Carbonate Reservoirs
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Successful Case study in BED-1 Brown field
Abu Gharadig Basin-Westem Desert of Egypt
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BED-1 Field Overview
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BED-1 Field Production Milestone

BPCO production Performance
8,000

1. Adding Perf. Campaign.

2. Implementing EOR.

3. Increasing Compression Capacity by two new compressors.
4.Drilling New exploratory & Development wells.

6,000 5. Identifying bypassed oil in water drive Reservoirs.

6. Re-enter Plug & Abandonment wells.

7. Unconventional Reservoir Development.

7,000

5,000

4,000
Production increased from 900 STBD to 16000 .STBD

3,000

bed 1-25
ceased to flow

Daily produced oil bbl.

2,000

/
/
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1,000
Receive the field from
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Figure 3u: Gas clwomaregram jor the eif vecoverad from The A/R “F" Member (-3028.24 M) from BED 9-7 well



@ AR/F Source Rock
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@ AR/F Source Rock
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RESERVOIR

ARF/Reservoir History




@ AR/F Reservoir
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BED 1 Area

@ AR/F Structure Map




AR/F Reservoir

Structural Cross Section Through BED-1 Block on AR-F Level
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AR/F Reservoir

BED 1-23 Horizontal Well
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AR/F Reservoir

BED 1-23 Horizontal Well
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AR/F Reservoir

BED 1-23 & Bed1-7

“,' ,’ :‘\ rl’/__(_
BED-1 AR/F " Bed 1-7: Bed 1-23
e On 1987 March, The well e On NOV.2010 BED1-23

start production from A/R was drilled to appraise the
"F" formation with 400 natural fracture system in
- STBD through bare foot A/R “F” formation along
’ 20,338 with over pressured 6500 the crest of BED 1
. psia structure, The well was
g On 1989 February ,the well drilled to total depth 4643
3 10000 decline in production rate MBDF and with horizontal
® 5000 1,039 to some 35 STBD section 1479 meter.

’ —— ————— On October 2021 static
and flowing survey are
3800 psi and 1320 psia —
with flowing rate (Oil 400
—— el bed 1:23 STBD), then decline till

ceased flow.







@ AR/F Structure Map

BED 4 Area




AR/F Reservoir

Structural Cross Section Through BED-4 Block on AR-F Level

The rock succession is dissected by 595 fractures, the majority of these fractures are
open and partial open fractures type , all of them are striking due NW-SE and dipping in
two directions due NE and SW and 9 closed fractures are picked in the basal part of the
imaged interval all of them have NW-SE strike and dipping toward SW
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Fig. 3: Rose plots and histograms of all picked structural elements dissecting the
imaged rock succession in Well BED4-3. Magenta tadpoles refer to the partly opened
fractures while blue tadpoles refer to open fractures while the red tadpoles refer to
closed fractures.




AR/F Reservoir

Structural Cross Section Through BED-4 Block on AR-F Level
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BED-4 AR/F

Bed 4-2:-

* On Sep,1986 the well started production, With 650 STBD , after
BED-4 AR/F +/- 80,000 BBLS cumulative Prod. in Feb,1987 the well stopped
i producing naturally due to drop in reservoir pressure

+ At the end of Aug 1987, it was decided to Produce commingle A/R
'F' with A/R'E" in order to lift A/R'F', the Daily rate from both
intervals was some 900 STB/D.

500,000 > N.B: The well produces after each shut in period(From 2-9Months)
423,526
400,000
zsoo,ooo Bed 4_3:_
EZOO'OOO 112,553
- l -The well was drilled as horizontal well to indicated that AR"F” oil
° — — bearing reservoir with natural fractures system in Bed-4

*On Nov 2010, the well started production with 298 STBD till reach
35 STBD in August 2012.

bed 4-02 bed 4-03 »>N.B: The well produces after each shut in period(From 10-20
Siifod 5T s 2sk L2 Days) with average start rate 350 STBD till Ceased to flow .
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BED 1-39 Block




BED 1-39 Area

@ AR/D Structure Map
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AR/D Reservoir

Structural Cross Section Through BED 1-39 ,BED 1-40 & 1-9 Wells
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AR/D Reservoir

BED 1-39 ,BED 1-40 & 1-9 Wells
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AR/D Reservoir 3o

--I' "‘ .

Structural Cross Section For BED-1
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AR/D Reservo

BED-1 AREA
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Wells Producing

From AR/D Fiscal Year
b33, 2000 BED-1 ARD Prod.

120,000

100,000

bed 1-06, 162,0

bed 1-26, 58,250

80,000 I I I I

60,000

OIL PROD STB

40,000
20,000

bed 1-18, 200,877

¥ bed 1-06 ® bed1-18 bed 1-26 bed 1-31

To maximize the recovery from

Water FIOOdlng AR “D” reservoirs, water flood The incremental production

- was implemented, and the wells from AR/D since start the
PrOjeCt fOr AR/ D started injection on March 2016 project is 392,193 STB.

by using (3injector Wells) .







@ AR/D Structure Map
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AR/D Reservoir

BED 4 Area

. &= 555 m — =B 1453 m —
BED4-3 Pilot [SSTVD ' BED 4-6 [SSTVD ) BED 4-8 WL [SSTVD ‘
| 8408 | 6407 J | 08 J
Surface X: 314900.00m |Surface Y: s1131200m |Max inc: 3.5 deg Surface X: 375691.5 m \Surface Y: s0131400m |Max inC: 5.79 deg Surface X: 31370200 m |Surface Y: 01388.00 m \Max inc: 31.42deg
WD [sSTVD[ 88 R | RES_SLW NEU IR commentioas ND [5STVD[_CAL GR RO%0 RHOB T conmentiogs MD [5STVD[ GALl GR__ | RO PE =0 [ connmentiogs
[0 |63 %3 o0 gaPt 15000/0.20 200000[04500  fract 01500 | 1200 [rovnzem 000 gAPT 15000[020 200000[19500  giem3 29500 200 [sovin26m 000 gAPI 15000020 2,00000[0.00 be 1000
Call Cal RES_NED DEN ~Colorfil RO NPHI “Colarill | Cal ROB0 NEU
F0nzs0 [B2000 ohmm20000000 (19500 giems  2.9600 Colorfit| 200000[04500  act | -0.1500 Colori | 020 20000004500 frack | -0.1500
308132919 6 BED 4 3 . 3051.6-2968.9 BED 4-6 o 2939.712872 6 BED 4 8 .
Net-Pay: 3 M. Net-Pay: 4 M. Net-Pay: 9 M.
L] o .
PHIE: 8 % PHIE: 7 % PHIE: 8 %
L] o .
So: 80% So: 60% So: 71 %
3090 4 Top AIR "D" Resenvlr 3060 4 pa T Baans s H2RR04 Top AR "D" Resanolt
R 7
Thewelllifing
and festing H
"""  Salinity= i
29304 150.003 PP, 29501
2980+ B.SRN= 18%
IAPI= 35, Ol :
afe= 865 BAD, :
L= i
1 Tmmscfd. 1 235_2'2960
Perf | 30973101 thewsl declined '#:'-'d e
b d idlyfillreach H -the well Lifte
= 0 :p;gg gor;;, H and Tested with
inone month 500 :: ig";gg;fi
Bot AR "D" Resanvlr ‘:E
oo | 29601
Hot AR "I Ressrvalr 19900
Bat AR "D Rssarvolr
3110 4 080 AR'E :
e
IR 2900+
L9950 2370 - i - e
L3000 ;\' & mﬂi
= 4
3120.8 (29526 3080.343001.8 } 2572.9 [2305 H = ==




AR/D Reservoir

BED 4 Area

The first well perforated and
Tested From ARD was Bed 4-3
iIn August 2016.

Then Bed 4-6 &Bed 4-8 drilled
in March and June 2020.

Based on Perforate and Drilled
these wells the added reserve
was 0.4 MMSTB

Production STB
=]
8
=
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AR/D Structure Map

BED 9 Area
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AR/D Reservoir

Structural Cross Section. BED 9-11 ,BED 9-8
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AR/D Reservoir

BED 9 Area

801600
P

800800
1l
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1 1 1

« perforated ARD & stimulate with Acid the test result
was 143 STBD with sharp decline so it decided to Frac
to increase the productivity and invaded zone the
test result 250 STBD.
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« on June 2021 Bed 9-11 AR/D Perforated and
hydraulic frac Performed the of the wells
showed 200 STBD.
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AR/D Reservoir

Added Reserve

Drilling Exploratory wells : 3.57 MMSTB
Water injection :3.5 MMSTB

After Perforate Bed 4-3 and drilled Bed 4-6 &Bed 4-8 ,the
total a_ddec_:! _R____ese___rve is 04 MMSTB :

After tested ARD in BED 9-8 and Bed 9-11 ,the total added
reserve is 0.84 MMSTB

AR/D

Added Reserve

4 3.57
3.5
[=a]
= 3
§ 2.5
@ 2
5 0.84
0.5 -
EXPLORATORY WATER INJECTION BED-4 BED-9
WELLS
Exploratory -
Water injection Bed-4 BED-9
Wells
'EReserve added MMSTB 3.57 3.5 0.4 0.84
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CONCLUSION

:@

&

RESERVOIR \

The Key in making new discoveries in Brown field is understanding the reason behind
P&A or unsuccessful wells .

WEPCO’S New Discoveries & water flooding project Increased Production in BED 1
Brown Field By 650 %

Carbonate reservoirs currently Produces more than 35 % Of the Total Production .
Total Added Reserve From carbonate reservoirs since Wepco operated Bed 1 increased

by 8 MMSTB While the total Added Reserve is 12.5 MMSTB

Currently FDP of AR/F is ongoing




Remaining Reserve VIMSTB
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: 2, I
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BPCO Oil daily &cum Prod

Actual Vs. Expected

expected and Actual prod

8,000 8,000,000

7,000 7,077,990 7,000,000

6,000 6,000,000

5,000 5,000,000
[a)
m o
= b
3 3
a 4,000 4,000,000 =
= o
> E
8 3
3,000 2,336,771.09 3,000,000

2,000 2,000,000
1,000 1,000,000
0 0
01-lan-14 16-May-15 27-Sep-16 09-Feb-18 24-Jun-19 05-Nov-20 20-Mar-22 02-Aug-23
Date
———OIL (bbl) = ———BAPETCO prod = -=-=BPCo =-:-= BAPETCO Cum BPCO Cum
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