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COURSE TITLE:
COURSE CODE: PEE 511
TIME: 3HRS
INSTRUCTION:

Question One (1) :
The following permeability data were measured on a sandstone as a function of its water

ENHANCE OIL RECOVERY

ATTEMPT QUESTION NO. 1 AND ANY OTHER 3

saturation
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Critical saturation or oil and water

a)

b)
c)

g

h)

Plot the relative permeabilities to oil and water versus water saturation on Cartesian

coordinate paper.

Plot the relative permeabilities ratio versus water saturation on semi log paper.
. Find the constants a and b in the equation K"/K = ae~¥ from the slope and intercept
W

of your graph. Also find a and b by substituting two sets of data in the equation and
solving simultaneous equations.
If o = 3.4cp, Hy = 0.684, S,= 1.50bbl/STB, and f3,, = 1.05bbl/STB, what is the surface
water cut of a well completed in the transition zone where the water saturation is 50%?
What is the reservoir cut in part (d)?
What percentage of recovery will be realized from this sandstone under high-pressure
water drive from that from that portion of the reservoir above the transition zone

which is invaded by water. The initial connate water sa

30%.

turation above water zone is

If water drive occurs at a pressure below the saturation pressure such that the average
gas saturation is 15% in the invaded portion. What percentage recovery will be realized.
The average oil volume factor at the lowest pressure is 1.35bbl/STB and the initial oil

volume factor is 1.50bbl/STB.

What fraction of the absolute permeability of this sandstone is due to the least
permeable pore channels that make up 20% of the fore volume? What faction is due to
the most permeable pore channels that make up 25% of the pore volume,

Questiorf/ Two(2)
Define the term EOR, show the target and path of EOR.
Give any four (4) reasons why oil and gas companies embark in EOR activities.
A saturated oil reservoir is under consideration to be water=flooded immediately after
drilling and completion. Core analysis tests indicate that initial and residual oil
saturations are 75 and 35% respectively. Calculate the displacement efficiency, Ep

a)
b)
c)
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Question Three (3) ;
The following data in table 1 below were measured on a substance asa function of its water
saturation: ;

Table 1.0: Relative permeability data of Irri field, in Isoko South Local Government

when the oil saturation is reduced to 65, 60, 55, 50 AND 35%. Assume that the oil FVF,
B, remains constant throughout the project life.

SH: 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 | 0.85 | 0.9 1
Ko 1 099 | 093 | 062|035 02 | 012 | 0.06 (0015 O 0 0
K, | o 0 0 |002[005][012/022]|035[051| 06 [071] 1
a) Find the constants ‘a’ and ‘b’ by substitution in the equation
Kro _ ae—bsw
Krw
b) If the formation contains oil of 2.2¢p Viscosity, 0.75cp Viscosity of water, oil FVF of
1.65rb/stb and water FVF of 1,05rb/stb. What is the surface water cut of a well
completed in the 53% transition zone? ;
c) What is the reservoir cut in part (b) above
d) List any four (4) forces affecting recovery.
Question Four (4) ¥
a) Differentiate IOR and EOR and give four (4) examples of each
b) Outline any four (4) practical considerations for every ECR designs
c) Discuss the displacement of oil by water in stratified reservoirs
d} Explain why the ultimate recovery factor is different for different oil recovery.
e}  Whatis a Fractional Flow of a Fluid?
f) Any influence that causes the fraction flow curve o shift upward (i.e. increases in F, or
) will resuit in a more efficient displacement process (TRUE or FALSE? Explain.
Question Five (5) .
a) Oil Recovery operations have” been traditionally been divided into 3 stages. Explain
these stages in a Chronological sense. 3
b) Give at least two (2) examples of each stage of Oil recovery classification.
c) Mention four (4) fluids used in EOR operations and their primary objectives.
d) Where can you place gas lifting operation in the different recovery classification,

Examiner: Engr. Prof. P.E. Akpoturi,
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FEDERAL UNIVERSITY OF PETROLEUNM RESOURCES, EFFURUN

DEPARTMENT: PETROLEUM ENGINEERING

COURSETITLE: EOR, COPE: PNG 511 TIME: 2hrs 30mins

Aitempt any 4 question

1.  Thefollowing permeability data were rneasured on a sand stone as a functions of its water

saturation X

[ 5. 0 [10 [20 [30 [40 [50 [0 [70 [75 |80 |s0 |100 -_
Ko 1.0 | 1.0 1.0 0.94 (0.80 |0.44 |0.16 (0.08 |0 0 0 0 =
R T 0 |0 |0.04 [0.11 |0.20 |0.30 |0.36 |0.44 |0.68 |1.0

o n Y
O e @t

i

*Critical saturation for oil and water.

Find the constants “a” and “b” in the water saturation Vs related relative permeability
equation “°/i, ae =" by substituting two set of data in the said equation and solved
simultaneous ( use water saturation values of 50% and 60% as pivot point).

If pg=2-4cp, p,, = 0.68cp, By = 1.5rb/sth, and B,, = 1.05rb/stb, what is the surface water

cut of a well completed in the transition zone where the water saturation is 50%.
What is the reservoir cut in (b) above

Explain'why the ultimate recovery factor is different for different oil reservoirs jAJ"
Define producing reserves by energy source criteria ' A k}./c;. %
What is polymer flooding and polymer injection L (A

List the forces affecting recovery
fromn the Darcy flow equation, (Pc- Pw) = qXx px B xin g/r,,, derive die formula
7.08kxh

water cut (f,) in a flow stream.
A linear sand stone reservoir have the fallawmg relative permeability characteristics

Sw. |0.24 |[0.30 [(0.40 |0.50 |0.60 |0.70 |0.80 | 0.90 |1.00

Ko |0.15 j0.88 |074 |0.45 |0,19 |0.06 (0.0 [0.0 |0.0

Kw |0.0 0.01 |0.04 |[0.09 |0.17 [0.28 |0.44 | 0.67 |1.00

Other reservoir and fluid properties are as follows: Oil viscosity, py = 1.25cp, water
viscosity uw'- 0.73cp, porosity ¢ = 0.25, FVF By = 1.12bbl/stb, FVF B,, = 1.03bbl/sth

If the average reserivoir pressure is above the saturation pressures, develop a depth of the
iractional flow-.of water as a function of water saturation. Assume the angle of deep is 0
and neglect capillary pressure. :
Prepare a graph of producing water nll ratio in surface unit as a function of average water
saturation in the reservoir

If the system has a length of 500ft, cross sectional area of 1ft® and water injection rate of
0.1ft*/hr. Determine the position of the displacement front from the inlet end aft'ar
100hrs.

Determine the oil recovery at breakthrough of injected water at the producing end of the
system as a fraction of the originél oil in place

What could be the fractional recovery if the abandonment water oil ratio is 25, 000STE.

&0 GBS
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4a.

b,

-

The data for an Okaka oil reservoir which is proposed for water flooding is presen
the table below. Construct the fractional flow curve for this reservoir. Capillary pre
gradients can be assume negligible. s

¢ =23.5%, Sui = 25%, ., = 0.689cp, o = 1.97cp, Bo = 1.34rb_, B, =1.248 b, _
iy ‘ vi 1 STBY S STB

k = 65mD, q;= 1100bbl/day, yo= 0.85, y, = 1.015, A = 380002, ¢%= 30°.

" Sw Kro Krw
0.25 0.9142 0 : U e : i

035 0.8087 | 0.0216 :

0.45 0.6352 | 0.1094

0.5 0.4735 0.1562

0.6 0.1684 0.2352

0.7 0.0634 0.3476

0.82 0 0.4691

Outline any five factors for consideration in water — flooding project
Gl i Sl B G TETYy R @

@Qe,gcé’mr &

5a.

Using the foilowing correlation to generate the relative permeability data. \, Com

A water flood is under consideration for a narrow reservoir. It is prapdsed to d
row of injection wells at one end of the reservoir. The reservoir is horizontal
the following data: SO e Ol L R S

Width = 2507, fength = 1200ft, height = 45ft, porosity = 18%, - Swi= 22% ,
1.89cp, U, = cp, q inj = 380bbl/day, S, =19.5% , By =B, = 1.

The saturation values are given in the table below

10.29 0.35 0.42 10.50 0.63 1071 0.78

Ko=(1-5w0 )’ Kuw=Su’s Sup = Su-Suc Qo™
1'Sw: '

What is water flooding for oil recovery ; _ M
Define the term EOR process : : "

P 1 K. =ae ™" ! :
1+Kro"pw—Bw krw . .. . . ] 'I — Sm
Kw Ho Bo : :
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Paper 2 of 2 — PEE 511 (Secondary & Enhanced Oil Recovery)

Level 500 ¢ First Semester ¢ PastQuestion

This source paper is a scanned document; its pages are reproduced below.
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B nce: PNG 511 Seco T et
COUI.{E; - Answer any fi “(‘iary & E“hanced Oil Rec Fiaos :
fnstruction: A y four questions overy Principles TIME: 3 Hrs

BESTIONONE e e

____________

saturation of 0.363 which | ; Prizontal and has a porosity of 0.1 initi
IS considerad Immobile. It is propose ttg drill a 5r1:1:rdr§$ 'S;tﬁ;‘;:?ffrf

viscosity of the oil and water are 2.0 T ~oir by injec:ing water at z rate of 338 B/Ds
corresponding to the displacem ‘U and 1.0 ¢p respectively. Relative permeability data
residual oil saturation is 0.205, bear;teoge[:#g;b‘f’l‘fate‘r are given by the two equations below. The
water saturation, which is assume to be equa[ﬂIW el DTt (oof st

are 1.0 to the absolute permeability. O | and water FVF's
and K?'o = [L e SWD)Z'S'S :
where Krw = 0.78 5,572 i
= {'q‘.-v' . 5,,_,1} '
wp = -—-— 1 :
{1 " SOJ' = SLvE)

Which represent normalized water satyr " n L
breakthrough and WOR at breakthroug ovary at breakthrough, time to

tuiiation interval of 0,05,

ation. Estimate oil rer
h using incremental sa

/ |
QUESTION TWo |

a) Write short note on the following:
| Primary oil recovery
i Secondary oil recovery
. Tertiary oil recovery |
" Jr.rfl Enhanced oil recovery !-'
waterflood is to be conducted in ' it whi i
Will result in linear flow. The averagat;1 clf'ggse-r::é;;t;d bt Aokt L et bt ‘

|
i
i
i
f
|

Add‘ltiona1 reservoir data are 158 aDDr.iDX'tmatelv s
:; - 702%%/bbffdav Bw = 1.02 RB/STB k =50 md G
Wi = 250, " Mo=139¢cp Bo=1.25
@ = 22% Hw = 0.50 cp 'ro:'i il gz
_ i

\

oy
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' 0 055 0.60 065 370
S, 025 030 035 040 045 0.5 ) 065 i
ko/kw o 3695 1112 4.84 2.597 1.340 0.612 0.29 €01 %

................

\_\.

I !
injecti ells. |
i If the first row of producers is located 1320 feet from the AHJOEL tLO” W |
i (a) Determine the oil recovery (STB) at the élrne of breakthroygh. .,
. (b) Determine the time until breakthrough, days. iy |
1' () Determine the displacement sweep efficiency at the time c'\.‘fklt)’r?glljti:qr;:ugln.
i (d) How many barrels of water must be injected to obtain breakthrough:
:
|

i QUESTION THREE (‘/ |

e

" The following data are available for ai linear-reservoir system:
' Sw 025 030 035 040 045 050 055 0.60 0j65,0.70 0.75

Kro/krw

2023 17.0 956 538 3.02 170 0.96 0.54 0B0 0.17 0.10 |

. i
Vil formation volume factor Bo = 1.25 bbl/STB ' f

Water formation volume factor By, = 1.02 bbl/STB
* Formation thickness h = 20 ft '

Cross-sectional area A = 26,400 ft.

i Porosity @ = 25% !

¥ Injection rate i, = 900 bbl/day i
Uistance between producer and injector L = 600 ft
Oil viscosity o = 2.0 cp 5

. Water viscosity pw = 1.0 cp

. Dip angle y= Q°

* Connate water saturation Sy = 20%

- nitial water saturation Sw = 20% !
Residual water saturation Se = 20% ' ,
| a) Calculate the water saturation profile after 60, 120, and 240 dayls,

. b) What s the optimum Time to breakthrough?
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/// ) L Li ::.-I" )Cl- ' '1 :J!'\ }':"b:" Elv l‘\l 3

ik 4

FOUR 1V~

. ,EgTIOH
1

fra and Parsons (1 950) per

L 0ring five-laver system; Meabity Orderin
oo - 9 approach js used to describe a raservair by
“layer k. mg
1 120 h, ft
2 90 Tone
3 70 15
4 55 10
_j___h_@‘_\ 10
—10

ir is under considerati
resenvoIr 1S UNGET Consideration for f,
T;zioﬂa[ information s available: "ther development by water injection. The following
# krw@Sor = 0.3 |
kro@Swi = 0.9 |
Ho=2.0cp
pw=0.5cp
Bo = 1.20 bby/STB
Bw = 1.01 bbl/STB | - ‘
h = 60 ft ; | |
ailate the vertical sweep efficiency and surface water-oi ratio using‘ Stiles” method | '
(UESTION FIVE | | |
I i !
(2) The following data are available for a reservoir system: '[ ? l

Gw 025 030 035 040 045 050 055 0.60 0.65 0.70 0.75
fw 0.062 0.105 0.173 0.271 0.398 0.541 0.677 0.788 0.869 0.522 0.956 .

Ho = 2.0 cp Lw=1.0cp !
Bo = 1.25 bbl/STB Bw= 1.02 bbl/STB .
@ = 25% h=20ft i
Sui = 20% Sy = 20% |
i = 900 bbl/day (PV) = 775,779 bbl !
Ns = 496,449 STB EA = 100% |

EV = 100%
Predict the water flood performance to abandonment at a WORs of 45 STB/STB. |

(b) Draw and explain briefly the following regular injection patterns
i. Direct line drive. ’
il. Staggered line drive

iii.  Five spot.
iv.  Seven spot
v.  Nine spot

Teg M
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