MEMORANDUM

DATE: June 29, 1989
c.c.: R. Dobek
T0: Richard Brekke
Gordon Cormack
FROM: David Cridland
RE: LAm C Sand Wet Stringer Review
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Historically, high {initial water cuts have been observed from the Lower
Amaranth in the northwest portion of Waskada and in particular from some wells
in sections 26,27,33,34 and 35-1-26 WPM. Previous studies have concluded that
the abnormally high water production is the result of a highly permeable,
water wet stringer in the C sand. Unfortunately, no core information f{s
available from the Lower Amaranth within the wet stringer zone, but the wet
stringer is easily recognized on logs. Past studies typically describes the
wet stringer as having a deep induction resistivity readings of less than 3.0
ohm/m, a spontaneous potential log response greater than 30 mV and a porosity
value in excess of 18%. Armed with these characteristics, the areal extent of
the wet stringer can be mapped (see figure 1). But what controls the extent
of the stringer?

The purpose of this study was to review the previous work, add some new ideas
and gain what ever information we can about the factors controlling the extent
of the wet stringer.

The results of the review indicate that the areal extent of the wet stringer
is controlled by a combination of the depositional extent of the high porosity
sands, post Triassic faulting and capillary forces.

The high porosity sand deposits found in the wet stringer were derived from a
northeast source and transported through a narrow pathway (the C, trend) from
the northeast to the southwest {see Figure 2). A sudden decrease in velocity,
caused by the widening of the trend, resulted in a dumping of the coarse
grains and the deposition of the wet stringer sands. These sands can also be
recognized on logs and the depositional extent can be mapped (see Figure 2).

After the Lower Amaranth was deposited, post Triassic movement in the basement
faulted the sands and produced a very complex fault pattern. The deformation
and the relative movement of the blocks can be observed in a structure map of
the C sand (see Figure 3). The wet stringer was affected by this faulting and
is found to occupy the high porosity sands in the fault block lows. The
invasion pathway into the field, by the wet stringer, occurs from one low
block to another across non-sealing fault planes. However, sealing faults are
also found and prevent the wet stringer from expanding into the remaining low
blocks. An example of the affects of a sealing fault can be observed between
LSD 1 and 2-33-1-26 WPM.

The wet stringer is occasionally found in the high porosity sands on up
faulted blocks. This suggests that capillary forces are responsible for
invading these zones and play a role in the areal extent of the wet stringer.
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In addition to the faulted nature of the Lower Amaranth, the structurally Tow,
down dip situation of the wet stringer suggests that communication will exist
with the regional water leg. Therefore, any effort to depleat the wet
stringer of water and then complete the B sands, would be futile. Also if we
choose to only complete and produce from the B sand, it seems very unlikely
that a fracture stimulation would stay within the zone when only a few metres
of silt and shale separate the two zones.

Economic oi1 production from a Lower Amaranth wet stringer well would be rare
and high water cuts will be expected for the entire life of the well.
Therefore, Lower Amaranth wells producing within this zone and operating at a
marginal rate, are candidates for abandonments.

If you have any questions or comments please come and see me.

D. Cridland DM‘*/
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MEMORANDUM

DATE : June 29, 1989
c.c.: R. Dobek
TO: Richard Brekke
Gordon Cormack
FROM: David Cridland
RE: LAm C Sand Wet Stringer Review
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Historically, high initial water cuts have been observed from the Lower
Amaranth in the northwest portion of Waskada and in particular from some wells
in sections 26,27,33,34 and 35-1-26 WPM. Previous studies have concluded that
the abnormally high water production is the result of a highly permeable,
water wet stringer in the C sand. Unfortunately, no core information is
available from the Lower Amaranth within the wet stringer zone, but the wet
stringer is easily recognized on logs. Past studies typically describes the
wet stringer as having a deep induction resistivity readings of less than 3.0
ohm/m, a spontaneous potential log response greater than 30 mV and a porosity
value in excess of 18%. Armed with these characteristics, the areal extent of
the wet stringer can be mapped (see figure 1). But what controls the extent
of the stringer?

The purpose of this study was to review the previous work, add some new ideas
and gain what ever information we can about the factors controlling the extent
of the wet stringer.

The results of the review indicate that the areal extent of the wet stringer
is controlied by a combination of the depositional extent of the high porosity
sands, post Triassic faulting and capillary forces.

The high porosity sand deposits found in the wet stringer were derived from a
northeast source and transported through a narrow pathway (the Cp trend) from
the northeast to the southwest (see Figure 2). A sudden decrease”in velocity,
caused by the widening of the trend, resulted in a dumping of the coarse
grains and the deposition of the wet stringer sands. These sands can also be
recognized on logs and the depositional extent can be mapped (see Figure 2).

After the Lower Amaranth was deposited, post Triassic movement in the basement
faulted the sands and produced a very complex fault pattern, The deformation
and the relative movement of the blocks can be observed in a structure map of
the C sand (see Figure 3). The wet stringer was affected by this faulting and
is found to occupy the high porosity sands in the fault block lows. The
invasion pathway into the field, by the wet stringer, occurs from one low
block to another across non-sealing fault planes. However, sealing faults are
also found and prevent the wet stringer from expanding into the remaining Tow

blocks. An example of the affects of a sealing fault can be observed between
LSD 1 and 2-33-1-26 WPM.

The wet stringer is occasionally found in the high porosity sands on up
faulted blocks. This suggests that capillary forces are responsible for
invading these zones and play a role in the areal extent of the wet stringer.
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In addition to the faulted nature of the Lower Amaranth, the structurally low,
down dip situation of the wet stringer suggests that communication will exist
with the regional water leg.  Therefore, any effort to depleat the wet
stringer of water and then complete the B sands, would be futile. Also {f we
choose to only complete and produce from the B sand, it seems very unlikely
that a fracture stimulation would stay within the zone when only a few metres
of silt and shale separate the two zones.

Economic ofl production from a Lower Amaranth wet stringer well would be rare
and high water cuts will be expected for the entire life of the well,
Therefore, Lower Amaranth wells producing within this zone and operating at a
marginal rate, are candidates for abandonments.

If you have any questions or comments please come and see me.

D. Cridland DW
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MEMORANDUM

DATE: August 11, 1989
TO: Gordon Cormack
FROM: Richard Brekke
RE: Waskada Unit No. 1 (U.Alida)

Gas Injection Project Review

The Upper Alida oil wells located in Sections 19 and 30-1-25 WPM were produced
under primary depletion until a portion of the pool was unitized by Omega 1n
June 1976. Water injection was initiated at well 6-30-1-25 WPM in April 1976
for the purpose of pressure maintenance. Significiant water breakthrough had
occurred at wells 3-30, 4-30 and 5-30-1-25 by December 1977, The monthly
water injection volumes were reduced to minimize water c, cling and injection
continued until December 1983. During the time period between January 1984
and February 1986. The poo! was choduced without pressure maintenance. Some
wells has an increase in of1 productivity during this period possibly due to
the recovery of oil previously swept by the producers during waterflooding.
In March 1986 gas injection began at well 6-30-1-25 WPM and s still being
injected at the present time for secondary recovery purposes.

Attachment 1 contains ofl recovery calculations for the subject Unit at
various points during fts history. At present the calculated o1l recovery
from MWaskada Unit No. 1 1s approximately 60% based on current geological
mapping. The non-operated oil wells in Section 19-1-25 WPM indicate simitar
oll recoveries which suggests that minimal oi1 migration has occurred within
the pool. Attachment 2 illustrates that Waskada Unit No. 1 has almost reached
the end of its economic 1ife based on projected decline curves. Incremental
oi1 recoveries under waterflooding and gasflooding are estimated to be in the
order of 19% and 6%, respectively for the subject pool. It should be noted
that at the initiation of the gasflood wells 3-30, 4-30 and 12-30-1-25 WPM
were all producing at economic rates therefore the actual incremental recovery
due to gas fnjection alone is 1ikely closer to 4%. Taking into consideration
the curgegt economic environment the following future strategies are
recommended,

1) Gas injection and ofl production shoyld be continued until the economic
1imit for each remaining well (0.5 m°/d) has been reached. Attachment 3
contains 1989 production data for the existing producers in Waskada Unit
No. 1. It may be possible to extend the pool 1ife by reducing the
mobility of the injected gas, however, any incremental oi1 recoveries are
1ikely to be small thus the costs associated with implementing mobility
control must be minimized. A water alternating gas injection system could
be considered since it meets these criteria.
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2) Based on current gas plant Yiquid recovery and individual well gas/oil
ratios hydrocarbon stripping is presently occurring in the reservoir.
When the pool reaches {ts economic oil production 1imit the project should
be reevaluated to determine whether or not the 1iquid recoveries from gas
cycling justify continued injection., If gas cycling 1s deemed uneconomic

e excess produced gas should be flared since no other economic use 1s
seen for the gas at this time,

AT

c.c.: D. Boyko
D. Sharp
D. Cridiand
Waskada Unit No. 1 File
Waskada Geologfcal/Reservoir Study File




Attachment 1

Waskada Unit No. 1(UAlida)
Historical 011 Recovery Review

011 Recovery Prior 011 Recovery Prior 0i) Recovery

Wil hme o0rp (7505300 '8 0ioll (8500 30)  cenprem Incremental

(n3) () () (W) ()

3-30-1-25 22635.1 7395.7 14419.9 17376.3 2956.4

4-30-1.25 39812.2 7605.7 19529.4 22159.1 2629.7
5-30-1-25 27297.4 14862.4 15939.6 15939.6 N11
6-30-1-25 15476.9 10290. 3 10286, 4 10286.4 Nil
11-30-1-25 16480.0 5176.0 6239.2 6239.2 N1l

12-30-1-25 21562.4 _1397.4 12735.2 15102.8 _2367.6

143264.0 52721.5 79149.7 87103.4 7953.7

(36.8% 001P) (55.2% 001IP) (60.7% 001P) (5.5% 001P)




Attachment Z

oit'llll?_ll T II‘
rllrr!l_o? T T ‘UOA

)
/ | -F *
T
%
{ 2 N /’L : »n
| il 5 §
- I E
by - y‘ 2
} ;/ _,::>
>
= |
Q |
7 < '
= ; < - = P
p— P h-.{ |_f" ] I
Z] ] B
< = o ™~ @
O N b J =
Z _—TT jz
w
- -
2 3
-]
D oy
< ::Tf'ﬁ
a &
<{ e a ] ™
> 18 =
<{ T |
= d it .
X e A
$ = &
{ il 3
§
6V 00006 0000t 6008 000F 008 oot o5 % 1
0086 6008 T oodt 008 ooF _op  ————orj——— '




e tet STORE $44

OMEGA PROBUCTION DATA BASE
WELL (0)43+30-001-25 WIR(D}

FEe | PAGVINCE AN,
e @ WORKING IWTEREST 100.00000%
nr ¢ o PRON 1947-12-7
L6 M ON TNIN NOT DW YET
MNTH ! HOURS! OIL ! WATER: GAS | DIL | WATER | FLUID | WOR i GO% ! L.WATER:
H H N UH a3 /N [ H (M H Y | o3} (AR
a1t T .60 LR 12620 Gl 240 B2 400 Bl o
9902t 472 A A 1202 080 L0 L L0 5aE o0
el M DL Wd 13.% 08 27 LS 3w she o
TP YRt I TR T T TR 0 TR N TR WV TR T R X
WS M .8 S Tam 3 LE DL ann ol
Vs T A N T 0.8 L0 2,00 10w e 0.0
118 BTORE 913
ONEGA PROBICTION PATA DASE
MELL (0304-30-001-25 NIN{0)
FIELD ¢ PAOVIACE WK,
2 NORKING INTEREST 100000001
[T S o PN $947-12-7)
1 T ON TWIN #OT BN YET
H | 1 H i H H H | ' '
MONTH : WOURE: DIL | WATER: GAS | OIL § WATER : FLUID ! WOR ! GOR ! LWTER:
] Y TR Y TR 7} TR VTR TP TR V7 TR 1 [
N W T LT AN LB e TR2D N3 a2 o0
199020 32 B3 IS 1SS LT 123 e LIS e e
43 M WML S N2 LE 12 A A3 M5 00
S BV WS 220 ISLY LD B 108 5380 M o
[ TR YRS "W YR T T Y. X TR Ot TR TR KR (TR R XY
66 42 B 1020 10560 L0 RS TS 400 MST .00
t91 STORE 118
WEGA PRONICTION BATA BASE
WELL (0112-30-001-25 #INi0)
T PRCYINCE WY,
m 2 WORKING IWTEREST §00.000001
[T O PRON 1947-12-7
I UM o INN 00T 08 YE)
H H H H | H H H i H H
MONTH ! MMRS! Q1L ! WATER: A5 OIL ¢ MATER ! FLUID ! WOR! GOR ! LIWER!
' DA a3 keI el a3 &3iE 1 aMal: |
WA M2 LT NG 0B 0 LM LR I02 W ao
1909020 A3 12,40 M8 04l 05 3l &b a2 3 0.0
3 A 1370 MM 0T A 35 a0 7.8 SH e
T 2 T, TR TR " TR WYY S IR ¥ TR B THE % TR TR XY
1999451 T IS¢ 12000 1.2 0.5 A8 A T TH
i T 2 - A Y A N WU XA K I T X

L.GAG | Cun.OIL:
LA T1 I I
0.00 119100
0.01 1143
0.0 172520
0.0} 1750231
$.0! 138,10
0.01 1730, 3

[« N
aim al
.01 21980, 70
0.0; 219%.0!

1 200.4¢
1 21,7
7L AT

Il ]

1,685 1 CUM.OIL}
i !
0.4 19032.01
.00 1300040
0.8 15433
.4 10700
0.0 1300840
.00 111020

e e R LY VT LN S

Oaea

"-0-10
10110245
e o
Lpe2 0
LDST 0

H ! '
CUN,NAT: CUN.GAS! C.1.WT! C.2.8A5
) !l a3l
208,00 1.0 0.0 0.0
Mty AN.00 0.0 0.0
AW, 83N 0.0 0.0
2.y 234.8: 0.0 0.0
AN ML 0.0 0.0
A%4.3 BILK 0.0 0.9
L ¢
L2 0
L 0

CUR.WAT! CUM.GAS! C.1.WAT: C.1.BAS
[ T\ A I 7 1
0. 1ML 0.0 0.0
SNLE 1.6 8.9l 0.0
Siovs.1 1T 0.0 0.0
/LT W7 (A4 0.0
51351.3! N8 0.0 ¢.0
5L N2 [N H 0.0

L 0

L2 0

(L L
] ¥ L]

COm.AT! CoM.6AS: C.1.WT! C.1.545
B! 3l ol ol
Bibé.61 03 ¥ (A
7.0 tn 0.0 L
L NI R 0.0! "
Mee.1! 1310 L X H 0.4
ML 8L (X 1 8.0
He3 1582 Xl 0.0




MEMORANDUM

DATE: May 3, 1989

T0: G.A. Cormack

FROM: D.M. Boyko

RE: Lower Alida Production Optimization

As a result of the thorough geological review of the Lower Alida pools 1n the
Waskada field, an overall ‘examination of the production performance was
performed. This included estimating original reserves in place in these pools
on an individual well basis as wel) as calculating the percent recovery to
date. The calculatfons as well as the structure and gh mapping for the
different Lower Alida pools are attached. Wells with low recoverfes with
significant reserves have been {dentified and remedial work 1s being
recommended 1n these cases. Following 1is a discussfon of each pool's
performance and workover recommendations.

AREA A

This pool includes wells 7-35, 8-35, 9-35, 10-35, 11-35 and 12-36-1-26 WPM.
At this time all of these wells are commingled. This pool has consideradble
structure as the difference in elevation between the highest well and the
original oil/water contact is approximately 16 meters. To date the total pool
recovery 1s only 5% of the reserves in place. This recovery s quite low as
all of these wells except for 8-35 have been on production for almost 6
years. The only well that has an acceptable recovery fs 12-36 at 17%. It is
believed that this recovery is due to a lam acid job that was performed. In
order to increase the production on the other wells in this pool stimulation
is recommended. Since acidizing 1s sign:sicantly less expensive than
hydraulic fracturing, a large acid job (5. ) is suggested. Following an
evaluation of the results of acidizing, additional stimulation can then be
considered 1f necessary. It should also be noted that wells 7-35 and 11-35
have' dae ns:ot density of only 7 SPM and increasing this densfty should be
cons .

AREAS B & C

This area basically includes Unit No. 10 . The present recovery from this
area s approximately 18% which 1s quite acceptable. Recoveries from wells 5-
26, 11-26 and 12-26-1-26 WPH are low, however fluid rates from these wells are
high 1ndicati:8 that there 1s not a mbla with inflow on these wells.
(Wells 5-26 and 12-26 were fraced in 1988). It is bel{eved that the large
amount of water that is befng produced 1s from the water fnjection that
occurred at wells 3-27 and 11-27, Well 3-27 was converted to a Lower Amaranth
producer in Movember 1988. Well 11-27 has been converted to a Lower Alide
producer in order to drain some of the excess injected water, The result of
this effort will determine whether it is worth while to recomplete the 12-27
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(LAm) well as 1t 1is presently thought that this well may be saturated with
water that was injected into the Lower Alida zone. Also consideration should
be given to the fact that this well 1s only 1 meter above the original
of1/water contact before this well is recompleted. At this time the strate
recommended for this area js to continue to produce as 1s and monitor the o
production on the watered out wells.

AREA D -

This 1s the largest Lower Alida pool for both area and reserves. Wells that
are exhibiting Tow recoveries include 14-13, 1.23, 7-23, 10-23, 15-23, 3-24,
5-24, 6-24, 12-24, 13-24, 1-25, 4-25, 1-26, 2-26 and 8-26-1-26 WPM. In the
area, wells 1-23, 9-24, 12-24, 4-25 and 1-26 are commingling candidates and
all except 4-25 have been programmed and AFE'd to be recompleted. Well 4-25
has been given a parakleen treatment order to increase the Lower Amaranth
production. Wells 14-13, 3-24, 5-24, 6-24, 13-24, 1.25, 2-26 and 8-26-1-26
WPM are contingent on the results of the commingled wells. Wells 13-24 and 1-
25-1-26 WPM have both had cement squeezes ormed., As yet, there has not
been an incresse in ofil production. tional work on these wells will
depend on the success of commingled wells each 1s conti t on. Well 7-
23-1-26 has been reviewed and it has been determined that ft does not have
potential in the Lower Alida due to a poor cempletion. Well 15-23-1-26 has
been converted from an injector to a producer with the expectation that it
will begin to produce oi1 as the excess injected water is draimned. Well 1-24
was originally a producer but was converted to a water fnjector prior to a
thorough review of this area. As this well has been determined to be
structurally higher than most of the surrounding wells, it is recommended that
this well be converted back to a production well or its offset 1-24-1-26 (LAm)
be commingled. It should be noted that the Lower Amaranth well has a
sfgnificantly higher Lower Alida #h value (0.31 vs. 0.05). Well 10-23-1-26
WPM has a low flufd inflow and has been suspended for the last while. It is
suggested that this well be acidized in order to increase production.

AREA E

This area {s & single well pool with well 10-30-1-25 WPM. This well has
produced a substantial amount of ofl. Its recovery is quite high at
approximately 308 and it 1s believed that the well is nearing 1t ultimate
recovery. It is felt that this well is in communication with the Upper Alida
zone and as a result 1t s producir! gas that {s being Injected at 6-30-1-
25 WPM. Its present GOR is 885 m . The similiarity of thetg:s analysis
between the gas injected and produced also supports the case for existence
of communication between zones at this wellbore. This well also has an
excellent Lower Amaranth zone as do a mimber of wells In this area. Since the
strate%.for these other locations are contingent upon the success of the
Lower ranth at this well, 1t is recommended that this zone be tested and
possibly commingled.




AREA F

This area 1s also a small pool with only two wells in 1t. Well 9-36-1-26 WPM
was originally in the Lower Alida and produced for 1 year prior to
recomgletinj the Lower Amaranth. The average ofl production from this zone
was 2.0 mY/d, Well 5-31-1-26 WPM 1{s presently a Lower Amaranth water
injector. This well has been AFE'd to temporarily recomplete the Lower Alida
in order to test its productivity. Based on the results, well 9-36-1-26 WPM
may be recommended for commingling.

AREA K

Area K 1s a new area, Well 9-32-1-25 WPM has just recently been commingled in
the L.Amaranth and L.Alida zones. 11 8-32-1-25 WPM was originally completed
in the L.Alida and was making 1.5 w/d of 011 before being recompleted in the
L.Amaranth. Well 8-32-1-25 WPM has been AFE'd to be commingled and this work
1s expected to occur shortly. Pending a successful test on 8-32, wells 1-32
and 2-32 could recommended as commingling candidates as well.

Should you hav

stions regarding this review please contact me.

rp
Waskada Reservoir Study




AREA A
LONER ALIDA RESERVES CALCULATIONS
RECOVERED PERCENT

ELL AREA(ha} PHI Him) AYE SNIX) 4] DOIPIN3} (N3}  RECOVERY
7-35-1-26 20.0 0.87 1.7 L5 S794%.6  1808.9 3.1
0-38-1-2% 16,0 0.76 57.0 115 45467.8 375,46 5.3
9-35-1-26 16.9 0.4! M 1.15 4932.9 Il 8.0
10-33-1-26 18.0 1.00 4.8 1.13 10000.0  3748.3 4.9
11-35-1-2b 20,0 0.94 41.8 1.5 143 4328.0 4.5
12-3b-1-20 4.0 YL 2.5 1.15 19200.0  3309.2 17.2

341494, 173221 5.1
RREA B & C

LDWER ALIDA RESERVES CALCULATIONS

RECOVERED PERLENT
NELL AREA(h) PHI Hia) AVG SNI1) BoI 00IPIN3)  {N3)  RECOVERY
F2-1-2b 6.0 0.74 48.0 1.15 20619.1  2885.7 14,0
11-26-1-26 8.0 0.24 7.0 145 7835 2204 8.1
12-26-1-2b 8.0 0.63 43.2 1.15 16640.0  1413.2 8.5 -
1-27-1-26 8.0 0.07 55.7 1.43 2137.2  2008.4 1.1
2--1-2% 10.0 0.0% 38.3 1.15 73.9  2A%0.9 B1.é
3-27-1-2% 6.0 0.14 3.0 1.15 8530 1L .4
27-1-26 16.0 0.32 B3 1.13 28805.6  8030.7 21.9
1--5-26 10.0 0.07 3.0 119 000.0 237,37 81.7
12-0-1-2% 8.0 0.18 30.5 1.15 $199.3 0.0 0.0
¢ -8-1-2 16.0 0.17 47.3 113 12464.7 0.0 0.0

$ - BENOTES NON-OPERATED MELL 123075.3  22412.9 18.2




LOWER ALIDA RESERVES CALCULATIONS o
RECOVERED PERCENT
WELL AREALha} PHI His) AVE SH{Y) B0 0OIP(N3) (N3}  RECOVERY
t 4-19-1-25 1.0 035 70.7 1.15 142678 0.0 0.0
| §-19-1-25 1o 0B .8 1.15 16704.0 58,6 357
12,0  NOE 0.0 L5 0.0 0.0 ER
14-13-1-2¢ 1.0 0.2 3.0 119 154643 0.0 0.0
1-23-1-26 %o 033 S0 1.15 18962, 1 0.0 0.0
7-23-1-26 126 0.4 $5.0 1S 19252.2 222.5 1.2
8-23-1-26 120 0.5 528 LIS 32013.9 44 12,8
10-23-1-26 6.0 0,30 9.2 118 21203.5 19568 9.2
14-23-1-26 16,0 0.01 51.0 1,15 8817 0.0 0.0
13-23-1-26 16,06 0.4 0 LIS 391600 3127 0.8
1-24-1-26 2.0 048 53,0 1.15 p827.8 38133 43.2
3-24-1-26 12.0 0.12 51.0 1.15 8135.7 0.0 0.0
$-24-1-26 .0 0.5 b1.4 1,15 15305.7 0.0 0.0
b-2-1-26 8.0 0.k 38.0 1,15 £900.9 0.0 0.0
B-24-1-26 2.6 015 537 1.15 7247.0 41857 B34
9-2-1-26 8.0 0.6 390 118 2546.1  880.7 7.0
12-24-1-26 8.0 082 550 LIS 39067.8 7.6 0.4
13-N-1-26 15,0 080 3.0 1,15 384000 9.6 N2
1-25-1-2 12.0  0.80 3.7 1.1% S847.0 33T 6D
2-25-1-2b 120 012 80,0 1.15 %008.7 Wb 10T
3-25-1-26 12.0 1.J0 40 1.15 401809 5822.0  B.5
4-25-1-26 1“0 0.8 38.2 1.15 38511 93 2
1-26-1-26 1.0 020 427 1.15 223221 B0 0.8
2-26-1-26 120 0.8 50.0 1.15 25043.5 0.0 0.0
8-26-1-26 12.0  0.52 4.5 1,15 7817 00 0.0
EZIZTEEITITSEFTLERE
3 - DENOTES MON-OPERATED WELL 553403.5 3MTT1.4 b8
AREA £
LOWER ALIDA RESERVES CALCULATIONS N
RECOVERED PERCENT
WELL MREALh) PHE Him) AVE SHT) BoI OOIPIN3} (N3}  RECOVERY
10-30-1-25 0.0 0,42 483 1.15 I3 NANE N

37943.3 11217.8 N.b




WELL

33125
9-36-1-26

AREA F
LOWER ALIDA RESERVES CALCULATIONS
AREACha) PHI Hla) AVG SH(X: BOI

16,1 0.22 a0 115
10.¢ 0.12 4.0 1.3

biL
RECOVERED PERCENT
OOIP(N3}  (R3)  RECOVERY

22039.7 0.0 0.0
3540.9  807.9 14.¢

27580.5  807.9 2.9




AREA X

LOWER ALIDA RESERVES CALCULATIONS oL
RECOVERED PERCENT
NELL ARERTha) PHI H(a) AVE SH(1) BO! 00IPIN3)  (M3)  RECOVERY
1-32-1-25 16.0 0.30 3.7 1,135 16820.9 0.0 0.0
2-32-1-25 12.0 0.25 3.0 115 12782.5 0.0 0.0
$-32-4-25 16.0 0.31 3.0 1,19 20271.3 3335 .6
9-32-1-2% 12.0 0.38 3.0 118 18836.5  153.% 0.8

88511.3  487.0 0.7
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MEMORANDUM

DATE: Decavber 14, 1988

TO: G.A. Cormmack

FROM: D.M. Bc;yko

RE: Waskada Upper Alida Optimization Review

Recently a geological reveiw of the Lbper Alida (MC3b) pools in the Waskoda
field was performed. The review included structure mapping original oil water
contacts, water saturations oand ¢h rmopping. This has allowed for the
estimation of reserves and pool recoveries based on production to date. This
has also allowed for the developrent of a production strategy for the
different pools in order to optimize production. -The following is a
production review of the different pools which include the Oh maps and the
reserves calculations. '

Area D Includes 3 wells, 5-25 (Orega), 9 and 10-26-1-26 WM (Enron). This
pool Is essentially a one well pool as only 10-26 exhibits a signficant &h
value and hence is the only well assigned significant reserves. (Figure #1,
Toble #1). As expected recovery fram an Upper Alida pool is approximately
30%, it appears that there is only a small avount of increvental oll left to
recover. It is therefore recomrended that no work be done in this area.

Area E includes 12-27,13-27,13A-27,14-27,16A-27,15-27,15A-27,16-27,16A-27 ard -
16-28-1-26 WM. All of these wells are operated by Ovega except 16-28 which
is operated by Enron (Figure #2). Recovery to date in this pool is
approximately 21% (Table #2). Based on this it is felt that there is still
sare significant oil production left to recover. The Upper Alida zone in the
L. Amaranth wells in this area is higher structurally than in the Lhper Alida
well. Since there is a potential for water encroachment fram the north,
optimizing production fram the Lpper Alida is suggested as fol lows.

-Well 1327 (M3b) should be suspended. Its counterpart, 13A-27 (LAW),
should be cerent squeezed in the Lower Amranth zone and be recarpleted in
the Upper Alida.

-Well 14-27 (MC3b) should be reviewed as it does not seem to have_optiminum
inflow. Its counterpart 14A-27 (LAm) is presently producing 2.4 m/D of oil
and is thus recommended that nothing be done on it.

- Well 15-27 (M33b) should be suspended. Its counterpart, 15A-27 (LAM),

should be cement squeezed in the Lower Aroranth zone and carpleted in the
Upper Alida zone. : ’

 _Well 16-27 (MC3b) should be suspended. Its counterpart, [6A-27 (LAm),

should be tested in the Upper Alida zone in order to carpare production
against its counterpart. :




Area F includes all Indicated by Figure #3 and listed on Table #3. The best
well in this pool Is 5-3-2-26 WM. The overal| recovery fram this pool Is low
at only [1%. This suggests that there is potential in this area and thus the
following wells have been suggested for workovers.

- Well 7-34-1-26 WPM is not producing the fluid it should be capable of. [t
is recawrended that it be reperfed and ocidized in order to optimize
production. .'

Well 14-35-1-26 is presently a Lower Araranth well and has potential in the
Lpper Alida zone. |t is recanmmended that the Lbper Alida zone be carpleted
and this wel] be caomingled.

- Well 3-3-2-26 Is an Lbper Alida well. It was originally carpleted in the
Lower Araranth zone. Presently it is moking al! water due to a 5T ultravis
fracture and poor cement bond. It is suggested that a circulation cement
squeeze be performed In order to shut off the camunication. The Lbper
Alida zone would then have to be reperf and acidized in order to restore
production.

- Well 13-3-2-26 is presently a Lower Aroranth injection well. It exhibits a
lower $h value but might be considered as an injector/producer candidate.

-~ Well 8-4-2-26 s currently a U. Alida producer. It has an .excellem‘ Lower
Armaranth zone and is In the process of being comingled.

Area G is the old Unit | with the inclusion of the Tundra wells in section 19
(Figure #1). The original Q0IP for this area estimated to be cpproximately
265,000 « To date 43,318 or over 50% of the reserves have been
recovered (Table #3). This indicates that this area is approoching its
recovery limit. Based on this, the following strategy is put forword.

- Well 3-30 is exhibiting gas breakthrough as its QR has been increasing
draratically since July and is presently over 4000 n'?krli. However, this
well has an gxcellent L. Araranth zone and its oil productivity is estimated
to be 3.0 rrSId. It is recanmrended that the Upper Alida zone be suspended
and the L. Amaranth be campleted.

-Well 4-30 (LAm) was cowpleted in the L. Amaranth with a 27 tonne
polyearuision frac. This well has a caoprock thickness of 3 meters. As this
well is also showing some signs of gas breakthrough, (@R =z 500) it is-
thought that this maoy be due to the size of the fracture. Thus it is
reconrended that the L. Amranth zone be cerent squeezed in order to prevent
canmrunicgtion between the U. Alida and L. Amaranth zones and suspended.

- Well 4-30 (M3b) is definitely indicat-ing gas breakthrough. This well has a
L. Avaranth zone which is better than 4-30 (LAm) well. 1t is recamrended

that a bridge plug be set above the U. Alida zone ard the wel! be completed
in the L. Amaranth zone.

- Well 5-33 is presently a LAm injection well. This well has produced a-lrrnst
16,000 of oil before it watered out. 1t is believed that there is little

potential left in the U. Alida zone. Thus it is recamended that nothing be
done on this well.




- Well 6-30 is presently a gas injector. !t has an excellent L.Avaranth
zone. The suggested strategy for this well is to recorplete in the L.
Avaranth based upon the results of 3-30 and 10-30-1-25 VPM.

- Wel! 11-30 (LAm) has poor porosity in the U. Alida and is at the sare
structure as the gas injection well 6-30-1-25 WM. Thus it is recawnended
that nothing be done on this well.

- Well 11-30 (Source well) has extremely bad casing with a nutber of packers
downhole. 1t is recammended to abandon this well if it is not needed as a
water source well.

- Well 12-30 (MC3b) the only Qrege well in this U. Alida pool that }s not
exhibiting gas breakthrough. It is presently producing about 1.5 /d of
oil. 1t is suggested that no work is required on this well. It should be
noted that this well has an excellent L. Amaranth zone which is better than
the 12-30 (LAM) well. '

- Well 12-30 (LAn) also has an excellent L. Amaranth zone. 1t was covpleted
with a 27 tonne poly frac. This well is not deep enough to indicate how
rmuch caprock is present“ﬁ;r the quality of U. Alida zone. Presently this
well is producing 1.2 nmP/d of oil. It Is suggested that this wel! be
reviewed in order to determine if a workover progran is required as this
should be capable of nore inflow. . ’

The AFE's and programs for the above recawrendations will be generated and

forwarded. 1t is expected that this will allow the work to be perforred early

in the new year. Should you have any concerns or questions, please see ne.

D. Boyko

c.c.:t R. A. Brekke
D. Cridland
W. Sharp :
Waskada Reservoir Study
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UPPER ALIDA RESERVES CALCULATIONS 0IL
RECOVERED PERCENT
WELL AREATha) PHI Hie) AVE SH(Y) bo! 00IP(N3}  (N3)  RECOVERY
a-25-1-26 8.0 0.01 0.0 1.15 7.4 0.0 0.0
9-25-1-25 8.0 0.02 40.0 1.15 834.3 0.0 0.0
10-26~1-25 16.0 .37 1.3 1.3 0217.7 82319 0.8

H463.9 82319 19.9

+




S 5

AREA €

UPPER ALIDA RESERVES CALCULATIONS on

RECOVERED PERCENT

NELL AREALha) PHI Ris) AVG SN(L) Bo! 00IP{N3)}  {M3)  RECOVERY
12-27-1-26 8.0 0.08 9.5 .15 2253.9  2995.0  132.9
13-27-1-26 15,0 0.%7 40.0 1,15 47582.6 9337 19.6
14-27-1-25 16.0 0.58  -43.0 t.13 43996.3  8229.3 17.9
13-27-1-23 15.0 0.81 40.8 1.15 66715.8  3138.2 7.7
16-27-1-25 16,0 0.10 2.0 1,13 6678.3 10483.1  157.0
16-28-1-23 18,0 0.9 81.4 1,13 91356.2 95945 18,4

RN ETTEE SIS IEERES

220783.3 43791.8 20.7




NELL

1-34-1-2b
1-34-1-2%
10~34-1-26
11-34-1-26
14-34-1-24
2-3-2-2
3-3-2-28
4-3-2-26
5-3-2-26
§=3-2-24
1-3-2-26
11-3-2-2%
13-3-2-24
8-4-2-24

AREACha)

8.0
16.0

8.0
14,0
16,0

8.0
6.0

8.0
16.9
14.0
16,0
16.0
16.0
10.0

UPPER ALIDA RESERVES CALLULATIONS

PHI Hta)

0.1
0.39
0.07
0.22
0.3
0.11
0.23
0.09
0.61
0.14
0.03
0.07
0.15
0.39

ARER F

AVE SH(T)

43.0
92,3
38.0
28.4
48.2
4.0
8.3
35.0
38.8
31.3
38.0
4.0
9.7

§2.2

B0t

&R A L n

-
LN WLn n

- .

- - m

-
T e s e m e s B g A s B Bk et e

LA th LR LA LA N A

LADLE 3

olL
RECOVERED PERCENT
D0IPIN3)  (N3)  RECOVERY

4208.7  281.2 6.1
B773.9 1864 0.7
2045.2 0.9 0.0
877,86 8232.1 19.4
26645.7 0.0 0.0
4055.7 6.0 0.0
19600.0  3a%.8 1.9
4069.5 4.3 9.3
31940.2 88223 --- 17.0
13248.7  3383.4 22.2
25872.8 0.0 0.0
6. 0.9 0.0
11197.2 0.0 0.0

19601.7  3375.1 18.2

-- EEETTESCXSTXESELSETTEZESSETE O --- Pormra e rm e ek e e

224619.1 22884.8 10.2
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iREA 6
(UNIT 1)
UPPER ALIDA RESERVES CALCULATIONS

ONEGA WELLS o

RECOVERED PERCENT

NELL AREACha} PHI Him} AVE SW(L) BOI ODIP(N3}  (N3)  RECOVERY
3-30-1-23 16.0 0.33 5.7 1135 22633.1 1733 75.4
4-30-1-23 16.0 0.39 31,3 1.15 39812.2 21780.2 547
5-30-1-2% 189 0.43 9.4 1,13 27297.4 1993%.4 38.4
6-30-1-2% 16.0 0.27 56.4 LS 13475.9 10291.% 84,3
11-30-1-25 6.0 3 48.5 1.15 16480.0  b145.9 3.3
12-30-1-23 16.0 0.27 42.4 .13 24%62.4 14972.8 6%.4

143264.0 86183.4

TUNORA NELLS
WELL - AREA(hG) PHI N{m) AVG SWCZ) DO BOIPLN)
1-19-1-25 0o 042 0.0 L5 8347.8
11-19-1-25 6.0 020  50.0 LIS 13913.0
{2-19-1-25 6.0 035 500 1.3 IROE
13-19-1-75 6.0 0.0  50.0 1.1 278261
14-19-1-25 5.0 0.8 0.0 1.1 AT304.3
ESZSZEIEXT
121739.1
PRODUCTION TO DATE (A3) '
ONEGA: 861834 GMEGA’S RECOVERY (1): 50.2
TUNDRAs STISA.7 TUNDRA'S RECOVERY (1): 4.9
TOTAL POOL:  143318.1 T0TAL POOL RECOVERY (1) 5.1




DATE:

T0:

FROM:

RE:

MEMORANDUM
July 26, 1989

T.J. Hall
G.A. Cormack

A, Brekke

Waskada Production Performance Review
to the End of June, 1989

Please find attached historical production plots for all pools and Unfts
within the Waskada field. In order to compare actual performance versus
predicted production, decline curves from the 1988 D & S Reserve Report have

been
each

1)

2)

3)

superimposed onto the plots. The following observations are noted for
of the plots:

Total Waskada Pr%duction - the average monthly oi 5 production to date for
1989 is 10,548 m>. This is equivalent to 345 m°/d and {s a decline of
11.2% from the 1988 average monthly ofl production. The present
production rates must be maintained during the next six months to achieve
an acceptable yearend decline rate. The producing well count during 1988
and 1989 has remained relatively constant at 285 wells as a result of
comingiing, new well drilling and abandonments. The fnjection well
count has declined from 68 to 38 active injectors during the past year
due to injection strategies in place. ‘

Total LAm Production - during 1989 the :.gtal LAm monthly oil production
has fluctuated between 7851 m” and 9296 m®. The lower production volume
months have been caused bly poor weather, shut in perfods during the
comingiing process and higher than anticipated decline rates within
certain LAm Units. A recently completed LAm reservoir review and an
fnjection pattern review which is underway are expected to stablize
production at 9000 m°/month by the next quarterly review.

Total Mississippian Production - the detrimental effects of commingling
seen on LAm production have alternatively been positive for the
Mississippian production at Waskada with only a 3.4% decline 1in
goroduction observed to date., Addit{onal ‘qa'lns fn o011 productivi appear.

be 1imited considering the current of! recoveries in several of the

Mississippian pools, however, an annual decline of 10% for 1989 certainly
appears achievable at this time,




4)

5)

6)

7)

8)

9)

-2 -

Waskada gnit No. 1 (UAlida) -_The ave;gge monthly ofl production for 1989
is 89 m” compared to 211 m3 for 1988, This decrease is due to gas
breakthrough at wells 3-30 and 4-30-1-25 WPM as well as water
encroachment from the aquifer on the west side of the pool. 011 recovery
calculations of 60.2% indicate that this pool has almest been depleted.
Future gas injection/storage strategies are being discussed with the
Manitoba Government.

Waskada Unit No. 1 (LAm) - during the past few months o1l production
within this Unit has been adversely affected by the initfal production
testing of 5 commingled wells. Based on the above average reservoir
gga'lit.y and low water/oil ratios for this portion of the pool the ofl

¢line rate for this Unit should be closer to 10%. Recommendations for
acid treatments, condensate squeezes and workovers have been made to
maximize oi1 productivity from this Unit,

Waskada gnit No. 2 (LAm) - the o011 productivity in this Unit has declined
to 517 m“/month and the water/oi1 ratio has increased to above 4.0 during
the past year, without additfonal injection into the area. Due to prior
water injection, Mississippfan communfcation and the existence of a wet
LAm stringer it 1s felt that the water/oi1 ratio trend will continue to
fncrease. 011 recovery from this portion of the reservoir has been
reasonably high as indicated by the fact thag 15 wells within the Unft
have cumulative production in excess of 3000 w”.

Waskada Unit No. 3_(LAm) - the average monthly o1l production has
declined from 1044 m3 {n 1988 to 785 m> in 1989. The majority of this
loss in o1l productivity is attributed to water breakthrough within the
Unit. Water injection was significantly reduced in March 1989 in an
effort to reverse the trend. The historic water cuts in this Unit have
been abnormally high when compared to other areas of the field therefore
it 1s recommended that a geological review be undertaken to assist in
planning future operating strategies.

Waskada Unit No. 4 (LAm)a- the month)y o1l production for this Unit has
fluctuated between 623 m” and 880 m® during the last six months. The
water cuts at wells 3-24 and 4-24-1-26 WPM are still high but are showing
signs of improvement. It is recommended that the strategy to terminate
offset 1injection at wells 13-13, 15-13, 5-24 and 7-24-1-26 WPM be
continued until ofl productivity improves within the Unit.

Waskada Unit No. 5 (LAm) - the average monthly oi; production for this
Unit has remained relatively constant of 276 m° during 1989. The
injectors in Section 2-2-26 WPM were overinjected during 1988 in an
effort to increase productivity from this area, some success fs
apparent. This Unit is marginally economic and certain wells may be
recommended for abandonment at a later date in an effort to reduce
operating costs.




10)

11)

12}

13)

14)

15)

16)

-3-

Waskadza Unit No. 7 (LAm) - the average monthly oil production has
declined from 332 in 1988 to 212 1in 1989. This decrease 1s due almost
entirely to change in water cut at well 14-20-1-25 WPM which 1s confirmed
to be in communication with the Tilston formation. Geology is currently
reviewing the area to determine the existence of Tilston oi1 potential.

Waskada Unit No. 8 (LAm) - the 1989 average monthly oil production for
this Unit has only declined by 4.6% from the 1988 yearly average. This
Unit is capable of maintaining current o1 rates through a conservative
injection strategy and minimizing well downtime.

Waskada Unit No. 9 (UAHda} - the average monthly oi1 production for 1989
currently stands at 112 m”. This rate is significantly lower than the
400 m”/month rates seen in 1987 and 1s believed to be caused by water
encroachment of the aquifer. At present oil recovery from the pool fis
approximately 21%. Since, this value s considered relatively low the
existing strategy is to maxmize the number of wells in the pool and to
produce all the wells at high water/oil ratios.

Waskada Unit No. 10 (LAlida) .- the 1989 fver:%e monthly ofl production
has fluctuated between 217 mS and 286 m°. The 29.4% increase in oil
productivity during 1989 can be attributed to minimal well downtime and
restimulation work done in tate 1988. The termination of water injection
in March 1987 into this pool does not appear to be affecting performance.

Waskada Unit No. 12 (LAlida) - as a result of commingled producSion we
have seen an increase in oil production of approximately 200 w”/month
within this Unit. Additional commingling and workovers are planned for
this Unit which should at least maintain the current production rates.
Water injection into all the Mississippian Unfts has been temporarily
terminated and pressure tests are planned to investigate the degree of
aquifer support.

Waskada Unit No. 313 (LAm) - the drop in 0i1 production from 241 malnonth
fn 1988 to 154 m”/month in 1989 is due to well downtime. This Unit is
marginally economic thus all repairs have been reviewed by the Waskada
and Calgary offices prior to any work being done. The pool pressure in
this portion of the reservoir 1s currently above 10,000 kPa and {s being
maintained at this Tevel to maximize fluid displacement.

Waskada Unit No. 14 (LAm) - the average nontls‘ly oi1 production has
remained constant between 1988 and 1989 at 147 m°. The decline in Unit
water/oil ratio is a result of shutting in wells 1-32 and 2-32-1-25 WPM
which are off trend high water cut wells, This Unit is marginally
economic therefore operating costs must be monitored closely during the
remainder of the year.
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17) Maskada Unit No. 15 (LAm) - the 1989 average monthly oi) production for
this Unit has declined by 10.2% from the 1 yearly average., This Unit
is complicated by the fact 1t contains a wet LAm zone and areas of higher
of1 viscosity in comparison to the rest of the field. At present the
Unit 1s marginally economic, however, some restimulation potential does
exist which may improve of1 productivity.

The attached tables compare the average oil production rates for 1988 and
1989. The Waskada pool and Unit production have been sorted by % difference
and are 1isted in descending order. Positive % changes indicate increases in
production and an acceptable decline rate is between 10 and 15 percent.

ST o

c.C.: W. Sharp
D. Boyko
D. Sharp
Circutation Copy
Waskada (LAm) Pressure Maintenance Monitoring File




Waskada 011 Productivity Review
Pool Ranking By Percent Difference

June 1983 1968 Honshly 1989 Monthlg Difference
) ) )

Rates (m Avg. (m YTD Avg. (w°) (m°) (%)
Waskada Total LAlida 1165 978 1215 +237 +24.2
Waskada Total Miss. 1791 1958 1892 66 3.4
Waskada Total Field 9642 11882 10548 1334 11.2
Waskada Total LAm 7851 9924 8655 1269 12.8
Waskada Total Tilson 164 251 218 33 13.1

Waskada Total UAlida 462 729 460 269 36.9




Waskada 011 Productivity Review
Unit Ranking By Percent Difference

June 1983 1988 Honghly 1989 Monthl§ Difference
) ) )

Rates (m Avg. (m YTD Avg. (m°) (m”) (%)
Maskada Unit No. 12 (LAlida) 356 171 237 +66 +38.6
Waskada Unit No. 10 (LATida) 233 187 242 +55 +29.4
Waskada Unit No. 14 (LAm) 141 148 147 1 0.0
Maskada Unit No. 8 (LAm) 925 Tossl 950 % 46
Waskada Unit No. 15 (LAm) 263 314 282 32 10.2
Waskada Unit No. 4 (LAm) 623 758 138 15.4
Waskada Unit No. 1 (LAm) 1727 [2333) 1902 431 18.5
Waskada Unit No. 3 (LAm) 663 785 259 24.8
Waskada Unit No. 5 (LAm) 285 371 276 95  25.6
Waskada Unit No. 2 (LAm) 464 752 517 235 31.2
Waskada Unit No. 7 (LAm) 195 332 212 120  36.1
Waskada Unit No. 13 (LAm) 134 241 154 87 36.1
Waskada Unit No. 9 (UAlida) 127 207 112 95 45.9

Waskada Unit No. 1 (UAlida) 71 211 89 122 57.8
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