ST DATA EVALUATION IN PRACTICE

by

Herlin Adim

ABSTRACT

 Originally Drill Stem Test (DT, ax an _
imlml'hrtml, was only an indicator of tipe
of fluid production.

Interest in the DST as a modern evatua-
tion ool was revived when certain theoretical
mﬂmwumannmrmafmirm-
laving vahues for important fﬂrmnﬂfm,udrn#-
elery.

This paper is an example, the basic tners
pretation method, thae will prepare the geolo-
gist and engineer for more sophisticated ap-
pmm:hrmwnmmﬂhmﬂ:
af this pager to show how DET dans might be
uved to make certain rexervoir parameter de-
rermimations, in field works,

L INTRODUCTION

Petroleum geologist amd engineers lnve reciognd el
that production data, such as formation proessure decline
aned band-up curves, will yield information that may be
tsed in certmn éxploration and exploitition studies. The
semior engineet will point out many valid reisons why
these dotn should be obiained as early ox possible m the
produging life of @ reservir,

Drill {DSET) has long been accepicd os the best omd
moal economical means of completing a bore hole fora
timie heing. Technologicul adviances within the industry
have introduced welliest methids, by which the engi-
neer and geologist may take DST data and use them
with reliunce in formation evaluation studies. Due ta the
husic natare of DST as an evaluation ool, these data
will be obtained ot the most economical time

It is noted in the feld of Tormation evaluation that
DST is the only evaluation ool that ohiains the reservoir

parameters under dynamic conditions il o point early
enouizh 1w enter into a decision reganting the disposition
of each well.

1. DATA AVAILABLE FROM A WELL TEST
The dats obtained from DST genernlly includes physi-
cal deseription of reservoir fluad. volume of recovery,
M times, shat-in timie and o boiom hole pressure-time
chirt showing the well bore pressure measurements dur-
ing the various ool manipulstions. Reservoir chiracler-
istics that may be caleulated from well test dati are:

a. Permeabibiy
The permeability calculated by a well test v the
averaee effective penmeability of the formation 1o
the actual fluid produced. Well test ts the only
eviluation tool that gives & direct means of calou-
lnting effechive permeability.

b. Well Bore Damage
Wheither or niol well bore damage hos been incurmed
by mechanical drlling action 15 readily indicated by
empiricil calcukations. Well bore daomige can oceur
sl brpede Aluid flow from formations, Low recoy
erv on the test may be the result of damage mther
than poor production characteristics, Well bore dam-
age determimutbions can be misde only from: pressare
fluctuations such as those induced by o DST.

¢. Reservoir Pressure
It 15 possible 1o make mathematical determinations
for the static reservoir pressure. This pressure value
is useful as a substitute for o missing stabilized or
static mechanical measurement (stabilized initial
shut-in pressure reading) and as & check on other
coleulabions, ¥

d. Depletion

If o given reservoir is small enough that its total
areal exient is effected by a normal DST, pressure
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depletion will occur and be detected by a properly
conducted DST. If the relative small volume of Muid
removed during o normal formation lest Causes pres-
sure depletion, then an extramely small reservoir
exists and expenence has shown that it will oot be
commerciil

¢, Radius of Investigation

Because there ix phyvsical remaoval of formation Muid
durmyg o DST, there will be a definite effect upon the
formation for o determinible distance

This distonce is known s the mdius of mvestigation
of ihe tesi. This charactensiic may be ased
indetermiming spacing requirements and other volu-
mietric calculutions.

. Bamer Indicatioms
If u harrier or any other anomaly such b5 a fuid

contact exists within the rdius of investigation of

the e, it may be reflected i the pressure  analy-
sisv. Through other evaluation dats and expenience
in imerpretation it is often possible W determine  the
exact tvpe of anomaly.

The science of petroleum reservoir engineering has
been using fluid flow equations o describe flow of Muid
through a porous media, These equations describe the
relationship between churcteristics of the formation,
properties of the fluid moving through that formason and
the result of this retationship on the amount of fuid moved
when a certain force s applied. There are many differ-
ent fland flow equations, generally each derived from
specific set of conditions, The conditions that are us-
sumed to be present dunng most formation ests are:

o Radial Flow

This means that fluid flowing imto the well bore from
the formation is assumed o huve come equadly Brom
il parts of the formation radiating out from the
wellbore This assumption will hold true for most
sanistone but falls down in fractured limestone.,
b, Homogensous Formation

This means that  the fonmation o assumed o be
honzontul and has the same and constant chrie-
teristics all through the length and the thickness of the
particularzone under consideration. Thisassumption
means thit any vilves caleulated will be average
over the length and/or thickness

€. Steady State Conditions

It assumes that during that portion of the pressure
busld-up curve used in the analysis that formation and

fluid charactenstics are approaching a point of equilib-
rium, The term of steady state also denotes the as-
sumption that dunng flow, the rate and pressure drop
cousing flow were constant. Formation lests are most
apt to deviate from this assumption,

i, Infinine Beservonr

It assumes that is ne limit to the reservoir. It s
recognized, that all neservoirs do have finite limits and
thir there 18 depletion, Bul, on the wsoal Tormatien st
the amount of flind removed during  test i negligible
when compared to the total amount available in the res-
ervoir, As result the formation is approaching mfinitely
large or unlimited conditions as far as the test s con-
cerned
IF the amount of floid removed is significant then
measurible deplenon shoald occur und be seen on a
properly min test. This significant amount is varishle with
the actual size of the reservoir and duration of the test,

e Single Phase Flow

It assumes that only one type of formation foad is
flowing into the well bore. This means that if there is gas
produced on a test of an oil beanng formation then it s
gssimied 1o be gas thut came out of solution in the well
bore or dnll pipe.

IT any higuid hydrearbons are produced on a lest of 2
gos formmtion then they are assumed o be condesition
of gases within the drll pipe or well bore. Water pro-
duction s assumed o be produced from another hori-
fon

A, Drgw Divwn Equation
Using the conditions set above, a flow equation has
been developad for mdial Tow in hamogeneous and nf-
nite reservoirs. This equation is known as the point source
sitlubion and a5 iaken from Hormer's puper, expressed
inil Meld ferms:
o Gdk Tl |
pf = Pos SMHE| gy RO
k) kT |
Hy knowing the vanous formation and (hod chunctens
tick this equation gives a means of calculating the for
muation pressure that will result if the fluid is fowed o
rutie O for time T, By careful observation of all the avail-
able information on a typical foration test, enaugh data
can be obtiained i compute or find most of the compo-
nenls listed in equation (1),
0 is defined from the recovered volume ot flow time T.
. B and ¢ are defined from wables if the oil gravity and

LEMIGAS SCIENTIFIC CONTFBLITIONS NO. 320089




gis oal ratio are known. h and £ is defined from electrical
logs or sample analysis, Po can be measured by the lev-
eled out initinl shut-in build-up. Pf and k as unknowns,
B. Build-up Eguetion

Ot investigation it was found that when low is shut-
in the formation pressure is sllowed 1o build-up, then the
wellbore becomes just another point in the reservoir. As
a result of this phenomenon, any pressure recorded in
thie well hore, during build-up, is an image of the pres-
sure recorded ot any other arbitrary point in the reser-
voir. I some equation can be derived from & build-up
that would state the reverse of equation (1) then there
would be only parnmeter k is unkmown.
Homer works on pressure build-up derived just such an
equation from exactly the same conditions and assump-
tioms listed earlier. In oil feld units Homer s @qustion is:

-5 ) e
f‘,l' ‘= P — 1_E_1?_f£'.j£ j'”."ll :_-.F_H
kh (V)

where: Pf* = formation pressure durmg build-up, psig
T =time of flow, minutes

B = time of shut-in, minules

ML RESERVOIR PARAMETRES OBTAINED
BY BUILD-UP ANALYSIS

A. Permeability

Permeability determined by buil-up analysis is known
as effective permeability. This value of permeability is
the best permeability measurement possihle because 1
15 obtained at reservoir conditions.

B. Well Bore Damage
Umne of the most valuable determinations (o be made
from test data is estimating the presence and mognitude
of well bore damage. Well bore damage 15 defined as
being a zone of reduced permeability immediately adja-
cent 1o well bare. It is generally the result of or caused
by the mechanical sction of drilling a hole into the for-
mation. Well bore damage is also referred (o as sKin
effect, skin damage, skin, el
To understund well bove damage it might help 1o look
braefly af the vanous couses. Four common cilses of
damage are
(1) Invasion of drlling Auid Alirsle into the [or-
Tt
(21 Invasion of drilling salids into the formation
(31 Bt damage,

{4) Production damage (relative permeability effects)

1. Drilling Fluid Invasion Damage

The invasion of doilling Muid inte a formation occurs
anytime, a formation has permeability and the drilling
fluid has a Muid boss, This is a natural result of the physi-
cal chametenstics of the properties involved. The drill-
ing fuid has weight and naturally will develop a hydmo-
slatlc pressure.

In water base muds this fuid is water that has fil-
tered through the mud cake, or filtrmte water. The higher
the waler loss property of the mud, the greater the amount
of filtrate water that tends 10 enter into the Tormation.

Some formation are not compatible to this foreign
water and will resct in an adverse manner. One type of
resction, as an example, is that o shaly sand is formed.
This shaly sand formation exists only in exposure 10 a
salt winter solution,

A fresh water is injected and these shales that have
always been salt water wet are exposed 1o fresh water
for the first time. The shales tend to absorb the waler
and in the process swell. As a result of the swelling the
opening that allow fluid passage {permeability ) are re-
duced, and well bore damige is created.

2, Drilling Solids Lnvasion

Some formations will hove nwtural openings large
enough (high permeability) 1o permit the entrance of the
mud solids. The difference in pressire between the drilling
Muid hydroststic pressure and formation pressure miy
be large enough to wedge or pack these solids into the
formation 1o such on extent thit when the pressure dif-
ferentinl is reversed in favour of the well bore, the wedge
will not break.

As 1 result of this phenomenon the opening is closed
to pussage of fluid out of the formation and well bore
damage 15 created.

X Bl Damage

The mechanical chipping action of most rotary bits
losens the formation in front of the bit, the circulating
dnlling Muid washes these chips away. Chnte often the
hit chips away the formuation (aster then the mud can
curry themn away, When this oceurs, the bit will continue
to grinde the pieces into still finer particles.

These line particles may then bg small enough to be
forced hack into the natural openings of the formation,
either hy ihe pressure differential or more commonly
by the pounding effect of the bit, and a wedge type of
hlockage may resuli ax above
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The same pounding action of the hit can actually crush
the matrix formation so that the noturml openings are re-
duced in size. Either effect has the sume end resull in
that well bore damaged is created,

4. Production Damage

The very wct necessary Tor the production of Muid
from formution, o pressure drop the doving force, can
create conditions that induce o damage situstion. Cne
type of production dumage is gas blockage, The pres-
sure drop created by opeming the fest ool may be suffs-
CIenl 10 cause gas o come oul of solution within the res.
Ervoir

The gas bubbles fill up und block the natural open-
ings and a well bore damage effect 15 created, The end
resuli of all these various forms of damage 15 fooresirict
rate of flow of formation flud o some degree below that
whiich normally might be expecied for the exising reser-
voir and pressure drop conditions.

Huirst snd van Everdingen presenied empinical equa-
tons which showed the effect of the skin damage on
pressure draw down. This effect was reflected as an
additions of an empirical value to a normal foid Oow
eoquation. One such presentation is as follows:
|

H6OUR i
B w2 wanonr— 35 | (3}
s pori

Pl = Po—

where: § = an empirical dimensionless value for wotal
skin effect present.
rw = rudius of well bore, inches

The skin effect, §, is solved using equation:

—— = -+

. PEik
£=1 151 {Po—Pf kh k1 4283
162 6ol T crw

.
REUL Wi cssssisnes (B)
i I

By substituting equation (5), equation (4) may be further
simplified as:

i

Po ~ P AE
] ||'||__' 2 mg I—Iﬁ'

i e

5= 18]

Exquatson (6) gives a means of solving for the dimesionless
value 5, denoting the skin effect or skin fuctor, using the
pressure build-up dats available from o properly con-
docted DST.

Strung with an empirical equation for solving the dam-
nge ratio, DR, can be developed. From equation (4), it
15 possible o show an expression of the theoretical rate
of flonw, O, in relation to other formation and fhoid char-
potenstics affecting flow, when there 1s no damage, or
5 =0, then:

(Po—Ffkh

(i = = x =
162 6B loglkT / dyrern” 1= 2.85]™

]

By the sume way, using equation & constant M, where:
_162.60uRB
Tk
and by finishing equation (2}, then it is possible o wrine

Po—- Pt Ir'lz_ﬁLIl“H
uds 2 ]
f_pug'f'.{ #108] kh i
Then an expression may be mode for the actual rite of

Mow QA that is gauged from the DST, and its relation
to the other factors that produced this rate of flow:

Mk
(A= ; TV WPO v {1

M

Substituting equation (8} and {9 into equation (4) yickds

{ For— P Wiy
162.6uB[log{kT / dpcrw”) - 2.85

I = I - — i,
e =0rie! My

162 6B
1,

o (Pa—Fbf)
Mlog(kT / ducrw)—2.85] =11

Thix yields a rigorous solution o damage mtio (DR), if
formation and Muid characteristics are known and can
be used.
From equation (%) it was shown that 4 constant relation
was generally established during o DST buil-up, where
the constant s

Por— Py _162.6Qul

Lop|l(TF+81/8| ikl

M = et

Recognizing that the pressure #nd time data are readily
avmlable frinn the DST pressune chart then it 15 fairly
simiple o solve for the constant once the steady state
conditions are approached duning the shut-in,
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Thie best method 10 ascertain steady stie conditions under
present day testing procedures is to sctually plot shut-in
pressure, P, versus  the dimensoonless tme function,
b 0T+ gifgh, This will then show' whether or nif the
struight lime portion, representing stesdy state condifions
hias been reached.

5. Hreakdown Pressure

Thix plot will be a graphical presemtation of how for-
mation shut-in pressure Pf’, varies with respect to a
dimensionlesstime function that vides with shul-mtime
These pressure and time datn are obiained from what is
generally referred to as a pressure breakdown, The pres-
stre breakdown s simply a series of pressure reading af
definite nme increéments, generally equal time distances

Generally, from a breakdown plot duts, can be es-
tablished in tabalar form (on Table 1)

Having this informiation in oo tabular form i s then g simple
manner 1 transpose it 1o graph paper.

Figure | shows results when data are ploited on stan-
dard coordinate paper. To muke this plot, pressure read-
ings in ¢olumn 3 were ploted against logarithimic
function of (T + qug), wbolated in column 5. To use
stondard coordinated paper it is necessary 1o make the
additional step from column 4 (o column 5

The solution s good only if it is positively known thiat
the selected points are (n the steady state, or on the
struight line portion of the plot. To ascertnn that there 14
a straght Hine portion it ix generally nécessary o make o
plot. IF o plot is 1o be made, the easiest method o solve
for the constant M is through the use of the graph, by
using the equation:

uf P9—P6
; I T+86 o r+89 psiflog cyele .. (12)
: i - il

Points & and 9 fall inio g strughi line. This means tha
during this portion of the build-up. the formation wis ap
proaching o stendy-stuie condition. For the most com-
plete interpretmtives study of DST data analysis, o pht
of pressure versus time function should always be made.

IV. ANALYSIS PROCEDURE IN PRACTICE

I use this theory into practice by making some -
iual caleulutions of reservoir parmeters. This section
will wilize the pressure breakdown datn and plot infor-
muation given in the previous sections for these caleuls-
tions. From the plot of Pressure Breakdowns, the value
of the constant M s determined. Onee this value is
determined it can be put 1o work in the calculation of
permeshility and well bore domage

Tahile 1
Pressure broakdown data
(1 (2) (3) (4) ()
Shut-in Pressure (T4 8y'a ( T+ B8
Point Time & Pt
{form graphic) | (from graphic) {calculated) {calculated)
1 2 885 (B54+5)5 = 14000 1.346
2 10 1215 (B5+10)/10 = 7.500 0.8B75
3 15 1405 (65+6)5 = 5H.334 0.727
4 20 1590 (65410020 = 4250 0.628
5 25 1685 (B5+5)25 = 3.6800 0.556
& 30 1725 (B5+10)/30 = 3.167 0.500
T i 1740 (65+5)35 =2.8a7 0.455
B 40 1753 (B5+10)/40 =2.625 (e 19
9 45 1765 (65451145 =2 444 0.388
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A, Permeability
Using equation { 5) and solving for the general un-

knowns then we hove:
kh 16260
Jili) M

kh/uB is called the tranmissibility factor. Transmissibi-
lity 15 defined os the ability of a given formation, repre-
wiented by permeabality, K. and thickness, b, 0 transmif &
given fluid, represented by a viscosity, p, and formation
vislume factor, B,
From test mformation, recovery and Mow time, it 8 a8
simple process to compute rate of flow Q. Using equa-
tion 13, having values for Q and M, it is possible o solve
for the ransmissibility (kh/6H)
Example I:
Using the test data on the Table | and given
sddition data that a recovery of 600 fu of il with
300 ft. of 3-1/2" 1D dnll colars and 4-1/2° FH 15#
drill pipe. 35% APlgravity oil and 47 MCF/day gas.
Formation temperature of 120% F, Packer at 4300F,
TD-4550"
Solution:
Ist solve for O
B Tt 1ol Muid
0 ft. DC (2-1/2" 1D)

i13)

00 .
g = -"]—'— e -::-'.F
1000 s
LA’
1688 = ]
1535 & f4
L o
[ /{
130 /‘T
o0 E'/
I
(11]
= .3 16 o B4 64 B3 ]
‘l'-i-H
lng g
Figure 1
Plot of pressure breakdown dala on standard
coordinate paper
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x (L0061 bblffi = |.83 bbls.
300 ft, DP (4-1/2 15.5#)

x (.0142 bbiff, = 4.26 bbls,

Total Reécovery = 6.09 bbls.

Given Now tme data was 65 minutes,

Vo 6a08bh  1440min.
= 20 TR 3SR OPD

- x
T 65min. v

Tuking M from graphical solution in Figure 2 or 375 psif
log cycle.

kih 16260 1626(135)

= 58.5mul. i T cp

Fien, =
Maost generally, solving for the transmissibility 13 as far
as it is possible to go on formation test, without addi-
nonal information. If, for example, the company represen-
tative knows that the 5001t test intervil had only 10 ft of
porosity (or net productive interval ) then a vahue for for-
mation thickness h has been given.

From the test data above, the oil gravity and gas recov-
ery give sufficient imformation 1o go 1o available liters-
ture ond find the values for viscosity, p. and Tormition
volume factor, B, In this case viscosity is found p = 1.5
ep, and formation volume factor B = 1,15, It is then a
simiple matter to solve for permeability, k. using equation
13.

1888 Praviwts Balldwp Plai
L]

1950 ,—F—— e -—u-::

1860 o
L
A= ;;#

1400 L::-—l T

153 [~ I,f'
T d

| o 1910 = 1324

.i' o 37 palfevile
1390

g /i‘

+
#20
m:a T i F 1
1+8
8
"
Figure 2
Plol of pressure breakdown data on
semi-log paper
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- -t 151

P

1a ‘_F_'_? |

Piot of maithematical pressure roading

When the Tuid Plowing i giis i is stapdand pracnoe w
report recovery as a rate of Tow in cubic feer per day
(CFPD) or m thousands of cubic feet perday ( MUFPD)
The following equition o rmnsmmissibiliny wiis devel
oped using rate of Mow Q) in MCFPD

where £ = pos devinion Facton
Mg = build-up constanr [or gas

DT P

- F
_— Fiily
-
s Q@
o FFily
L "_..--'
-

Figure 4
Comparison of the mechanical and math-
pmatical pressura reading measurameant

Acsspmie that the previons fest produced gis [T prlan
Fiaure 5% for such o test using the breakdown and plot
fing pressure squaned os discussed above

Froun Eruns o il the resuliimg shope aidubion, Me. the

irnsimssdbi iy, caleulanon wiould be

Example 2: Given test dotn intible | having a recoy-
cry of 1500 MOFPLEY, and formiitnem i
peermiure of 140 |

Boluthom fur Mg
Mg = P14~ PIP = 35700000 SR N
1 18T 0N ||-.|-'. lroyle
I'f = F+ 4f6d = 140 & 360 = GHD™ R

(g = [ 500 MCFPD

The effective permenbility o gas would then be Som-
puted 0 the same manner as hefore. From measure
ments or liscal information g specific gravity ol thie s
{ Air= 100 may be obgined. Knowing the spocific gruy
iy, formation wemperature and pressure then vilues for
viscosity and devestion muy be obtmned from the litera-
tore. Inthis cose viscisity Jo= DAY cpand gas devilion
fuctor 2= 0,79, 4 that: kh/pB = [ 240, then k
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| 24000190, T
K =— 7 = 1.9l
L)

B. Well Bore Damage, EDDNR

The determination of the existence of well bore dum-
ape ond the extent of s infloence is mode through the
use of the EDR equation 15, such as:

Pa—PF ) Fis

MiSS+opT =285 Mleel+ 165

EDR=

An example of the use of this eguation given below,

using the test data presented in Table 1.

Example 3: Given, actual rate of flow Q =135 BOPD,
maximum roservoir pressure Po = 14910
psig, final flow pressure PF = 350 pag,
slope constant M = 375 psiflog cycle, flow
time T = Gl minuies,

Solution :
o i - 1%
EDR = _E".?___” e [9]0 =350
M(logT + 265 375loghd+ L65)
= 1560 —(1.03
AT R13+2.65)
a0
o
1.5 =
l‘f
o
o
7
|
'i 3.8 = #
i |/
-3 l.‘ 5
L
= ¥
L~
1.8 ’_/"H
B4 !
1 TR i 1 1
“E;ﬁ
Fi.
Plat of breakdown les! dala

An example of DR calculations, using the same hypo-
thetical test ond duta, can be calculated wsing eguation
1h s foellowaes;

(Po—=Pry

[IN = 1 =
M [log (AT fdyteruw” ) = 285

| Lik- 3500
1T F e HLDGIAD LS R4d 6 {451 -2 RS

-

k)
=04
LTS 74268 1EN

The - stimated damage ratio value of 093 comipares very
favouzable 10 the actoal, empincally calculated value of
0.91. Fxpenence hos shown that this will be the ciase in
mist all instenees. Only in those cases where the notual
values for the Tormation and Tuid charactenstics are
known amd a value for a formal presentation I8 neces-
siary, will it be worth the time (o miske the empinical cal-
culation.

Since a damage ratio (whether DR or EDR) value of |
denoted no damage then the above example shows that
there was no damage present during the west. The rate
of flow indicated Q) =135 BOPD, is the maximum rate
that cun e expected under these test conditions.

oo T L 4330 = d18d) = 34
Fr ki
¢ L/
4360 H;-]UBl = '_j
: My (1
- 4180
= F5. Lo
El.l‘l]a-— J} 1
: ///H I |
i148 | 1
|
413d — |
s | | |
o woE ki 1 i
T+8
a a
Figure &
Horner's plot data
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10 EXPONENTIAL INTEGRAL VALUES
===== ® -y
’ Eil 1--f—r-—-'a du
b= 0
6 X
| 1
4 T For x<0.02
Eil=x)=Inix}+Q.577
3 ===
1 = ]
2 ":—..._.lr_'__.l
0 -.02 -04 -06 .08 =10
k R | i e | 1 J
Lu h.l. = EI[":'.?
0.8 :
0.6 1 :
Hﬂ'—
0.4 -
=03 3
0.2 -
Ty
H'\.
Q.1 -~
0B
06 :
a5
04 -
03
'DE | . | E‘h.
- = ]
o] [ .
| o -0.5 -1.0 .5 2.0 -2 -30 -5
Eil-x)
| |
Figure 7
Exponenfial Intagral values
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B TR
EEFETEINUTECES

The following is an example where damage is indicated:

Example 4: Given mate of flow ) = 38 BOPD, maxi-
mum reservoir pressure Po = 1788 paig, Ii-
nal flow pressure PF = 188 psig. slope con-
stant M = 149 psiflog cycle, and flow time
T = 120 minutes.

Solution;
- PF | 788 - | B8
EI}H'_—&’Z_ .
M (logT +2.65) 149{log120+ 2.65)
1
o =241

" 149(2.08 + 2.65)
Then. QT =0 x EDR = 382 241 =91 BOPD

The difference between 38 BOPD and 21 BOPD may
well mean the difference between a commercial well
andd 3 non-commercial well, In the days before DST data
snalysis, the rate of flow of 38 BOPD would have been
taken at face value as being the maximum rate of flow
avmlable.

If this were a fairly deep well, say 10,000 fi, then as a
pummping well this might not be considered a commercial
well and conceivable plugged and abandoned, but with 4
potential of 91 BOPD it is probably commercial.

For gaseous flow, can be calculated using equation:

Po' —PF°

EDR = : -
My(logT + 2.65

{16)

It is poanted out that a low mte of production s gene-
rilly caused by one of three things

= low permeability

« high well bore domiage

= combination of both

The properly run formation test will generally provide
odequate dain 10 calculate both of these Charmcienstics
]l.[lgl‘m.::l[ i knowledge of the local area will assist in
belping 10 properly evaluate the test and formation frivm
this poing.

By proper application of complete test evaluation aver
tong range exploration and development programs any
opermior can see a definile mionetary suvings.

C. Radiuy of Investigation, ri
When no anomalies are detected in the plot and there

are no depletion indications, sorme of the radius of inves
tigation (ri) equations that have been presented in vari-

OlEs papers are:

(13 van Poollen and Craft Hawkins proposed 1o esti-
mate radius of investigation in oil field can be used
equation (ml field unitk:

i =] (KT 40 105 s (1)
whiere T = Mlow time in days

120 Mualer proposes equation ( odl field unit ) :

f =463 (kT)*0.5 AT L1
where T = flow time in minuies

As mav be seen from these equations, there 1s very defi-

nite resemblance between these four equations, prima-

rily:

i11Higher the permeability and longer the time of
flow is held, the larger the area of influence by test.

i2)Greater the porosity or storage capacity of the
formation the smaller the area of influence,

i 31Higher the fluid viscosity and compressitality, the
smaller the area of influence.

The following is example i caleulating .

Example-5: Given, permeability k = 10.1 md, time of

open flow periods T = 65 minutes, porosity

ilab. or log data) = 0.1, Muid viscosity

= 1.5 ep. formation compressibility ¢ = 8.4

A 106 (lab.dawa).

Radius of investigation can be determined

using equation 17

(1) ri= [ KTAO fpe |M0.5
= [0 65 14400 A0 1001508 4x 10M-BH40)*0.5
=95
Using the same value in equation 2k

23 =463 (kTS
=463 ({1 eSS = 119 5

Solution:

From the value given, it con be noticed thiat the two so-
futions give fair comelation in the answers. The primary
catise ol the difference 15 believed to be in the use of an
empirical value such s the 463 rather than sctual (or
even estimated) value for the dilfusivity factor, kffuc
Mhe porosity, T, and Muid compressibility, ¢, can hive
turpe varintons froam one formation and Muid to another,
and can have a very large effect on the mdius of infls
eive of § given pressure doop

3. Rarrier Deierminaiion, ra .

By knowing the pertinent formation and Muid charac
teristics and having a Homer plot that shows some type
of anomaly then the distance to that anomaly may be

LE
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approximated by substituting in the following equation
for solving ri.

When an anomaly s detected then equation below, would
be used 1o estimate the distance to the anomaly:

Ef | AR | =2.303 log LG, 1
kT L]
where: ra = distance o anomaly in feet
T = flow wme 11 hours
ga = shut-in time af infercept point of two

slopes describing anomaly, hours

Example-6: Using the DST imnformation and pressure
data given with figure-6

£ = 422 BOPD (45 APl @& 60%F)
g 4 = | M) min. = 2 hours
GOR = 1500 cu, fbbl

Ml = 34 psiflog evile
From Standing :p=0.25; B= LKl
=208 x 10~*-6
FromMicroLlog : h =1¥%
From Sonic Log @ T =14%
Solution:
From equation [ 3;

ki 260 1626 (1422 :
_': l_ "r- = I.l ?— B2 . fr fep

L M 54
42800 4280 (0,251 (1.81 =
k= If.j.rH: I |':|J:I ﬁ:]}ll:m}
| i

From slope intercept on Homer plot (Figure 6)
I'+8a

e
Using equation 21:

375

—3793 ra” di

- Ei|
kT

= T (0 P 25 M0 R (06D

~Ei] | =2 M log .75
150 2)

Eill=920 x 194 =f] rp” | ] 322

Then from exponential table or exponential plot,
Figure-7,

i = 0176 = (9.2 x 1046 ) a?

m = (192205 =138 i

These calculations suggest that there is a sealing barrier
approximately 138 fi, from the well bore. Subsequent
drilling of three more wells in this area vielded subsur-
face geological data that showed a fault to be present
approximaotely 175 fi. from this well

V. CONCLUSIONS

A DST can give a considerable amount of informi-
tion concerning a particular geclogical horizon. gener-
ally at a time early enough 1o have effect upon the eco-
nomic life and potential of the well. If conducted prop-
erly o DST will normally gives:

(1)The fluid content of the particular horizon under
test, and indicated rite of Mow under measureahle
well biore conditios,

i2)The maximum, or stafic, reservoir pressure at the
time of the fest

(31 The average effective permeshility, through trans-
missibility calculations, of the formation (o the reser-
voir Plud produced.

{41 The detection and pross effect of well bore dam-
nge.

(5111 occuring  within the radius of influence the DST
will detectbarriers, fluid phase changes (gas w0
liquid), permeability pinch out, etc. and the appro-
wimaite distance to these anomalies from the well
biore,

These parameters may be calculated from DST data if
DST is conducted in the proper manner. The observa-
tion of a few simple rules of thumb will help conduct o
DST in the proper manner. The calculations are simple
enough that they may be made with only basic material
at hand and the resulting answers are relinble.

The caution is made. however thal no ong  evaluation
tool is complete in itself and all evaluation wols give data
that must be analysed and imerpreted by individuals, In
terpretations can and do vary from one person o the
next

SYMBOLS
A = s sectional area, sg.om
R = [ormation voelume (actor, vol/val

C = fluid compressibility, vol./vol./fpsi
dp/ds = pressure gradient, atm./cm.

h = formation thickness, fi

k = permenshility, mad

kh = flow capacity, md ft

khipB= mansmussibaliy factor, md fvfcp

[
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L

= Horner plist slope comstant {liguid), psiflogeyele
Horner plot slope constant ( gas ), psifflog cvele
pressure, psig

formation pressure at flow time T, psig
Tormation buildup presure of shut-in e 8,
psig

IHERITILIT] TESEVIHT [WESSUTE, Psig

fluid Mow rate, colsex,

= fluid flow mte, STROPD

= radius 10 pressure poit P It

radius of well bore, inches

= skin Factor, fractional

= flow time, min.,hr. or day

Muid velocity, cmisec.

flud viscosity, op

= porosily, fractionl

shut-in time, min., hr., days

ME
P

33
1] nmon

TET 4=n]3 " O8 P
i

1]
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