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Abstract: Problem statement: Wireline formation testing (also namétini-DSTSs) are gaining more
and more popularity as a possible alternative toventional well testing especially where there are
major environmental and economical constraints. ihlteeased offshore exploration activity, which
often implies highly risky and huge operational tspsmakes the conventional well testing less
attractive in favor of other technologies that gmavide some of the key dynamic information about
the well-reservoir system through relatively quarkd less expensive operations. The design phase is
recognized to be one of the most critical aspentorder to guarantee an acceptable value of
information in exploration scenarios where veryiled data is available. The success of any mini-
DST operation can be significantly compromisedaib tmajor issues are not addressed in the design
phase: possibility to clearly identify the radi@\i behavior and avoidance of noise in the pressure
response due to the gauge resolutfyoproach: The study consisted in the development of a neWw too
for mini-DST design to easily identify whether thechnology can be successfully applied. The tool
comprises dimensionless and dimensional chartszhwaie of general validity because they can be
applied to any lithological environment and for agge of hydrocarbonResults: Field applications
proved the reliability of the charts: First of tle test durations were optimized to collect intetable
bottomhole pressures and to obtain valid resenafiaracterizations. Besides, a cost saving
effectiveness was achieved avoiding the acquisitibuseless extra-data affected by noise due to
gauge resolutionConclusion/Recommendations: The use of the charts is strongly suggested at the
early stage of decision making for new exploratppraisal operations; they are a user-friendly tool
for assessing the feasibility of a mini-DST testldionally, the charts are more versatile withpexst

to available commercial software in managing uraeties of the major input parameters.
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INTRODUCTION the damaged zone and intercepts the upper and lower
boundaries of the formation, a radial flow develapsl

The wireline formation test technology consists inthe analysis of the pressure derivative can protige
producing the reservoir fluid directly in the wellle  average effective permeability of the reservoir.
using a downhole pump so as to avoid hydrocarbons Frimann-Dahlet al.¥! presented one of the first
flow at the surface. After this short productiorripd, a  studies to apply the advanced well test analysis
pressure build-up occurs. Pressure is monitorethglur technique to wireline formation test data. Afteatth
the production and subsequent shut-in period. Thadvanced transient analysis was applied extensieely
result is a sort of mini test of the formation, ben wireline formation test acquired with single, dpabbe
named mini-DST, for reservoir dynamic and dual packer configuratidf.
characterization. Whittle et al.®! and Daungkaewt al.! underlined

Depending on the reservoir and fluid propertiesthe main critical issues that can make a mini-D&t t
the volume of produced fluid can induce a pressureompletely ineffective to obtain valid reservoir
transient that extends to a rather long distanmm fthe  information. Besides operational problems connetited
wellbore. When the pressure transient travels beyonthe tool positioning as poor packer seal, tool lstaied
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wellbore instability, there are two main causest thato reach radial flow conditions, making it diffi¢uio
might compromise the success of a mini-DST: bupd-u obtain the horizontal permeability valugk

duration too short to reach radial flow conditicarsd In the interval corresponding to times frdx,, to
invalid test data due to insufficient draw-down fmd Atna, Which represents the maximum build-up
gauge resolution. duration, the pressure derivative exhibits a hariab

Therefore, the main question to be answered irstabilization typical of radial flow in homogenous
order to assess the feasibility of a mini-DST igieen  reservoirs and provides the average formatjgn k
reservoir scenario is whether it is possible toleutl When time is greater thalt,,, a sever scatter of
interpretable bottomhole pressure data. In case of the pressure derivative could prevent any integiat
positive answer, the following step is to desige test  if the pressure draw-down is too small. The nomsthe
sequence so that the build-up is long enough taimbt pressure data and thus in the pressure derivasive i
the horizontal permeability value and at the samet strongly influenced by the resolution of the pressu
to meet the cost/time saving targets. gaug& . Parallel segments in the pressure derivative

In exploration/appraisal wells the design phaseare a typical evidence of poor gauge resolutionn@e
could be complicated by the presence of some degree the pressure draw-down inversely proportional te th
uncertainty associated to the available data, ssctine  fluid mobility, A, data scattering is more likely to occur
fluid mobility, A, the net pay (formation thickness), h, in gas/gas and condensate reservoirs and in high
the anisotropy ratiog, (given by the ratio between the permeability sands.

vertical permeability, & and horizontal permeability, ~ Therefore, the evaluation @y, and Aty for a
ky) and the storativity (given by the product of pgitp,  given test scenario makes it simple to verify weetit
@, by total compressibility,.& is possible to perform a reliable test interpretatand

Dedicated well testing software could be used tdhus to select a proper build-up duration. The sieni
verify the mini-DST feasibility, but software muse  criteria are summarized here below:
licensed, skilled personnel is required for theie and . . .
time to run sensitivities should be allocated-all® T Atmin is SO long that it exceeds the build-up

requisites typically missing when a mini-DST neéals duration constraints d_ue_ to cost/tlm_e saving target
be designed. or to tool operational limits, the test is not fibées
The design Charts present_ed in this StUdy_WerQable 1: Input data for mini-DST simulated build-up
conceived to provide a user-friendly tool to quickl Netpay, h (f) 16.40
establish the feasibility of a test and to properlyperforated interval,/j(ft) 3.28
estimate the draw-down and build-up durations. enPermeability, k (mD) 20.00
copyrighted and published them with an exhaustive’orosity@ (%) 0.10
user guide. Besides, the charts equations Werg:: ‘Ié'\slliosézy('r‘é"/éf;) 1'88
implemented as a standalone IT tool to ease tiseiru 1., co’mpressibmty, dpsi) 10%
In the following the basic idea from which the anisotropy ratiog (-) 0.02
charts were developed is first introduced, then thesauge resolutiord (psi) 0.01
equation needed to plot them are examined. Draw-down duration pt(h) 1.00
Pumping rate, Q (stb ddy 20.00

MATERIALSAND METHODS

b=

iR Es

W00

Theoretical background: The diagnostic log-log plot
for a synthetic build-up response simulated witke th
input data summarized in Table 1 is presenteddn Ei
Three characteristic zones can be recognized.

In the first zone (time up tAt,,, which represents
the minimum build-up duration) the negative hatfps
of the pressure derivative in the diagnostic plot
indicates spherical flow due to limited entry effec
Such effects are enhanced by low/th where h is the
producing interval, and low anisotropy ratim, Being
At inversely proportional to the fluid mobility,, in 0.01 01 1 10
gas reservoirs limited entry effects usually dissp
very rapidly (few minutes or less). Sometimes, the ) o _
build-up duration of a mini-DST does not last enoug Fig. 1: Log-log plot for simulated mini-DST buildu
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Equation 4 shows that the dimensionless maximum
build-up timeAtm. pis a function of the parametapPy,
a dimensionless expression of the gauge resol@&pn
given by Eq. 5, where is a conversion factor
depending on the fluid type (equal to 54.2 for afid to

In all the other cases, the test is feasible dned t 9652 for gas). The shape @ft o p Was obtained
pressure build-up duration has to be selected @ thdeveloping an in-house numerical algorithm. The
rangeAtm,, and At termed “build-up working area”. conversion from dimensionless to dimensional
Build-up shorter than the minimum time cannot bemaximum build-up time is obtained multiplying the
interpreted and the test is to be discarded. Oother  dimensionless maximum build-up time by the draw-
hand, if the build-up is longer than the maximumej  down durationg(Eq. 6):

If Aty is very short (minutes), the test is not
feasible

If the difference betweeNht,,, and At is small
(tens of minutes), the test is not feasible

useless data is collected wasting time and money.

The recommendation is that the duration of the At,..,=At, . (AP

mini-DST build up approximated\t,., in order to
achieve a radius of investigation as large as plassi

The equations that govern the limited entry effect
and the data scattering due to the gauge resolutilbn
be discussed in the following. All the equationsnasl
as the charts are expressed in oilfield units (@ &bl

The minimum build-up timét,,, is related to the
input data according to Eq. 1. Such equation can b
easily derived by calculating the intersection ket
the spherical and radial flow trend-lifes®. Equation
1 also includes a factor of two as a safety maiiginas
introduced in order to avoid wrong decisions whiea t

4)
Ah
=5 5
b =055 5)
Atmax =t pAt max,D (6)

The dimensionless chart, unique for both oil and
gas reservoirs, is presented in Fig. 2. It wastgdbt
using Eq. 2 and 4.

For sake of convenience of use, it was prefemed t
plot a family of curves for the minimum build-up
duration (in red) corresponding to different anispy

minimum and the maximum build-up durations are very@tio instead of one curve only. Its use is quitepte;

close:

h? @,

min = (1)
2ro 0.000263%

2
1 h

Aty p = Zm(hWJ (2

Hence:
o wmh 3)
™ 0.000263% ™P

Table 2: SI metric conversion factors
bbl x 1.589873 10t =n?
cP x 1.0* l=mPas
ft x 3.048* 10t =m
h x 2777778 10*=s
in x 2.54* l1=cm
mD x 9.869233 10* = pm?
psi x 6.894757 1 =kPa
cf x 2.831685 10%=n?

*. Conversion factor is exact
774

the step-by-step sequence is as follows:

Evaluate Atyinp corresponding to hif (use the
‘red’” curve corresponding to the appropriate
anisotropy ratio)

Calculate the dimensionless resolution parameter
APy according to Eq. 5

EvaluateAt,.. p corresponding té&Pp

ConvertAtminp and Atnaxp in dimensional times
AtinandAta, using Eq. 3 and 6

A corresponding dimensionless minimum build-up
time Atmin pis given by Eq. 2:

RESULTSAND DISCUSSION

Design charts: As dimensionless quantities do not
provide immediate indications and require additiona
computations, the dimensionless chart was re-aeghng
as dimensional charts. Examples for oil and gasitiga
formations are presented in Fig. 3 and 4, respalgtiv

The dimensional charts consist of a family of
curves (in red) that providét,, as a function of
mobility, A, according to Eq. 1 and a family of curves
(in black) that provideét.x as a function of mobility,
A, according to Eqg. 4-6. Each curve is plotted for a
different net pay.

The curves on each chart are plotted for a given
anisotropy ratio and based on the default paraméter
Table 3.
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Fig. 2: Dimensionless design chart

Table 3: Default values for the dimensional charts

Oil Gas
Gauge resolution (psi) 0.01 0.01
Draw-down duration (h) 1.00 1.00
Storativity (psi®) 10° 10°
Pumping rate (Ipm) 3(27stbddy 1 (51 cfday)
Tool position Centered Centered

775

Even if the charts were developed for a giveroet
parameters, this does not imply a loss of gengrahd
any sort of limitation in their use. How to manaaygy
arbitrary value in the input data (storativity, sotropy
ratio, pumping rate, and gauge resolution) will be
discussed in the following.
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Fig. 3: Example of a chart for oil formation Fig. 4: Example of a chart for gas formation

The basic use of a dimensional chart is illusttate o
in Fig. 5.

Let's consider a design scenario for an oil resierv
with some uncertainty in fluid mobility, rangingofn
10-30 mD/cP and assume that all other petrophysical . »
and tool parameters are well known: 80 ft net pag a L /‘/— 10
all the other parameters equal to the default waloe G“

Table 3. The build-up working area can be simply = &= «®
assessed in two steps. First, the minimum duration o
curve for the given net pay is identified and thig;, ol
corresponding to the lower mobility is obtained.emh L- . o1
the appropriate maximum duration curve is iderdifie o 0 mum .
and Atn. as a function of the higher mobility is memerig
evaluated.

The powerfulness of the charts is that they allo
handling uncertainty in any of the petrophysical _ .
parameters (net pay, storativity and anisotropjoyat Thgre are also very §|mple rules that can be egsny
The simplest way to describe such uncertaintiemis derived from the physical background and equations
define a “most likely” range of variation for one o Previously discussed, and that can help in ideintfy
more parameters. Therefore, the problem can bedolv the correct build-up working area:
by computing the build-up working area for each
combination of the range extreme values and then Netpay: only the thicker pay should be considered.
evaluate the final build-up working area as therival In fact, when the net pay increasAs, increases
defined by the maximutt,,, and the minimunit,,a, too (Eq. 1) wheread\t,, decreases because the
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V\}:ig. 5: Draft of a dimensional design chart
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pressure draw-down is reduced and the data The pumping rate and the gauge resolution affect
scattering occurs at a shorter time Atyax Only. In order to account for differences from the
» Storativity: only the highest value should be default values, first an equivalent mobility shoudd
considered. The storativity affects the limitedrgnt calculated according to Eg. 11 and 12, then the
behavior, so At,, increases for increasing equivalent mobility should be used to obtain the
storativity values (Eq. 1) maximum build-up duration from the chart.
* Anisotropy ratio: only the lowest value should be Note: At must be estimated using the original
considered. Similarly to the storativity, the mobility:
anisotropy ratio impacts on the limited entry ef$ec
only, but it appears at the denominator of Eq. 1 Q
A :%)\ﬂuid (11)

eq

It is worth pointing out that some care must be
taken when setting-up the design scenario. Inangasi
the uncertainty, i.e., widening the ranges or iasieg )\eqzi)\ﬂuid (12)
the number of uncertain parameters, could result in O,
determining the non-feasibility of a mini-DST arfdi$
could induce to improperly reject its applicatidh.is

. ) . . Field example: The reservoir is an almost symmetric
strongly recommended to be cautious in being castio P Y

anticline located on-shore Iran. Currently, thddfies
producing oil through more than 20 wells, from the
Generalization of the charts: When one or more of deep carbonate sequence of Fm. 1 (lower cretaceous)
the design parameters differ from the default v@lue  Above Fm. 1, other carbonate and clastic reservoir
used to plot the chart and summarized in Tabléh&, t units were identified from logs, indicated as shail
charts can be utilized by simply correcting thereservoirs (Fm. 2 and 3). A well was perforatedrider
calculated minimum and maximum build-up time. to estimate the productivity potential of thesellsha

For the storativity and the anisotropy ratio thatformations, performing a well test in the thickayér
control Aty first the Atmin getaurr Should be calculated as and a mini-DST test in the thinner one.
described above and the corrections as in Eq. 78and The presented field example was a dual packer

should be applied: mini-DST performed in Fm. 3 unit to sample the
formation fluids and to estimate the reservoir
_ (9 permeability. _ _ _
Atmin,correcxed-WAt min,default () The well log interpretation along the tested ingér
t /default

is shown in Fig. 6. The expected reservoir fluidais
medium-oil of about 27°API.
= D 5 ¢ ®) The mini-DST design was carried out

Blmincorecea™ e assuming the input data summarized in Table 4.
In particular, the uncertainty in the fluid mobjli
A similar procedure should be followed for the @nd in the formation permeability anisotropy was
draw-down duration that affecla (Eq. 6): accour_lted for. Hemispherical flow condm_o.ns hadbéo
taken into account because the tool position wasecl
t to the bottom of the tested layer. The uncertaimtthe
Doy comected= 22 AL et 9 anisotropy ratio was managed just considering the
o cetaut minimum value of the given range (here equal t9.0.3
The default tool position is assumed to be cedtereTable 4: Input data for mini-DST design
with respect to the formation net pay. In the ctese  Net pay (ft) 30.00
tool position is close to the top/bottom of thetees ~Storativity (psi) 10°
layer (as a rule of thumb, a distance less thartchtBe 8:: \g/ir:g’ézt( AP 21.00
. y (cP) 1.87
top or the bottom of the formation should be sB8 t Gauge resolution (psi) 001
hemispherical flow approximation has to be consider Draw-down duration (h) 1.00
The correction is given by Eq. 10: Pumping rate (STB/D) 27.00
Distance tool center-bottom fm. (ft) 6.00
Expected mobility (mD/cP) 10-100
Dt corrected = AT i defau (10) Expected anisotropy ratio 0.3-1

777



Am. J. Environ. ci., 5 (6): 772-780, 2009

Moved Hydrocarbon
‘Water
Moved VWater ol
RHOZ o
W Moved Hydracarbon 1 altite =
LS DT .
02 (ohmm 7900|111 (uomy 26 Water ound Water
_1”%0 COR RXOZ HTNP - = s
I'I'I 1] [ gAPIY 100 0.2 (nhm_m)'aunu ﬂ.lS(mm31D.1E 1 {mIm3) 0
HCAL [ SGR.DDM SGR@ PEFZ Elan Fluid A Elan Analys MDT PRESSURE
12(in) 18|80  (gapiy 100 O ¢ 05 v 01 vy Ofssd(wea) Boo
=N EFIN ] = =
=~ L 8
o i
d Wi z L=
% % |2k
v 21 | [ [ =
- { 1€ I - s ¢
(3170 € i P P ==
- {)jf:‘ I 5 il e y
3180 A i — ?L
¢ | / E i
Wi 1 S 2
(’ Positi packer [
> > a
s s I e
< o
,ﬂ[ : 3 k _5?
e _ 2
st
A ‘ |5
y L e @
e A= ! }
nn g -
1 o7
L h ::, Y
a0 (- ol b
A Il KT T
¥ ¥ <
Fig. 6: CPI and input data for the discussed feddmple
The minimum and maximum values of mobility Finally, the chart was entered with the highest

ratio (10-100 mD/cP) were used to obtdify,, and  mobility and theAt;. from the maximum duration
Atox through the use of the reference chart (Fig. d) ancurve corresponding to the given net pay was obthin
assess the “build-up working area”. the result was about 1.2 h.
Using the minimum mobility, and selecting the Therefore, the mini-DST resulted to be feasible,
corresponding net pay ., of 0.55 h was obtained.  with a build-up working area ranging between 0.d an
The next step consisted in applying the correctiorl.2 h (Fig. 7).
for hemispherical flow (Eq. 10) and anisotropy @ati The operations comprised fluid sampling after

(Eq. 8). The overall correction factor is 1.3 s th significant mud filtrate pumping and discharge batt
correctedAt,,, resulted to be about 0.7 h. contamination reached the maximum tolerabielle
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Fig. 8: Mini-DST pressure history and interpretatots

Table 5: Mini-DST main output parameters

Reservoir press at gauge depth (psia) 5262
Flowing pressure (psia) 5218
kh (mD ft) 1290
Radial permeability (mD) 43
Vertical permeability (mD) 19
Anisotropy ratio 0.44
Wellbore storage coeff. (bbl p§i 3.7x10°
Total skin 25
Radius of investigation (ft) 130

Afterwards a pressure draw-down and build-up weretandard well

performed.
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The bottomhole pressure data were interpreted as
usual by means of analytical commercial softwalne; t
analysis of the build-up provided the results shomwn
Fig. 8 and Table 5.

CONCLUSION

A wireline formation test could be a cost-effeetiv
alternative to conventional well testing, when a
test is not feasible for time/cost or
safety/environmental constraints. In such casess it
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extremely important to evaluate whether the minifDS
can guarantee an acceptable value of informathurs t

minimizing the risk of collecting useless data wiah 1.

waste of time and money and provide the possibitity
obtain a reservoir dynamic characterization, algiou
around the wellbore.

The new mini-DST design approach based on

dimensionless and dimensional charts allows thetose
easily evaluate the feasibility of the test, throube
identification of the “build up working area”, dedited

on one extreme by the minimum time, controlled by

limited entry effects and on the other extreme hg t
maximum time, controlled by gauge resolution.

The field example showed how quickly and
straightforward this procedure can be applied.

The charts are valid in any lithological

environment and for any type of hydrocarbons. In3.

addition to that, even if the dimensional chartsene
developed for a given set of parameters, this dmés
imply any limitations in their use or any loss of
generality because any arbitrary value of the imgaia
can be managed.

The charts also proved to be powerful in managing

uncertainties of the input parameters; howevers it
strongly recommend to be careful in the selectibthe

expected ranges because the wider the uncertdiaty t

higher the risk to improperly consider a mini-DS3 a
not feasible.
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