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ABSTRACT

Many sources of formation damage exists which ndymeontribute to a reduction in we[il
productivity by introducing an extra positive skiear the wellbore. The main objective of matrix
stimulation treatment is to remove this damage.
Such treatment was a new approach inAmal formatimmtained within Sirt basin. The challenge
faced was the need to inject Break-Down Acid JoDAB) technique without inducing fractures (in
the formation (safety margin bottom-holepressureiesghould be not be exceeded), meanwhile the
formation was depleted and applying high injectiate was essential to ensure that the acid redches
the targeted zone.
This paper details a combination of techniquesgmanted in Sirt basin, which have proven| to
enhance the overall operations’ economics and aetiverability. Furthermore, the paper describes a
novel approach for Gas Lift Analysis.
A proper design was achieved following the propdsetiniques resulting in a successful stimulation
treatment. Certain measures were required to asamding any damage and to deal with unexpegted
events.
The formation responded positively to the acid tiremt. A significant increase in flow rate was
observed indicating a successful treatment andttietvell restored its natural undamaged inflow
performance successfully.

In this study a detailed economic impact was donehfidently prove the profitability of the

treatment over the production life of the well. Tiesults obtained from this case study suggest that
several wells producing from Amal formation can &frfrom the proposed new techniques.
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1. INTRODUCTION
Sirte Basin contains about 89% of all the knownrbgdrbonaccumulations in Libya.Amal formation,

a new formation in the eastern Sirte basin, hasn bselected for productivity stimulation
treatment.The candidate well was selected basedctural field performance analysis. The well
performance indicated a steep reduction in delhita whencomparedwith the offset wells. Several
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factors contributed to this weak performance, lkeegwell was drilled almostin 1975 andevidance of
issues with the drilling and completion fluids ussdhat time, found in the drilling and completion
reports. In addition, core analysis and productigiory combined indicate the possibility of sand
migration.

This paper emphasizes the methodologyfollowed tcessfully optimise the first implementation of
stimulation treatment in Amal formation. The aimtbe study was to enhance well deliverability,
improve Gas Lift Analysis and maximise the econaniibe targeted formation responded positively
to the suggestedtreatment. A significant increasfoiwv rate was achieved indicating that Hydraulic
acid (HCI) reduced formation damage and drillingds as planned.

In this study a detailed economic impact was doneptfidently prove the profitability of the

treatment over the production life of the well. Thesults obtained from this case study suggest that
several wells producing from Amal formation can éf@rfrom the proposed new techniques.

2. LITERATURE REVIEW
There aremany sources of formation damage whichcense a reductionin the permeability of the
near wellbore area ( see David, 2014).

Kh(Pe—Py¢)
By (Ln"e/y, +S)
to enhance the well inflow performance: 1) increggihe permeability-height factor, or 2)
decreasing the skin factor.Matrixstimulation maiimyproves the well inflow performance
by removing the formation damage and increasingtiiective wellbore radius. In other
words, this treatment aims to remove the excesaritp pressure drop created by presence
of formation damage around the wellbore.The addtiqoressure drop is represented by
Hawkins formula as a skin factSy: = [;T"] In (:—d)
Amal formation, the targeted formation fo(r) acid'gglimulation, is a sandstone reservoir. The acid
treatment should primarily increase the effectivellbore radius. This goal can be achieved by
dissolving the matrix in the immediate surroundimigga of the borehole, and by re-opening the
existing perforations. In addition, the removétre formation damage resulting from drilling amd/
completion fluids from the formation face and tmvdded zone is expected to contribute to an
improved well performance after the treatment.

Based on semi-steady state, radial flow equétien , therearetwo possible options

A proper candidate selection is one of the keywgllof this study. The lessons learnt shall beiegpl
on the renaming producers from Amal formation. Hie of this pilot test is to avoid the most
common mistakes in the design of the operationpé@ssuch ascompatibility test, and to test the
efficiency of acid diversion approach to ensuret the targeted producing zones were selectively
acidized. Such additives act as a polymer forcimg &cid to flow in the hydrocarbon zones by
changing the effective permeability; consequertily acid will be diverted to the required zones.The
strategy followed was to select a well that iscépalh a greater hydrocarbon production rate, agalys
of the skin sources and selection of the optimupe tgf stimulation fluid to remove this skin and a
proper design of the operation (see David, 201dithermore, the economic analysis of the operation
and the expected production improvement should renthat the extra hydrocarbon productionwill
begreater than the cost of the treatment.

3. SIRT BASIN GENERAL OVERVIEW

Huge data was accessible forSirte Basin after fackakury of oil exploration activities since firsil
production in 1950.Since thenseveral thousandsediswvere drilled, and exploration data, such as
seismic, magnetic and gravitywere collected. Thessfahen comparedwithother areas in Libya, Sirte
basin isfar better known. Many studies were publistegarding thedepositional environment inSirte,
e.g.Gumati and Nairn, Gumati and Kanes, van der rMmad Cloetingh and Baird, et al.
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Furthermore,Suleiman, et al presented results gfagity study of the Sirt Basin. The area of Sirte
Basin isestimated to be of about 600,000° kmcentral of Libya with basin-fill in thicknessf o
7500m. The control of natural faults of Sirte Bashelf was criticalfor oil migration. A number of
deep wells penetrated the basement in Sirte bawlnogerallencompassesParisian accreted oceanic
promenade north of latitude 27 °N (see Harding,4)9%he eastern Sirtecovers the most compound
petroleum systems in Libya. Several potential seurcocks exist and signs of
significantaccumulationsof oil from differentsouscebserved. Such accumulation a@epictedin

Fig. 1, e.g. the giant fields of Messiah, Saritudand Abu Attiffel, and the contiguous highs htist
Amal and An Nafurah-Awjilah fields.lbrahim (1991aé provided evidence that these figures were
most likely correct.

LIBYA SIRTE BASIN

STRUCTURAL ELEMENTS AND MAJOR
FIELDS OF THE EASTERN SIRTE BASIN
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Figure 1: Structural Elements and major fields loé eastern Sirt basin (Ibrahim, 1991).

The Sirt Basin contains about 89% of all the knoWwydrocarbons accumulationsin Libya.
Thiscanbeattributed to three main factors, the MeissCenozoic age of the basin, the presence of a
rich and prolific source rock in the Upper Cretace&irt Shale, and the late age of oil generatiwh a
migration (mostlyinCenozoic, and much of it in la@enozoic). In 1980 Parsons et al. categorised
hydrocarbon discoveries based on reservoir age,ty#f@e, reservoir type, age of top seal, reservoir
depth and reservoir temperature (Table 1). Whilahyndiscoveries have been made since then, the
data was still valid. The table showed that the ép@retaceous (Nubian) Sandstone was the most
prolific reservoir, followed by Palaeocene carbesaind then Upper Cretaceous elastics. More than
80% of the oil was found in structural traps, ahtast 50% of the fields were in the depth range
2400 to 3200 m and a temperature range of 66 t6.98%tecent review was made by Baird et al.

*Tel.: +218 91 372 4106
E-mails address: Emad.fandi@halliburton.com; Emad.fandi77@gmail.com



100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

116
117

118
119
120
121
122
123

Parsons, et al. (1980) claimed that the Sirt Baambe characterised by four main features: extelle
reservoirs in both Elastics and Carbonates, majoaleS and Evaporate seals throughout the
succession, an abundance of structures mostlyeckelat the tensional regime which dominated the
history of the basin, and a thick and mature ailngrsource rock. No estimates have been published
of the amount of oil generated in the Sirt Basiut, &ven assuming a 2% trapping efficiency (which
was high) it must amount to at least 5.8 trillicarrels. This would imply generating a capacity of
about 0.25 barrels per m?® of source rock which égerthan 1%total organic carb¢hOC).To date
approximately 117 billion barrels of oil in placave been discovered in the Sirt Basin of which 93
billion barrels were contained in nineteen giaatds.

Although the Sirt Shale was by far the most imaottsource rock in the basin, several other
sequences also with source potential have beergmessm, including the Triassic, Nubian and
TuronianShales. The Sirt Basin petroleum systentisbwidiscussed in five areas: the western area
centred on the Zallah Trough, the Maradah Trougbstern Ajdabiyah Trough, eastern Ajdabiya
Trough and eastern Sirt embayment (see Vail, 1991).

Table. 1 Sirt Basin, Classification of Hydrocartdoiscoveries

SIRT BASIN, CLASSIFICATION OF HYDROCARBON DISCOVERIES, 1980.

By age of top seal BY reservoir age By trap type By ressrvoir type | By reservoir depth 1:,}';}:“,“; :l;c

Oligocens B.4% Cligoceana- Strugtural 83.7% | Carbonats 42 2% | O - B00m - 10 - 35 14.9%
Eocens 8,45,

U, Palasocens  20.7% Strafigraphic  16.3% | Clastic 57 8% | 800 - 1200m 14%| 38 - BEIC 20%
Falagocensa 33.8%

L. Palagesens  27.1% 1200 - 18006 26%| 86 - 33°C 3%
U Crefacaous!
Palasozois 28.3%

Crataceous 43.8% 1800 - 2400m 63 | 831215 8%
Crefacacus
sardstanes 26 5% 2400 - 3200m 480 121 - 14850 2%

Balow 3200m 6%

Source: Parsons, ef g, (UR0D
4. GEOLOGICAL SETTING
Libyaislocatedon the Mediterranean foreland of th&ican Shield, extending over several
sedimentary basins. Several tectonic movementsgadts formed the present major structural and
tectonic features, including Caledonian, Hercynimg@nies of Paleozoic time, and disturbances
during Cretaceous to Middle Tertiary times (see &@urand Goudarzi, 1967). These events have
resulted in uplifting, subsidence, tilting, and Ifang. Libya has been subdivided into major
sedimentary basins (Fig. 2).
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Figure 2: Sedimentary Basins as depected in Gedgcaplocation map (after Clifford, 1986)

EGYFT

Sirte basin was the youngest and most hydrocarbolifip basin in Libya. Tectonically the Sirte
basin was a Northwest elongated basin made ofiassef Northwest-Southeast trending platforms
(Horsts) and Troughs (Grabens) as shown in figureTl® basin has subsided slowly during
Cretaceous and Tertiary, particularly in the Eocime when the maximum rate of Subsidence of the
basin was reached (Berggren, 1964). After the opemif the Sirt Basin, the Sea transgressed
Southward in the subsiding Grabens and in the laweing highs which were subsiding at a slow
rate. The Sea transgression reached Latitude 2ihgdtine late Cretaceous and Paleocenetime;
consequently, most of the major highs were covénethe Sea. During the early Eocene, a partial
regression of the sea occurred creating restricbediitions over the south-western part of the basin
New marine transgression occurred in the middleeBeliminating those restricted conditions. The
marine sedimentation prevailed and continued uhél Quaternary, when the basin was covered by
continental sediments. Sedimentation in the Basiries from thick accumulations of organic-rich
bituminous Shale and deep marine carbonates ttoghalarine carbonates and Evaporates and so on
and so forth. The Cycles could be resulted as lp@nges in the sediment Supply, from reactivation of
faults or from rapid subsidence. Several writesn{€p, 1971; Futyan and Jawzi, 1996; Guiraud and
Bosworth, 1997)argue that Sirte Basin province maestigated to be a continental rift holotype of a
(extensional) area which was known aspart of thtayem rift system.

Futyan and Jawzi (1996) discuss in details the skirch/Alma Arch uplift. The Cyrenaica platform
(also known as Shelf including both uplift and Ibdswas profilingnortheastern and eastern
boundaries. The western boundary called the Weshelf (see Fig. 2), it wasaggregated of
northwest-trending (extension) known as FazzanfU@Iripoli-As Sawda Arch) and Nubian Uplift
(Ahibrandt, 2001).

The Sirt Basin region was known as a continenfalholotype (extensional area) as well as was
countered as part of the Tethyan rift system (sggah and Jawzi, 1996; andGuiraud and Bosworth,
1997). The weakness of the area structurallywastitited by discontinuous periods of subsidence
uplift and arising in the late age of Precambriarhatbegan with Pan African Orogeny
whichdeveloped several proto-continental fragmeastpart of early Gondwanaland (Kroner, 1993).

*Tel.: +218 91 372 4106
E-mails address: Emad.fandi@halliburton.com; Emad.fandi77@gmail.com



153
154
155
156
157
158
159

160
161

162
163
164
165
166
167
168
169
170
171
172
173
174

The history of Early Paleozoic of Sirte Basin ingth a relatively uninterruptedPaleozoicCratonic sag
basin (Ahibrandt, 2001). In the Early Cretaceowsrtfting started, in the Late Cretaceous reached t
peak, and in the Early Tertiary age was complefBlais resulted in triple junction (Tibesti,
SarirandSirtearms as depicted in figure Figure3jiwithe basins (see Ambrose, 2000). However,
this rifting emulatedSinistral shear in east-weehes (strike-slip) whichfirmlyrestricted clastic
deposition inSarir arm (as mentioned by Anketell @96).
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Figure 3: Sirte Basin map of Structural elements.

Platforms, troughs, horsts and grabenswere idéntgcens. Horsts and Grabens particularly have
multiple names. For example Sirtetrough was alsmaknas Kalash or Ajdabiyatrough, (Ahibrandt,
2001).

1.1 LITHOLOGY
The name Amal Formation has recently been used formation in the subsurface of the Amal Field
area (see Roberts, 1970). However, it was not fllyrpaoposed as a new formation nor was a type
section established at the same age.
Therefore, the Amal Formation was here proposealramw formation in the subsurface of the eastern
Sirte Basin; however, it was identical to the rarkt used by Roberts. The type section was located
in the Mobil B1-12 Well at a drill depth of 9829 14,290 feet (total depth), which corresponds to a
subsea depth of 9688 to 11,149 feet. The basedbtimation was not reached.
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AGE LITHOLOGY The Amal Formation was predominantly

T s s e - sandstone sequence. It was heterogeneo
e | i colour, grain size and sorting. In colouthe

sandstones range from white to red, purple
and gray. The tan, white and graycolowvere
dominant. The grain size ranges from vénge
sand to cobbles with the medium to coarser |
sizes being more common. Sorting was gene
poor, and conglomerate beds were freq
Quartz was the dominant detrital material as
as the mostmportant cementing agent. Access
constituents were feldspar, mica, pyrite, hem
and various dark minerals. Clays, sericite
rarely dolomite were found as cementing mate
in much of the formation. Generally
sandstones were firmly cemented,anc

T | WEOCER
WAJAH

1 21l
m inr
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= il - red brittle, and micaceousshales.
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Figure 4: Central Sirte Basin,Stratigi%éhic

(Tibesti and Sirte arms) (Ahibrandt,12601).
180

5. DATA SUMMARY
The input data was provided by Harouge Oil Opera@ompany including reservoir properties, fluid
properties, composite logs, well schematic and gectdn history. Halliburton Company provided
Insite for Stimulation (IFS) package including besCore and Insite Stimulation software products.
Heriot Watt University provided Wellflo Software.
Insite for Stimulation (IFS)is a realtime data asgion System based on Insite Core and Insite
Stimulation software products. For production erdesment, IFS was theas initial module used for
data acquisition in the workflow. Other steps wideen by Halliburton Management System (HMS)
HMSrecorded the processes implemented. The workdrat such level was more comprehensive
than at the HMS system.Therefore, a new workflownequired.

6. METHODOLOGY AND PROCEDURES

After studying the geology and mineralogy of theration, a design was made by wellflo before and
after the treatment. This is to ensure an optimigpdration and to evaluate the expected gain for
economics considerations.
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The damaged zone was estimated from various so(gagshe drilling report, the completion report,
the production history). This analysis is usedfwcalculations of the volume of the treatment acid
required for the operation. Permeabilityvariatiamsaddition to presence of water are two important
requirements for a successfulacid diversion. Astioaed above, this technique is newly presented
in Libya. Finally, injectivity test was performed order to calculate the injection rate.

The formation responded positively to thetreatnurgign. The recommended volumes were 22.1 gal
/ ft as shown in the table 2. This technique isknoas wellbore clean-out used for improving
permeability and removing damage within 2-3 feetthad reservoir. Based on reservoir study, the
damage was reported within this range and thewismade accordingly.

Below we provide details on the process followed.
4.4 The proposed treatment for Stage 1 consistsof:

* 200 gal of Pickling Treatment.
» 12000 gal of Main Treatment 15% HCL Acid with Addés
* 2500 gal of Guidon (Diverter).
* 5000 gal of Displacement of Water (non-Corrosiveidl.
4.5 The actual treatment program performed as follows:
e 12200 gal of Main Treatment 15% HCL Acid with Hallirton Additives
e 2500 gal of Guidon (Diverter).
e 6720 gal of Displacement of Water (non-Corrosiveiddl.

Table 2: Amal 'B' Formation Treatment Design andomended Volumes.

HALLIBURTON DESCRIPTION WT - VOL UNIT Comments
PE ACID 15% Hydrochloric 12200 GAL Main Treatment
WATER 4722 GAL Fresh Water
HYDROCHLORIC,22 BAUME, gals 6160 GAL Raw Acid
HAI-OS CRSN INHIB, gals 61 GAL Corrosion Inhibitor
FE-1A ACETIC ACID - gals 122 GAL pH Control
FE-2, Ibs 330 LBS Iron Chelating Agent
CLA-STA XP, gals 120 GAL Clay and Fine Control
MUSOL®, gals 990 GAL Mutual Solvent
Losurf-300M, gals 24 GAL Surfactant
Guidon 2500 GAL Diverter
WATER 2387 GAL Fresh Water
HPT-1, gal 108 GAL Polymer
BA-20, gals 5 GAL pH Control
KCL, lbs 440 LBS Salt

4.6 Pumping Unit& Fluid Transport trailers

Pumping unit was able to blend and pump up to thgimum pressure and maximum rate through
the well head. Data measurement and control wangakto ensure a successfulacidizing operation.
Thefluid transport trailer used has a capacity 0@ gal including acid treatment, additives, and
diverters.

7. RESULTS AND DISCUSSIONS

Treatment timingwas essential for the operationnentcs regardless of whetherthe wells were
naturally flowing or usingany artificial lift metldo.. In other words, well stimulationisonly justifi
when the net (discounted) gain of the resultingaestl or gas productionisgreater than the coshef
stimulation treatment.

The purpose ofAmal Reservoir'B’ treatment was tmstate or effectively increase the flow capacity
of Amal Formation.This increase was accomplishedhieyAcid's ability to dissolve part of the rock,
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certain scale, mud and other soluble material. iMatcidizing aims to increase the well's Pl by
reducing Skin (Dissolving formation damage).Figuse shows a comparison between Inflow
Performance curve (IPR) for the same well befok after treatment.

After treatment the production increased by a rafi@00% withoptimum gas injection rate of 0.75
MMSCF/Day and fluid level increased by a ratio af% compared with the unstimulated well
conditions. These results indicated the importasfcimvestigating the potential production increase
and the treatment cost efficiency for this formatiwhen a campaign treatment is performed. The
wells will be ranked according to the anticipateiing

Inflow Performance For Amal Formation (B ) - Sirte Basin
Manual Data Model
" 2600 - [ .
E Unstimulated IPR Voge
= Stimulated IPR Vogel
&
% 1950 +
&
g 1300 -
E
=}
[
&
5 650
E
E
8 o . : . - .
o 1250 2500 750 5000
Total Production Rate {STB/day)
Production Index AQF C-coefficient n-coefficient
(& TB/dayipsi) (STBiday) (STBidayipsiin)
0.4000 604.2 Vogel
LTE0O 4199.4 Vogel

Figure 5:lmproved Inflow performance Curve fromtiansilated.

Initially non-corrosive fluid was pumped to ensuhat there were no returns as an indication of
formation depletion. This step was followed by nmakadecision to cut pickling stage and perform
aninjectivity test just before injecting the Acidrfthe main treatment as shown in Figure 6.The
optimum injection rate was 22.1 gallon / feet. Thias followed bySoaking Agitation Treatment

(SAT)to improvefluid diversion as required.The m#&arpose of using SAT was to remove scale,
Open perforations and react with sand face regiaestore near wellbore permeability. Formation's
depletionanalysis isshown in Fig. 6.
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Pass-Side Pump Rate (bpm)
A Pass-Side Pump Total (bbl) ™/ C Back Side Pressure (psi)
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10:00 10:10 10:20 10:30 10:40
2/21/2013 . 2/21/2013
Time
Global Event Log
Started Squeeze Acid 15% HCL 95.2 bbl 09:54:13
Strated Squeeze Diverter 21.4 bbl 10:20:51
Started Squeeze Acid 15% HCL 57.1bbl 10:26:26
Started Squeeze Diverter 9.7 bbl 10:41:13

Stop Pump and let Acid soak for 30 min 10:44:19

252
253 Figure 6: Squeeze Acid and Diverter before Soakidgjitation Treatment — Stage 1.
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Global Event Log
Started Squeeze Diverter 9.3 bbl 11:17:03
Started Squeeze 15% HCL 57.1 bbl 11:19:22
Started Squeeze Diverter 19.0 bbl 11:28:58
Started Squeeze Acid 15 % HCL 80.9 bbl 11:33:04
Stop Pumping to bleed off back side pressure 11:41:08
Started Continuous the Stage - 9 - End 11:51:57

255
256 Figure 7: Squeeze Acid and Diverter after Soakidgjitation Treatment - Stage 1

257  The final results of the last stage of the treatnf€witch to water displacement) detailed below an
258 depictedin the figure 8.

259 * The pressure was 2104 psi and the rate was 5.186 bp
260 * The pressure was 1419 psi and the rate was 2.65 bpm
261 * The pressure was 2032 psi and the rate was 3.26 bpm
262 * The pressure was 2488 psi and the rate was 4.065 bp
263 * The pressure was 942.4 psi and the rate was 1880 b
264 e The pressure was 1194 psi and the rate was 1.960 bp
265
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Figure 8:Switch to Water to Displace and Continggi&eze - Stage 1

The low production wells with high skin need to tveated to assure increasingits productivity,
consequently increasing the liquid rate productRunning Flowing Gradient reservoir Survey (FGS)
was required for skin estimation around the weklbaressure transient analysis).In addition, based
onthe design it was found thatthe well's productwaiti increase with low gas injection rate.Actual
well performanceprovedthisanalysis is correct. Fégu7 to 10 illustrate comparison between

stimulated and unstimulated cases, indicating #peddency of target injection point on PI.
The wellflo model design was based on the actuasmements obtained fromthe FGS.

Other concerns were considered during the desagestuch as fingering or acid channelling. Based
on the production performance after the treatmiet,results showed that the production is slightly
increasing with time indicating that diversion taitfue worked properly and prevented the fingering.
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Figure 9: Inflow/Outflow curve unstimulated.
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287 Figure 12: Gas lift positions after acidizing

288 5 ECONOMIC IMPACT

289 Based on production historywe provide beloy a comparison between two casestl{ and without
290  stimulation treatment). Aslepicter in figure 13, production forecashs estimated for the ca
291  without treatment based on 3 years production witldecline rate of 5%; on the other ha
292 production forecastfothe treated case was estimated based on more tyaar8 production ter
293 treatment with decline rate of 10¢A significant increase in production can be sedicating that
294  treatment was fit for purpose.

295
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297 Figure 13 A comparison between treated and untreated cadtbsforecasting
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Furthermore, an economic analysis was performedrdier to evaluate theeconomic impact of the
treatment of this well. Some assumptions were impleted to estimate net present value (NPV)
including crude oil price $50, Operating Expendit(©PEX) $10 per barrel, and discount rate up to
20%. As shown in table 1, payback occurred in its year with Terminal Cash Surplus (TCS) about
$226m. A Net Present Value (NPV) of $73 million @8Z) indicates that the treatment would
generate a surplus of purchasing power of this ataien comparing to unstimulated case which
had very low production rate. In this case the vigls evaluated and some uncertainties were taken in
the considerations when the decision was made.
The increase in production was converted to aremental revenue, on the other hand, there were
three incremental cost elements; CAPEX, OPEX asdtinent cost.In conclusion, the treatment
succeeded technically and commercially.
Finally, the capacity of surface facilitiesis25,000pd whereas the actual production was less than
10,000 bopd. This was enough to handle the incrisapeoduction. Furthermore, the pipe line size
was 4 inches with 700 meters length. Therefore,ilbecase in production was handled smoothly
without any drawbacks.

Table 2: Project Economic Impacts.

Qil Prodction [Oil Price [Revenue Opex Capex NCF [Cum NCF [DF(20%) NPV |Cum NPV
N | Year

1076 STB_|$ $m (2007)[$m/STB] $m| $m [$m| $m $m $m | $m
012007 0
12008 0
2 12009 0
312010] 0.45971600 50 23 10 51 0.155487 | 18 18 | 0.578703704 11 11
4 (2011] 0.89787581 50 45 10 9 0 36 54 | 0.482253086 17 28
512012] 0.95732025 50 48 10 10 0 38 92 | 0.401877572 15 43
6 12013] 0.72309539 50 36 10 7 0 29 121 | 0.334897977 10 53
7 12014| 0.58403475 50 29 10 6 0 23 145 | 0.279081647 7 59
8 [2015]| 0.51098475 50 26 10 5 0 20 165 | 0.232568039 5 64
9 [2016] 0.43793475 50 22 10 4 0 18 183 | 0.193806699 3 68
10{2017| 0.36488475 50 18 10 4 0 15 197 | 0.161505583 2 70
11[2018| 0.29183475 50 15 10 3 0 12 209 | 0.134587986 2 72
12[2019| 0.21878475 50 11 10 2 0 9 218 | 0.112156655 1 73
13[2020]| 0.14573475 50 7 10 1 0 6 224 1 0.093463879 1 73
14]2021| 0.07268475 50 4 10 1 0 3 226 | 0.077886566 | 0.23 73

6 CONCLUSION
The acid stimulation treatment implemented inAmatriation has successfully resulted inlowering
the near well-bore pressure losses, removing timeasid improving the overall well productivity.
Two factors were found responsible for theadditipressure drop near the wellbore:

1. Amount of the permeability impairment, which wasasered as a permeability reduction.

2. Radial thickness of the impaired or damage area.
Stimulation of Amal ‘B'was achieved by a 15% HCLicevith additives and Guidon as diversion
system.
After treatment the Production increased by a rati800% by optimum gas injection rate of 0.75
MMSCF/Day and fluid level increased by a ratio af% compared with the unstimulated well
conditions. The lessons learnt shall be implemeitiea proper designed campaign considering all
producers of Amal formation.
During designing an acid job, engineers must berawé the various possible types and sources of
formation damage. The well history and operatiogegorts should be reviewed carefully in order to
successfully identify the main causes of extragresdrop near the wellbore.
The engineer should alsounderstand the most comtypas of formation damage that may
occurduring acidizing treatment such as formatiom-cdnsolidation, fines mobilization,
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reactionbetween chemicals, chemicals incompatisliprecipitation of iron compounds, emulsions
and sludge

The criteria used to choose the optimum injectiate was basically called the technical optimum
injection rate. However, the economic optimum gajgdtion rate will be relatively low. It was
denoted as the economical gas injection rate athwthie marginal cost of providing extra injection
gas was equal to the marginal revenue of the exwh production gained from the extra gas
incremental.Nevertheless, Down-hole sampling, P§fgcial core analysis were required to have a
better vision and design. Moreover, for fine tunagood reservoir and geological description like
bed thicknesses, faults, fractures, rock type, ggonand structure through extra seismic acquisitio
were very powerful.
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ABBREVIATIONS

AOF: Absolute Open Flow

API: America Petroleum Institute
bbl/min: Barrel per Minute

Btm: Bottom

CAPEX: Capital Expenditure

DPC: Differential pressure casing
EPSE: Edinburgh Petroleum Services
FBHP: Flowing Bottom Hole Pressure
Ft: Feet

FWHP: Flowing well head pressure
Gal: Gallon

G.O.R: Gas Oil Ratio

G.L: Gas Lift

HCL: Hydrochloric Acid

HMS: Halliburton Mangment System
IPR: Inflow Performance Relationship
Kh: Permeability Thickness
MMSCF/d: Million standard cubic feet per day
MD: Measured Depth

Md: Milli Darcy

MPP: Mid Perforation Point

NPV: Net Present Value

OP: Operating Pressure

OPEX: Operation Expenditure

Perf: Perforation

PI: Productivity Index

Pr: Reservoir Pressure

PSI: Pounds Square Inch

Pso: Surface Opening Pressure

Pt: Tubing Pressure

PVT: Pressure, Volume and Temperature
Pwf: Well Flowing Pressure

S: Skin

Thg: Tubing

TCS: Terminal Cash Surplus

TD: Total Depth

TVD: True Vertical Depth

VLP: Vertical Lift Performance
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W.H:
WC:

Well Head
Water Cut
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