Suggested solution to the final exam in Welltest Analysis, May 18, 2009
Problem 1

a) Two flow regimes appear to be evident in the datth early data dominated by wellbore
storage and late data exhibiting a simple radoal ftesponse. A key parameter for the first
period is the storage consta&tand for the radial flow period the flow capadity If we use
the shut-in pressure (from Table 1) and the fioshpfrom Table 2 we get the storage
constant

o= 9B At _ (5200)(L45)(0.001)_
24 Ap  (24)(5470.5 5466.3)

0.074¢ RB/psi.

To determine&kh by a similar approach we can assume that thep#asbf the data represents
radial flow with derivative valuelAp/ dinAt= mdogA t/ dnA = mIn10= m 2.302¢.

From Fig. 1 it follows that points near 8 hrs cangicked to determine the slope

m=2.302692P = 300 2949559409 _ ;5058 86 _ 43 0 psiflog-cycle,
dinAt IN(10.0982) In(6.3715) 0.4605
and hence

_162.61By _ (162.6)(5200)(1.45)(0.84)
m 43.002

kh 2394¢ md-ft.

Note that we do not need to use equivalent timetaltiee long producing time.

b) We can use the same data points chosen abovet itee shut-in times 6.3715 and
10.0982 hrs. With the producing tin80[24= 720( hrs prior to shut-in we then get

_ 5949.5- 5940.9 _ 86 _ .
m= = =43.047
log[10.0982/(7208 10.098p) by 6.3715/(7200 6.3]150.19978

psi/log-cycle. The pressurg,, at At =1 hr can be determined by extrapolation from the
pressurep,, =5949.5 psi atAt =10.098% hrs as follows:

Py =5949.5+ m{[ log1/(7208 ])- Idg 10.0982/(7260 10.0%B

=5949.5+ 43.04H 3.85M 2.853¥) 59495 43.2 59 psi.

From the slope above we also get

_162.6/By _ (162.6)(5200)(1.45)(0.84)
m 43.047

kh 23924 md-ft

and



k=KD_ 23924551 £ ma.

The skin value can be determined from the formula

s=1.151( P = Pt _ 1o
m t+

Kk
- log + 3.2
1 gy %

log

_ 5906.3- 5466.3 7200 251.8
=1.15 - log - + 3.2
43.047 7200 1 (0.19)(0.84)(2.%4 20 )(0.354)

=1.151(10.2214 0.000066 8.7696 3.23) °&.
The added pressure drop at the wellbore can nawb&€omputed as

m S 43.047

= (5.39)= 201.€ psi.
1.151° 1.151

Apg

The extrapolated pressypé at infinite shut-in can be obtained by extrapoigtirom the
pressure at 10.0982 hrs with the result

p* =5949.5+ m{ log}- lod 10.0982/(7200 10.098f

=5949.5+ 43.047(&% 2.8537F 594%5 1228 60 psi.

c) The extrapolated pressys& can only be used to estimate the (current) avaueggsure if
the flow behavior is still in or close to infinigeting at shut-in. This in turn would imply that
the external radius has to be similar to or latgan the radius of investigation at shut-in, in
other words

r,, =0.0246 K 0.024 (2518)(7200) _ _ 179 ft.
quc, (0.19)(0.84)(2.14 10 )

This is not impossible, but probably not likely.
All standard techniques involving depletion at simutequire knowledge of the drainage area
to estimate the average pressure at shut-in.

d) The Horner straight line can be extrapolated diygotthe average pressure if
pseudosteady state is reached prior to shut-irgwikiclearly the case here since the radius of
investigation at shut-in is more than 4 times tb&uaned external radius. We can therefore
read off the average pressure directly based ordémity

tlAt _ q@ucA
t+At 0.000264C,

P.s(At) =P when At, =



in other words when

t+At _0.00026k(C, _ (0.000264)(251.8)(7200)(31.62), o,

At @uc, A (0.19)(0.84)(2.14 10 71y (4100)

We can therefore again extrapolate from the presaut0.0982 hrs to obtain the result

p=5949.5+ m{ log1/83.905 lojg 10.0982/(7260 10.08p

=5949.5+ 43.04A 1.9238 2.853%) 5949.5 4.0 59 psi.
Note: The permeabilitik was missing in the formula listed for the analydisve!
From the identity

m
. —p=——27
pl p 115] DA

we can determine the initial pressure through traputations

m o7t = 5989.5¢ 43.047 a7 0.00026kt
1.151 @uc A

=P+
h=P 1.151

5089 5+ 43.047  2(0.000264)(251.8)(7200) _ 5089.5+ 623.5 661 psi.

1.151 (0.19)(0.84)(2.14 1D )(4100)

e) The radius of investigation at the end of the uplds

rmv:0.0246/£ = 0.024# (251.8)(12) = 73ft.
ac, (0.19)(0.84)(2.14 10 )

A boundary closer than this should be seen in #ta.d

f) The storage constant can be determined from tipe giba line through the early data.
Consistency of the data can be determined by edtatipg this line toAt =0 hrs and
compare with the shut-in pressupg, , =5466.2 psi. If we now use the first two points from

Table 2 we get the slope

m = qB _5474.6- 5470.5 4.1_ 4100 psi/hr,
24C  0.002 0.001 0.001

and hence the storage constant



_ 9B _(5200)(1.45

= - 0.076€ RBI/psi.
24m ~ (24)(4100)

The corresponding dimensionless wellbore storage thkes the value

_ 5.61% _ (5.615)(0.0766) _
° 2mhgr’  (6.2832)(0.19)(95)(2.124 1D )(0.334)

1414

If we extrapolate the straight line from the fipstint to At =0 we get

p, =5470.5- niAt= 5470.5 (4100)(0.00%) 54765 #.1 54¢psi,

which is very close to the shut-in pressure in vadthe accuracy of the data (one decimal
place reported).

Problem 2

a) We can at the most expect to see periods domitgteeellbore storage (unit slope) ,
radial flow, linear flow (half slope), radial flovand pseudosteady-state flow (unit slope).

b) The following generated data represents a possilitsome for a very long flow period at
constant rate:

Linear flow PSS flow
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Radial flow
Unit slope (storage)



c) The following generated data represents a possilittome for a very long shut-in period
following a very long producing period:

Linear flow
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Problem 3

a) The pressures are less than 2000 psia, so we shseilgh® formulation. Since we only
have stabilized data, we can use the first andplaists to determine the values

2 _ 2 -
Ap? _188F 1797':24716.2 and 2P _188F - 1639
q 12.5 q 22.7

=37526.C

From these we get the slope

_37526.0- 24716.2:1229.4.
22.7-12.5

From the first we can also determine the value

- 188% - 1797

e ~(1229.4)125F 247162 153675 934

The deliverability of the well will therefore bewgin by the identity
P’ - % = aq+ bdf =9348.7q+ 1229.45.

Furthermore we get



S S
F_(z)(1229_4)[ 9348.7+ | 93487+ (4)(1229.4)(18?8% 49 MMscf/d

b) The same points give us

Ap? =188F - 1797 = 30895 psf at g, =12.5 MMscf/d
and

Ap? =188F - 163§ = 85184 psf at g, =22.7 MMscf/d.
From these points we get the slope

1_ logAp? - logAp? _ log(851840)- log(308952)

n logg, —log q log(22.7) log(12.5)

and hence the exponent= 0.588 for the back-pressure equatigrs C(P* - (;)". Using the
first point we next get

12.5=C (1881- 1797 9***=C (1690., and thereforeC = 0.0073¢ with

AOF = C(P")" = (0.00739)(1881 9°®= 52.4 MMscf/d.



