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Introduction to Production Technology zZW¥! L ol ¢iSi A 4atia

The production engineering is that part of Petroleum Engineering which attempts to
maximize production (or injection) in a cost manner.
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The appreciation of production engineering and methods of application are related

directly and interpedently with other major areas of petroleum engineering such as

Formation Evaluation, Drilling engineering and Reservoir Engineering.
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The role of the Production Technologist is extremely broad. Currently within the

operating companies in the petroleum industry, the role and responsibility does vary

between companies but can be broadly said to be responsible for the production

system.
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The production system is a composite term describing the entire production process
and includes the following principal components:-
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1- The reservoir - it productive capacity and dynamic production characteristics over
the envisaged life of the development.
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2- The wellbore - the production interval, the sump and the fluids in the wellbore.
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3- Production Conduit - comprising the tubing and the tubing components.
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4- Wellhead, Xmas Tree and Flow Lines .
. 3 bghasg ulewg S Bymiig Al ()

5- Treatment Facilities . ! (38150



In simple terms, the term "well completion" refers to the methods by which a newly

drilled well can be finalized so that reservoir fluids can be produced to surface
production facilities efficiently and safely. In general, the process of completing a
well includes the following :
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1) A method of providing satisfactory communication between the reservoir and the
borehole.
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2) The design of the tubulars (casing and tubing) which will be installed in the well.
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3) An appropriate method of raising reservoir fluids to the surface.

! J] Ol s ) Apanlio 51 (3

4) The design and the installation in the well of various components used to allow
efficient production, pressure integrity testing, emergency containment of reservoir
fluids, reservoir monitoring, barrier placement, well maintenance and well kill.
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5) The installation of safety devises and equipment, which will automatically shut a well
in the event of a disaster.
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Before knowing the classification of completion, must know the main objective from
wells drilling as following :
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1) Exploration and evaluation wells: This type of wells is drill for exploration and
evaluation.
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2) Production wells: The wells are drilled and completed for produce oil, gas and

sometime water produce.
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3) Injection wells: The wells are drilled and completed for inject water or gas or chemical
material and sometimes petroleum products.
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4) Measurement and observation wells: The wells are drilled and completed for
observation the reservoir (reservoir fluid behavior, reservoir pressure, etc...).
¢ oSl asys ¢ S5l aSeall Hghan) Oyl dblye) LSty SN i ety 1didlyelly Guladdl LT (4
(e &

5) Special operation wells: The wells are drilled and completed for special operation
such as to kill the below out well.

l. Fluid flow Il. Reservoir dynamics
lll. Equipment design, installation, operation and fault diagnosis
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From the above definition it can be seen that the responsibilities of Production
Technology cover primarily subsurface aspects of the system but they can also
extend to some of the surface facilities and treatment capabilities, depending on
the operating company. The role of the Production Technologist is one of
achieving optimum performance from the production system and to achieve this
the technologist must understand fully the chemical and physical characteristics of
the fluids which are to be produced and also the engineering systems which will be



utilized to control the efficient and safe production/injection of fluids. The
importance of the production chemistry input has only recently been widely
acknowledged. It is clear that the physico-chemical processes which take place in
the production of fluids can have a tremendous impact on project economics and
on both the production capacity and safety of the well.

The main disciplines which are involved in Production Technology are:
l. Fluid flow Il. Reservoir dynamics
lll. Equipment design, installation, operation and fault diagnosis
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Reservoir Drive Mechanisms 01331 J31s &85> el
Ideally the hydrocarbons are recovered from the reservoir porous media by the

assistance of the drive mechanisms weather it was natural or artificial. Drive
mechanisms have two classifications:
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Internal drive: Using the internal energy of the reservoir configuration.
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External drive: Which involves the invasion of the pore spaces by a replacement fluid,

this type of drive called "Secondary recovery or Enhanced oil recovery".
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Internal drive : dds-lul Syl

This is known as primary recovery, which includes three drive mechanisms:
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A. Depletion or internal gas drive (See Figure -2).
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B. External gas cap drive (See Figure — 3).
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C. Water drive (See Figure — 4).
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A- Depletion or internal gas drive :

The compressibility of oil and water is relatively small. As soon as production
commences, it is accompanied by a rapid drop of pressure in the producing zone which
soon reaches the bubble point of entrained gas. Initially, this gas is dispersed, but it
rapidly expands and assists in dispelling the oil. Eventually, however, the gas will start
to form a gas front, which, having more mobility than the oil, will increase the
production gas to oil ratios. This depletion or dissolved gas drive is characterized by a
rapid decline in reservoir pressure and by the recovery of only a small percentage of the
oil in situation, e.g. 5 to 20% maximum see figure — 5
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Solution gas drive mechanism
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Figure — 2: Internal Gas Drive

B- External gas cap drive

Where the oil has a gas cap, the gas cap pressure together with the pressure of gas in
solution tends to maintain pressure in the reservoir much longer than depletion drive.
Therefore, gas cap reservoirs have higher recovery rates e.g. 20 to 40% see figure — 5
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B. MAP VIEW

Figure — 3: Gas Cap Drive

C- Water Drive

Water drive is characterized by large local deposits of water which expand as
pressure is reduced in the reservoir. Eventually, recovery will decrease due to the
greater mobility of the water front which eventually breaks through to the well-bore
with increased water to oil ratios. Nonetheless, water drive is the most efficient of all
the drive mechanisms and can produce recovery rates as high as 60% see figure — 5
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Water Drive Mechanism
Flaufo 3.5 wWater Drive

Edge Water Drive

Figure — 4: Water Drive
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Figure — 5: Expected recovery from different drives.
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Radial Flow in the Reservoir:
Description of geometry is often possible only with the use of numerical simulators. For many
engineering purposes, however, the actual flow geometry may be represented by one of the
following flow geometries:
|. Radial flow . Linear flow [ll. Spherical and hemispherical flow
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I. Radial Flow:

In the absence of severe reservoir heterogeneities, flow into or away from a wellbore will
follow radial flow lines from a substantial distance from the wellbore. Because fluids move
toward the well from all directions and coverage at the wellbore, the term radial flow is given
to characterize the flow of fluid into the wellbore. Figure - 6 shows idealized flow lines and
isopotential lines for a radial flow system.
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Figure — 6: Ideal Radial Flow into the Reservoir
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Il. Linear Flow

Linear flow occurs when flow paths are parallel and the fluid flows in a single direction. In
addition, the cross sectional area to flow must be constant. Figure - 7 shows an idealized linear
flow system. A common application of linear flow equations is the fluid flow into vertical

hydraulic fractures as illustrated in Figure - 8.
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Figure - 8: Ideal Linear Flow into Vertical Fracture

el N sl 8 G sl gaad) ;8 JSall



lll. Spherical and Hemispherical Flow

Depending upon the type of wellbore completion configuration, it is possible to have a
spherical or hemispherical flow near the wellbore. A well with a limited perforated interval
could result in spherical flow in the vicinity of the perforations as illustrated in Figure - 9. A
well that only partially penetrates the pay zone, as shown in Figure - 10, could result in
hemispherical flow. The condition could arise where coning of bottom water is important.
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Figure - 9: Spherical Flow due to Limited Entry
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Figure - 10: Hemispherical Flow
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FLUID FLOW EQUATIONS Jil gaud) (3N Y alaa

Darcy’s Law (13 (i

The fundamental law of fluid motion in porous media is Darcy’s Law. The mathematical
expression developed by Henry Darcy in 1856 states the velocity of a homogeneous fluid in a
porous medium is proportional to the pressure gradient and inversely proportional to the fluid
viscosity. For a horizontal linear system, this relationship is:

q k dp
v=—=———

A u dx
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v is the apparent velocity in centimeters per second and is equal to q/A, where q is the
volumetric flow rate in cubic centimeters per second and A is total cross-sectional area of the
rock in square centimeters.
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In other words, A includes the area of the rock material as well as the area of the pore
channels.
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The fluid viscosity, i, is expressed in centipoise units, and the Pressure gradient, dp/dx, is in
atmospheres per centimeter, taken in the same direction as v and q.
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The proportionality constant k, is the permeability of the rock expressed in Darcy units.
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The negative sign in the equation is added because the pressure gradient is negative in the
direction of flow.
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For a horizontal-radial system, the pressure gradient is positive and Darcy’s equation can be
expressed in the following generalized radial form:
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Where

q= volumetric flow rate at radius r ~ ( r_hdll caali vie  _axall G831 Jaaa )

A = cross-sectional area to flow at radius r ~ ( rokbdll i xie 38l i jell adaiall daliss )
(Op/or)= pressure gradient at radius r (1 bl Cuai vie Laauall 7 i)

v=apparent velocity at radius r ( r_hill coai vie 3 alkll e Hull )

The cross-sectional area at radius r is essentially the surface area of a cylinder. For a fully
penetrated well with a net thickness of h, the cross-sectional area A is given by:
A.=2nrh
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Linear Flow of Incompressible Fluids diall ALl e i gudl i) gdail)

In the linear system, it is assumed the flow occurs through a constant cross-sectional area A,
Where both ends are entirely open to flow. It is also assumed that no flow crosses the sides, top,
or bottom as shown in Figure -11 below:\
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Figure - 11: Linear Flow Model



If an incompressible fluid is flowing across the element dx, then the fluid velocity v and the flow rate q are
constants at all points. The flow behavior in this system can be expressed by the differential form of Darcy’s

equation and integrating over the length of the linear system gives

k

q (L _ kP _ kA@P1-p2)
Zfodx__ﬂ Pldp_)q_
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OR It is desirable to express the above relationship in customary field units q = " (P1-P2)
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Where:

q = flow rate, bbl./day (<l Jxe) ;a0 5 2l Jaea

k = absolute permeability, md 4sllaqll 4,3

p = pressure, psia bl

u =viscosity, cp B\

L = distance, ft. ALl

A = cross-sectional area, ft? el ahidl dalis

Example: An incompressible fluid flows in a linear porous media with the following properties:

L =2000 ft h =20’ width = 300’

k =100 md ?=15% u=20cp P; = 2000 psi P, = 1990 psi
Calculate:

a. Flow rate in bbl./day cuall Jaza

b. Apparent fluid velocity in ft./day _aUall JiLull de
c. Actual fluid velocity in ft./day Aladl) Sl de p

Solution:
Calculate cross-sectionalarea A — A = (h)(width) = (20)(300) = 6000ft?

a. Calculate Flow rate

_ (0001127) () (D) (P1-P2) _,
= L

_(0.001127)(100)(6000)(2000—1990)
- (20)(2000)

= 0.16905md. ft.psi/c x 10 = 1.6905 bbl/day

b. Calculate the apparent velocity:

q _ (1.6905)(5.615)
A~ 6000

V= - v =0.00158 ft/day

c. Calculate the actual velocity :

p= 4 _ (16905)(5615) _

7 = 156000, = 0-010546 ft/day



Radial Flow of Incompressible Fluids

In a radial flow system, all fluids move toward the producing well from all directions. Before flow can take
place, however, a pressure differential must exist. Thus, if a well is to produce oil, which implies a flow of
fluids through the formation to the wellbore, the pressure in the formation at the wellbore must be less than
the pressure in the formation at some distance from the well.
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The pressure in the formation at the wellbore of a producing well is know as the bottom-hole flowing pressure
(flowing BHP, Pwf). Consider Figure - 12 which schematically illustrates the radial flow of
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an incompressible fluid toward a vertical well. The formation is considered to a uniform thickness h and a
constant permeability k. Because the fluid is incompressible, the flow rate g must be constant at all radii. Due
to the steady-state flowing condition, the pressure profile around the wellbore is maintained constant with
time. Let Pwf represent the maintained bottomhole flowing pressure at the wellbore radius rw and pe denote
the external pressure at the external or drainage radius. Darcy’s equation as described earlier can be used to
determine the flow rate at any radius r:
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Figure - 12: Radial Flow Model



Frequently the two radii of interest are the wellbore radius r,, and the external or drainage radius r, then:

_ 0.00708Kh (P, —P,)
° “‘0 BO ln(re/rw)

Where :

Qo = oil ,flow rate ( STB/day) &l (3833 Jaza

P, = external pressure ( psi) > &l bl

P, s = bottom-hole flowing pressure ( psi) ciall bauall Jiui baal

K = permeability ( md ) axlodl

Ho= 0il viscosity (cp) 4as U

B, = oil formation volume factor ( bbl/STB) il (Sl aas Jale

h = thickness (ft) (0ad) el

1, = external or drainage radius (ft) < all 5 & la jlad Caais yila
1, = wellbore radius (ft) _ull jhi Coas

To account for the convergence effects of flow, a simplified model based upon the assumption of radial flow
to a central well located in the middle of a cylindrical reservoir unit is assumed as shown in Figure - 13 below:
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Figure 13: Radial Inflow Model



The model assumes: z3salll (a sidy

R/
A X4

R/
L X4

The reservoir is horizontal and of constant thickness h. ASlewll culi5 il () 3

The reservoir has constant rock properties of ¢ and K. J 4G &4 aa (ailad 41 () 3al

Single phase flow occurs to the well bore. il <aysad ) ) shall galal @ax sy
The reservoir is circular of radius 7, . s ki aai 5yl Gl Al
The well is located at the center of the reservoir and is of radius 7;,,.

The fluid is of constant viscosity p. 4G da 53 55 Jiludl

The well is vertical and completed open hole, i.e. fluid enters the wellbore through the total height h.
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Completion Design Consideration Jai¥) araal &) jLic)

Production technology contributes substantially as one of the major technical functions within an operating
company and in particular, to its economic performance and cashflow. As with any commercial venture, the
overall incentive will be to maximize profitability and it is in this context that the operations for which the
production technologist is responsible, are at the sharp end of project economics.
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The objectives of an oil company operation could be broadly classified, with respect to two complimentary

business drivers, namely :
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(a) Maximizing the magnitude of and accelerating cash flow 4355 g i 5 (g8l (G331l ans aadaat
(b) Cost minimization in terms of cost/bbl. e [ Al Cua e QK Sl
Total cost minimization may not be recommended.  4:llaaY) 481 Jul&5 raly Y 8

1- Cashflow: The overall objectives would ideally be to maximize both cashflow and recoverable reserves. This
would normally require maintaining the well in an operational state to achieve

Lleall sale 13 allaty s jiw3 AL cbdalaa ) g dpaail) culdnl) o JS aadaat oo e JS5 Adlad) il oy i sl gaxil)
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o maximum production rates s sadll ZWY) O¥aea
o maximum economic longevity (sl Jsh il

o minimum down time <& 5l ¢y e Y] 2al)




This is shown in Figures bellow
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2- Cost: In this category there would be both fixed and direct costs, the fixed costs being those associated by

Cummulative Income stream £/$

Time

conducting the operation and the direct or variable costs being associated with the level of production and the
nature of the operating problems. The latter costs are therefore defined in terms of cost per barrel of oil
produced. On this basis the production technologist would seek to:

5l gl 5 plal) Callall s Alaall o jals das jal) ol A Gl Sl ¢ 3 pilia s Aals CllSS @llia () oS Al o34 3 ;ARSI -2
Cobad I e il Tl Jae s S5 Cua e a1 CRlISE aaad 2t Ly Jsntill JSUie Raida s 2 Y (5 sy Aai yall
() oY) A

o Minimize capital costs Jall (il Cadlss s

o Minimize production costs  zUY) callss Jylss
o Minimize treatment costsg Jall adlss Julis

o Minimize workover costs ¥ dilua Call<s Julss

From the above, the bulk of the operations for which the production technologist is responsible or has major
inputs to, are at the sharp end of ensuring that the company’s operations are safe, efficient and profitable.
There for before a production well is drilled, a great deal of planning must be undertaken to ensure that the
design of the completion is the best possible. A number of factors must be taken into account during this
planning stage, which can broadly be split into the objective of well drilling, reservoir considerations and
mechanical considerations.
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Reservoir considerations (il (paSall (<) 8) & L)

1- Natural rock reservoir (k) sduall asa

The geological and experimental studies that conduct to delineate the nature of rock reservoir (type of rock,
including fault, reservoir permeability, etc...) is important to select the adequate completion design.

il JLSY) aranai JEAY daga (...

2- Producing rate g\ Jxe

To provide maximum economic recovery is often the starting point for well completion design. Among other
factors producing rate should determine the size of the producing conduit.
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3- Multiple reservoirs 83ia (nalsa

Multiple reservoirs penetrated by a well pose the problem of multiple completions in one drilled hole.
Possibilities include multiple completions inside casing separated by packers, or several strings of smaller
casing cemented in one borehole to provide in effect separate wells. Other possibilities include commingling
of hydrocarbons from separate reservoir downhole, or drilling several boreholes from one surface location.
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4- Reservoir drive mechanism ¢sSall 3.8 4,81

Reservoir drive mechanism may determine whether or not the completion interval will have to be adjusted as
gas-oil or water-oil contacts move. A water drive situation may indicate water production problems. Dissolved
gas and gas drive reservoirs usually mean declining productivity index and increasing gas-oil ratio.
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5- Secondary recovery requirements 43 gLl 313 iuy) clliia

Secondary recovery needs may require a completion method conductive to selective injection or production.
Water flooding may increase volumes of fluid to be handled. High temperature recovery processes may
require special casing and casing cementing materials.
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6- Stimulation (daddi) jadas

Stimulation may require special perforating patterns to permit zone isolation, perhaps adaptability to high
injection rates, and a well hookup such that after the treatment the zone can be returned to production
without contact with killing fluids.
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7- Sand control Ju ) e 3 k)

Sand control problems alone may dictate the type of completion method and maximum production rates. On
the other hand, reservoir fluid control problems may dictate that a less than desirable type of sand control be
used.
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8- Artificial lift =tk ad
Artificial lift may mean single completions even where multiple zones exist.
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9- Workover requirements &Y e cllhia

Workover frequencies, probably high where several reservoirs must be drained through one wellbore, often
dictate a completion conducive to wireline or through-tubing type recompletion systems.
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Mechanical considerations 4SSl (<l ) Al jlicy)

The mechanical configuration or "well hookup" is often the key to being able to
deplete the reservoir effectively, monitor downhole performance, and modify the
well situation when necessary. The mechanical configuration of the well is the key
to being able to do what ought to be done in the well from the standpoint of
controlling the flow of reservoir fluids, oil, gas, and water.
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1. Functional requirements Aaas ol clllaidll
2. Operating conditions Jedill 55,0
3. Component design SELPLON PPy
4. Component reliability Qb sSall 4 5 e
5. Safety ALl

KEY SUBJECT AREAS IN PRODUCTION ENGINEERING

Z U Awdid 8 A ) £ g gal) c¥lae

Production technology is both a diverse and complex area. With the on-going
development of the Petroleum Industry the scope of the technological activities
continues to expand and as always increases in depth and complexity. It is
however, possible to identify several key subject areas within Production

Technology namely:-
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1. Well Productivity — ) 4l

2. Well Completion Dl alad)

3. Well Stimulation Dl jadas

4. Associated Production Problems daaliadll Zliyl JsUia
5. Remedial and Workover Techniques Leilua 5 Aadlaall cilyias
6. Artificial Lift / Productivity Enhancement 4l fuuad [/ eliaal) #8 )
7. Surface Processing ) dallas

Methods of completion: Juas¥) 3k

In the development of a hydrocarbon reservoir, a large number of wells are drilled
and require to be completed, to allow the structure to be depleted. However, the
drilling and completion operations are crucial to the long term viability of the wells
in meeting the specified objectives .The design and completion of both
production and injection wells are required to satisfy a number of objectives
including:
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1) Provision of optimum production/injection performance.

2) Ensure safety.

3) Maximize the integrity and reliability of the completion over the envisaged
life of the completed well.

4) Minimize the total costs per unit volume of fluid produced or injected, i.e.
minimize the costs of initial completion, maintaining production and

remedial measures.
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The fundamental design of a completion consists of four principal decision areas,
namely:

rh 9 ¢ Ay ) A e day (e JLaSIU lal) aranall) (98
1. Specification of the bottomhole completion technique. 4l gl JuSivl 458 Clial g
2. Selection of the production conduit. AP AR ISR
3. Assessment of completion string facilities. Oty Alula (380 e andl

4. Evaluation of well performance / productivity-injectivity.

CAall — Zaliy) /[yl elol apis

These four decision areas, as shown in Figure - 16, should provide a conceptual
design for the completion of the wells. However, this design process normally is
initiated on the basis of data from exploration wells and considerable uncertainty
may exist as to the validity and accuracy of that data. Thus a number of alternative
designs for well completions will normally be selected and retained as a
contingency.
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Figure - 16: Completion Design Strategy Stai¥! sz Luagl il
Basically there are three main methods of completing a well which are:
R 5 sl JuaSind geusi ) (3 b G llin
1- Open-hole completion Aa sie HLYI JleSin
2- Cased-hole completion 4dlaall da gidall HLY) JleSial
3- Liner completion; this completion can be include two types:
cre o JLaSY) 13a et o (Say dadatiall dua D) Ja gadll JLeSind
a. Screen and liner completion. 4Uadl 5 LaLAN Jlesial

b. Perforated liner completion. A dalday Jlesial

1- Open-hole Completion:

The simplest approach to bottomhole completion would be to leave the entire

drilled reservoir section open after drilling, the production casing is set on top of

producing zone before drill the production formation that contain the



hydrocarbon fluids, then after casing was cemented, producing formation drilled,
see figure - 17. Generally open-hole has greater application in carbonate zones.
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Figure - 17: Open-hole Completion

Advantages; L

1- Adaptable to special drilling techniques to minimize formation damage or to
prevent lost circulation into the producing zone.

ZlYl dihie 8 ailall 5 saill aia sl oSl ) pual il dalall jial) il ae CaSill 48
2- No perforating expense. <waii 4sai Y
3- Log interpretation is not critical since entire interval is open
£ st ALl e 30 Jualdll oY Lpan 1 ally Gl Jond) o
4- Full diameter opposite pay. diaal ja¥) Jalsll kil

5- Can be easily deepened. 4 seun Lgiraas oSy



6- Easily converted to liner or perforated completion 4:siie sf dday ) & sgus ey a3 (Say
Limitation; &aad
1- Excessive gas or water production difficult to control. i3 el 5 Sl zl) 3 oSail) Canaay

2- Selective critical section in production zone to fracturing or acidizing more
difficult.

3- May require frequent well-bore cleanout. ! caygail 17 Sie Wuais (allaty 58
4- Requires more rig time on completion. L&Y dic jall Cd g e 3 jall Qllady

2- Cased-hole completion:

The production casing is cemented through producing zone and perforated, see
figure - 18.
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Figure - 18: Cased-hole Completion



Advantages;
1- Excessive gas or water production can be controlled more easily.
ST A gy 2030 L) gl SRl ) b oSl Ky
2- Can be selectively stimulated. (A& JS& o 38t Sy
3- Log and formation samples available to assist in decision to set casing or
abandon.
Ade A o GO et 18 SAT 8 sae Ll JiSl) 5 Jaadl i i i
4- Full diameter opposite pay. JiGall ja¥) Jalsll kil
5- Can be easily deepened. A sgn Lgiiand Sy
6- Will control most sand, and is adaptable to special sand control techniques.
Al Jlo 8 oSl il e Gl B 5 5 ¢ Lol alans b St
7- Adaptable to multiple completion techniques. 8aaidl Jlasy) g ae asill J18
8- Minimum rig time on completion. sy e jiall Gl g =Y aall

Limitation;
1- Cost of casing cement and perforating for long zones may be significant.
530S AL gl shliall i) 5 Caiany) Cade AT ) &5 8 -]
2- No adaptable to special drilling techniques to minimize formation damage.
OpsSll ) pual Sl Aalal) jaal) LT pa 480S3 Sy Y -2
3- Log interpretation is critical for most of logs except production logging.
LY Qi oLty ) aliad Bpaa V) Ay Vel Jaidl jaadi 223 -3

Well productivity is less than productivity of open-hole well completion.
z sifall iall alat) Apalisl (ye JBT yall Al
Liner completion: 4iUayd) Jlas)

I. Screen and Liner completion. 4Uasl g A&L&) Jlasiod

The production casing is set on top of producing zone, than the screen and the
liner is set through producing zone, see figure - 19.
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Figure - 19: Liner Completion

Advantages;
1- Adaptable to special drilling techniques to minimize formation damage or to
prevent lost circulation into the producing zone.
Y dddaie 8 adlall enil) aie sl oSl ) yual Jll Aalal) jiall colyis ae caSall )8
2- No perforating expense. &t cilua x50 Y
3- Log interpretation is not critical since entire interval is open
e aleSly a3l Jealdll Y daa¥) dl Gl Jand) i
4- Do not require frequent well-bore cleanout. sl cay sl 15 )Sia Wadaiss (allati Y
5- Will control most sand, and is adaptable to special sand control techniques.
falal) Jla,ll b aSaill L e Sl QB g8 5 ¢ Jlall alina b pSaiou
Limitation;

1- Excessive gas or water production difficult to control. sl Jal ZU) 3 aSaill Curay
AE\)'S\ A

2- Selective critical section in production zone to fracturing or acidizing more
difficult.

3- Wellbore deepened is not easy. Jegdl 5L (ud il 3 jis (aes

4- Requires more rig time on completion. LYl dic jéall Gy (e 13 je llay



1. Perforated Liner completion

The production casing is set on top of producing zone, then the producing zone
was drilled after that the liner is set and cemented through producing, then
perforated, see figure - 18.
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Advantages;

1. Adaptable to special drilling techniques to minimize formation damage or to
prevent lost circulation into the producing zone.

Y dihie b ailall eail) aie o) 0 S ) pudal il dalal) gall LS ae RSl (48
2. Gas and water production easy to control. sl g Jlall #U8) & oSl Jead) (e

3. Selective critical section in production zone to fracturing or acidizing more easy.
ST g rasenll gl puill # LY dihie bz s AUED) ad
4. Can be easily deepened. 4 seen Leiand (S

5. Will control most sand because the liner obstructed sand movement, and is
adaptable to special sand control techniques.
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Limitation;
1- Cost of casing cement and perforating for long zones may be significant.
e Al gl phaliall ol 5 chiedl) Cadle 8Ky & o
2- Log interpretation is critical for most of logs.
Ml alixal LW AL el (Guadl) Jaoall i
3- Requires more rig time on completion. gV die pdall g e 2y all bl

4- Difficult conduct good cement operations for liner compare with the first stage
of casing cementing.
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SELECTION OF THE FLOW CONDUIT BETWEEN THE RESERVOIR AND
SURFACE el g AN ¢ g0 BLB Lsal

There are a number of optional methods by which fluid which enters the wellbore

will be allowed to flow to surface in a production well, or to the formation in an
injection well. In the selection of the method, a range of considerations may
influence the choice including: cost, flow stability, ability to control flow and
ensure well safety or isolation; ensuring that the integrity of the well will not be
compromised by corrosion or erosion. In the case of multizone reservoir, the zonal
characteristics will determine to a large extent the flow system selected.
¢l b ) ) sl i Ja (53 Jilall mlaud) LISA e a1 A UERYT Gl (e 220 dllia
Al elly Ly LY e G ie ) (e de gana i 8 ¢ ARk LA e gaall iy 8 cp il )
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However, for a single zone completion, the following alternatives exist:
AUl Jalad) as 65 ¢ Baal g dshaie JWSY ¢ @) aag
1. Tubingless casing flow. bl () sa Cadlall 5
2. Casing and tubing flow. b 385 Cadle
3. Tubing flow without annular isolation. ils Jje (s sy 38
4. Tubing flow with annular isolation. (&l J el ae canl¥) 58

Tubingless Casing Flow: This type of completion use in wells produces with high
production rates and medium or low closed, flowing pressures. See figure - 20 .
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Figure - 20: Tubingless Completion




Casing and Tubing Flow: In this type of completion the well produce through
annulus and tubing in same time, but the production rate in this type being less
than in type of producing through production casing. See figure - 21. Valid reasons
for tubing may include:
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1- Better flow efficiency. Jwadl (383 3¢S
2- Permit circulation of kill fluids, corrosion inhibitors or paraffin solvents.
Ol e s JSEI cladia g JBY Ji) g J )iy - Lasdl
3- Provide multiple flow paths for artificial lift system.
o= linall a5l sl Gadmte (B85 Gl e Ll i
4- Protect casing from corrosion, abrasion, or pressure.
Jarall o JSU o JSE pe caDlad) dlea
5- Provide indicate of monitoring bottom-hole flowing pressure.
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Figure - 21: Casing and Tubing Flow



Tubing Flow without Annular Isolation: In situations where annular flow in a
casing-string completion would result in excessive phase slippage with consequent
increased flowing pressure loss and potential instability, the consideration could
be given to merely closing the annulus at surface and preventing flow. However, in
reservoirs where the flowing bottomhole pressure is at or below the bubble point,
gas as it flows from the formation to the tubing tailpipe will migrate upwards
under buoyancy forces and some gas will accumulate in the annulus. This will
result in an increase in the casing head pressure at surface. In this type of
completion the casing is exposed continuously to produce fluid with the
possibilities of erosion or corrosion. This, coupled with the potential for annular
heading, suggests that unless annular flow is required then the annulus should not
be left open to production, despite its simple design.
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Tubing Flow with Annulus Isolation: For cases where a large cross sectional area
for flow is not necessary, then an open annulus can cause complications as
discussed in 2.3 above. Therefore, in the majority of cases where tubing flow will
take place, the annulus is normally isolated by the installation of a packer. The
packer has a rubber element which when compressed or inflated will expand to fill
the annulus between the tubing and the casing. The packer is normally located as
close to the top of the reservoir as possible to minimize the trapped annular
volume beneath the packer and hence the volume of gas which could accumulate
there.
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However, if the packer is installed, the ability to U-tube or circulate fluid between
the tubing and annulus is removed. If such a circulation capability is required then
it is necessary to install a tubing component which will allow annulus
communication or alternatively rely upon the ability to perforate the tubing which
consequently would necessitate tubing replacement prior to the
recommencement of production. In both cases, the circulation point is normally as
deep in the well as possible, but above the packer. This completion system is by far
the most widely used and offers maximum well security and control. See Figure -
22 bellow:
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Figure - 22: Tubing Flow with Annulus Isolation



Completion String Juasy! dbudu

For any completion string we can define a range of operations or capabilities
which may be required. Some of the capabilities are considered to be essential,
such as those providing operational security or safety, whilst others can provide
improved performance or flexibility. However, as the degree of flexibility provided
by the completion is increased, the more complex is the design process and
normally a sophisticated design will result which includes a large number of string
components.
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Basic completion string functions and facilities
The basic facilities provided by a completion string must allow it to continue the
production or injection of fluids over as long a period as possible without major
intervention to conduct well repairs. Further, at all times, the design must ensure
the safe operation of the well and reliably allow for its shutdown in a variety of

situations.

Aol )l ddas (38409 Caslsg
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The completion string, production casing and wellhead must act as a composite
pressure system which prevents formation fluids and pressure escaping from the
reservoir except via the production tubing and the Xmas Tree into the surface
processing facilities.
R 9SH! Jlgus ey CSye Jassd pUaiS AN ulyg ¢ ZUSYI sla g ¢ Hlandl i Joa3 OF
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The following are considered to be the essential attributes for the majority of
completion string installations:
1JWSYI dldas s ildas plarad duwolad Slaws (o b iy

A. The ability to contain anticipated flowing pressure and any hydraulic pressures
which may be employed in well operations and conduct fluid to surface
(production) or the reservoir (injection wells) with minimal flowing pressure loss

and optimal flow stability.
I Gldee (3 Lgalustl (Sey (@ &SI g)ded bgius Sls gdgrall 38Ul Jass clgiml e 8)aall
33 Jass Iad cpo (V1 Al g (ol HLT) sl of (oY) pdacd! ) JBlgwd! Jaso 539
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B. The ability to isolate the annulus between the casing and the production tubing

if flow instability is likely or it is desirable to minimize reservoir fluid contact with

the production casing.

oo O ol 30l laial pde Jatizall (o OB 13 Yl Lgaly Ml o dalll J3e e 8yl
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C. The ability to affect downhole shut-in either by remote control or directly

activated by changing well flowing conditions, in the event that isolation at surface

is not possible.

5 G2yl 6 Brlee duadS 9l day (e oSl 25 e Lo AT B 3 3N e W1 e 3)aa)
Tl de J3all 4586 pue Ul 3 ¢ Al (385 g b5

D. A means to communicate or circulate (selectively when required) between the

annulus and the tubing.
g daloell (Aol e sl JSCaw) Jglaad! 9l Juol il dlung

E. A provision for physical isolation of the tubing by the installation of a plug to
allow routine isolation e.g. for pressure testing of the tubing.
S Jial Jere e 89,0 J3adl plowdd Gl S5 Gasb e 9 ol Jiall b



Figure - 23 bellow is showing the general completion string components:
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Conventional tubular configurations: 4l 4y sl il o<l

The conventional completions methods consist of production casing have outside
diameter greater than 4 % inch, and include this is because that there are sizes
production tubing vary to reach 4 % inches;

Adbise alaad 3 ga g o 138 Jadiis ¢ da g 4 (e ST a s sl 2U) e e Ll JLSY) 5Lk o SE
¢ das 4 S el iy el

Single-zone completion 3aly dalata JlaSicl
Factors leading to selection of single-zone “conventional” completions:
Baal 5 dikaie (& "Ll CVLSY) i) ) s Gl dal sl
1- High production rates.  4dle zU) &Yaxa
2- Corrosive well fluids.  JSGU duudl LY Jil su
3- Operator tradition.  Jadul) ass

4- High pressures governmental policies. 4w Sall Sl e dlle dasaa

Probability of well competition for single-zone depending on objectives from well
drilling, and that include:

rdadi g ¢ LY Lis calaal e saal g dihaie oyl duilie dllaial adiad
Well produce through production casing gu¥! <& DA (a2 z L)

This type of completion use in wells produce with high production rates and
medium or low closed, flowing pressures. See figure - 24:
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Figure - 24: Well produce through production casing

Well produce through production casing and production tubing

In this type of completion the well produce through annulus and tubing in same
time, but the production rate in this type being less than in type of producing
through production casing. See figure - 25. Valid reasons for tubing may include:

sl 1 8 L) Jare o815 ¢ gl il 8 bW g Adladl DA el 2l o ¢ ) (e gl 1 8
rob b Dl damall QL) Jadii 38 25 JSall las) Zlsy) Gadle DA G z Y1 & 55 e ST (55

1) Better flow efficiency. Jwadl (3axi s liS
2) Permit circulation of kill fluids, corrosion inhibitors or paraffin solvents.
O L) s o) JSUI ciladia s Jial 9 s J gl zland) (2

3) Provide multiple flow paths for artificial lift system. seliall ad )l aUail sasatia (3035 ) s 63
4) Protect casing from corrosion, abrasion, or pressure. bzl sf JStll i JSU (e MRl djlas

5) Provide indicate of monitoring bottom-hole flowing pressure.
Aalend) 3 jaall (3835 Jarin 208) yal 3 L3 ands
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Figure — 25: Well produce through production casing and production tubing




Well produce by artificial lift stha¥l 2d 1 &k oo 1 il

In this type the well produce by pumping, where the tubing run in hole with pump
seating nipple to depth below working fluid level in well, see figure - 26.
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Figure - 26: Well produce by pumping



Well produce through production tubing zUdy! qui DA (e 1 zL)

The well completed by using tubing and single production packer, in this
completion the maximum potential of well to produce by high flow rate
impossible, compare with the well produce through production casing and the well
produce through production casing and production tubing, see figure - 27.
Dl ) ALKy ) aal) Jeny ¢ JLSY) 138 g ¢ gl LY ama s i) alatinly Sl e eV o
il ¢z Lyl il s Y e DA (e il e s 2 Y CaE DA (e il oxiiay A e ¢ ad e (3835 Janay
27 - &l
A packer should be run only where it accomplishes a valid objective such as:

1) Improve or stabilize flow. Gl ) jiisl 5l s

2) Protect casing from well fluids or pressure however, it should be recognized
that use of a packer may increase pressure on casing in the event of a tubing
leak.

Gl e darall g 5 38 Ll Jale aladiinl o @ o) cang ¢ @l ae Tarall s ) ) e (e D)) dlany o
mlY) 8 e Cgan Al 8

3) Contain pressure in conjunction with an artificial lift system or safety shut-in
system.

Y)Y @Y Al i eliha¥) ai )l aUai aa pal 3l ekl o) gia)

4) Hold on annular well-killing fluid. (sl JLYI J8 Jilu clow,
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Figure - 27: Well produce through production tubing



Single- well with alternate completion

This type is used, when the well penetrate two producing formations. The
alternate produce formation perforation at the primary well completion, then
isolate by using dual production packer, the alternate formation started to
produce after the lower producing formation depleted by perforating the part of
tubing in front of alternate formation, see figure - 28. Blast joint used in tubing
part in front of alternate producing formation to resist the scratch that cause by
produce fluids, because the blast joint have thick wall.
die o ¢ AoVl JLa) vie Jall mitall o oK O Cpatie (pil€ES i) 3530 Latie gl 138 aadieg
son i Bk e ) ZUBY) 0p S sl e ZUEY) 2 ) oSl T ¢z sn e L) ALl Jlea pladialy
) oAl Lasliad Jhay L) JS& alal il ¢ Ja A andiud 28 - JSAl il ¢ Jpad) o S alal s
e a4l eV Jeaie Y ¢ Q) guadl 5] day

! fer ]

ESEEE T

____---(Flow Coupling)

L.l 1i8 —(Selective Landing

s

—_— — —

Nipplel

Upper Proguciion
Paocker

.~ tCircutlatien Sleeve-

(Blost f‘ipple)\_\ Closed)

¢

o - .
e == ]
L]
i — 7 () ul;i‘cv_-‘ e ) y—
gy s | 1 1 1 1 1 i Lr | 1 ¥ [ | 4 ) =
= ——-—{Selective LLanding
N Nipple)
J |l ower Production Packer
’ = T_.J / \'.;
) N
—':1 1—
- L
@ 1 2 s ! JUSN O (1D-1) S

Figure - 28: Single- well with alternate completion



Multiple-zone completion (hliall daia JlaSiui

Factors leading to selection of multiple completions: s2axie Jusiu) clilee jlial) J) a5 Sl Jal sal)
1- High producing rate e zW&) Jaza

2- Faster payout g sl ey sai ads

3- Multi-reservoir control equipment’s saaaiall Sl jAll 8 2Sall Cilaes

Numerous configurations are possible utilized single or multiple strings of tubing;
¢ Y (e Baamie 30 jhe JuDls aladiiuly Cily Sl e el aladial (Say

Dual completion-Single string-single packer 35 iluls i3 A 53 3o Aaas Al
There is both tubing and annulus flow, see figure - 29. This is the lowest cost
conventional dual.

Al ol U5 A ga 13829 - SN kil ¢ e dalall oY) 385 2a gy
Limitations <3
1- Upper zone cannot be produced through tubing, unless lower zone is blanked off.

Aoliul) dakidl) £ ) oy al Le ¢ anl¥) O34 e Llad) dakiall ol oSy Y

2- Casing subject to pressure and corrosion. JSUll 5 laxiall Za o oDl
3- Only lower zone can be artificially lifted. aihas <5 daid 4da) Ashiall xd 5 Ka
4- Upper zone sand production may stick tubing. <tV Wall dakhidl 8 Jo )l 2l Geaily 38

5- Work-over of upper zone requires killing lower zone.
ALl AELial) 5 Ll 3akial 56 (Jaal) e

Cross-over dual completion-Single string-dual packer
Aodll alal T 90 Al lea - adaliie & 60 e JWS)
Again, There is both tubing and annulus flow, see figure -30. Advantage is that cross-over
choke permits upper zone to be flowed through tubing.
B zeany adaliiall GHAN o a5 ) 30- JSEN kil ¢ dalad) 5hai g i) e OS da g ¢ AT S e
Y DA e Lladl dadaidll
Limitations <Jaaa
1- Casing subject to pressure and corrosion. JSUll s Jazall da o Cadlall
2- Must kill both zones for work-over of upper zone.
Llal dalaiddl (398 Jandl Jal o cidatal) SIS Ji65 ) cangy
3- Any zones impossible can be artificially lifted. pibuas JS& dhatiue Ghlie sl a8 ) (Sa
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Figure - 29: Dual completion-Single string-single packer
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Figure — 30: Cross-over dual completion-Single string-dual packer



Dual completion-Parallel string-multiple packer >axic s 4 ) e dule 553z 9350 <L
This is shown in figure - 31.

Advantages L

1- Can lift several zones simultaneously. sy A shalic sae ad 5 (Sa
2- Concentric tubing and wire line work-over practical in all zones.

ahlidl prea 3 dlee DL g o 3S all saaie ol
Limitations <laiaa
1- High cost. i) dakll
2- Susceptibility to tubing and packer leaks. il 5 caniY) o il 2001

3- Hesitation to perform stimulation treatments or work-over of individual zones.
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Figure - 31: Dual completion-Parallel string-multiple packer



Parallel dual completion with two alternate completions.
b el e (5 0) s 7z 50 e JLaS

This is shown in figure - 32.
Limitations <laaaa

Difficult of treating or even reperforating individual zones unless well is killed and

tubing is pulled
) Can gl U8 o e 40 8 laliad) Caii sale ) i ol dallas ol (g
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Figure - 32: Parallel dual completion with two alternate completions



Triple completion 36 )

In this completion design, two or three production tubing used with production

packers, see figure- 33. In this type could produce with high production rates in
one well, that make faster payout.
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Limitations

1- Difficult made this completion. L&Yl 1aa caall (o Cilaa

May be communication occur between the fluids inside well, that produce from
the three formations
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Figure — 33: Triple completion
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Completion Equipment

1- Production casing gl &

Production casing is the last casing, which runs in hole then seated and
cemented. In some completions design the producing fluids produce
through production casing, also run through it production tubing and
production packer. The different types of casing are classified according
to API standard classification. Selecting of casing type depending on
completion programmer factors and operating condition.
A ¢ JuSY) cllee (g b ATy ALl o5 Asil) 8 alads ol ol ¢ ,al) GDlall szl Gl
(s Y il A e Ul aladii 2y s ¢ L)) Cadle JMA (e Lealil) oy 3 LY &) e pnancad
Jalse Crun DAY ¢ 5 L) AP| e Caiail B8y oMl e Ailid) g oY) sl iy 2Ly
il gk g HaiY) ey

2- Production Tubing

The production tubing runs in hole for production and well control
purpose, and to run in hole measurement instrument through it. There
are several types of tubing according to standard API.

Gllia AR (e Al Gl sl b Jsedillg ¢yl 8 aSal) g LY (a2l 5 i 8 2L ol Jsd 3
API laal Gy i) e o) 5l 3ac

3- Liner

Liner is part of casing which hanger in well, it doesn’t run from surface.
Used to satisfy two purposes:
"Oma ye aasal PREY _C.)a...d\ e S Vg s adulas "(13...19535\ —alall (s (B aalay)

1- Reduce the cost, which can be used as alternative to casing run from
surface, when the casing was damaged.

(il M) yim pat tie ¢ prdandl (pe DR (38 JaaS Lgaladiian (Say il 5 ¢ i) s -

2- Used in sand control and gas coning. Jbll by ae 5 Jull A Saill b aadis




4- Production packer

Generally, production packers are classified into two types; permanent
packer (this type could not pull it out of hole, unless milling it then
cleanout) and retrievable packer (this type could pull it out of hole
mechanically and can used it again). The main purpose from using packer
is to isolate the annulus from production zone (see figure —34 for the
major components in production packer), and it is useful to the following
matters;
Al Lo e 3 jall e Leal Al g sill 3] (Kay V) Aails i 4Dl ¢ (e o ) Z WY & sie Canial o ¢ ale SR
Al Ry LSS 5 jial) e im0 £ 5 126d %) gla Dl B (e s (LeaBi o Leinda o)
i sSall -34 Jl) hil) LYl Afkie g Alad) Je b omall il e (ot (Al (3 3
¢RI ) e B a5 ¢ (ZUEY) Aiend AT 8 Lpusss )

1- Protection the upper parts of casing from high pressure, and from any
reaction with the fluids that cause corrosion of casing in cases of
production, injection and stimulation.

GV 8 Gl JSB Cany 3l saall e Jeli g (g el Janzcall (e CaDladl (e 3y slall o] ) dlaa -1
el g caall g 2Ly

2- Protection the well form any leaks occur in casing.

Dl 8 Caany G gl (e ) Alaa -2

3- Using in conjunction with subsurface safety valves (SSSV) to provide
the safety.

SV i il (SSSV) A sad) lel) Clabana wa (pal Sl i -3

4- To hold kill fluids or treating fluids in casing annulus.
) ila 6 9 guad) Aallae gl AN 3l sudl) e - 4
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5- Sliding Sleeve

Sliding sleeve is a nipple seat above production packer, used to open

production tubing above packer for fluids circulation operations and

control on well in work-over operations. This nipple opened and closed

by special tools run in well by slick-line through tubing.
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6- Subsurface Control Equipment
This equipment involves: Claxdl sla (pacas

1- Subsurface safety valves (SSSV) used inside tubing which plug the
tubing (close in the well) at a certain depth in case the surface valves
failed. Such as Ball valves and flapper valves. These valves can control
directly and indirectly.

Al 8 Game oo Lo (Ll A 3l) bV o ) Gl Jals Laasinall (SSSV) 4 sadl () cilalana -1
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2- Bottom hole-chokes and regulator used to reduce well head flowing
pressure to prevent hydrates (fluid freezing) in surface control equipment
and surface flowing lines. This equipment used in wells has high pressure,
such as Ground Seat Bean and Positive Orifice Bean.
aSall Clane (8 () saall apand) ol aed) aial ) () (3835 Jaria Joli) andiveall aaiall 5 4dand) cilail) 538 -2
oY) il J b Jie ¢ adi e Jaiiay LY 8 deadiuad) Cilaeall oda el adand) Gadl daghd 5 el b
Al s il g
3- Subsurface safety valves (chock valves) for injection wells, this valves
used to prevent reverse flow (back flow, control on flow direction), such
as stem and seat valve and ball valve.

¢ oSl 383l) el (38301 il Cilalanall 038 aadiui s ¢ SR LY (aud) Cilalana) 4 gl Gl cilalaa -3
(53] alacall g aaiall s g 3a) alaca Jia ¢ (830 olatl 8 aSaill

7-Wellhead/Xmas Tree

The wellhead provides the basis for the mechanical construction of the
well at surface. It provides for:

ol pali L mhaadl e all LSS0l oLl L) il da b



Suspension of all individual casings and tubulars , concentrically in the
well.

) (B S e IS8 a5 dpa A ASle V) maen (ilat o
Ability to install a surface closure/flow control device on top of the well
namely: A ) e Gaaill 8 oSl / mlandl (338) Slea S i e 3l
- Blow Out Preventer during drilling il Uil il aile

- X-mass tree for production and injection sl sz (ule-(pS) 3

Hydraulic access to the annuli between casing to allow cement
placement and between the production casing and tubing for well
circulation.
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Simple Wellhead Assembly including Casing Spools and Xmas Tree
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The purpose of the Xmas tree is to provide valve control of the fluids
produced from or injected into the well. The Xmas tree is normally
flanged up to the wellhead system after running the production tubing.
The wellhead provides the facility for suspending the casing strings and
production tubing in the well. There are a number of basic designs for
Xmas trees, one of the simplest is shown in Figure -35. Briefly, it can be
seen that it comprises 2 wing valve outlets, normally one for production
and the other for injection, e.g. well killing. Additionally, the third outlet
provides vertical access into the tubing for wireline concentric
conveyancing of wireline or coiled tubing tools.
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Aailal sy

The lower valve is the master valve and it controls all hydraulic and
mechanical access to the well. In some cases, the importance of this valve
to well safety is so great that it is duplicated. All outlets have valves which
in some cases are manually operated or in the case of sophisticated
platform systems and subsea wellsare remotely controlled hydraulic
valves operated from a control room.
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Production packer setting methods syl st dae) 5,k

1- Mechanical setting method 4SSl slac ) 43y ,k

Production packer seated by moving production tubing in a certain
direction, based on that there are three types of packers:

Al T (e ) 8l A0 Sin o o 3l ¢ Cuma olad) 8 2 LY Gl @y ey Aidia LY L Al

A- Weight-Set Packer Sk 2asall ¢34l

The weight set packer is economical and ideally suited to low pressure
situation, this packer employ a slip and cone arrangement with the slips
attached to a friction device such as drag springs or drag blocks. The
friction device engages the casing and holds the slips stationary with
respect to the remainder of the packer, see figure - 36. The vertical
movement of tubing causes the cone to move behind the slips and
anchor the packer in the casing. Tubing weight is then applied to expand
the packing element (rubber element). Release is affected by picking up
tubing weight to pull the cone from behind the slips.
Uiy 028 Ahaeill 43Sla adiinsd ¢ Gadaiiall Jaracall Allad e S daulio g Labasl o) ) oY) L Al
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Figure -36: Weight set packer _sSu 2aaall 55l

B- Tension-Set Packer _isill 4s gana jSU

Tension packers are frequently used in shallow wells where insufficient
tubing weight is available to seal a weight-set packer. It are essentially set
by pulling tension on the tubing by run the tubing upside, release is
effected by supply tension (run downside the tubing weight). This
features renders the tension packer particularly suitable for water
injection wells or stimulation work.
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C- Rotational -Set Packer _Sb 4s gana-duil | ga

These types of packers are set by rotate the production tubing and supply
tubing weight in same time or by rotate only, Release or back of the
packer is effected by rotate the tubing to right direction. It’s better to use
this type in vertical shallow or medium wells.
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2- Hydraulic Setting method S5 uel) dlaey) 44 )k

The packer with production tubing runs in hole through casing to a
certain depth, after that the packer set hydraulically by supply or increase
the pressure gradually inside tubing. There is shear plug below the
packer, which cause pressure increased inside tubing (close tubing end)
during packer setting operation, then it opened by drop steel segment or
increased the pressure to critical value.
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There is another type of packers, which the tubing closed below packer
by steel ball or equalizing check valve set in special nipple below packer.
Principle advantage to use this type is: the tubing can be landed,
Christmas tree installed, and well circulated with a light fluid or gas
before setting the packer to initiate production without swabbing.
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3- Electric setting method b eSll slae Y 4 )l

By wire-line and electric cable the entire assembly packer is run in hole to
the desired setting depth. An electrically detonated powder charge was
exploded inside packer that causes movement of setting tools which set
the packer, then the production tubing run in to engage with packer.
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Well Completion Program LY alai) gl

1- Run in hole the last casing (production casing), land and cement it. At
least wait for 72 hours to dry the cement. then install blow out
preventers (BOP's). Fig.1
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2- Run in hole adequate bit by drilling pipes to clean the well-bore from
any residual cement, also to check the bottom hole (total depth).
Circulating the drill mud inside the well to sure that well-bore be
cleaning, then pull out of hole drilling pipes and bit. Fig.2
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3- Runin hole Cement Bond Log (CBL) to check the quality of cementing
of production casing.  Fig.3
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4- Run in hole production tubing to bottom hole, then displace drill mud
by completion fluid through tubing until clean the well-bore from drill

mud. Fig.4
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5- Observe the well behavior by notice any flow of completion fluid, that

take indicate for any leaks in production casing.
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6- In case of no leaks, and the well behavior is normal (static) after
displace the mud, then the tubing is rise and hang to depth above the
highest perforated about 30 meters. After that the well is observed to
insure from the well and pressure stabilized. Fig.5
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7- Removed the BOP's, and install the tubing head spool (donate). Fig.5
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8- Install X-mas tree and construct the valves, then test the X-mas and
valve by work pressure for time at least 15 minute per valve.  Fig.6

15 8uwd ol aisany plasally X-mas Hlisl oF ¢ Ololasall slidly X-mas 8yzd Culdis @5 -8
6 JSadl plase JSU J8YI e 48,85

9- Install special perforating equipment on well head, which include
pressure control equipment and container that contain bullet and
accessories.
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10- Put the bullet gun in container, which the bullet is arranged according
to perforating configuration and with respect to depth of the perforated
zone.
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11- After set the container on X-mas tree, the master valves is opened
then the bullet gun run in hole to depth of the zone that will be
perforated. In perforated operations, the casing joints are avoided to
perforated which the casing joints locater are characterized by run in
hole Casing Collar Locater (CCL) log.  Fig.6
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12- The zone will perforate by bomb the bullet from surface by special

control station, generally noticed increased the well head pressure after
the perforated of the production zone. Fig.6
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13- Pull out of hole the bullet gun and accessories to surface and closed
the X-mas valves, the well head pressure continued increased gradually.
Fig.7
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14- The well head valves (tubing and annulus valves) linked to burn pipe
to burn the fluid in burn pit.  Fig.7
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15- The well opened to flow by small choke size for cleanout purpose, the
hydrocarbons fluid was burned in burn pit that far about 300 meters from
the well. Fig.7
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16- The burned of hydrocarbons was continued until the well cleaned
from completion fluid or water or residual drill mud, and the well reached
stabilized condition. Then the well closed and it will be ready to done
evaluated tests.
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Perforation —.&s
Perforating of Oil and Gas Wells s kil Ll s

In the majority of completions, once the reservoir has been drilled,
production casing or a liner is run into the well and cemented in place. To
provide the communication path between the reservoir and the
wellbore, it will be necessary to produce holes through the wall of the
casing, the cement sheath and penetrate into the formation. This is
accomplished by a technique called perforating. The basic operation
requires that a series of explosive charges are lowered into the well
either on an electric conductor (wireline cable), or on tubing or drillstring,
and when the charges are located at the required depth, they are
detonated to produce a series of perforations through the wall of the
casing and the cement sheath.
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Since the perforations will hopefully provide the only communication
between reservoir and wellbore, it is necessary to carefully design and
execute the perforating operation, to provide the required degree of
reservoir depletion control and maximize well productivity/ injectivity .
Although technology is available insure good perforating in most wells,
unsatisfactory perforating tends to be rule in many areas. The three most
prevalent causes for poor perforating probably are:
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1- A lack of understanding of the requirements for optimum perforating.
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2- Inadequate control of gun clearance. Ol jaedat e 3 jlasll 44US aae

3- The rather widespread practice of a warding perforating job on the
basis of price, rather than job quality.
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Perforating Techniques —usill s

There are three main perforating methods of cased wells :
+ dalzdll J\_()d naiill ::"' Mw L ) d)la GO Sl

1- Bullet Perforators _eba_ll « 58

Bullet guns have outside diameter 3 % inch or larger, are applicable in the
formation with compressive strength less than about 6000 psi. Bullet
perforators in the 3 % inch or larger size range, may provide deeper
penetration that many jet guns in formations with less than about 2000
psi compressive strength. Fig.8
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This type could not used it through X-mas tree and tubing because the
larger size of outsider diameter of bullet guns, therefore, it used under
drill mud control and install BOP's on well head. The Bullet guns run in
hole by wire-line and connected with electric bomb instrument, when the
bullet is shoot, its velocity reached about 3300 ft./sec and it penetrate
the casing and formation to depth about 5 inch. The bullet loses velocity
and energy when the gun clearance exceeds 0.5 inch.
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2- Jet perforators “ili s Yl

This type characterized small size of Jet guns (2 1/8, 1 11/16 inch), so it
could use through X-mas and production tubing. Therefore, it is the
better and more safety method used to perforate the wells. The bullet
consist from a solid metal body moved at a high speed about 20000
ft./sec, which the solid material convert to liquid because the bomb wave
high pressure, that make the bullet penetrate the casing and formation
to depth about 12 inch behind the casing. Bullet density equal 4 bullet/ft.
of perforated zone.
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3- Hydraulic perforators <5 uell il

Used to make a fracture in production casing and the formation behind
the casing. The fracture create hydraulically by inject special liquid with
high pressure and high inject velocity through small choke size (1/4 inch).
Sometimes add to inject liquid solid material (like sand) to assist in
penetration of casing and formation.
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This method used to penetrate wells that drilled for water injection
because this method creating large perforate, which does not plug easily
due to the suspension in the injected water.
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Figure 8 show different type of Perforating gun completion
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Effect of formation strength on perforator performance
) elal e JSal 5 8 Ll

As shown in figure-9 , jets penetrate deeper than bullets in hard
formation. However, some best bullet guns may penetrate deeper than
some jets in low compressive strength formations, particularly if guns are
fired at zero clearance.
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Figure-9 : Effect of formation compressive strength on penetration
efficiency of bullet and jet perforators
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Figure - 10 shows that penetration of jets, bullets, and hydraulic
perforator was reduced with increased compressive strength of
formation penetrated. However, bullet penetration declined at a more
rapid rate as rock strength increased.
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Figure -10 : Bullet, Jet and Hydraulic perforator performance in
formations of various compressive strength
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Perforation Charge Arrangement il  su ; s 53

In the preparation of a perforation gun, a number of charges are
assembled on a carrier such that upon detonation they will yield a series
of perforations into the formation. The arrangement provides for
variation in the number of shots to be fired per unit interval, i.e. the shot
density and the direction in which all, or individual, charges will be shot,
i.e. the shot phasing.
ujﬂ\w&h)mﬂ\&@%qu,q\;&s Glis &l e 220 @A;Jezg‘ggéiﬂ\wmq\mjg
AUS ol ¢ san gl ey Juald JS L8 o Al clallal) aae 8 Ul s il i JSEN
Akdlll Jal ye ol ¢ Aol o clindl) aes (33U 4 Al A olaiV) g ddasll)
The number of shots installed in a perforating gun varies from low shot
density, e.g. less than 1 shot/ft., to higher shot densities of up to 16
shots/ft. The lower shot densities are normally adequate for production
in reservoirs of moderate to high productivity or are selected for specific
injection operations where flow control is required. The higher shot
densities will provide improved inflow performance in all reservoirs but
may only be significantly beneficial in reservoirs with a low vertical
permeability or where severe local drawdown might give rise to
formation sand collapse. The orientation of perforations defined as the
angular phasing can be:
[ Akd) e JB QU o e ¢ Aiaddie dall AUS e il Guae 8 Al colallal) aae Calisg
Z D 468 Liaddial) dalhl) LS ()5S La Sale 208 / ddatl 16 ) Juad e s 8US L) ¢ a8
aSarll a3l s 3aaaall Caal) Clilead W sl Ay o Adled) ) e gid) iyl cld il Jal &
IS e 583 38 LS5 ¢ Ul HAl ppan 8 380l Bsaa 2ol o) Adaalll clBBS 8 i 38l
Db ) adl Jad) aad il o a8 G ol Aadaiall Al I A3 <y il Al Laas
TN zoall adl e aasdll oo g8l ol (55Ss o oS L cpsSEll Jla




1- 0° or in-line firing which can provide the minimum clearance for all
perforation if the gun is positioned to fire on the low side of the hole.
Fig.11
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2- 45° to 90° phasing which provides the nearest approximation to radial
flow. Fig.11
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3- 180° phasing in either of the two planar directions. Fig.11
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4- 120° phasing either with all 3 shots firing at 120° to each other or
omitting 1 charge such that the 2 shots fire at +60° and -60° angular
phase. Fig.11
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Shot Oriantation AngularPhasing
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Figure-12: Perforation shot Density: Example of four shots/foot in
line firing and 902 phasing
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Figure -11: Perforation Shot Phase Pattern <l gh i 111~ JS4

Perforating Fluid s Jib.

Before perforation operators, the well should fill with a fluid does not
cause any formation damage when it connect with produce formation.
The perforation should done at formation pressure lager than hydrostatic
pressure. There are different types of perforating fluid as following;
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) Sl (e Adlise £l gl @lin | Slin s pael) Taxazall e S 0 oSl dariza die i) a3
¢ il e
1- Salt water (Brine) or Oil; when used purity fluid, it will do not cause
perforate plug. But when the perforation operation done with difference
pressure from well towards the perforated formation, which cause
moving suspension (fines of jets or bullets) into perforators.
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2- Acetic acid; this acid is the best perforating fluid under most
conditions. Inhibitor corrosion add to acetic acid to prevent corrosion of
metal when connect with the acid for long period and at high
temperature, in case of absence of H2S gas.
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3- Nitrogen gas; in case of perforation low pressure formation, or rig time
and swabbing cost is very expense, it better used Nitrogen gas in
perforation operations.
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Selection of Perforated Intervals ddie < s jLad)

The perforated interval in production zone selected based on result all or
most the following factors:
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1- Electric, sonic, and radioactive logs show the border of oil and water
formation.
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2- Result of drill stem tests that conduct during well drilling.
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3- Cores that extract from producing formation.
il 0 oSl e da Haddll (5611 -3
4- Geologic formations. 4 sl saall culy Sl -4

Take in account the following factors when select the perforating
intervals;
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1- The bottom perforated should far from Oil Water Contact (OWC) to
avoid water coning. Fig.14
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2- The top perforated should far from Gas QOil Contact (GOC) to avoid gas
coning. Fig.15
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3- Select zones with high porosity and permeability and avoid shale

Zzones.
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4- Select interval perforation that complete perforated with minimum
numbers of guns run (the gun length is 10 meters), to minimize the cost
and provide the safety.
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5- The well should fill with a fluid does not cause any formation damage.
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Water and Gas Coning
Coning is a term used to describe the mechanism underlying the upward movement

of water and/or the down movement of gas into the perforations of a producing well
or the open hole interval. Coning can seriously impact the well productivity and
influence the degree of depletion and the overall recovery efficiency of the oil
reservoirs. The specific problems of water and gas coning are listed below.

) o 8 Sl Alaldl AS all o /5 elall sacliall A8 jall o) ) 5 AaalSl A0V Caia gl aadinyg mllas g Loy Al
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1- Costly added water and gas handling. «alSa J<&s cpiladdl Sladl 5 sluall dadlas
2- Reduced efficiency of the depletion mechanism. sty 2. sl mleas|
3- The water is often corrosive and its disposal costly.
Calla Lgia alal] o JSEI A slaall ) <5 L Ulle
4- Loss of the total field overall recovery. (Alaa¥) Slasall ala 1Y) dlas) oz

Delaying the encroachment and production of gas and water are essentially the
controlling factors in maximizing the field’s ultimate oil recovery.

Jiall 8 Lasill il ) At aadaat 8 dpuld oS5 ol e elally Jlall i) 5 ool a8 aay

The coning is primarily the result of movement of reservoir fluids in the direction of
least resistance, balanced by a tendency of the fluids to maintain gravity
equilibrium. The analysis may be made with respect to either gas or water. Let the
original condition of reservoir fluids exist as shown schematically in figure -16 ,
water underlying oil and gas overlying oil.
i) e g 4330 50 ¢ Aaglia i oladl 8 () 3A1 J3) g A8 ja Anii J oY) Sl 3 58 dag yal
GaSall Ji) gud L) Al g slall ol Sladly lahy Lasd Sl o ja) (Sar Andlal) o)) 8 e Jaliall
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Production from the well would create pressure gradients that tend to lower the gas-
oil contact and elevate the water-oil contact in the immediate vicinity of the well.
Counterbalancing these flow gradients is the tendency of the gas to remain above
the oil zone because of its lower density and of the water to remain below the oil
zone because of its higher density. These counterbalancing forces tend to deform
the gas-oil and water-oil contacts into a bell or cone shape as shown schematically
in figure 17.
@@ slalls Cull G Qe wd )y oyl ) G eedldll Q8 ) Jaal Jara Gl 5 ) (e Y Sla
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Figure -17 : Gas and Water coning




There are essentially three forces that may affect fluid flow distributions around
the well-bores. These are:

te2 Y58 Al Oloid Jg Jilgudl (3805 ilay 38 e ,355 A8 duwslid (598 &5 Sl
1- Capillary forces. 4 yai&dl (548l
2- Gravity forces. dudlxl 548
3- Viscous forces. 4=y ($gd

We can expand on the above basic visualization of coning by introducing the
concept of: Pogie @3 UM (pe sl el (bl Hsuaill § pusidl LiSoy
- Stable cone. s bogyxe

- Unstable cone diuws ae by,
- Critical production rate. gz =l zUSY! Juas

Defining the conditions for achieving the maximum water-free and/or gas-free oil
production rate is a difficult problem to solve. Engineers are frequently faced with

the following specific problems:
Lo 58 el oy ASCiin 3Lad1 91/ 9 sladl oo Ul 31 2 U5) Jdaad (90891 doddl Baions g s dpdond g
1 AJU) Badseall S]] O gustigall a9
1- Predicting the maximum flow rate that can be assigned to a completed well
without the simultaneous production of water and/or free-gas.
=131 91/ 9 bl cpelitall ZLEYI 098 JaiSe Sid damass Sy U1 340! Judral (9a8Y) dxdl a8 g5
2- Defining the optimum length and position of the interval to be perforated in a

well in order to obtain the maximum water and gas-free production rate.
JB ZY1 Juad (ga8Yl asdl e Jgaamdl Jl o 5l @ cutial) o3l Jholddl i g0 JiYl Jghall dpuss
Sl elodl o0
Critical rate Qqc is defined as the maximum allowable oil flow rate that can be
imposed on the well to avoid a cone breakthrough. The critical rate would
correspond to the development of a stable cone to an elevation just below the
bottom of the perforated interval in an oil-water system or to an elevation just
above the top of the perforated interval in a gas-oil system Figl4, fig.15 . There are
several empirical correlations that are commonly used to predict the oil critical

rate, including the correlations of:

Al e ao,8 (S g 4 aawall Co 3l (3305 Jdae) (5a8Y1 dadl T e 7yl Juaadl Q_OC iy a3 iy
3 Akl BAAI £ (po Juliy JBT gl po yitume Jogysee Helal me gz sl Juaedl Ballaty L bog yseall BlAS iz
- 15. JSadl ¢ 14 JSadl 5l g plas (3 ogdtall (a3l Jueldl e Jaldy et glasyl ] of slally e 3l plias
byl § b ¢ laall 7yl Jiaedb gl Bole puscinds &) da yill Ol e dodall Ll



1- Meyer and Gardner and Pirson Methods. Oguwng pyleg plo @b

2- Craft and Hawkins Method. ASgng cdl,S ddy b
3- Chaney Et AL. Method day,b 09,519 Bl
sisv s L, — CLLLLELELE L Lt s s esdredy :;‘///(//f(/[!/////({!.WZIHIL{Z.{- GoC
B

Perforatedzone = E Po oil

E .
= Critical water cone depression P
1 h P erforating zone

ater cone depression . R T | ! S —

R, . o= owc Fig.15

Fig.14

1- Meyer and Gardner and Pirson Methods cgsusy ey sula @0k
Meyer, Gardner, and Pirson suggest that coning development is a result of the
radial flow of the oil and associated pressure sink around the well-bore. In their
derivations, Meyer, Gardner, and Pirson assume a homogeneous system with a
uniform permeability throughout the reservaoir, i.e., K}, =Ky. It should be pointed
out that the ratio K;, /Ky, is the most critical term in evaluating and solving the
coning problem. They developed three separate correlations for determining the
critical oil flow rate:
el bis o 4y Lady Log o3l (sladdl Bl Ao 90 bog Sall ke O Oguamy ¢ Suley ¢ plo ZAR
¢ Ol el muazr (§ Bu>ge Ddlany Lidlaxie Bla gy ¢ 50yleg ¢ plo ook ¢ 0giBBlazsl § . Ad) 8ya> Jg>
sk - bgysall USin Jog oS 3 duadl ASYI mllasandl (o KWKV &l OF ] 8LaY1 juzxiy Kh = KV
iz ool Coll (3805 Juae dadod) duadie bl &

- Gas coning ! bgyse
- Water coning  sladl bgyss
- Combined gas and water coning. daoszoll 2luadly jladl Loy yls

Gas coning

Consider the schematic illustration of the gas-coning problem shown in figure - 15.

Meyer, Gardner, and Pirson correlated the critical oil rate required to achieve a

stable gas cone with the following well penetration and fluid parameters:

Ogunms SOy plo day)y .15 JSadl § mogall Jl bogysee ASind Jadasall (gvuogidl ooyl hlael § aup
1A JBlgudl Olakaay Ad! Jalid go st He bogysee Gadizt) Cgllaall 7 yodl cau3ll Joae

- Difference in the oil and gas density. jlly Laadl LS 3 3,41

- Depth D; from the original gas-oil contact to the top of the perforations.
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- The oil column thickness h.  h co 3l sgee clow

The well perforated interval h, in a gas-oil system, is essentially defined as:
:JW) gl e (bl S ¢ Hl gy plas (§ ¢ e dxiall dny)l BAa) Coyal
h,=h-D
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Fig.15

Meyer, Gardner, and Pirson propose the following expression for determining the

oil critical flow rate in a gas-oil system:
Dl e plas (8 cosld z ol 38l dass dpasad JUI el Ogaumg S0les 2l AR
Summary of assumptions for gas-oil system: ¢ Jlg 5Ll pUad GLs| AV (asle
1. Capillary forces usually have negligible effect on coning and will be neglected.
@lon] ey bgyseall (e Juio 50 & 2l (598l 055 Lo Bole .1
2. No gas drive, that means GOR remain constant
A6 Ja3 GOR o (a2 149 « JWL Jory Hyoms drgn Y .2
& = Potential 3)ua)l = H

For any point, calculate H H ! ¢ dlais Y
CI) _ g + PO - Pg RSP PI TP IT PP IE LT II I IIII ) .y‘///////:'."’.‘.’/.‘/r'/.’/l//////l!/.‘. o
Po 1

CAS 20n¢ 3Corzesicn

®=H:«g > H =§

Critical Gas cona depraession

Hgas=2+ Py / (Pgas * 8) weveens (2)
H0i1= Z+ Po/ (pOll * g) ........... (3)

Top Of FetOng 00d
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Since Pc = zero i.e., Po = Pg (where Pc = Pg-Po = zero)
& Hg = constant (i.e., no gas drive).
For eg.(2) , solving for Pg —
(Hg—2) *pg *g=Pg .......... (2-a)

& also eq.(3) becomes:-
(Ho—2z)*po*g=Po......... (3-a)
Since Pc = zero — Po = Pg
Then eq. (2-a) = eq. (3-a)

(Hg—z)pg*g=Ho—-2z)po*g.......... (4)
Solve eq. (4) for Ho
Ho =Hg * (pg/po) + z [(po — pg)/po] ....... (5)

Where Hg is constant

Derivative equation (5) respect to Ho
dHo = [(po-pg)/po] dz ....... (6)
Darcy's law Q =k A AP/ u L (for linear flow)'
Solving for oil flow:
Q — Qo " i
k — ko
L —dr 2 '
T Y
Radial area <> A = 2nrz

AP = po g dHo

Where P=pgH

Then Darcy's law —

Qo =2x po g (ko/po) zr (dHo/dr) ....... (7)
Substitute the value of (dHo) [i.e. eg.(6) in eq.(7)]
For radial flow

Qo =2x (po — pg) g (ko/uo) zr (dz/dr) .......... (8)

Te d Ko h
Qmax=f —=2(p0—pg)g<—>zrj zd ... ... ... (9)
Tw r Ho h—D;¢

o~ Ko
Opax = T p1 repg ) <u_> [h2 = (h= D)2 ] e oo (10)
n— 0]

Tw



Qmax = 0.001535 *

P el ( . ) [h2 — (h — Dy)?] e . ... (11)
ln;i

HoBo
w

Qo max = maximum oil production rata without gas coning (critical rate), STB/day

p52/ STB ¢ (g Jaxe) e Loy e (5 (o) 2y 30 215 Jane
po = oil density, gram/ cm?
pg = gas density, gram/ cm?
re = drainage area radius, ft. 3 ¢ & pall ddhaia Hhad Coias
rw= well-bore radius, ft. a3 ¢ yull (oot b Caias
ko = oil permeability, md ol 4alas
no = oil viscosity, cp
Bo = oil formation volume factor, bbl/STTB = <3l (5SS ana ale
h = thickness of oil zone (producing zone), ft = (zWY! dakic) Jadil) ddlaia claw
Dt = Depth from the original gas-oil contact to the top of the perforations, ft

ol e ) w3l Sl g (JLa¥) GaaSdll (e Sanll

hp = Completion interval (Perforated interval), ft. (el e 3l Jualdll) JLSY) Juald



Example (1-1):
A vertical well is drilled in an oil reservoir overlaid by a gas cap. The related well
and reservoir data are given below:
alall 013 Oli3dly Sl bl s besd Sl sllai Jake Jaks 0l (§ dewsly o o> o
Horizontal and vertical permeability, i..e., kh =kv=110 md .
Oil relative permeability, kro = 0.85
Oil density, po = 47.5 Ib/ft
Gas density, pg = 5.1 lb/ft?
Oil viscosity, po =0.73 cp
Oil formation volume factor, Bo = 1.1 bbl/day
Oil column thickness, h = 40 ft
Perforated interval, hp = 15 ft
Depth from GOC to top of perforations, Dt = 25 ft.

Well-bore radius, rw = 0.5 ft
Drainage radius, re = 660 ft

Using Meyer, Gardner, and Pirson relationships, calculate the critical oil flow rate.
Z ool ol (3845 Jume cuwl ¢ Pirson 9 Gardner 9 Meyer &M alusuiwl

Solution
The critical oil flow rate for this gas-coning problem can be determined by applying
equation (11). The following two steps summarize Meyer, Gardner, and Pirson
methodology.

Obghasdl jasli .(11) dsbaodl Gadasl IS (pe HII  goed USiad 7yl o 31 3305 Jdan daded (S

Apzmgiall Ogumy Soles nle LW

Step 1. calculate effective oil permeability, ko
ko =kro k=0.85* 110 =93.5 md
Step 2. solve for Qoc by applying equation (11)

In 660 0.73 x 1.1

47.5 _ 5.1 93.5

Qoc = Qo max = 0.00153 : —| * . 40 — (40 — 2

535 62.4 62.4 [ 2 ( 5)2]
0.25

Qoc = Qo max = 21.20 STB/day



Production LU (LE.12) .cvceeveererreeneenrecsnneseesneenens 2021/5/19

Water Coning

Meyer, Gardner, and Pirson proposed a similar expression for determining the

critical oil rate in the water coning system shown schematically in figure - 16.

Sl G Gkl s sall elall oy i ol (8 o jadl oy 5l Jame 3paal Labiia | nS O g g Sl 5 ol 2 8
16 -

The proposed relationship has the following form : Jull JS&l L s yisal) a330a)

Pw — P K
Qmax = 0.001535 * Vl”n,,_e" ( uolO?o )[h2 —(h=Dp)?*] e v (12)
rW

Example (1-2):

Resolve example (1-1) assuming that the oil zone is underlaid by bottom water. The

water density is given as 63.76 Ib/ft. the well completion interval is 15 ft as

measured from the top of the formation (no gas cap) to the bottom of the

perforations.

el Jualdll aly 208 / Jha ) 63.76 slare clall AUS W) olyay Blaze Jadill dakaie o Gl yibly (1-1) Jéall da
sl gl N (Ol sl o) Sl e (e 4l 23 LS e 15 yull Jusy

Solution:

The critical oil flow rate for this water-coning problem can be estimated by

applying equation (12). The equation is designed to determine the critical rate at

which the water cone “touches” the bottom of the well to give.

il Aalaall asenad &8 (12) Aabaall Gudad YA (e 038 olaall o sad ASE] 7 el w3l (3305 Jara 3@ oSy

ol i) g8 sl da g jae g " ualy” (531 ) Janall

Pw — P K
Oz = 0.001535 = | 272 (MO;O)[hZ—(h—Db)Z] ......... (12)
rW

Qmax = 0.001535

(6632..746)6_6g%j)] ( 93.5 ) [402 _ 152]

660 0.73%1.1
ln(O.ZS)

— Qo max = 8.13 STB/day




Simultaneous Gas and Water coning

If the effective oil-pay thickness h is comprised between a gas cap and a water zone

figure - 47, the completion interval hp must be such as to permit maximum oil-

production rate without having gas and water simultaneously produced by coning,

gas breaking through at the top of the interval and water at the bottom.

JS a3l daaldl) 058 o and ¢ 47 - dle dihaia Sy e slhe o alliy h Jladl) <y 3l gy dlans (IS 13

Gials ¢ Ty Al 3ok ge aaly iy G elly Szl N Asladl g 50 daill ) Jane (ails lowdl Ulas
stinall e 3all L elall g 55l e g lall ¢ all 8 il

This case is of particular interest in the production from a thin column underlaid by
bottom water and overlaid by gas.

Ol Blasa 5 ¢ olue 4iad (38 ) 3 sae (e LY 8 dald Lpaal cld Alad) o320

4

Gas

Figure - 17: The development of Gas and Water coning sl s Jlall Loy s yashai 117 - J<&

For this combined gas and water coning, Prison (1977) combined equation (11) and
(12) to produce the following simplified expression for determining the maximum
oil-flow rate without gas and water coning:

S sl il Y (12) 5 (11) 4aeall Aaledll Prison (1977) ¢ < idall elally 3lall oy il dpally
seladl g 3l da g e e a3l (685 Jamal a8V aal) aaa]

Qo max = Qow + Qog --------- (13)
- K, \ |h? — hp? (pw—po)(po—pg)r ~ ~ !po—pgr
OQmax = 0.001535 <uo 0) e [ (o =12) +(po — pg) | 1 o] | (14)

w



Example (1-3):

A vertical well is drilled in an oil reservoir that is overlaid by a gas cap and

underlaid by bottom water. Figure - 18 shows an illustration of the simultaneous gas

and water coning.

Sl dag Al s 5 Ly 81 - S e 5y g 8 ooy sty e sllaiy aa adi () 33 (8 Al S is o
el il el g

h b, =30 f1 oil '
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Figure — 18: Gas and Water coning problem (example, 1-3)
The following data are available:

Horizontal and vertical permeability, i.e., kh = kv =110 md
Oil relative permeability, kro = 0.85

Oil effective permeability, ko =93.5 md

Oil density, po = 47.5 Ib/ft

Water density, pw= 63.76 |b/ft3

Gas density, pg = 5.1 Ib/ft3

Oil viscosity, po =0.73 cp

Oil formation volume factor, FVF, Bo = 1.1 bbl/STB

Oil column thickness, h = 65 ft

Perforated interval, hp = 15 ft

Depth from GOC to top of perforations, Dt = 25 ft
Well-bore radius, rw = 0.5 ft

Drainage radius, re = 660 ft

Calculate the maximum permissible oil rate that can be imposed to avoid cones

breakthrough, i.e., water and gas coning.

Solution:

Apply equation (14) to solve for the simultaneous gas-and water coning problem,
to give:



2 2
Ko \ |h? = hp?| [(ow=pPo)(pPo—pg) Po—p
Omax = o.oo1535< ) _ 2+ (oo —pg) [ 1-[22=P2| ) ... (14)
Hobo In-% (pw - pg) Pw=Pg
w
., ][(63.76 _47.5\ (47.5 _ 5.1\7’ 475 51 \?
0 — 0.001535 ( 93.5 ) 65°—15 ( 624 _ 62.4) (62.4 ~ 62.4) 4 (47-5 51 ) 1_| 222" %24
Omax = = 0.73 x 1.1/| |, 660 (63.76 _ﬂ) 624 62.4 63.76 _ 5.1
| 'N0.25 624 624 624 62

Qomax =17.1 STB/day

Prison derives a relationship for determining the optimum placement of the

desired hp feet of perforation in an oil zone with a gas cap above and a water zone

below. Prison proposes that the optimum distance Dt from the GOC to the top of

the perforations can determined from the following expressed:

2l e clat g dudads Ataie (§ gllaoll Catl) Olas pBY J1Y! b gall i) A8 (el 3idy
f i Lo oo Lagusd Sty 9801 el 4] GOC ¢y Dt idl A3l OF el iy - 2L3T 450 ddlaieg

D, = (h—h,) [1 - (M)l ......... (15)

Pw — Pg
Where the distance Dt is expressed in feet. d8luall (e uaill 2y Cus Dt al8Y0,

Example (1-4):
Using the data given in example (1-3), calculate the optimum distance for the
placement of the 15 foot perforations.
Laad 15 Ll gha il ) o i) e gl i) Adlsall Caal ¢ (3-1) JUiall 853 ) sl culiball alasiialy
Solution:
Applying equation (15) gives:
Dt=(65-15)[ 1 - (7

)| = 1391t




Completion Efficiency

Generally, there are difference types of well completions; the cased-hole
completion has advantage characterize the open-hole completion by:

tIIA (e A gital) dnidl) JLaS) e 3 e Blaneall daidll JUaS) ey ¢ LY alad] (e Adlide ¢ 1 50 @llia ¢ ple IS
1- Excessive gas or water production can be controlled more easily.
ST A gy 1 30 oLl ) ) 8 WSl Sy -]
2- Can be selectively stimulated. (S J<& o 38 (Sa
3- Adaptable to multiple completion techniques. 3aa=iall Slad¥) culyish e caSill Ji&

The advantage of cased-hole completion comes in account of loss in well potential
to produce with maximum rate because of casing and perforation. Also it is not
unusual during drilling, completion, or work-over operations for materials such as
mud filtrate, cement slurry, or clay particles to enter the formation and reduce the
permeability around the well-bore which cause potential loss.

GO ey Jare (aally i) L) 40lSa) 35 jledd) Clua 3 slaral) dail)l JWeS) 3300 Sl
zad 5 Jie 2 gall ALY) Jaadl 5 JLSYI o iadl Cllae ol Ca gLl ye e Gl 0 LS il
G Lae il Gyt Jon d3lail) Jilai g cp oS3l Jasi o gadall il a5 Caienl) Il ol lall

Aldsaa syl

This effect is commonly referred to as “well-bore damage™ and the region of altered
permeability is called the “skin zone” this zone can extend from a few inches to
several feet from the well-bore as shown in figure — 18 , it express by positive skin
factor (s = +). Many other wells are stimulated by acidizing or fracturing, which in
effect increases the permeability near the well-bore, expressed by negative skin
factor (s = -). Figure - 19 shows pressure profile through porous media.

O Ailaiall oda iah () Sy s Malal) dihaia" 5 purciall 40 dilaie ey "l CAl anly Wogae 30 138 )Ly
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Damaged Zone Pressure Profile
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Figure — 18: near well bore skin effect.
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Figure — 19: pressure profile, reprehensive of positive and negative skin effects.
Al g Aulagy) dgalall JEYN A 5l g ¢ Jarcall Cala 19 - IS4

According to the above factors that cause pressure loss, there are many skin factors
as following:

I gatl) e Lalal) Jal gall (e apall @llia ¢ Jarall ()13 Cans 3 odle 5y sSa) ol gall
St = Sfm + S, + Spp
Where;
S¢m= Formation skin factor due to alteration formation characteristics (permeability).



(dall) il op Sl palbiad Cua cp oS3l E 138 Jele =Sp,
Many wells either have a zone of reduced permeability near the well-bore resulting
from drilling or completion operations or have been stimulated by acidizing or
hydraulic fracturing.

i sl JuSY) sl e e Al B jéa e ol Aaidie 3 <l Ailaie o e LYY (e ) (g gial
S ouel) Sl ol (el 5yl e s ad

Those factors that cause damage to the formation can produce additional localized
pressure drop during flow. This additional pressure drop is referred to as APg;,. On
the other hand, well stimulation techniques will normally enhance the properties of
the formation and increase the permeability around the well-bore, so that a decrease
in pressure drop is observed. The resulting effect of altering the permeability around
the well-bore is called the skin effect.

S ok il W xaall 8 dlia) (ealads) ) o sSall 1 e s Al Jal sadl oda s255 () (S
b IS8 i) et i Jantis ¢ Al Al Ga AP anls Dol 8 L) (aledi) 13
aliad) A (aliad) adaadle oy Cumg ¢l (i gad Jsa A0l 30l )5 (Sl pallad el e

Al 5l e il Cay st Jga A0 el il 801 Jaxall
compares the difference in the skin zone pressure drop for three possible

outcomes:
sAllia il &y Alat) dBhaia Jada (alddld) B 3 Al o &,

- First outcomes: APg;;,,> 0, indicates an additional pressure drop due to well-bore
damage, i.e., K ;p,< kand s =+,

A =5 5Kgpim <kl ¢ Sl Csad Gl uans Jarall 8 iba] Galéddl ) i < 0 <A Py il9¥) gl -

- Second outcomes: AP,;,< 0, indicates less pressure drop due to well-bore
improvement, i.e., K, > kand s =-.

= =8 5K i <K ) ¢ ) Casad et G Jaaall 8 B8 (alids) ) e ¢ O>AP g, A0 gl -

- Third outcomes: AP,;,= 0, indicates no changes in the well-bore condition, i.e.,
K .in=kand s=0.

$=0 5 Kgpin=Kgl ¢ sull i @lla & jpai aga g ate ) el ¢ 0 =APg, A gl -
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LE.13
Hawkins (1956), suggested that the permeability in the skin zone, i.e., Kiin, 1S
uniform and the pressure drop across the zone can be approximated by Darcy's
equation. Hawkins proposed the following approach as shown in below figure:
Aahiall e ekl (mlidi)l cu & (Sary sange Kppn ol ¢ Aall dikia 4 40N o (1956) S ¢ il
bl JSEl 8 e s o LS ) gl a8 o o 5B s yls e Ao
Apsiin = [Ap in skin zone due to kskin — Ap in skin zone due to K]
+

Py

Pressure ( Py )

*

Where:

AP, = pressure drop in the altered zone around the well bore (7, , Ksxn)-
(Krein, Ts) o) i Jon Aanal) dilaiall 3 haivall o ga =AP,
AP; = pressure drop in the undamaged zone (; , k).
(r , K) Al e dslaiall 8 Tl (y=lids) = AP,
Apply Darcy's law for radial-steady state flow with field units.

Al Slas gl e dpe bl el Alall Gaxil )y ¢ i Gy o8




k «xh(P —P)

Q =7.08x1073 .
B xIn (=%
Ho * 5 % (rw)

P,,s = static bottom hole (well bore) pressure, psi. (s <) il Cill i) bzl

P, s = flowing bottom hole (well bore) pressure, psi. (Ll < sas) gl o Jaaa 382y

QoltoBopIn Is
AP, = 1412 —22 ) 3)
QoMtoBopln Is
AP, = 1412 ——° ) . (4)
kskinh

Substitute Eqg. (3) & (4) in Eq. (2)

QoMoBoln(:—S) QoHoBoln(:—S)
APgpin = 141.2 w —  141.2 w
kskinh kh
- QotoBo [(k—Kskin) Ts
APgp=141.2 202270 [FBkn (B)] L (5)
Van Everdingen defined APy;,, as:-
B
(BPgin) pm = 1412 228070 (Sp) e (6)

Solving for S, equalizing Egs. (5) & (6).

£ Sy = [ ()] (D)

skin Tw



Re-exam Eq. (7)
Case-1 k=k, No damage , No stimulation Stgm=0, APgin=0
Case-2 k <k, Damage
Stm=tVe , APgin=tve increase total pressure drop AS! bl (aliss) s
when produce with constant rate. <uli Jaeas it Laie
Case-3 k> k, Stimulation
Stm=-Ve , APgiy =-Ve decrease total pressure drop Sl Jasall (alids) Jiis

when produce with constant rate. <l Jaee; i Lavie

Completion Efficiency sy sels

S

»p = SKin factor due to partial penetration of the formation.

oSl el A G slal e =S

The skin factor S, is affected by perforations in only a portion of the total

formation thickness (effect of incompletely perforated interval). This factor causes
an additional pressure drop near the well. The purpose from partial penetration of
the formation is avoided water and gas coning.

b Jalall 138 ety (ALl e Al 5 il ) KU 05l o (e L ¢ 8 sl S el Jale i

) elall Ja g jaie cuind g G oS (5 ) B SR (e Gl al) ) e o il bkl 8 L) alisl
Spp 1 depended on penetration ratio (b :(’;—’:)) and (’:—v’:). Where, h,is the total
formation thickness, h, is height of the perforated interval, and 7, is well-bore
radius. As shown in figure -20.

o s . - h h o e\ s .
gl s hyy ¢ oSl KD ASLel) 8 hy Cus i) s(b :(h—’:)) QLAY A e &) ading
20- AN 8 e ga WS )l caal s 7, 9 e il el Jealdll



Figure — 20: partial penetration of formation by a well.
o Adand 5 0 Sl (5 s (31 5A0 020 - JSS
: : i h
Spp Value is determined by figure —21:by use value of b and (ﬁ).
h ot -~ .o . B - 0N e
. (r—p)j b dad pladiu) 3y e 21 - JSAL Spp el iy
w

S

»p 1S always +ve.

Also: (APskin)pp = 141.2 QOHOBO ( P)
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Figure — 21: skin factor due to partial penetration of the formation, Spp.

SPP ¢ oSl 33201 GBI G Azl Jole 121 - Sl

Sc = skin factor due to completion configuration.

S (35830 ey Al Jale



Skin factor due to completion configuration is determined by use figure (22), (23),

and figure (24), and the following data.
Al bl 5 ¢ (24) JSAl 5 ¢ (23) ¢ (22) JSal aladiind YA (e JalSI G oS G alall Jale apasi oy
1- Perforating techniques (Bullet guns, Jet guns, Hydraulic perforator), and

formation compressive strength. Used to determine formation penetration (distance

of bullet penetrate the formation).

G A pasil aadnd Jl haaia daglie ¢ (Salgpme i ¢ AlE il ¢ abia) Gluai) il culis -]
(085S (3 i3 Al I Ailass) (oSl

2- Perforation phase. <l dls j

3- Area of perforated interval. <« sl Jaldl) Aali

4- Perforation density, (number of perforation per foot of perforated interval).
(Aaiial) 5 yial) 8 a0ally o gl dae) lERY) ASUS 4

(S.) chartlS coOrrected according to perforated zone, by:

:U:MU-J ¢ “-‘93&3‘ dahaiall m) Baias bl (Sc)chart

(Sc) cor= (Sc) chart (:_;)

Also:
QotoB
(APgin)c = 141.2 % (Se) cor
or
QoltoBo
(APskin)c = 141.2 T (Sc)chart
p

SO. St =Sfm+Sc+SPP
(APskin)total = (APskin)Sfm + (APskin)SPP + (APskin)Sc

B
+ (BPyin) ot = 141.2 22422 (5))
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Flow efficiency il seleS

P A P; which Ar, AP, r f the w
A Py, which  Ar, APgyin. T fsc w

Ap(a) - AP(T) - Apfm + Apskin
Or

(Pe N ow)actual - (Pe - ow)total - (Pe - ow)ideal — (AP)skin

Then

4_ F — [(Pe_PWf)actual_(Apskin)total]

[(Pe_PWf)actual]

- ldeal case (St = 0)

Ko *h x [(Pe_PWf)ideal]
Uo * B * ln(r—e)

Tw

+ (Q)ideal = 7.08+107°

- Actual case

Ko * h * [(Pe B ow)actual]
o5 (D
w
K, *h * [(Pe - ow)ideal + (Apskin)total]
5 (D
w

(Q)ideal = 7.08 * 10_3

(Q)ideal =7.08+1073

Or

K, *h * [(PG_PWf)actual]
Up * B * []n(:—vev)"‘st]

+ (Qo)actual =7.08 %1073



FE > 1 Stimulation i

FE <1 Damage sl

P, = Average reservoir pressure. o)Al s Jaw gia

P,,s = Flowing bottom hole pressure. g&l o laxa 3axy

Example;

From this data:

Oil column thickness = 25 ft, K, = 100 md, u, = 0.5 cp, Perforated zone thickness =
15 ft (from upper oil zone), Radius of drainage area =660 ft, Total pressure drop =
1000 psi, well bore radius = (3/8) ft, Bo ( oil formation volume factor) = 1.4
RB/STB, Perforating diameter = 2 inch, perforating (shots) density = 4
perforation(shots) / ft.

Jet guns used to perforation operation, and the bullet penetrate the casing and
cement only (formation penetration = zero), and perforation phase in one side (all
perforation in one side).

Ao yos ¢ (oo = S (31_sial) 186 ity G (3 i Aunlm )l ¢ cafil) duee (8 Aanaiusall 23l (3303
() ils (8 il aien) aal g uila 8 il

1- lIdeal flow rate.
k xh * [(Pe - PWf)ideal]
U, * B * In (:—;)

100 = 25 % [1000]
660 )

(Qo)ideal =7.08 %1073

(Q0)igeas = 7.08 %1073

05 % 1.4 = ln(O 37E

(Qo)idear = 3383.5 STB/DAY.

2- Actual flow rate.

k xh * [(Pe - PWf)actual]
Uo * B * [ln(:—e)+5t]

w

(Qo)actual =7.08 %1073



St == Sfm +SC +Spp

S¢m= 0 — no information

Spp—
Ct ) = —) = 66.67
D)= () =06

From figure (23) Spp = 1.7

(Sc)cor_’
From figure (23) (S:) chare =4.25

h
(Sc)cor:(sc)chart (h_t)
p

(Sc)eor=4.25* (77) = 6.88

So:

St = Sfm + SC + SPP
St=0+6.88+1.7=8.58
100 = 25 % [1000]

05 * 1.4 * [1n (0635;)5) +858]

(Qo)actual =7.08x1073

(Qo) actuar= 1555.4 STB/DAY
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Drill Stem Testing, DST

Drill Stem testing provides a method of temporarily completing a well to determine
the productivity characteristics of a specific zone. As originally conceived, a Drill
Stem Test provided primarily an indication of formation content. Also the pressure
versus time chat was available.

¢ Ja¥) 815 peaie G LS Aipma dilaiad Laliiy) Gailad yaadl Gge jull JUSY 45 ,h Drill Stem sl i s
MAlie < gl) 455 Qe Jasaall IS LS 00 5S (5 gina e 1550 Y liall & Sl paa il o8

Reservoir characteristics that may be estimated from DST analysis include;
¢ DST Jalad ¢pa W il (Say Al palall paibad Jadd
= Average effective permeability dlxall 4,381 Lo 5ia
= Reservoir pressure  (<Sall b
= |dentify reservoir fluids o) 3 J3) g 23s
= Well-bore damage —wisaill aa ) pa
= Barriers, fluid contacts Ji sudl Clasdla ¢ jal
= Radius of investigation Gasill Hkd Coas
» Depletion gl
Tools Used in DST

The type of DST tolls depends on the testing well, whether it is cased or open hole.
An gite dath gl ddlae CalS ol gas ¢ JUAY) i e Ghall cud gl e saall p g 58 aing

1- Surface pressure control equipment’s ghwd) hiuda A asadl) ciara

It is a collection of valves, flanges and nipples set on well head, used to control on
flow rate and internal closed or flowing pressure.

b aSaill aadind g ¢yl Gl e de g gall Grinil) LIS Al 5 olidll s Cilalasall (e de e e 3 jle A
il sl Al Jaxall 5 3003 Jaes




2- Drill pipe
Drill pipe used as connection between surface equipment and test equipment.

LY Claee s prdad) Cilaza G Alia oS adiing iall ool
3- Reverse circulation sub = _dl o5l (uSe

This sub valve used to circulation the drill mud (reveres circulation, from annulus to
inside drill pipe), for killing the well and control on well after the test was finish or
in emergency cases, and the valve used to empty the drill test stem from fluids
when pull out of hole. During the tools run in hole this valve remain closed and still
closed until the test was finished, after that its open to control on well.

& aSaill s ) ¢ (Laad) cogal Jals ) Adad) e ¢ Jiiil) () ) 9) iall ala yysail e il alesall 138 aadig
oVl vie i gull (e iadl L) Gl &1 8Y axivall slacall g ¢ () shall s & 5 LaaY) olgiil aay i)
Ay lld dmyg ¢ HUAYD e el ia Wi JI e V5 W alaaall 138 Jlay ¢ daidll & o) Joseds ol8 3 j0al) (e
il b Sl ans
4- Drill collar (sl s ) Gsba s
Used to set the packer and open or close tester valve by its weight.
A3 e LAY alaca @& ol i 5 (oanall Tapal aadiy
5- Reverser circulation ports Sl ;) sall dilia
Also, used to reverse circulation of drill mud after the test was complete.
DY) QW) aay sl ol )50 (Sial Ul a2ais
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Figure — 25: Fluid passage diagram, open-hole drill stem test.
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6- Closed in pressure valve Liall slas 8 sl

The valve used to close the drill stem after the test was finish.

LAY sl ey iall g 3a 3D Y axdind) alacall
7- Flow choke @il s

The flow choke with a specific diameter (5/8 inch) used to fluid flow through it and
to calculations purpose.

clbaal) i yal s ADA Ji) gadd) (33081 a38sy (e 2 8/5) dama Loy AN (BIA
8- Tester valve _uil s

This valve used to control on fluid movement (flow or close), the valve is closed by
put the drill stem under tension, or open it by slack off the stem. (Sometimes the
valve called multi flow evaluator MFE).

Cad jiall gia auay kb oo alesall @ME) Al ¢ (BAY) S i) ) sall AS ja 8 aSatll slacall 138 aadiy
(MFE 2asiall 3821) afie Gla alesall o) &3 (e olad Y1 515k (e 4ad ol ¢ 2

O- Upper pressure recorder sl el Jas

This instrument includes pressure record that consists from spiral tube that moves
according to amount of supply pressure, the tube shifting is transit through a small
needle to a black chart (previously, set on it lines with a specific pressure). All
operations that occur during the test will recorded on the black chart as pressure
versus time profile.

30 e s 8 alg ¢ daeY) Tk laial Wy @l ay g Hla ol e (0 sSh dakaia oo o 31 038 e
DL el and ) Cllen) apes Qi s (Cpre ataiay Jaghad e died & ¢ i) JJ.TTLLQGJ;\BP
8 gl e Jaaall oy et Cale€ 3 ) ) s )1 e
10- Hydraulic jar asds w3,
It is a motional nipple, used to release the test stem in stuck case.
MLGM\A@)L}A\J\&L):)M?Mc;\SJMM\dAEM}&E)hQGQ}
11- Safety joint ol Juaic

This joint is useful in case of stem stuck. When stem does not release, could back
the part of stem by open it from the safety joint.

Y Jiaie (e 4nity g 3all ¢ 5 sy o (S ¢ paall padah Y latie | Gladl (i g Alla 3 abe Juadal) 128



12- Packer <uii jals

It is the important part of the test stem; consist from steel and rubber part. After set
the packer by supply a certain weight, the rubber part will isolate the upper of well
from the formation (remove the hydrostatic pressure from the formation). After the
test on formation was completed, then the packer return to its normal situation by
removes the supplied weight, and the formation will be under control by the
hydrostatic mud column pressure.

¢ O (D3 A Gb oo ) o a2y Ll aliall e e g (e ST ¢ LAY £ (e agall ¢ el )
DLia) JuiSh amy (02583 e (Sl s pgll laracall o 3) GesSill el e st 6 el halaall ¢ el J
i Ao g3 8 plaseal) Caat Sl G Sag ¢ 8 gall sl A D) (G sk e camhall Aria g ) fomall 3 gan ¢ <3
S5 puel) (phall 3 e
13- Perforated pipe « siie ol
Through this pipe the oil and gas enter inside the test stem.
LS g da Jals Slally il Jas o) 1 YA (e
14- Temperature recorder s, all da )y Jaa
This recorder used to record tested formation temperature.
B)M\quﬂ\ﬁ_)\_);h)dd:\nﬂdm‘ \Mem“
15- Bottom pressure recorder di-d Laall Jaa

Its second pressure instrument also used to record flowing and closed bottom-hole
pressure.

Adleal) dlid) daidll Jazaza 5 (383 Jaxaia el Wiayl 406 Jarcall 1ol aaiing
16- Tail pipe anchor Ja sl sl s
Tail pipe anchor is the last part of test stem used for support purpose.

ae ) (i jad aadiaall HLEAY) £ 3a e 5all e Gl g ilad) sl e
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Pressure versus Time Plot ws ) Lha. i el
The entire sequence of events is recorded on a pressure vs time plot shown in
figure-26.

26 JSGd! § o gell gl hlie bassall lahasie (e SlusI JolS1 Jusdasddl Juzend ot
Initial Flowing and Shut-in Periods- one objective of the DST is to determine
the static or shut—in reservoir pressure of the zone.

Adkiall Ol Jass (3 - MY ol Coldll i 9o all Cudgidl Glual ust - 3MEYs Gaul 4o Ol Al
Second Flowing and Shut-in Periods- the objective of the second flowing and
shut-in periods is to permit the calculation of reservoir parameters, as well as
to determine fluid production.

ISy ¢ aSall Wlalas Gl lowd! g QU EMEYlg 391 A8 (o Bugll - 25U EIEYy 3 il
NS PRI VI IRERES

A-Q Baseline drawn by recorder. H  Final closed-in pressure of 1st period.

A  Recorder clock started. I Begin 2nd flow period (initial flow pressure).

A-B Tools being made up. J End 2nd flow period (final flow pressure).

B-C Running in hole. K End 2nd shut-in period (final closed-in)

C-D On bottom—completing surface hookup—initial K-L Equalizing hydrostatic pressure across packer.
hydrostatic mud pressure, M-N Pulling out of hole.

D  Tester valve opens. N-O Reached top of fluid fillup in drill pipe—

E  Beginning 1st flow period (initial flow pressure), reversing out fluid to surface.

E-F Fluid filling small |D drill collars. O-P Continued trip out of hole.

F-G Fluid filling larger ID drill pipe. P-Q Breaking down tools.

G End 1st flow period (final flow pressure), R-S| 1,000-psi lines drawn by

G-H First closed-in pressure period. T-U{ chart interpreter.




Theory of Pressure Build-up Analysis Lxxll oS 5 Jilai 4, s
Horner equation- transient pressure analysis of a DST is based on the Horner
pressure build-up equation. This equation describes the repressring of the
well-bore area during the shut-in period, as formation fluid moves into the
“pressure drop” created by the following portion of the DST, Horner equation
is the one of solutions of diffusivity equation for fluid flow in porous media:
dilate pod Dolasll 2dd gl . Jaiall (ST Ly9a dolae e DST I pladl Jaiall Judoxd dakay - y3y90 Aslas
¢ DST oo JWI 5521 e ol "aduall (olasal” ] e sSl Bl oy g ¢ 3IEYI 848 I A Caygos
tgnluall alsgll (3 J5lgund! (380 HLacY) Wslas gl dT (2 450 Wolas
°p 1 dp ® u Ce op

Szt o T Tosozear t a0 (Diffusivity Equation) ...... (2-1)
o o Bo t,+At
* P,. =P, —162.6 % [log( pAt )] ......... (Horner) ... .. ... .. (2 — 2)
_ tp+At
+ P,.=P+ m[log( n )]
_ qo Ko Bo _
m=162.6 T (2-3)
Comparing Eq.(2-3) with the equation of a straight line,
y=m+Db
y ~ Bys
b ~ P;
m ~ 162.6 IotoZo
Ko h
ty+At
x~log (25-)
y =a+ mx

P,,s=shut in pressure (bottom hole pressure) measured in the well-bore during build up, psi
Ll oLl a8 s (Aliad) a5l Jaie) (3lacal) Jasoal

P ;= static or initial shut-in reservoir pressure, psi ¢33 1 5l il o) 330 lxia

k,= oil permeability, md <3l a5

B ,= formation volume factor, RB/STB ¢nsSill aaa Jale

Q,= oil production rate, STB/day <l 7 Jaea

At = shut in time, hr bl cégl 3 sl

t,= flowing time, hr Gixidl «é )

U,= oil viscosity, cp <l ds )

h = production zone thickness, ft zY) ddais claw

C;= reservoir fluid compressibility, dimensionless ¢/l Jils hlacai)



Conditions which must be assumed during the build-up period for Horner
equation to be strictly correct are:

(R Ll dovouo Jiyg0 dolas 0955 (o> sLadYl 8,8 JH= Lol A8l Comy G by &l

1- Radial flow, steady state flow <ol 385 > ¢ (£lads (385

2- infinite-acting reservoir Jgx2el 3lg Y 0=

3- Homogenous & isotropic porous media (o!g3d! dudlxing dudlxin daolune Lasling
4- Single phase flow gkl $ol> 385

5- Gravitational force is ignored dwdlxll 849 Jal=d o

Assuming these conditions are met, then Horner build-up plot of B, versus

(tp+tAt) on semi-logarithmic paper should yield as shown in figure - 27:

tp+At i . . . : . . .
" ) Blie P 5i9n oSl hhse g o o ¢ by adl ada slagwl (o84
127 - Sl § o ge 90 LS (pi)le gl

wi Gyl e

LTR

Ideal well

Actual well

Pws
ETR

< LOG (( tp+At)/At)
Figure -27: Horner plot for pressure buildup test. tasuall 051,35 jlasY y3ye0 8yel§0 127 JSad|

For ideal buildup pressure test, obtain a single straight line for all times, any
well-bore damage or stimulation is considered to be concentrated in a skin of
zero thickness at the well-bore; at the instant of shut-in, flow into the well-bore
ceases totally. For actual buildup test, obtain a curve with a complicated shape.
To explain what went wrong, the radius of investigation concept is useful.
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Based on this concept, we logically can divide a buildup curve into three
regions;

¢ 3blo M5 ) 0STAI gomie oueants Lilaia LiSiay ¢ pggiall lin (e 2L

1- An Early-Time Region (ETR) during which a pressure transient is moving
through the formation nearest the well-bore, (include well-bore effects— well-

bore storage, skin factor and non-Darcy effects).

A3 § o) ¢ A gzt 81 ST NS ple baip WS ity (I (ETR) pSeall o3l dilaie -1
(s e by Ml Joleg ¢ Cayganill duzr (32355 € Al G g ol

2- A Middle-Time Region (MTR) during which the pressure transient has
moved away from the well-bore and into the bulk formation. And the data are

take from this region to estimate formation properties because its consider
reservoir behavior.

JsT g (ALSI eSS ) Al Cangas e 1dumy pladl Jarall s 2y (MTR) oe3l) Ciuaiie dilaie -2
.Sl s sLaeYl (§ 93G gY 2sSU paslias 5auad dalaiall 2ds (e UL

3- A Late-Time Region (LTR), in which the radius of investigation has
reached the well's drainage boundaries.

il iy el 3 g ) il Sl Caaal Jum g s ¢ (LTR) abiall i ) dlaia -3



Production (LE.17) 2021/6/30

Steps of determining reservoir properties by using Horner plot to analysis
pressure buildup test:
1- Plot P, Vvs. (W) on semi-logarithmic paper, then delineate the straight line
from MTR is called the correct semi-log straight line , the straight line slope (m) is
found by simply subtracting the pressure at any two points on the straight line that
are one cycle apart on the semi-log paper. Using absolute value of (m) to estimate
effective formation permeability (K,), by using this equation;
BO
- K=162.6 oo

mh

Where

L — (Pws 2— Pws 1) _ b
(log(10)-log(1)) c

162.6 q, 1, B,

m

+  Formation Capacity (FC)=K h =

& Transmissibility (T) = — = 162.6 L
uB m

2- From semi-log graph, the original reservoir pressure (pi), is estimated by

extrapolating the straight line to infinite shut-in time where (@) = 1.

3- Also can determine skin factor, s from the data available, by use the following
equation:

_ (Pi—Pwr) K tp

+5=1.151 [T—log(w - rw2)+3.23] ......... (2-4)
or
_ (PihT—PWf) K

aLs_1.151[ — —1og(w . rw2)+3.23] ......... (2-5)

. ty+At oy : :
In summary, if we plot P, vs. Iog(%) with information obtained from a

pressure buildup test, we can estimate effective permeability, k, original reservoir
pressure, pi, and the skin factor, S.




Radius of investigation ( ri )

It's a distance that a pressure transient has moved into a formation following a
rate change in a well, this distance is related to formation rock and fluid properties
and time elapsed since the rate change.

0.5 0.5
iriz(—K D ) or ri=( K tp )
948 @ u Ct 5.67 X104 @ u C¢
r;= investigation radius, ft.
k,= permeability, md.
t, = flow time, hours.
@ = porosity.
U,= Viscosity, cp.
C; = total compressibility, psi~

1

Example:

DST analysis, from this data

Thickness of testing formation = 50 ft.

Section length of produce oil = 600 ft. (steam testing)

Steam testing consist of:

1- Drill collar pipe length = 300 ft., capacity = 0.0061 bbl./ft.
2- Drill pipe capacity = 0.0142 bbl./ft.

Oil API = 35, reservoir temperature =120 F

Atyi =5 minute, At i =30 minute, P, i=1910 psi

t, f= 60 minute, At f=45minute, P, (f=350psi, PB,sf =1765psi
Data of P,,.f vs. At f

Pusf Atf (min) Bysf (psi) At f(min)

965 5 1725 30

1215 10 1740 35
1753 40

1405 15 Loes h

1590 20

1685 25

Determine the following:

1- pi

2- qo

3-ko=7, uwo = 1.5 cp, Bo = 1.15 RB/STB, Net pay thickness = 10 ft.



4- FE

5-ri=?,@=10%), C, =8.4x107° psi~t

Solution

1- Plot pwsf vs. ((tp+At)/At) on semi-log paper, draw the straight line from the transient
region, extent the line to intercept it with ((tp+At)/At) = 1, to determine pi = 1910 psi.

2- Total produce oil rise in drilling pipe = 600 ft
during 65 minute flowing time, then oil

volume in drill collar pipe = (300 x 0.0061 = 1.83 bbl),
oil volume in drill pipe = (300 x 0.0142 = 4.26 bbl),
the total oil volume produce = (1.83+4.26 = 6.09 bbl).

q, = 6.09 bbl / 65 min * 1440 min/day = 135 bbl/day.

3- By slope of straight line, determine ko
ko=162.6 x135x1.5x1.15/372x 10=10.2 md

K tp
O u Cr rw?

4- Determine FE, S = 1.151 (PizPwr) _ log( ) + 3.23]
m

S=1.151 [((1910-350)/372) - (log(10.2 x (65/60) / 0.1 x 1.5 x 8.4 x 1076 x 0.3332) + 3.23]
$S=-0.55

qoloB
(APskin)fm =141.2 % (Sfm)

APgpin=141.2 x (135x 1.5x 1.15/ 10.2 x 10) x -0.55 = -323.4 psi

[(Pe - ow)actual - (APskin)total]

[(Pe N ow)actual]
FE = 1910 — 350 — (-323.4) / 1910 — 350 = 1.2

FE =

K t 0.5
5- = ( P )
5.67 X10% @ u C;

0.5

10.2 x 65

;= = 95.6 ft.
L (5.67 x10% 0.1x1.5 x8.4 X104 )




Pi=1910 psi

- acf (min) | (¢, + At)
e e
2 5 14
120 10 7.5

I i3 15 5.33
- 20 4.25

- 25 3.6
= 30 3.16
i 35 2.85
- 40 2.62
% 45 2.22

(tp+At)
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Reservoir and fluid anomaly indications
Many times the assumption of the Horner build-up equation, homogeneous
formation, single phase flow and infinite reservoir, do not hold in an actual case. If
changes occur within the radius of investigation of the DST, they can be detected
by a change in slope of the Horner build-up plot.
Y ¢ QI ohdly ol shall 3355 ¢ puilamiall (a9Silly ¢ y3)9m sl Aslas (LI OB ¢« BLaYl e WS &
IS oo LgdlaaST Slasd ¢ (! Cudoill § Gaimtll Sl Cial J5Is Olysd Cdus 1] adad V> § desay
BUTLEIVRZCE SSRESVIE BV Y
Permeability or Viscosity- Examining the Horner slope equation, it is seen that if
rate of flow g remains constant, then permeability k, or fluid viscosity p, are likely
suspects for change as the wave of increasing pressure travels toward the well-
bore.
L3 995 OF Jwioeall oped ¢ Bols g (3801 Jdme JI5 13] 45T LoD ¢ 3y90 Jue dslan (i -dg301 of L3
Al Ly g 9 ylel) Jaisall dor g JU o e ag>- (§ LGidin ¢ P lod) dzg3) of ¢ k

Permeability may change due to natural lensing or due to formation damage,
figure — 28 A. It is doubtful, however, that formation damage would affect
sufficient volume of formation to be detected as a change of slope on the build-up

plot.

Fluid viscosity could change due to a change in fluid phase or type (i.e., gas to oil).
“Seeing” the gas-liquid contact from the up-structure well of figure — 28 B, would
be difficult, due to the normally short radius of investigation through a gas column.
Seeing the gas-liquid contact from the down-structure well is a much more likely
possibility.
"G5)" Gl e 09Se W (el I S ST) deg T wiledl yebo (B S s L) dzrgy) S OF S
Ol S 39 NS oo bl yhad Casal ad) [51ad ¢ O 28 JSad) Salall JSugl! o oo JSLudly S (rn pueedld!
A STl 90 Jawd) JSed! o oo Jiludls 5Ll dnadle 418




Oil or water
-

L

N 1 .
P WE d /——:-—' pws d . ?
‘-1-/ < ¢

m,
a g s b
1o’ + A t | AL
Log — At‘m LoE 3¢
A. Change of Permeability B. Change of viscosity

Figure — 28: Effect of changing permeability and viscosity

Barrier- A sealing barrier such as a fault or permeability pinch-out can cause a
change of m. if the barrier is a straight line as A-A" in figure — 29 A, then the build-
up slope will change by a factor of 2, figure — 29 B.

JSdl (3 AA Jie i s 52l 0ST13] .M i @ Aoy L3S of Jlae Jie @i sl ity OF oSey -y |
2029 - JSadl ¢ 2 Jolaay itias @SNy 06 ¢ 129 -
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'1m{. ---_;;.:.7:“'-‘""'2 2m
Pws : 1:#‘2’:" f
3 ! :
i
10 v
tp +At
A At B

Figure — 29 Effect of a fault



In summary, a change in permeability, or viscosity, or existing of a barrier, all can

cause a change in the slope of the Horner plot. Thus, the fact that a change in

slope appears on the build-up plot leaves open the question of what caused the

anomaly. This must be resolved through other geologic or reservoir information.

¢ JWL 53sn halases jusie (§ S Gigd> 3 ¢ 52l 3929 9l ¢ dzg3ll T ¢ L3l (3 sl iy OF oS ¢ HLazs b
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Depletion

If the extrapolated or stabilized shut-in pressure from the second build-up is lower
than the initial shut-in pressure, a depleting reservoir may be the cause. Obviously
a reservoir must be extremely small for depletion to occur on a DST, but many

field examples are available to prove that it can occur.
o] 92 Adiuall 0331 09Ss Aad ¢ JoYI B! Jasus (ye JBT JUI oSTAN (o yiiunedl T yitunall BMEYI Jais OIS 13]
AUl eyo dpdall 53935 Sy ¢ mall Cudaill § ewadl G > LU e 0550 O caam 0l Of @lgll o
A9 44518a] ©LEY Aol
Another possibility, however, is that the recorded initial shut-in pressure may be
higher than true shut-in reservoir pressure. This effect is called supercharge.
Supercharge could be due to leak off of drilling fluid filtrate over-pressuring the
formation around the well-bore, or to compression of well fluid below the DST
packer as it was set.
AW a3l 03l baiss (e el 0950 98 Jaranal) oY1 31 lasss OF g9 ,3T Jloil U ¢ el po
Jg> 02951 e Wl Jasall pasl il radeyd il (po @l s @1 oaedl 0950 OF oSy - @1 pmedd] o
Aas 03 LS DST & g Jawl Adl Sl Jass ) ol ¢« Sl Caygons
In some formations a short initial flowing period (1 to 3 minutes) is not sufficient
to relieve the over-pressured condition. Where this condition is suspected to exist,
longer initial flowing periods (perhaps 20 minutes) should be used.
@ 2Lyl A § 2310 ladall Al Cagasad (3585 3 JI 1 o0) Bmadll oY1 3941 858 4S5 Y ¢ eMSaall pany
(4835 20 Loyy) Jgbol gl 3805 Wl plasuil o ¢ bl 1ds 399
The important point is that the question of supercharge must be resolved before
depletion can be diagnosed. A second DST is sometimes required to define
depletion.
Cyyadd QW gaall Cudsill Bl 3y cogall pansad Jd Wl Com B gidl Alus OF (p dogall Al
(O guaill



Oil and Gas Separation

Produced well-head fluids are complex mixtures of different compounds of
hydrogen and carbon, all with different densities, vapor pressures, and other
physical characteristics. As a well stream flows from the hot, high-pressure
petroleum reservoir, it experiences pressure and temperature reductions. Gases
evolve from the liquids and the well stream changes in character. The velocity of
the gas carries liquids droplets, and the liquid carries gas bubbles. The physical
separation of these phases is one of the basics operations in the production,
processing, and treatment of oil and gas.

¢ Ao B3LS I3 WghSs ¢ 090,89 g el opo Aisie DSy (pe Budian Jadliee (e Bl datidl SN pul) lgan O]
Glolasdy oyan 41 ¢ hasall Jle 3Ll Js A1 03 e A1 LS 3340 ke 6531 4818 pailasg « )b laiubg
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In oil and gas separator design, we mechanically separate from a hydrocarbon
stream the liquid and gas components that exist at a specific temperature and
pressure. Proper separator design is important because a separation vessel is
normally the initial processing vessel in any facility, and improper design of this
process component can “bottleneck” and reduce the capacity of the entire facility.

laipg Byly> dys dis Baggall jlally JSludl lgSe 052 ,S9yuedl! LIS e BSGe Juadi « Jlidly o3l aold roual §
OSan9 ¢ Blade 61 (3 JoV! dxdlaall sleg 055G Lo Bole Jundll sleg Y lage I5al Juadll jlgmn) clindl mpanail] dad . pisns
LheSL Blaciall 848 Julasg "BLasYI" ] 1is ddas)l 098l Cuslindl e prasaill ($35: O

Separators are classified as “two-phase” if they separate gas from the total liquid
stream and “three-phase” if they also separate the liquid stream into its crude oil
and water components.

WS Ll cdiad 13] " jglall 383" 9 JSI 5Ll §yze0 e 51 uads <813 " jglall A5LS" L e Juolgil] Caipad

Ll Sy bl e 31 J) J5Ludl
Separators are sometimes called “gas scrubbers” when the ratio of gas rate to
liguid rate is very high. Some operators use the term “traps” to designate
separators that handle flow directly from wells. In any case, they all have the same

configuration and are sized in accordance with the same procedure.

pan ply i Adle Bl Jase J) S dae dd 0S5 Ledie "l &iS 421" Blot Juadll 832l (s
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Factors effecting separation

Characteristics of the flow stream will greatly affect the design and operation of a
separator. The following factors must be determined before separator design;

¢ ol apauad Jd AW Jolgall duaosd Comy - ol JuiiS g oual e S JSCis 3801 LS pasbias Jigiw

1- Gas and liquid flow rates (minimum, average, and peak)
2- Operation and design pressures and temperatures.
3- Surging and slugging tendencies of the feed streams.
4- Physical properties of the fluids such as density and compressibility.
5- Designed degree of separation (e.g., removing 100% of particles greater than 10
microns).
6- Presence of impurities (paraffin, sand, scale, etc.).
7- Foaming tendencies of the crude oil.
8- Corrosive tendencies of the liquids or gas.
(5919 Jawgially 3391) Jsludlg HLl 345 Y an -1
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Vessel internals

Figure -30 is a schematic of a separator. J=aldll auais 30- J<A)

1- Inlet diverters (primary separation section); there are many types of inlet
diverters. Two main types are baffle plates and centrifuge diverters (shown in
figure - 31). A baffle plate can be a spherical dish, flat plate, angle iron, cone, or
just about anything that will accomplish a rapid change in direction and velocity of

the fluids and thus disengage the gas and liquid.
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2- Mist extractor (secondary separation section); some of the drops are of such a
small diameter that they are not easily separated in the gravity settling section,
before the gas leaves the vessel it passes through mist extractor. This section uses
elements of vanes, wire mesh, or plates (as shown in figure - 32) to coalesce and
remove the very small droplets of liquid in one final separation before the gas
leaves the vessel.
D) a8 4] geun Leliad (S W iy ke Hlal iy @l pladll (amg ¢ (5590 Jiad adl) Claall & jiise -2
Al s 5f ) gn yealic andll 138 aadiey Cludall 7 ja0ee e e 3l ele Il Sl 5oy of J ¢ duilal)
D O Ji a5 led Jaad (A 13a 5 ppmall Jilad) <l plad A1) 5 apeadl (32 - JSEN 8 mnge oo LS) #101
sle Sl )
3- Gas out; by controlling the rate at which gas leaves the vapor space of the vessel
the pressure in the vessel is maintained, the pressure in the separator is
maintained by a pressure controller.
& brall e Llaall o4 ¢ ele i) jAg dalie Jlall sdie o i A Jamall A Saill A e ) 7 558 -3
Josall 8 oSl Sles Aol 5o Jualdl) 8 izl e Lliall o ¢ ele )

4- Collection section; the liquid collection section provides the retention time
required to let entrained gas evolve out the oil and rise to the vapor space.

e ) gl s s el Ul land) ol () g Bl gaand pud gy Jnmnil an -4

5- Liquid out; the liquid leaves the vessel through the liquid dump valve, where it is
regulated by a level controller. The level controller senses changes in liquid level
and controls the dump valve accordingly.
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Figure — 30 : separator schematic.
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Figure —31: baffle plates.
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Figure —32 : mist extractor.

Separators types

Classification of separators according to configuration: ¢ <! caws Juolgall Caiuas
a- Vertical separators 4wgesdl Juolgall

b- Horizontal separation gaéii\ Juad!

1- mono tube o> gl

2- dual tube z933e gl

c- Spherical separators 49,5 Jsolgd

Vertical separator

Figure - 33 is a schematic of a vertical separator. 4.5 gea)l Juol) Ubhm 33 - JSa
The advantages are; < lolx)!

1- Adequate for medium or low GOR fluids.

2- Easy to remove the impurities (paraffin, sand, scale, etc.) from inside the vessel.
3- Vertical vessel requires small plan area, it could be very important in offshore.
4- Relatively easy to deal with the effluent liquids waves.

Ayaiseiall gl dawgiall GOR lgwd Cawslio -1

slegll J21s oo (&) ¢ sgadll ¢ Joll ¢ (abUY) Golgadt ] Aggun -2

sl G2y 8 WLl dage 0S5 U89 ¢ @l Bduo d-lus dad gl L] (s -3
Lo dadiall 5l gl ilrgo o Jalaidl Aggun -4



Pressure Control Valve

Mist Extractor
‘\ if--—-‘--—-' Gas Out

(1 k| '\
_ Gravity Settling
A Section

intet —{

Inlet / o =

Diverter
| A —:j:—b Liquid Out
\_// Level Control
Valve

Liquid Collection
Section

_Liquid-Gas Interface

Figure -33 : schematic of a vertical separator.

Horizontal separator

Figure - 34 is a schematic of two types of horizontal separator.

The advantages are; Lol

1- Adequate for high GOR fluids and foaming oil.

2- Less expensive compare with the other types.

3- The interface area is larger in a horizontal vessel than the other types; it is easier
for the gas bubbles, which come out of solution as the liquid approaches
equilibrium, to reach the vapor space.

4- Easy to shipping and structure.
B9t )l 9139 GOR Pl guud conwlin -1
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Figure — 34 : schematic of a horizontal separator.

Spherical separator
Figure — 34 is a schematic of a spherical separator.
The advantages are; < lolw)!
1- Use for low and homogenous production rate.
2- More cheap than Vertical and horizontal separators.
3- Easy to clean and drain.
comdlaieg prdsie US| Jda pasig -1
233815 Bl Jaolsill o sl -2
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Figure — 35 : schematic of a spherical separator.




Classification of separators according to function: 4l e Jual fl) Ciyias
1- Two phases separators. cxils j Jual 58
2- Three phases separators. Jwal s Ja) e &35

Classification of separators according to operating pressure:
s Jardil) s e Jual sil) duiia
1- High pressure separators [1500 psi]
2- Medium pressure separators [650 psi]
3- Low pressure separators [60 psi]

Separators Design Jwal sill araual
The basic factors that effect on separators design are; .» del s assai e 555 3 Ayl Jal 521l
1- Working pressure.
2- Working temperature.
3- Fluid components.
Separator design consisting as follows; A sl Je Joaldll aaai ¢ i
1- Calculate gas section capacity. Jbll aud daw clua
2- Calculate oil section capacity. dall aud dew s



