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PRESIDENCY UNIVERSITY
BENGALURU

SCHOOL OF ENGINEERING

TEST 1
Sem & AY: Odd Sem 2019-20 ' Date: 01.10.2019
Course Code: PET 227 Time: 2.30 10 3.30 PM
Course Name: WELL TESTING ANALYSIS Max Marks: 40
Program & Sem: B.Tech (PET) & V Weightage: 20%

instructions:
(i} Alf questions are compulsory

(i) Assume the missing value. Assumption should be reasonable.

Part A [Memory Recall Questions)

Answer all the Questions. Each Question carries four marks. (3Qx4N=12M)

1. Write the Assumptions made to find a Workable Solution for Diffusivity Equation
for infinite Reservoir. (C.O.NO.1) [Knowledge]
Write the Pressure Equations for Infinite Reservoir and Pseude-Steady State.
(C.O.NC.1) [Knowledge]
Write the expression for Skin (8). What is the significance of Positive, Negative
and zero skin? (C.0.NQO.1) [Knowledge]

)

w

Part 8 [Thought Provoking Questions]

Answer both the Questions. Each Question carries four marks. (20x4M=8M)

4. What is the expectations of OlL Industry from a Well Test Analysis
(C.C.NQ.1) [Comprehension]

5. Write two limits of Time (t) for which Solution of infinite reservoir is valid. Wiite
2 significances of the two limits. What is oit formation volume factor and

compressibility factor? {C.O.NQ.1) [Comprehension]



Part © [Problem Solving Questions]

Answer both the Question. Each Guestion carries ten marks. {20x10M=200M;
8. Derive Pressure Equation for Reservoir Limil Test.  Write the condition for arriving ai

~d

the eguation. Write the merit of the equation. {C.C.NQO.2) [Comprehension]
Suppose a well is 250 fest due west of a north south trending fauit. The weli is flowing
for 8 days @ 350 B/D. Suppose there is a shut-in weil 500 1t due north of the producing
well. Calculate pressure at the shut-in well at the end of 8 days. Where B=1.13. Fi
=3000 psia, u=0.5cp, k=25 md, h-50 ft, C; =2x107 psi’, ® =0.18, s=5, r,=0.333 {t.
Ei{0.079) =-2.038, Ei(0.168) = -1.45¢.

{C.O.ND.1) [Application]

[
[
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Course Code: PET 227

Course Name: Well Test Analysis

Date: 01.1019
Time: 1 hour
Max Marks: 40
Weightage: 20%

Extract of question distribution [outcome wise & level wise]

T
|

I
!
i
I
i

K =Knowledge Level

? Memory recall Thought :
Unit/Module type - provoking type | Problem Solving | Total
Q.NO | C.O.NO! Number/Unit ~ [Marks allotted]| [Marks allotted] type E Marks
/Module Title . Bloom’s Levels: Bloom's Levels ; [Marks allotted] |
| |
K | C A
1 1 1 e I 4
2 1 1 4 L | 4
3 1 1 4 R R R
4 1 1 4 4
5 1 1 4 “*" LA o 4
612 2 [ L N T T AL
7 1 B i o i 10 | l* 110— o
‘ Total o *‘ 12 , I 18 | :”1‘0 _ 40
| Marks NS N N S NN R |

C = Comprehension Level, A = Application Level
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Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.

[l hereby certify that All the questions are set as per the above guide lines. Mr. Kalpajit ]

Reviewers' Comments
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SOLUTION

Course Code: PET 227

Course Name: Well Test Analysis

Part A

Solution

1 Reservoir is infinite

Pressure =Pi at r= infinity and before production begins

Well is a line source with zero radius, at the center of a cylindrical
reservoir

Well is producing at uniform constant rate of gB.

2 For infinite reservoir
PI-P =- 70.6 quB/kh Ei(-948QuCtr2/kt)

For and Pseudo-Steady State

Pwf = Pi— 141.2 (gBu/kh}[0.000527kt/QuCtr 2 + In(re/rw)-3/4

Skin S = {K/Ks-1}in{rs/rw)

(S

rw =radius of the well
rs = guter radius of altered zone
when well is damaged S is positive

when well is stimulated/ fractured S is negative

Date: 30/09/19
Time 1 hour
Max Marks. 40
Weightage: 20%

(3Q x4 M = 12 Marks)
7 Max Time
. Scheme of required for
‘ Viarking ‘ each Question

RSN ER 5

li

E

242 « 5

| ,

{

NN
10







Part B (2Q x4 M = 8 Marks)

--70.6 quB/kh Ei{-9480uCt4L"2/ktp)
Now applying Horner’s equation, we get

Q ' 7 . Scheme © Max,
No Solution of : Time
Marking | require
. for eacl
B . | Questio
4 | Reservoir Pressure, Permeability, Skin, AOFP, {dea of [ 1+1+1+1 3
| ?
Reservoir Limit. From the value of Skin, Drillers may adjust Mud Wt . ’
Variance of Permeability with different directions.
| Most permeable path.
5 | t>3.79x10%5 OuCtrw*2 /K | 5
|
for this time value Zero well radius (line well} assumption is satisfied. :
And t <948 OuCtre*2 /K |
for this time value reservoir acts as a infinite reservoir, and reservoir Limit is not felt. |
! i
For time greater than this reservoir boundary will be felt. l !
i |
Part C (2Q xTO N =20 Marks)
"QNo| | Scheme | Max.
Solution ; of Time
| Marking | require
! for cacl
We know if there is a boundary or fault near a well then we can write L6242 15
6 |
i Pressure equation as ( using Superposition principle) |
PI-P =- 70.6 quB/kh [ In(1688®uCtRWA2/ktp) —25 |
|

-70.6 quB/kh [ In(1688QuCtRwA2/k({tp+At) —2S ] ,
-70.6 (-q)pB/kh [ In(1688@UCtRWA2/KAL) —25 ] ‘
-70.6 quB/kh Ei(-37920nCtL"2/k(tp +4t) ;
-70.6 (-q)uB/kh Ei(-3792QpCtLA2/KAL) 1
If At>>tp, then we can write Ei function as In function.
We get

Pi-pws = 70.6gBu/kh[ In (tp +At)/0t] + [ In {tp +At)/At]







= 141.2qBu/Kh| In {tp +At)/ At
= 325.2gBu/kh[ log {tp +At)/At]

For large value of At Ei func can be written as In function.

For large value of L or low value of K, At has to be vvv farge.

Merit: with this method from a single well by well testing we can predict reservoir

boundadry. Normally which we get after drilling so many wells.

{[-70.6%(0.5)*(1.13)]/25*50}* {350*Ei[9487(0.16)*(0.5)* 2#104(-

5)*(500)12/25*8*24]}
5)*(500*sqrt{2))"2/25%8*24}}

=-11.16892 * [ Ei * (0.079) + Ei * (0.158) ]
=-11.16892 * [ -2.039 -1.459 ]
=-11.16892 * [ -3.498 ]

=39

Pwf = 3000-39= 2961

500

{250)

+ {350%E£i{948%(0.16)7{0.5)* 2*10"(-

500*sqrt{2)

(250)
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4l PRESIDENCY UNIVERSITY
BENGALURU
SCHOOL OF ENGINEERING
TEST -2
Sem & AY: Odd Sem 2019-20 Date: 19.11.2019
Course Code: PET 227 Time: 2.30 PM to 3.30 PM
Course Name: WELL TESTING ANALYSIS Max Marks: 40
Program & Sem: B.Tech (PET) &V Weightage: 20%

Instructions:
() All questions are compulsory

(i) Assume the missing value. Assumption should be reasonable.

Part A [Memory Recall Questions]
Answer the Question. The Question carry ten marks (1Qx10M=10M)
1. Write down the steps to perform isochronal test. Draw the Pressure and flow rate
history of a typical isochronal test. Write the following equation for the isochronal test:
a) The transient equation for circular drainage area
b) Transient radius of drainage
[5+2+3=10] (C.O.NO 4) [Knowledge]

Part B [Thought Provoking Questions]
Answer the Question. The Question carry twenty marks (1Qx20M=20M)

2. Write the following for the Pressure Draw down test.

a) What is Pressure Draw down test? [1M]
b) “Draw down data are very noisy’-Justify your answer. [1M]
¢) What are'the vbjective of Pressure draw test? [2M]
d) Write down the procedure for Pressure draw down test? [OM]
e) Which is the best candidate for pressure draw down test? [1M]

f) Write three advantage and three disadvantage of Pressure Draw down test. [6M]

[1+1+2+9+1+6=20] (C.O.NO 3) [Comprehension]

Page 1|2



Part C [Problem Solving Questions]

Answer the Question. The Question carry ten marks

(1Qx10M=10M)

3. Estimate the AOF from the data in the table given below obtained from a modified

isochronal test using theoretical method.

[3.5+3.5+3=10] (C.0.NO 4) [Application]

Test Duration (hours)  Pusor Pys (PSia)  gg (MMscf/D)
Pretest shut in 20 1948 -
First flow 12 1784 4.50
First shut in 12 1927 -
Second fiow 12 1680 5.60
Second shut in 12 1911 -
Third flow 12 1546 6.85
Third shut in 12 1887 -
Fourth flow 12 1355 8.25
Ex(t;';ii?z:)ow 81 1233 8.00
Final shut in 120 1948 -

Page 2|2
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L g,

GAIN MORE KNOWLEDGE
REACH GREATER HEIGHTYS

Semester; 51
Course Code: PET 227

Course Name: Well Test Analysis

Date: 19.11.19
Time: 1 hour
Max Marks: 40
Weightage: 20%

Extract of question distribution [outcome wise & level wise]

Memory recall

Thought

Unit/Module type provoking type | Problem Solving | Total
Q.NO | C.O.NO| Number/Unit | [Marks allotted]| [Marks allotted] type Marks
/Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
K C A
4 4 10 10
‘ 3 3 20 20
(‘ 3 4 4 10 10
Total 10 20 10 40
Marks

K =Knowledge Level C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must
be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.
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well then shutting it in and allowing it to build to the average
reservoir pressure before the beginning of the next production
period.

Pressures are measured at several time increments during each
flow period.

The times at which the pressures are measured should be the
same relative to the beginning of each flow period.

Because less time is required to build to essentially initial
pressure after short flow periods than to reach stabilized flow at
each rate in a flow-after-flow test, the isochronal test is more
practical for low-permeability formations.

A final stabilized flow point often is obtained at the end of the

test. Fig. 1 illustrates an isochronal test.

p—gay,
SOLUTION
REACH GREATER HEIGHTS Date: 19/11/19
Semester: 5 Time: 1 hour
Course Code: PET 227 Max Marks: 40
Course Name: Well Test Analysis Weightage: 20%
Part A (3Q x4 M = 12 Marks)
Q Max. Time
No Solution Scheme of required for
Marking each Question
! The isochronal test is conducted by alternately producing the 5+21+;.5+ 20
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PartB

Q Scheme of | Max.

No Solution Marking Time
required
for each
Question

2 | a. The measurement and analysis of pressure data taken after a well is put on | 1+1+2+9 20

+1+6

production, either initially or following an extended shut-in period.

b. Drawdown data are usually noisy, meaning that the pressure moves up and down as
fluid flows past the gauges and minute variations in flow rate take place. This is
especially true for new wells, in which well cleanup commonly occurs for days after
production has begun. Such data are difficult to interpret, and the noise often obscures
regions of interest to the analyst.

c. The fundamental objective of drawdown testing is to obtain the average permeability
of the reservoir rock within the drainage area of the well and to assess the degree of
damage or stimulation induced in the vicinity of the wellbore through the drilling and







completion practices. ¢ Other objectives are to determine the pore volume and detect
reservoir homogeneities within the drainage area of the reservoir.

d. Procedure

e The well is shut in for a period of time long enough to allow the pressure to
equalize throughout the reservoir.

e The pressure equipment is lowered into the well.

¢ The flow is begun at a constant rate and the bottom hole pressure is measured
continuously.

¢ Install the equipment on a well that has been shut-in and stable.

e "Stable" is defined as the shut-in well head pressure changing at a rate of less
than 1 psi per hour.

e Check for leaks in the system after installation.

e The SPIDR system must be recording for at least 15 minutes prior to opening
the well (check the box for the SPIDR system wake-up time).

e Begin flowing the well on a single choke size. If the well must be "stepped-up",
try to get the well up to full rate within 30 minutes. Continue flowing on a
constant choke size for the duration of the test.
If shut-ins or flow interruptions occur during the course of the drawdown, try
to get the well back on-line as soon as possible on the same choke size.

e. The drawdown test is used in the exploratory wells (new reservoirs) or the wells that
have been shut in for buildup test and those wells whose loss of revenue due to
production in buildup test can’t be tolerated.

f. Advantage

e The main advantage of pressure drawdown is that there is no loss of cash flow
due to shut in of the well during the test period.

e [t also determines the boundaries of the reservoir and skin of formation.

e Suitable in new wells. With no need to lose production, reservoir size can be
determined.

Disadvantage

¢ The main disadvantage of drawdown test is that difficulty to flow the well at
constant rate.

e |t doesn’t determine the average reservoir pressure.

e The drawback to running a drawdown is that the rate may not be constant.
However, changing the choke periodically to maintain a constant rate will cause
more problems than letting the rate fluctuate. In order to get accurate analysis
on a drawdown, it is critical that no choke changes occur during the test.







Part C (2Q x10 M =20 Marks)

Scheme Max.
Solution of Time
Marking required
for each
Question
3.5+3.5+ | 20
3
qe (MMacf/D) Pws (Psia) Pwt (PSia) Pws? - Puf (Psia?)
4.50 1948 1784 612048
5.60 1927 1680 890929
6.85 1911 1546 1261805
8.25 1887 1355 1724744
8.00 1948 1233 2274415

We know that theoretical equation for stabilize flow and transient flow written
in the form of

pz *”pwfz ﬁa‘-?g +ngzs

Pws? - Pw?/ qg=a +b qg (A)
20906022 + D*8.25... ..ot es oo, (B)
18420572 + D*6.85........cr it (C)

By subtracting equation (C) from equation (B) it is found that
b= 17753

Using b value for stabilize flow we get

a= (ﬁz _pwf2)5 '“'b(Igsz
Qgs

a= 2274415-(17753*8%)/8
a= 14277.875
Now we know that for AOF (Absolute Open Flow) Pwf=14.7 PSia

So, using the below formula value of AOF







= 2 _ 2
p ......p wf - aqg + bgg
19482-14.72=142277.88* q(AOF)+ 17753* q(AOF)2

Solving for q(AOF)
q=11.51 MMSCF/D
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GAIN MORE KNOWLEDGE
REACH GREATER HEIGHTS

SCHOOL OF ENGINEERING

END TERM FINAL EXAMINATION
Semester: Odd Semester: 2019-20
Course Code: PET 227
Course Name: WELL TESTING ANALYSIS
Program & Sem: B.Tech (PET)& V

Date: 28 December 2019
Time: 9.30 AM fo 12.30 PM
Max Marks: 80
Weightage: 40%

Instructions:

() Read the all questions carefully and answer accordingly.
(i) Scientific and nonscientific calculator are allowed

(iii) Question paper consist of three parts

Part A [Memory Recall Questions]

Answer all the Questions. Each Question carries 4 marks. (5Qx4M=20M)

1 Wirite four assumption, of diffusivity equation. (C.0O.No.1) [Knowledge]

2. Explain briefly the different regions present in actual buildup test with diagram.
(C.0.No.2) [Knowledge]

3. Write four difference between the Pressure draw down test and buildup test.

(C.0.No.3) [Knowledge]
4. Explain briefly modified isochronal test. How it is differ from isochronal test?

(C.0.No.4) [Knowledge]
5. What are the main objectives of Interference test? Briefly explain how it is conducted?

(C.0O.No.5) [Knowledge]

Part B [Thought Provoking Questions]
Answer all the Questions. Each Question carries 10 marks. (4Qx10M=40M)

6. Write the answer for the following question
a. Derive Pressure equation for a flowing well in a reservoir where there exists a

fault/boundary. (C.0.No.1) [Comprehension]
b. Derive the equation of slope (m) to find permeability from buildup test with diagram.
(C.0.No.2) [Comprehension]

Page 1 of 2



7. Write short notes on
a. Drill Stem Test (DST).
b. Describe Interference test. (C.0O.No.5) [Comprehension]

8. As a Reservoir Engineer in an oil company before performing well testing write a report on
advantage and disadvantage of Flow after flow and Isochronal test. Which method can be
adopted? Justify your answer. (C.0.No.4) [Comprehension]

9. Describe different Type Curves. Explain how they are used in well test analysis.

(C.0O.No.4) [Comprehension]

Part C [Problem Solving Questions]
Answer the Question. The Question carries 20 marks. (1Qx20M=20M)

10. What is Absolute Open Flow (AOF)? Draw one IPR graph and show the AOF point and no
flow point. Estimate the Absolute Open Flow from the data in the table given below obtained
from a modified Isochronal test using theoretical method.

(C.0.No.4) [Application]

Test Duration (hours)  Puwror Pus (PSia)  gg (MMscf/D)
Pretest shut in 20 1948 -
First flow 12 1784 4.50
First shut in 12 1927 -
Second flow 12 1680 5.60
Second shut in 12 1911 -
Third flow 12 1546 6.85
Third shut in 12 1887 -
Fourth flow 12 1355 8.25
Extended flow
(stabilize) 81 1233 8.00
Final shut in 120 1948 -

Page 2 of 2
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GAIK MORE KROWLEDGE
REACH GREATER HEIGHTS

END TERM FINAL EXAMINATION

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
Q.NO. C.O.N | UnitModule type provoking type Problem Solving | Total
O Number/Unit [Marks allotted]| [Marks allotted] type Marks
(% age| /Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
of CO) < s A
Q.NO1 | C.O1 Unit-1 4 - - 4
Q.NO2 | C.0.2 Unit-1l 4 - - 4
Q.NO3 | C.O03 Unit-il 4 - - 4
Q.NO4 | C.04 Unit-IV 4 - - 4
Q.NO5 | C.05 Unit-V 4 - . 4
Q.NO.6 | C.O. 1 Unit-1 & I - 10 - 10
&2
Q.NO.7 | C.0.5 Unit-V - 10 - 10
Q.NO.8 |C.O. 4 Unit-1V - 10 - 10
Q.NO.9 |C.O. 4 Unit-1V - 10 10
Q.NO.10 | C.0. 4 Unit-IV - - 20 20
Total Marks 20 40 20 80

K =Knowledge Level

C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to
attempt, About 20% of the questions must be such that only above average students must




be able to attempt and finally 20% of the questions must be such that only the bright
students must be able to attempt.

I hereby certify that all the questions are set as pér the above guidelines.

Faculty Signature:

Reviewer Commend:
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SOLUTION
Semester: Odd Sem. 2019-20 Date: 28th Dec19
Course Code:  PET-227 Time: 9.30 AM- 12.30 PM
Course Name: Well Test Analysis Max Marks: 80
Program & Sem: B.Tech & 5th Sem Weightage: 40%
Part A (5Q x 4M = 20Marks)
Q No Max. Time
Solution Scheme of | required for
Marking each Question
1 The diffusivity equation was derived under the following assumptions: 4 5
e Jsothermal flow ¢ A single fluid phase e Constant isotropic
permeability ¢ Fluid viscosity independent of pressure e« Compressibility
independent of pressure ¢ Low fluid compressibility
2 Early-Time Region 3+1 10

As we have noted, most wells have altered per-
meability near the wellbore. Until the pressure
transient caused by shutting in the well for the
buildup test moves through this region of altered

pbermeability, there is no reason to expect a straight-
ine slope that is related to formation permeability.
(We should note that the ideal buildup curve-—i.e.,
bne with a single straight line over virtually all time —
s possible for a damaged well only when the damage
s concentrated in a very thin skin at the sand facc.))

IMiddle-Time Region

When the radius of investigation has moved beyond
the influence of the altered zone near the tested well,
and when afterftow has ceased distorting the pressure
buildup test data, we usually observe the ideal
straight line jwhose slope is refated (o formation
permeability.” {This  straight  line ordinarily will
continue until the radius of investigation reaches one
or more reservoir boundaries, massive hetero-

gencitics, or a fuid/Muid contact.)




lLate-Time Region

Given enough time, the radius of investigation
everptually will reach the drainage boundaries of a
we!!.(\in this late-time region pressure bechavior is
nflucnced by boundary configuration, interference
from nearby wells, significant reservoir hetero-
gencities, and Muid/fluid contacts. j

EARLY |MIDDLE| LATE
TIMES | TIMES | TIMES

PwS /

t, + At
At

-«—— log

Fig. 2.4 ~ Aclual bulldup tes! graph.

log t

Pressure drawdown tests are conducted by producing the
well at a known rate, or sequence of rates, while measuring
changes in pressure with time. Data from drawdown tests
can be very noisy. These tests are considered when the
economic environment requires a minimum loss of
production time.

Pressure buildup tests are conducted by producing the well,
and then shutting it in while measuring changes in pressure
with time. Ideally, the flow preceding the shut-in would at
least be long enough for the rates to stabilize. The quality of
data obtained from buildup tests is far superior to that of

2+2

10




drawdown tests because the rates are stable (zero). When
analyzing data from buildup tests, it is valuable to analyze
the drawdown and buildup data.

The time to build up to the average reservoir pressure before flowing
for a certain period of time still may be impractical, even after short
flow periods. Consequently, a modification of the isochronal test was
developed to shorten test times further. The objective of the modified
isochronal test is to obtain the same data as in an isochronal test
without using the sometimes lengthy shut-in periods required to reach
the average reservoir pressure in the drainage area of the well.
Modified isochronal test is conducted like an isochronal test, except
the shut-in periods are of equal duration. The shut-in periods should
equal or exceed the length of the flow periods. Because the well does
not build up to average reservoir pressure after each flow period, the
shut-in sandface pressures recorded immediately before each flow
period rather than the average reservoir pressure are used in the test
analysis. As a result, the modified isochronal test is less accurate
than the isochronal test. As the duration of the shut-in periods
increases, the accuracy of the modified isochronal test also
increases. Again, a final stabilized flow point usually is obtained at
the end of the test but is not required for analyzing the test data.

2+2

10




Interference tests have two major objectives. They
are used (1) to determine whether two or more wells
are in pressure communication (i.e., in the same
reservoir) and (2) when communication exists, o
provide estimates of permeability & and poros-
ity/compressibility product, ec,, in the vicinity of
the tested wells.

An interference test is conducted by producing
from or injecting into at least one well (the active
well) and by observing the pressure response in at
least one other well (the observation well). Fig. 6.1
indicates the typical test program with one active well
and one observation well. ,

As the figure indicates, an active well starts
producing from a reservoir at uniform pressure a
Time 0. Pressure in an observation well, a distance r
away, begins to respond after some time lag (related
to the ume for the radius of investigation
corresponding 1o the rate change at the active well 1o
reach the observation well). The pressure in the active
well beemns to decline immediately, of course. The
magnitude and timing of the deviation in pressure
response at the observation well depends on reservoir
rock and fluid properties in the vicinity of the active
and observation wells.

2+2

10

Part B

(4Q x 10M = 40 Mark

No

Solution

Scheme of
Marking

Max. Time
required for
each
Question

a. We know if there is a boundary or fault near a well then we can write

Pressure equation as { using Superposition principle)
PI-P =- 70.6 quB/kh [ In{1688QL.CtRw"2/ktp) —2S ]

-- 70.6 qB/kh Ei(-948QuCt4L 2/ktp)
Now applying Horner’s equation, we get

-70.6 quB/kh [ In(1688QuCtRwA2/k(tp+At) —2S ]
-70.6 (-q)uB/kh [ In(1688®pCtRWA2/kAL) —25 ]
-70.6 quB/kh Ei{-3792QuCtL 2/k{tp +At)

-70.6 (-q)uB/kh Ei(-3792DuCtLA2/KAt)

5+5

25




If At>>tp, then we can write Ei function as In function.
We get
Pi-pws = 70.6qBp/kh[ In (tp +At)/At] + [ In (tp +At)/At]
=141.2gBu/kh[ In (tp +At)/At]
=325.2qBu/kh[ log (tp +At)/At]

gBu 1,688 qb,uc,ri,”
| Wi
kh L] k(15 +40) |25

P Pus = —10.6

(-—:; By [m( 1,688'2@&)” 2]

- 10.6
k

Y

which becomes
qBu

Pos =Pi—10.6 o In[(t,,+m)m:},
or
| qBu |
Py =Pi— 162.6-}@ tog[(:ﬁ +an/al. ...2.0

The form of Eq. 2.1 suggests that shut-in BHP, p .,
recorded during a pressure buildup test should plot as
a straight-line function of log [(1, +Ar)/Af].
Further, the slope a1 of this straight line should be

qBp
= —162.6 <h
-~
Ve
-~

/«*'

Puws <
m

I00C 100 10 !

t, + At
At




a. Drillstem test (DST)

L=
= T =1Tx10"% psi -1,

6.4 Drillstem Tests

A& drillomn tes (DSTE® provides & mesns of
esumating formation and fluid propersies before
complesion of 3 well. Basiealiy, 3 DEY 5 & emiporary
sompiezion of a well, The DT 1008 B an
arrangement of packers and valves placed on the end
of the drillpipe. This arrangement can be used o
solate & zone of interent and ro let it produce ingo the
deilipipe or deilistem. A fluid sample i obrained in
ihe test; thus, the test can tell us the types of fiuds
the well will produce if it s comploted in 1he wsted
formation.

With the surface.actaated vabves on 3 DST device,
it s possible 30 bave 3 sequence of flow peripds
followed by shut-in petiods. A prossure recorder on
the ST device can record pressures during the flow
and shetin periods. The pressures recorded during
the shut-n perinds can be particularly valuable for
estimating formation characterisiics such 3¢ pers
meabilityhsckness product sod shin fasor. These
data alse ¢un be used 1o determine possible pressgre
depletion dunng the tes,

To illugirate how a typual ST & performed, we
will examine 2 sehemanie char (Fig, §.16) of pressure
ve. dime frodm 3 lest with two flow periods and teo
shui-in perinds.

At Point A, the 100l i lowered imo the hale,
Perween Points A and B, the ever-increasing mud-
wobwmn pressure is recorded; 1t Poim B, the ool &
ore bottom. When the packers are sor, the mud
<olumin is compressed and 2 still higher pressure is
sevorded &t Point C The ool is opened For an initial
fipw period, and the pressure drops to Point B as
shavwrn, As fluid accemulates in the drillstern above
e pressure gauge, the pressure rises Finally, nt
Point E, the welt is shut in for an imivial pressure
bustldup resr. After o suitable shutoin period, the well
is reopened for a sevond final flow period, from
Peint G o Poing H. This final flow period is
foltlowed by & final shut-in period (from Poine H to
Point 13, The packers arr then released, and the
hydrostans pressure of the mud colutmn is again

PRESSURE —

=3

G

iraposed on the pressure gauge. The testing device is
then rernoved from the hole {Poin: J 1o Poing Kb

The inital flow period io usually bricf {3 w0 1O
minstes); its purpose i 1o draw down the pressure
slightly near the welibore (perhaps letting any mud-
fibrate-invaded zone blved back 10 of beiow waic
reservais pressured. The sntiad shutedn pered, ofisn
3 eo B munutes, 1% dengnad 1o der ik pressure build
back to true swans formanon pressure. Thas initial
shutdn preisure on & DST may be the bew
seasireenl made of SItc reservoir pressure.

The second flow period is designed 1o capture 2
lasge sample of formation fluid and 1o draw down
the pressure In the formation o the maximem
disrance and exren: possible within the time thay i
possible te alfow for the UST ~ frequently 30 sinuney
to several howrs. The second shut-in pericd i
designed to obiain good pressure buildup data so that
formmation properises can be estimated. In additon,
comparson af e final for extrapolaed) pressure
from the weond shitin pericd o the initial shoran
pressure can indivate that pressure depletion ks
cccurred during the DST and that the well thus has
been tested in & small, noncommercial reservair. This
desired length of the serpnd shut-in period varies
from equal to the secomd flow perised (far high-
permeabiliy formalions) 16 teics the length of the
secomd  flow  penod it fow-permeatilny  fore
Loty

Theory much ke thar used for an ordinary
pressuse baildup reu fodlowing production & con-
seany rae is used for analyzing the shut-in periods us
& DET. This & true even chough the flow rite
preoeding a shut-in period in 2 DST usually decreases
continucusly. Usually, the gverage production rate
can br used as & good approximation in baldup 1w
analyses; thes averape rate of production s deser-
mined by divading the Nuid recovery by the lenpth of
e Fow penod,

To analvze the Bulldup rest, we plot o v fug
{t, + &Fy /00, where £ 18 now the ectea? Rowing tme
al the average rme ¢ The permesbility/thickmess
product @& found froem the relstionship &k« 162.6
gBurm. Usurlly, & Aaid saeple will not ye haox
been analyped in the lsbormtory; accordingly,
codrelations {Apperdix D) relating ¢ and B w
produced fleid properiies must be used.

TIME —

b. Interference test.

The isochronal test is conducted by alternately producing the
well then shutting it in and allowing it to build to the average

reservoir pressure before the beginning of the next

production period.

5+5
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e Pressures are measured at several time increments during
each flow period. |

e The times at which the pressures are measured should be
the same relative to the beginning of each flow period.

e Because less time is required to build to essentially initial
pressure after short flow periods than to reach stabilized flow
at each rate in a flow-after-flow test, the isochronal test is
more practical for low-permeability formations.

e Afinal stabilized flow point often is obtained ét the end of the

test. Fig. 1 illustrates an isochronal test.

st 10
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Gas well deliverability.tests have been called backpressure tests because
they test flow against particular pipeline backpressure greater than
atmospheric pressure. The backpressure test is also referred to as a flow-
after-flow test, or a multipoint test. In this testing method, a well flows at
a selected constant rate until pressure stabilizes, i.e., pseudo-steady-state
is reached. The stabilized rate and pressure are recorded; the rate is then
changed and the well flows until the pressure stabilizes again at the new
rate. The process is repeated for a total of three, four, or five rates. The
behavior of flow rate and pressure with time is illustrated in Figure 4.8 for
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gsc increasing in sequence. The tests may be run in the reverse sequence.
A plot of typical flow-after-flow data is shown in Figure 4-9.
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Figure 4-8. Conventional flow rate and pressure diagrams,
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Figure 4-9. Dsliverability test plot.

The isochronal test consists of alternately closing in the well until a
stabilized or very nearly stabilized pressure ~pR is reached and the well is
flowed at different rates for a set period of time t, the flowing bottom-hole
pressure pwf at time t being recorded. One flow test is conducted for a
time period long enough to attain stabilized conditions and is usually
referred to as the extended flow period. The behavior of the flow rate and
pressure with various time periods is shown in Figure 4-6. The
characteristic slope n, developed under short flow conditions, is applicable
to long-time flow conditions. Also, the decline in the performance
coefficient Cis a variable with respect to time.
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Figure 4-6. Isochronal performance curves.
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where C is the performance coefficient, and n is the exponent
corresponding to the slope of the straight-line relationship between gsc
and (¥p2 R — pfy plotted on logarithmic coordinates (see Figure 4-5).
Exponents of n < 0.5 may be caused by liquid accumulation in the wellbore.

This chapter discusses the guantitative use of type
curves in well sest analysis. The objective of this
chapter is Limited basically 1w Hustrating how &
representtive sampde of fype curves can be used as
analysis abds. Other major (ype curves in use todag
are discussed in the SPE well testiag monograph,
Hawever, 1ype corves for specialioed situations are
appearing frequently in the lerature, sed even th
monograph is ool completely current, We hope that
the fundamentals of typecurve pse presesied in thas
chapter will allow the reader o understand and ta
appde newer type curves s they appeas in the
liserature,

Specific type curves discussed include {1} Ramey #f
2.5 type curves®! for boitdup and constant-raie
deawdown 1ests; {2) McKinley's type curves™® for
the same applications; and (3} Gringaren e Py
trpe curves for venkelly Practred wells with
uniform Rux.

4.2 Fundamentals of Type Curves

Muny fype curves commonly are used to deeemine
formation permeability and o churacresiae dusage
and stlmulation of the 1ested weil, Farther, some are
used o degerming the beginaing of the MTR Tor 2
Horner anatysiy, Mog of these curves were genersted
by sienslating constant-rate pressure drawdown {7
injeciEpny tests; hawever, sl alse can be applied 1o
butidup {or U0l rests i an eguivilest shugus
sume? is pred as the time varisble an 1he graph.

Convestbonal test anabysis techniques (such as the
Horner method for bulldup 1eus) share thew ob-
seotives, However, type curves are sdvantageous
bevase they may alfow pesl inferpeestation evon wien
welthone stowage dissorts o ar #lf of 1he test dasa;
inn that case, conventions! ae hods fail.

The use of type curves for fractured wells has 3
Turther advastege. In 3 single analytical technigue,
tepe curees combine the Bnesr fHow that ocours
early times in many Tracturesd reservoirs, the radist
flow that ey occur Jater alter the radiug of in:
vestigation has nioved beyond the region influenced
by the fraciure, aaf the eflects of reservoir bods-
daries that may appeas before @ rue MUK line i

saldiched in & pressure ansion 1esf o & Dactured
well.

Fundamentally, a type curee is & preplotted family
of peessure drawdown cugves, The most Tundamenzal
of these curves {Ramey's™) s 3 plot of dimensionless
pressuce change, po, v dimensiontess time change,
5. This curve, reproduced in Fig. 4.1 {ideaticat 1o
Fig. 1.6), has two pargmeters that distinguish the
curves from one anather: the skin Tactor 5 and 2
dimensionless wellbore stocage constant, Cypn. For
an widinite-acting reservoir, specification of Copy e
5 uniguely deermines the value of gy 3t a given valoe
of £, Prool of this Tollows from application of the
techniques discussed Sn Appendis B. I we put the
differential  equarion descriving & flow test o
dimensionless fore (along with s infiaf and
boundary conditions), then the solutiva, pyy. i
deirrmined uniguely by specilication of the in-
dependent variables fin this case, 1p and rp), of all
dimensionless  parameters that  appear  in she
equation, and of trdvial end boundary conditiongin
this case, 5 apd €p) Further, s mom swh
sodition, wo srg interesied in wellbore pressues of 3
tested well; hers, dimensionless sadios, rp=rir,,
bias a fixed »atue of unity asd thus does not appear as
a parametey in the sodation.

Thus, typr curves are geserated by obtaining
sohitions o the flow equations fe.g., 1he dillusivity
egtition] with specificd dnital and hosndary con-
ditions. Some of thess solutions are analytical; others
are hased on  fietedifferorer  approsinmtions
generated by computer ceservoir simufators. Far
example, Ramey's bype carves wore goperaied from
wnidyticad solutions 1o the diftusivity enuation, wilh
the spitial vomditiog that e reswranir be o unilorm
mressure before dhe  drawdown sl and  wigh
boundary conditiens of (1) nfisitely lorge ouier
drainage radius and {2} constant serface withdrawsl
rate combined with wellbore stosage, which resulis in
variubile soadfoce withdrawa] rde, A skin factor, 5, is
wsed Uiy charasterize wellbare damage or stimubation;
A we have seen, this causes an sdditionsd presure
drop,  Apy, which is proportional 10 the da
stanfanegus sandface How rate (whick changes wuk
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4.3 Rammey’s Type Curves

R:mey*s: Lvpe turves were genceated for ghe
sivuation of 8 vonsani-rate pressire drawdown test
in @ reservair with dightly compesssible, single-phase
fiquid Nowing; sufficiesi homogeneity such that the
radial difTusivity equation adequately models fow in
s reservoir; uniform pressure in the drainage ared
of the well Belors production  infirie ading
sexervoir Lo bowndary offects dorlog the Haw pesiod
of imerest For test analysls pusposesh constant
witluirawal rase a fhe surface; and wellbore storage
amd comcentratod welthore damage or simudation
characterized by a skin faptor, & This Hat of
sssumpiions I8 tedions, bet # B also imporiant.
When one or weve of these asaappios 35 e valid
in 8 specific case, fers is no assurmnce that wee of the
type curves can Jead 10 walid des) inicrpretaion.
{Some of these Hmbagions can be remaved, 35 we wilt

4.4 McKinley's Type Curves
&tgﬁi;yley’ proposed Type curves with the primary
ohjective of charaterizing damage or stisalation i
2 drawadown or bunldup test in which wellbore siorage
st most or o of the data, dus paking thi
vharacieriration possible with relatively shortgerm
{ests.

docousstecting his 1y carves, MoKinley observed
dany \ihe aho of pressuse change, Ap, 13 fow raie
uasing the chanpe, gfl, 1 & funciion of several
dimensiontess guantities:

& fkluli kar r, m:%

ot #l ! éﬂe’,‘f%’ o i ’
{ M curees wath this many paramerers would be
d;ff‘ygnl!. A not imposstble, o use Accordingly,
BiKinley sieplified the problem in the foliowing
Wy,

§. Hr assumed thid the well has prodeced saf-
Feieatly fong tessevcially to stabilization) that the Jast
Erow, Af/f I net imporiant.

Z,’Ht pmosed  boundary  effecls excepl  ap-
prosimately and, thus, ignoted r,r, in the basic
loic wseed 10 consttrt the type curves,

note later in 1R chapler, OF major iaporiance is
that the curves can be used for butldup 166 and For
pas well osts ) The resubt of Ramey's work i€ shown

nfig 41

Sorme lmporiant propertics of these curees follow,

{. Examinatina of the analyteal solution on
which the type curves are based shows that, a1 earfiest
times whe welfbore unloading s responsible far
1% of the fow o3 drawdown tesdt for afiecflow
rale equals rate before shul-in in 8 buildup tet), &pis
% Bineas {unction of & {4 is pressure change singe
thee test began and & & time elapsed siooe the test
Began). Thus, the dog Aplogst curve is also tineae
with 2 slope of unity {2 457 ine) and the welibore
dinage constant £, can be determined from any
it (AL, Agthon this line (Fig. 4.2} feom the refation

4. Totake inio aecoum ihe remaining meamcac;s
1hat o have a significant infinence on test results,
MoKinbey plotied his type curves a5 Ar fordinate) vs,
3615 C, AprqB {abseissal, with the wngle parameeer
S 6ES Copo A srall-scale version of McKinley's
carves b5 shawn i Fig. 4.6,

5. Note that the sk factor ¥ gioes ot appess as g
paranieter i the McKindey curves.  Enstesd,
MuKiobey's cusves assess damage o¢ siimulation by
seing ihat the eseficd wellbore-storage-distaried
duta wre dominated by the effective pear-welt
{ransmissitility {AF/u) .0t thas, a fype-curve msitch
of (e eacdiont daga in 2 o8 should sliow coloatation
of this gquantity. Llaser, after wellbore soeage
distaerane  has  dimisished,  the time
tehavior is govesned by the ransmissibilive in the
formuation, &7 ey this geantity afse oo be estitmated
Fratm a typecurve match — but for the leter data only.

6. MoKinley approsimated bowndsey effects by
plotting the simufaror-generated type curves for
aboul one-Tifth kg cvvle Beyond the ond of welibore
storage distortion {where (he gurve has the same
shape ax for € = and then making the curves
vertsonl,  This step roughly  simulates  draicage
vonsditions of 40-scre spacing. Note thar this ghees the
carses carly-, middie, and fstetine regions - bt
eemembes that the curves were designed 10 be wied
primaeify o analyze ewdy-fine dats. When the
curves are applied 1o drawdown tests, they s he
apphied 1o earty-2ime data ondy) they do mot propesie
siirdate bouadary effects in drawdown tesis.

3. Gringarten type curves for fractured reservoir

fractisres with two egualk-lengih wings were crested.
The cufwel discussed o this seciiorn Sssume paiforse
Fux dinte the fractues {same ow eate per unil oross-
sectbong! area of fracivae from wellbore 0 fractuee
- 1igd. Mgl fraciuee onpnductivily 5 requsred 1o achiowe
wnifarm fBux, bul thiz is nol identical (o an infinilciy
corcteotive fracture foce pressure drop Trom fractare
tigy Lo wellbrore), as Gringarten f ef. dermonsiraied,

The study was made for findte resecvesies fi.o.,
Bovzndary effects becoane bmportang a1 lacer tinses b
ehe tesrl. The resorwoin is assumed 10 Be al wnilorm
pressare, @, oaitialdy. The type curwe (Fig. 4. 115,
developed for & constant-rate drawdown test foer &
strphily comipresgibie liguid, also can be weed for
buildup tests (For S, =01 0 and for gas welin=
wedrng the rmodifBoations descussed sarlier. Wellbove
storape efects are ignooed. -

Afl che dimensionfess warsabdes amsd peerasnesers
cemsichered mporiant are taken inio povount in Fag.
4. k1, which is & log-tog plot of g ws. :E,ri,r‘t,j wiglh
PEFAMISIEr Xy ,‘"Lf_ 11 echese pacameters, Lo 85 Lhe
fracture half-lenpth and x, fs the distance f;mn ithe
well ke the side of the sguace drainage area e owhich ¢
35 assuimed 3o be contered. Dimensionless prossure
has the useal definition,

W gy T i s e a weskawen Test ),
s FTIEPT * est
argd
Foaed A2 G k¢
£ Sl e R ZN )

LF T epr 3
Seweral Teatures of Fig. 4.3 areof interes
1. The stope of the fog-fog plot s 152 up 1o
fpag, =018 Tor x dd o> 0. This bs limear flow., W
have shovwn thay, in linear flow,




PartC

(1Q x 20M = 20Marks)

Max. Time
Q Solution Scheme of required for
Marking each
No Question
10 | The absolute open flow (AOF) potential of a well is the rate at which the well | 3+3+14 30

would produce against zero sand face back pressure. It is used as a
measure of gas well performance because it quantifies the ability of a
reservoir to deliver gas to the wellbore. Deliverability tests make possible
the prediction of flow rates against any particular back pressure, including
AOF when the back pressure is zero.

ILP.R.

ADF Deliverability |

‘Back Pressure' | pxi

8] z 4 & 8 10
Gas Rate | Mhofd

;
(MMzgcf/D) Pus (Psia) (p?fa Pvﬁ?si-e:j)m2 Pus - Purt/ dg
450 1948 1784 | 612048 136011
560 1927 1680 | 890929 159094
6.85 1911 1546 | 1261805 | 184205
8.25 1887 1355 | 1724744 | 209060

8.00 1948 | 1233 | 2274415

We know that theoretical equation for stabilize flow and transient flow
written in the formof

15)2 bpwfz :Hqg “}“bqu

Pws? - Pw?/ gg=a +b qgq (A)




209060=a + b*8.25. ... oo (B)

184205=a + b*6.85... ... .o (C)
By subtracting equation (C) from equation (B) it is found that
b= 17753

Using b value for stabilize flow we get

=2 2 2
g= (p “pwf )s—b(Zgg
g

a= 2274415-(17753*8%)/8

a= 14277.875

Now we know that for AOF (Absolute Open Flow) Pwf=14.7 PSia

So, using the below formula value of AOF

ﬁ “_pwfz ZQQg +bqu2

19482-14.72=142277.88* q(AOF)+ 17753* q(AOF)2
Solving for q(AOF)

g=11.51 MMSCF/D
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