpose of our search for analogue injectivities, the south west cluster of wells is deemed to
be more representative of the reservoir characteristics associated with the WASP study area. The
largest cumulative volume injected in the south west well cluster is in the order of 3.5 million m®.
This is significantly lower that the 84 million m® that would be required for a single CO,
sequestration well with an injectivity of 1 mega tonne per yr.

Wabamun Area CO, Sequestration Project (WASP) Page 9 of 16
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Large Water Injection Well List for Nis
(Water Injection Cumulative Total 61,269,321m3)

0 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000

00/01-18-050-26W4/00 | 3,5[13,878
02/05-29-050-26W4/00 [ 3,364,528
00/11-27-051-27\W4/04 _fm 2,240,148
02/13-23-051-27W4/00 [==1 1,138,593
00/04-11-050-26W4/02 |=11,124,610 Volume SW:
02/12-15-050-26W4/00 =1 1,033,233 16.255.172
03/05-29-050-26W4/00 = 812,660 ' '
00/05-11-049-26W4/00 | 692,802
00/06-16-051-26W4/02 = 672,807
02/06-09-051-26W4/00 = 617,710
02/08-34-050-26W4/00 | 536,972
02/16-27-050-26W4/00 | 507,231
00/11-17-053-23W4/00 | : | 122,050,282
00/09-05-053-23W4/00 18,892,995
00/08-01-053-24W4/00 :—‘ 5,024,987
00/14-36-052-24W4/00 |———-13,524,204 Volume NE:
00/09-01-053-24W4/00 ——-12,994,109

00/14-31-052-23W4/00 |1 1,601,306 45,014,148
00/14-17-053-23W4/00 | 526,266 | |

Figure 5: Plot of cumulative volumes for top 19 disposal wells.

Wabamun Area CO, Sequestration Project (WASP) Page 10 of 16
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3. WATER DISPOSAL WELL INJECTIVIES

A review of the maximum and average injection rates associated with the water disposal wells is
provided in Figure 6.

These wells are located NE of 4,605 m3/day Target
7,000 Edmonton and are NOT a good CO, Inj. Vol. —
6.000 1| analogues for the open marine p
geology in the WASP study area /

5,000 +— ,V/ I/
4,000 -
3,000 - A

N

2,000 4

- H O e

N
\

00/11-17-053-23W4/0|00/09-05-053-23W4/0/00/08-01-053-24W4/0|00/14-36-052-24W4/002/05-29-50-26W4  |00/01-18-050-26W4/Q
#1 #2 #3 #4 #5 #6
0 Max 6,546 2,120 1,725 587 1,281 1,120
B Average 2,441 1,176 877 381 419 581

Figure 6: Top six water disposal wells—daily injection rates (m*/day).

As can be seen from Figure 6, daily injection rates of Nisku disposal wells located in the south west
cluster of disposal wells are well below the reservoir volumes anticipated for a one mega tonne per
year CO, disposal well. Once again, these results are qualitative only. It is not possible to determine
the injection parameters associated with these rates from public domain data alone.

Figure 7 illustrates the location of well #6 (01-18-050-26W4) located in the south west cluster of
injectors. Figure 8 provides the injection rate history plot for this well. As can be seen from the
plot, injection rates were typically in the range of 1000 m® per day. This is about 20% of the
anticipated requirement for a CO, disposal well, as illustrated in Figure 8.

It is not possible to conclude that these injection rates were at a maximum operating condition for
the wells studied. However, given that numerous water injectors were developed for each oil pool,
one could speculate that this is based on water injection capacity limitations and that these wells (or
most of them) are at their capacity limitation. Further information would need to be acquired from
oil company files to verify this assumption.

Wabamun Area CO, Sequestration Project (WASP) Page 11 of 16
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Figure 7: Location of Well #6 from Figure 6.
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00/01-18-050-26W4/0
MEC LEDUC-WB 1-18-50-26  Status: ABD WATER IN
Field: LEDUC-WOODBEND  Pool: D-2 A
100000
+ + * 3 .
- 4,605 m3/day Target CO, Inj. Vol.
10000
¥

X +
1000 lasfl 1.1 #

| T

! | { |

Tl { A
ﬁli
100
.
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1
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— Hours —+ Pressure Injection (kPa)

Figure 8: Typical injection performance history for Nisku water disposal well located in Nisku oil
and gas accumulations adjacent to WASP study area.
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4. PRESSURE HISTORY FOR DISPOSAL WELLS

Injection rates only tell part of the story, it is also important to understand the reservoir pressure
these wells are injecting against. Figure 9 provides a typical pressure time history for the wells
associated with this injectivity study.

Datum Pressure(kPa)
02_12-35-050-26W4_00

15000

Injection Started 1968/10 and ended in 1969/11

with cum water inj of 2.1 e3m3
12000

9000

6000 +

3000

0 T T T T T T
03/25/1960 08/07/1961 12/20/1962 05/03/1964 09/15/1965 01/28/1967 06/11/1968 10/24/1969

Figure 9: Pressure time history for a typical water disposal well in the south western set of disposal
wells.

Figure 9 demonstrates the increase in pressure observed after a few years of injection into the water
disposal wells located in the south west region of the disposal well study area. This was typical of
all disposal well histories where adequate pressure history was collected. The pressure history for
all wells in the Nisku oil and gas pools adjacent to the WASP study area is provided in Figure 10.

Figure 10 provides the pressure time history for all oil and gas wells located in the Nisku pools
adjacent to the WASP study are. These pressure trends illustrate that some pools experienced a
pressure decline during depletion of the pool but that pressure maintenance schemes in the later life
of these pools successfully increase the reservoir pressure to near the original discovery pressures.
Some of the Nisku oil and gas pools recorded very little pressure depletion. This is indicative of a
very strong aquifer underlying these oil pools. This is discussed further in the material balance
report accompanying the WASP documentation.

Wabamun Area CO, Sequestration Project (WASP) Page 14 of 16
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Figure 10: Pressure time history for typical water disposal wells in south west set of disposal wells.
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5. CONCLUSION

Only generalized conclusions are possible from this analysis. They are:

1.

Injection rates of disposal fluids into the Nisku aquifer in the analogous region to the south
west of Edmonton and east of the WASP study area are only about 20% of the injection
rate needed for a single commercial CO, injection well to store 1 Mt CO,/year. Whether or
not these are the limitations of the wells investigated or simply the limitations of available
disposal rates is not clear from the work done to date.

Reservoir pressures were depleted at the time disposal volumes were initially injected. In
some oil pools that had experienced significant depletion, reservoir pressures were restored
to near original conditions. Other oil pools that have shown strong aquifer support also
demonstrated that disposal volumes were not large enough to impact reservoir pressures.

Injection volumes to the north east of Edmonton (the Edmonton industrial areas) are
substantially higher than those observed in the analogous area closer to the WASP study
area.
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