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SUMMARY

On 31 October 1995, a tip-screenout (TSO) fracture treatment was performed on
Santos’ East Mereenie Well No. 38 through "P3-190" and "P3-23/250" perforations at
4964-5018 ft. From a pre-frac PBU test, reservoir parameters were a kh of 298 md-ft, an
average permeability of 10.1 md, a skin of +32, and areservoir pressure of 1735 psi
(minimal depletion). The wellbore deviation through the pay was 16.5° |

Prior to the treatment, pre-frac tests were conducted to evaluate closure stress, fluid
efficiency, and fracture geometry for final design formulation. The results indicated a
closure pressure of 3350 psi and a fluid efficiency of 0.32 from pressure decline analysis.
This gave an efficiency during injection, using the established Mereenie correlation of
decline to injection efficiency, of 0.13. A reasonably good model history match of the
minifrac was obtained using (1) stresses of 3900-4200 psi in the shalier region between
the P3-190/230/250 and P3-120/130 alternative pay zone, (2) a modulus of 6.5x100 psi
in the pay and 7-8x100 psi in the barriers, and (3) a leak-off coefficient of 0.008 ft/sq.rt.
minute in the 190/230/250. This "calibrated" model was used to design the final
treatment.

With the desire to limit fracture growth to below the P3-120/130, the final treatment
design required 3250 gals of pad and an additional 3900 gals of gel carrying 14,800 Ibs of
20/40 Carbo-Lite proppant at 0.5-8 ppg and at a rate of 15 bpm. The model-predicted
TSO occurred inthe 2 ppg stage and net BHTP went from 775 to 2575 psiwith a
corresponding average fracture width increase from 0.05 to 0.19 inches. Other fracture
dimensions were a propped half-length of 84 ft, a maximum height of 105 ft (frac top 20
ft below the 120/130), an average conductivity of 2695 md-ft, and an average in-situ
concentration of 1.2 Ibs/sq.ft.

The treatment was pumped fairly close to design, placing 93% (13,735 lbs) of the
designed proppant amount in the fracture with 101% (7187 gals) of the design gel
volume. While a TSO did occur, the pressure gain was only about 400 psi. To model
history match this behavior required a reduction in the design leak-off coefficient (pay)
from 0.008 to 0.0052 ft/sq.rt. minute (similar reductions also required on EM #35 and



#36 to match treating pressures). Model-predicted dimensions were a propped half-
length of 158 ft, a maximum height of 132 ft, an average conductivity of 1080 md-ft, and
an average in-situ concentration of 0.6 Ibs/sq.ft. The predicted fracture top was at 4768
ftor 13 ft below the P3-120/130. Based on this analysis, the treatment did not come
very close to design predictions.

With injection leak-off repeatedly lower on the 230/250 treatments than predicted with
the original P3-120/130 efficiency correlation, this was re-evaluated. The 230/250 does
not seem to follow behavior consistent with the original (120/130) correlation, with leak-
off appearing to be less pressure dependent than observed in the 120/130. A revised
230/250 correlation was derived and presented herein for use on future designs.

An estimate of initial post-frac production for the P3-190/230/250 in this well, using a

single-phase production model and the reservoir and fracturing parameters acquired, is
300 bopd at a BHFP of 750 psi.
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DISCUSSION

Introduction:

This report details the design, execution, and analysis of the tip-screenout (TSO)
fracturing treatment performed in Santos’ East Mereenie Well No. 38 on 31 October
1995. The treatment was pumped through Pacoota P3-190 and P3-230/250 perforations
at 4964-5018 ft (MD), 4822-4874 ft (TVD), as shown in Fig. 1. From a pre-frac pressure
buildup test (Fig. 2), reservoir parameters were estimated to be an average permeability
of 10 md, a skin of +32, a reservoir pressure of 1735 psi (minimal depletion), and a BHT
of 1430F. Prior to the PBU test, this zone was making around 70-80 bopd (Fig. 3). The
average porosity from log and core analysis was on the order of 8.1% in the P3-190 and
9.4% in the P3-230/250. The estimated GOR was 100 scf/stb and the wellbore
deviation through the pay was 16.5°.

The fracture treatment, performed by Halliburton, was preceded with pre-frac
injection/decline tests to evaluate closure pressure, fluid efficiency, and fracture
geometry for final design formulation. Bottomhole pressure was obtained with SRO
wireline gauges during testing and with electronic memory gauges set in the tailpipe
during the treatment. The following discusses the details of this testing and treatment.

Preliminary Fracture Treatment Design:

The objective of the EM #38 treatment was to obtain as much propped penetration as
possible with an in-situ proppant concentration of at least 1.0 1b/sq.ft. without fracturing
into the P3-120/130 alternative pay zone at 4765 ft-TVD (57 ft above top P3-190 perf).
At the indicated BHT, 30 ppt borate XL gel (Boragel H3595) was recommended and
20/40 mesh Carbo-Lite was used to insure good conductivity. The design injection rate
was 15 bpm with plans to pump down 2-7/8 inch tubing. = With reservoir
parameters/quality very similar to those seen in EM #37, the final design from that well
was used for preliminary design purposes here. Design parameters included a modulus
of 6.5)(106 psi in the pay and 7.5-8x100 psiin the boundary layers, a toughness of 3000
psi/sq.rt. inch in all layers, and a leak-off coefficient of 0.005 ft/sq.rt. minute. Closure
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-pressure was estimated to be on the order of 3300 psi in the pay and 4000-4500 psi in the
boundaries.

Table 1 shows the preliminary design schedule. The pad size was limited to 2000 gals to
prevent growth into the P3-120/130 and the resultant slurry stages included 2900 gals of
gel carrying 14,800 Ibs of proppant at concentrations of 0.5-8 ppg. The model-predicted
TSO occurred in the 1.0 ppg stage, with net BHTP going from 940 to 2694 psi over the
remainder of the treatment (Fig. 4). Model-predicted dimensions were a propped half-
length of 115 ft, a maximum height of 123 ft (top at 4774 ft or 9 ft below the 120/130),
an average conductivity of 1874 md-ft, and an average in-situ concentration of 1.0
lbs/sq.ft. These are shown in Figs. 5-7, with the model I/O included in Appendix Table
A-1.

TABLE 1 - Treatment preliminary design schedule,
E. Mereenie 38 (P3-190/230/250).

_Fluid Type ~ Slur, Vol. Fluid Vol, Prop Conc, Prop Amt, Avg,.Q Pumpt
(gal) (gal) (ppg) (Ibs) (bpm)  (min)
Boragel H3595 2000 2000 0.00 0 15.00 3.17
Boragel H3595 613 600 0.50 300 15.00 0.97
Boragel H3595 522 500 1.00 500 15.00 0.83
Boragel H3595 435 400 2.00 805 15.00 0.69
Boragel H3595 453 400 3.00 1200 15.00 0.72
Boragel H3595 470 400 4.00 1600 15.00 0.75
Boragel H3595 488 400 5.00 2000 15.00 0.77
Boragel H3595 506 400 6.00 2400 15.00 0.80
Boragel H3595 523 400 7.00 2800 15.00 0.83
Boragel H3595 541 400 8.00 ~3200 15.00 _0.86

6551 -5900 14800 10.39

Note: Proppant 20/40 Carbo-Lite.
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Pre-Frac Test Analysis:

Pre-frac testing consisted of (1) a 10bbl slick water pump-in/shut-in (PI/SI) test at 5
bpm, (2) a slick water step-rate test (SRT)/SI at rates of 0.5-10 bpm, and (3) a 1500 gal,
30 pptborate XL gel (Boragel H3595) minifrac at 15 bpm. The first two tests were
designed to evaluate closure pressure and the minifrac was used to determine fluid

efficiency and fracture geometry.

Fig. 8 shows the gauge BHP for the first PI/SI test. After an initial breakdown of 4840
psi, pressure dropped to about 4375 psi. At shut-down it was difficult to pick an ISIP as
shown in Fig.9. From the Horner plot of the pressure decline, Fig. 10, the pressure
extrapolated to 1937 psi or 200 psi higher than expected and probably due to insufficient
decline data to reach the correct psuedo-steady state straight line. The square-root of SI
time plot, Fig. 11, indicated a closure pressure at 3360 psi and the G-function plot, Fig.

12, gave a closure pressure of 3339 psi.
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Fig. 13 shows the gauge BHP record for the SRT/SI. Based on the ISIP, Fig. 14,
fracture extension pressure was probably somewhere around 3700-3800 psi, which was
fairly consistent with the closure pressure picks from the preceding test. From the
square-root of SI time plot, Fig. 15, closure was picked at 3491 psi. From the G-function
plot, Fig. 16, closure was picked at 3469 psi.

Fig. 17 shows the gauge BHP record for the minifrac. To minimize the effect of the
residual wellbore fluid ahead of the crosslinked gel on determining fluid efficiency, the
leading edge of the gel was pumped to near bottom at 5 bpm to bullhead the slick water
into the fracture. This was followed by a 6.5 minute shut-in to allow this fluid to leak-off
to the formation and the fracture to close prior to injecting the XL gel. At the end of
the minifrac, displaced with slick water to the top perforation, the BHTP was 4465 psi.
At shut-down, the ISIP appeared to be at 4134 psi, Fig. 18, indicating a downhole
"excess" pressure of 331 psi.
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FIG. 18 - Boragel minifrac BHP ISIP evaluation,
E. Mereenie 38 (P3-190/230/250).

From the minifrac pressure decline analysis, closure was picked at 3319 psi on the
square-root of SI time plot, Fig. 19, which corresponded to a fluid efficiency of 0.31 and
a net BHTP (BHTP-closure P) of 815 psi. From the G-function plot, Fig. 20, closure
was picked at 3377 psi with a corresponding fluid efficiency of 0.28 and a net BHTP of
757 psi. From the Nolte type-curve match, Fig. 21, the indicated fluid efficiency was
0.35.

Based on the combined analysis of the three tests, closure pressure was thought to be at
3350 psi, fluid efficiency from pressure decline analysis was 0.32, and net BHTP for the
XL gelat 15 bpm was onthe order of 750-800 psi. From the established Mereenie
correlation of efficiency during injection to that determined from the decline, the
injection efficiency was 0.13.

To further the minifrac analysis and generate a "calibrated" model for final design
evaluation, the minifracinjection profile was history matched. Shown in Fig. 22, this
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FIG. 19 - Boragel minifrac BHP sq.rt. Sl time plot,
E. Mereenie 38 (P3-190/230/250).

4258.00

4108. 00

39%50.00

3800, 00

3658.08

350e,. 00

3350.00

GAUGE BHFP (pxi)

3200.00

3850.008

2900.00

2750.00

ISP:4132.14
aP®: 919.36
aPs: 755.@1
5 Ef : @.3079
Po :13377.14
To 1.55
\\\ Efc: ©.2809
\\\\\\\\\5=\‘-~
.00 9.246 @.492 2.738 9.984 1.238 1.477 1.723 1.969

G-FUNCIION

FIG. 20 - Boragel minifrac BHP G-function plot,
E. Mereenie 38 (P3-190/230/250).
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FIG. 21 - Boragel minifrac BHP type-curve match,
E. Mereenie 38 (P3-190/230/250).

match required (1) aclosure stress of 3800 psiin the shalier region between the P3-
230/250 and P3-190, and boundary stresses of 3900-4900 psi, (2) the same approximate
modulus/toughness profile from the preliminary design, and (3) an increase in the
preliminary design leak-off coefficient from 0.005 to 0.008 ft/sq.rt. minute. The model-
predicted fracture dimensions were a created half-length of 60 ft and a maximum height
at the wellbore of 98 ft. This is shown in Fig. 23 with the model I/O included in
Appendix Table A-2.
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Final Treatment Design:

Using the "calibrated" design model, the final design pad stage was limited to 3250 gals
to prevent upward growth into the P3-120/130 sands (Table 2). The slurry stages
consisted of 3900 gals of gel carrying 14,800 1lbs of 20/40 Carbo-Lite at 0.5-8 ppg. With
this pad and the design injection rate of 15 bpm, the model-predicted TSO started in the
2 ppg stage (Fig. 24) and net BHTP increased from 775 to 2575 psi with a corresponding
average fracture width increase from 0.05 to 0.19 inches. At the wellbore, the final
predicted average and maximum widths were 0.24 and 0.42 inches. Other modeled
dimensions were a propped half-length of 84 ft, a maximum height of 105 ft (frac top at
4785 ft or 20 ft from the base of 120/130), an average conductivity of 2695 md-ft, and an
average in-situ concentration of 1.2 lbs/sq.ft. These are shown in Figs. 25-27 with the
model I/0O included in Appendix Table A-3.

TABLE 2 - Treatment fihal‘design schedule,»
E. Mereenie 38 (P3-190/230/250).

Fluid Type Slur, Vol, Fluid Vol, Prop Conc, PropAmt, Avg.Q Pumpt
(gal) (gal) (ppg) (le) (bpm)  (min)
Boragel H3595 3250 3250 0.00 15.00 . 5.16
Boragel H3595 613 600 0.50 300 - 15.00 0.97
Boragel H3595 522 500 1.00 - 500 15.00 0.83
Boragel H3595 435 400 2.00 805 15.00 0.69
Boragel H3595 453 400 3.00 1200 15.00 0.72
‘Boragel H3595 470 400 ~4.00 1600 1500 075
Boragel H3595 488 400 5.00 2000 15.00 0.77
-Boragel H3595 506 400 6.00 2400 15.00 0.80
Boragel H3595 523 400 7.00 2800 15.00 0.83
Boragel H3595 541 400 8.00 _3200 15.00 _0.86

7801 7150 14800 © 1238

Note: (1) Proppant 20/40 Carbo-Lite.
(2) SP (raw) breaker ramped from 0.5-5 ppt in 1-8 ppg stages & Opti-flo II
(encapsulated) breaker ramped from 5-2 ppt throughout treatment.
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Treatment Execution:

Samples of the gel were tested on-site prior to the treatment and found to possess the
proper characteristics with respect to base gel viscosity, pH, and crosslink
time/consistency. While this was not the smallest treatment performed to date in
Mereenie, its relatively small size and short pump time required precise execution. To
minimize the effect of the bullheaded residual wellbore fluid ahead of the pad, the pad
was pumped to the bottom of the tubing at S bpm. The rate was then increased to 15
bpm for the remainder of the treatment.

The treatment was pumped without any mechanical or blending mishaps. Fig. 28 shows
the surface treating parameters. From this, it appeared that a TSO did occur with
pressure increasing for the last 3-3.5 minutes. Table 3 shows the surface schedule from
Halliburton’s computer printout. This indicated a total of 14,846 Ibs of proppant
pumped with 8400 gals of gel and flush. Based on the amount of proppant
loaded/pumped (17,000 Ibs) and accounting for 500 Ibs spillage, though, this was 10%
low. With this correction made in Table 4, the 16,500 Ibs of proppant was pumped with

= 5,500 35
i - ‘ 30 B
g 5,000 _ /\piezkure ﬂ I §
A 4,500 s 258 ¢
Lu ¥ \/\ N z
g pl\fJ \ / =
& 4,000 Y - 208 O
P 5 Rate = =
< 3,500 v A 150 aQ
g V7 5 8
3,000 , — 103 &
o i Prop|Conc /\ ' =&
o ) =
& 2,500 / 5
2 ' A \f\
2,000 : : : s . : . — 0
0 2 4 6 8 10 12 14 16 18 20
TIME (min)

FIG. 28 - Boragel treatment summary of surface
parameters, E. Mereenie 38 (P3-190/230/250).
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TABLE 3 - Treatment Halliburton (computer)surface
- pump schedule, E. Mereeme 38 (P3- 190/230/250)
. Fluid Type Slur. Vol, Fluid YQI, Prop Cone, Prop Amt, Avg. Q Pump ¢
B (gal) (gal) (ppg) (bs)  (bpm)  (min)
© Slick Water 137 137 0.00 0 4.87 0.67
Boragel H3595 1059 1059 0.00 0 530 476
* Boragel H3595 148 148 - 0.00 0 10.07 0.35
" Boragel H3595 648 648 0.00 0 13.26 1.16
- Boragel H3595 388 338 0.00 0 13.89 0.67
Boragel H3595 1390 1390 - 0.00 0 14.83 2.23
Boragel H3595 384 375 0.55 205 14.87 0.61
Boragel H3595 538 521 0.74 386 15.06 0.85
Boragel H3595 454 428 1.37 588 15.43 0.70
Boragel H3595 613 550 2.60 1428 15.37 095
. Boragel H3595 204 176 3.58 631 .15.38 0.32
Boragel H3595 272 232 397 919 16.18 0.40
Boragel H3595 491 405 4.85 1961  16.30 0.72
Boragel H3595 527 416 6.04 2514 16.36 0.77
Boragel H3595 532 405 7.16 2898  15.84 0.80
Boragel H3595 214 160 7.64 1224 - 1530 0.33
Flush 1191 1099 1.90 2092 16.12 176
9190 8537 14846 18.05
Note: (1) Proppant 20/40 Carbo-Lite.
- (2) Schedule calc. from WH densiometer. Actual pumped = 16,500 Ibs, resulting
in a 10% error.

8326 gals of gel and flush. This schedule was used to determine the downhole treatment
schedule shown in Table 5. From this, a total of 13,735 Ibs of proppant (92.8% of
design) was placed in the fracture with 7187 gals of gel (100.5% of design). When
compared to the design proppant schedule, the actual schedule was reasonably close as

shown in Fig. 29.
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TABLE 4 - Treatment "corrected” surface pdmp'
schedule, E. Mereenie 38 (P3-190/230/250).

Flu_ng] Type

Slick Water
Boragel H3595
Boragel H3595
Boragel H3595
Boragel H3595
‘Boragel H3595
Boragel H3595
Boragel H3595
- Boragel H3595
- Boragel H3595
Boragel H3595
Boragel H3595
Boragel H3595
Boragel H3595
Boragel H3595
Boragel H3595
Flush

Slur, Vol, Fluid Vol. Prop Conc, Prop Amt,
(ppg)
- 0,00

- 0.00

(gal)
137
1059
148
648
388
1390
384
538
454
613
204
272
491
527
532
214

1191
9190

(gal)
137
1059
148
648
338
1390
374
519
425
543
173
227
395
404
390
154
1089
8463

Note: (1) Proppant 20/40 Carbo-Lite.
(2) Schedule calc. from WH densiometer.

0.00

0.00
0,00
- 0.00
- 0.61

0.83
1.54
2.92
4,05
4.50
5.52
6.92
8.26
8.83
2.14

(1bs)

2
429

654 -

1587

701
1021
2179
2794

3221

1360

2325
16499

goooooc

Avg.Q Pumpt
(bpm) . (min)
4.87 0.67
5.30 4.76
10.07 0.35
1326 116
13.89 0.67
14.83 223

- 14.87 10.61
15.06 0.85
1543 0.70
15.37 0.95
115.38 0.32
16.18 0.40
16.30 0.72
16.36 0.77
15.84 0.80
1530 033
16.12 _1.76
18.05
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TABLE 5 - Treatment downhole pump schedule,
E. Mereenie 38 (P3-1 90/230/250).

Fluid Type _S_lg_r,_Yy_, Fluid Vol, Prop Conc, Prop Amt, Avg,Q Pump ¢

- (gah (gal) - (ppe) (Ibs) (bpm) - (min)
WB Fluid 1196 1196 0.00 0 5.25 5.42
WB Fluid 64 64 0.00 0 1007 015
Slick Water 84 84 0.00 0 1007 0.20
Slick Water 53 53 000 0 13.26 0.10
Boragel H3595 595 595 0.00 0 13.26 1.07

Boragel H3595 388 388 000 0 13.89 0.67
Boragel H3595 1774 1774 0.00 0 14.84 2.85
Boragel H3595 538 538 0.00 0 15.06 0.85
Boragel H3595 338 338 0.00 0 1543 0.52
Boragel H3595 384 374 0.61 228 15.39 0.59
Boragel H3595 538 519 0.83 429 15.37 0.83
Boragel H3595 454 © 425 1.54 654 16.21 0.67
Boragel H3595 613 543 2.92 1587 16.33 0.89
Boragel H3595 204 173 4.05 701 16.36 030
Boragel H3595 272 227 4.50 1021 15.90 0.41
- Boragel H3595 491 395 5.52 2179 15.62 0.75
Boragel H3595 527 404 6.92 2794 16.10 078
Boragel H3595 532 390 8.26 3221 16.12 0.79
Boragel H3595 145 104 8.83 921 1612 021
9190 8584 13735 18.05

Note: (1) Proppant 20/40 Carbo-Lite.
(2) Placed 92.8% of design prop amt. w/ 100.5% of design gel vol. Act. slur. conc.
-avg. = 1.91 ppg as compared to design of 2.07 ppg.
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FIG. 29 - Boragel treatment comparison of actual to
design schedule, E. Mereenie 38 (P3-190/230/250).

Post-Frac Evaluation:

Fig. 30 shows the gauge BHTP record plotted with the corresponding rate and downhole
proppant concentration. From this it was apparent that the TSO started somewhere
around 13.5 minutes, with a pressure gain of around 350 psi or considerably less than
final design predictions. From the treatment ISIP, Fig. 31, the downhole excess pressure
was 250 psi or reasonably close to that seen during testing. To evaluate the treatment
through model history matching of the net BHTP’s, an excess pressure of 300 psi was
used along with the closure pressure of 3350 psi. This resulted in approximately 800-950
psi net BHTP prior to the TSO, and then a net pressure rise from 950 to around 1300

psi.

The treatment model history match is shown in Fig. 32. To achieve this match required
several changes to the final design model, the most important of these being a reduction
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FIG. 32 - Boragel treatment post-frac net BHTP history
‘match, E. Mereenie 38 (P3-190/230/250).

in leak-off in the pay zones from 0.008 to 0.0052 ft/sq.rt. minute. Other changes
included (1) an increase in the upper boundary stresses from 3900-4200 psi to 4125-4300
psi, (2) areduction in the stress between the P3-190 and P3-230/250 from 3800 to 3550
psi, and (3) a reduction in modulus from 7.5 to 7.25x100 psi in these same layers. The
remainder of the model stayed the same as before. With the actual downhole treatment
schedule, this model resulted in fracture dimensions of a propped half-length of 158 ft
(design - 84 ft), a maximum height of 132 ft (design - 105 ft), an average conductivity of
1080 md-ft (design - 2695 md-ft), and an average in-situ concentration of 0.6 lbs/sq.ft
(design 1.2 Ibs/sq.ft.). These are shown in Figs. 33-35 with the model I/O included in
Appendix Table A-4. The predicted top of the fracture was at 4768 ft or only 3 ft below
the 120/130. The resultant average and maximum widths at the wellbore at the end of
the treatment were 0.15 and 0.26 inches, respectively.

Based on this analysis, the treatment did not come very close to design predictions, with
injection leak-off being considerably less than determined from the Mereenie efficiency
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correlation, With the correlation derived from early P3-120/130 treatments, the four
P3-230/250 jobs performed in the last year were re-evaluated to see how closely they
followed the original correlation. In comparing the injection efficiencies, derived from
post-frac treatment model history matches, the efficiencies just prior to the TSO’s were
considerably higher than predicted from the original correlation as shown in Fig. 36.
This is compared to the injection efficiencies derived from decline analysis efficiency
and the 120/130 correlation, with these having been used in the 230/250 final design
formulations. This seems to indicate that leak-off in the 230/250 is less pressure
dependent than observed in the 120/130, e.g. maybe less natural fracturing. It is
recommended that the new correlation be adopted for future 230/250 (and possibly P4)
fracture treatments. This should result in obtaining net BHTP increases closer to design
predictions, increased conductivity, and being able to more accurately predict fracture
growth into adjacent layers.
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FIG. 36 - Revised Mereenie efficiency correlation for
Pacoota P3-230/250 sands.
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To evaluate post-frac potential with the estimated fracture dimensions, NSI's single-
phase production model was used. With an average permeability of 10 md, a net pay of
29.5 ft, a porosity of 9%, a reservoir pressure of 1735 psi, a BHFP of 750 psi, and a
drainage area of 160 acres; the estimated initial post-frac rate is onthe order of 300
bopd as shown in Table 6.

| TABLE 6 - Post-frac pérformance prediction for
E. Mereenie 38 (P3-1 90/230/250).

Formation/Reservoir Data
Type Of Well v..vevveccococsanssos oil
Permeability (md) ..cceveevececens 10.000
Net Pay (ft) cvcececccccccssccrens 29.5
POTrositY ceeesceorececssnsssvassnses 0.090
Water Saturation ....cceceeeeccecs 0.200
Pressure (psi) - Reservoir ....... 1735.0
BHFP covevescsssoe 750.0
Frac Closure .... 3350.0

Formation Temp (deg F) «ccceeeecons 143
Drainage Area (QCres) ...eevseceess 160
Reservoir Fluid Data
Viscosity (CP) sevesvsvcesesacns 1.780
Compressibility (e6 1/psi) ..... 13.13
Volume Factor (B=~Oil) «veeencses 1.090
0ll Gravity ceecececesesscssnses '38.00
Fracture -

1/2 Length, Xf (ft) .eeeeeeeecs. 500.0
Conductivity, KfWw (md-=ft) ...... 1000.0

| E. MEREENIE $38 (P3-190/230/250) POST-FRAC EVALUATION |

Rate Cum | Rate Cum
| Time (BOPD) {MBO) | Time (BOPD) (MBO) ]
l i i o i S e i S e S o K e i i G it e e e S N o o, e l s i g o o i e S G S i G s i 0 D O s S e, e S, e i G B B
!} 0.25 mon 305.2 2.4 ] 3.00 mon 119.6 19.1 |
]  0.50 mon 274.5 4.6 | 6.00 mon 56.7 27.1 ]
|  1.00 mon 229.4 8.5 | 12.00 mon 8.7 33.1 |}
| 2.00 mon 174.3 14.6 | I
I ‘ I !
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CONCLUSIONS / RECOMMENDATIONS

From pre-frac test analysis, closure pressure was 3350 psi (0.691 psi/ft), fluid efficiency
from pressure decline analysis was 0.32, and net BHTP was on the order of 750-800 psi
with the XL gel at 15 bpm. Usingthe Mereenie correlation of fluid efficiency from
pressure decline to injection efficiency, the efficiency was reduced to 0.13 for final
design formulation. A moderate downhole "excess" pressure of 300 psi was measured on
the minifrac with the crosslinked gel at 15 bpm.

With the desire to not fracture into the alternative pay zone P3-120/130, it was possible
to design and execute a small treatment to accomplish this, the distance between the two
zones being 57 ft. The small treatment did, however, require considerable planning and
precise execution. The treatment was pumped fairly close to design, placing 93% of the
designed proppant amount in the fracture with 101% of the design gel volume. The
post-frac model history match of the treatment net BHP’s required slight stress and
modulus changes from the minifrac history match, and a reduction in leak-off in the pay
zones from 0.008 to 0.0052 ft/sq.rt. minute (similar reductions in leak-off also required
on EM #35 and #36 P3-230/250 to history match treatment pressures). The resultant
TSO net pressure gain was on the order of 400 psi (considerably less than design
prediction) and the model-predicted dimensions were a propped half-length of 158 ft
(design - 84 ft), a maximum height of 132 ft (design - 105 ft), an average conductivity of
1080 md-ft (design 2695 ft), and an average in-situ concentration of 0.6 Ibs/sq.ft. (design
- 1.21bs/sq.ft.). The lower achieved conductivity was due to the greater fracture area
created than design predictions, this a result of the lower than predicted leak-off. The
modeled fracture top was at 4768 ftor 13 ft below the P3-120/130. Based on this
analysis, the treatment did not come very close to design predictions.

With injection leak-off repeatedly lower on the 230/250 treatments than predicted with
the original P3-120/130 efficiency correlation, this was re-evaluated in light of the recent
treatments. The 230/250 does not follow behavior consistent with the original
(120/130) correlation, with leak-off appearing to be less pressure dependent than
observed in the 120/130. A revised 230/250 correlation was derived and presented
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herein and should be used for future designs in this zone, updating the correlation with
each subsequent treatment.

An estimate of initial post-frac production for the P3-230/250 in EM #38, using a single-
phase production model and the reservoir and fracturing parameters from pre-frac
buildup testing and the analysis in this report, is 300 bopd at a BHFP of 750 psi.
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APPENDIX A

Fracture Model Simulations
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