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ABSTRACT 

Short term transient pressure tests can yield important hydrocarbon reservoir parameters including 
initial pressure, effective permeability, and dimensionless skin factor. These tests may be 
characterized by short time durations and limited areal investigation of the reservoir. They are often 
used to appraise new wells. Drillstem tests, closed-chamber drillstem tests, surge tests, and slug tests 
are all common short term transient pressure tests. 

After a discussion of pressure analysis theory, this paper describes these tests in terms of procedure 
and information to be gained. Design factors are highlighted with emphasis on such practical points 
as recommended lengths of flow and shut-in periods, and ratio of shut-in time to flow time, when 
applicable. Some discourse on tools and data acquisition equipment required to perform each test 
from a conceptual viewpoint is provided in the following text. This paper also presents analysis 
methods for each test and demonstrates expected pressure responses with field and simulated data. 

INTRODUCTION 

Transient pressure tests yield valuable information when properly conducted and collected data are 
correctly analyzed. Questions are frequently asked concerning particular aspects of well testing 
operations such as “how long and how many times should the well be flowed and shut in?” Inquiries 
are often made as to the type of tools and pressure gauges that should be used in well testing. This 
paper is practical in nature and was designed for those with little or no previous experience in well 
testing while providing a refresher for those whose exposure to testing has been infrequent. It is 
hoped that the intended audience will gain increased understanding of the benefits of well testing and 
a working knowledge of common short term tests. 

Short term tests have as primary objectives the determination of effective permeability, dimensionless 
skin factor, and initial pressure. These generally include drillstem tests @ST), closed chamber 
drillstem tests (CCDST), surge tests, and slug tests. Information provided by these tests often spares 
the operator subsequent expenditures should the tested zone prove disappointing. If the tested zone 
shows promise, valuable reservoir parameters are known which should prove beneficial in current 
evaluation and in future reservoir studies. Flowing a well and monitoring bottomhole pressure 
response provides a dynamic measurement of the well’s productivity. Well testing makes sense 
economically when one considers the information that can be learned. 

The remainder of the paper begins with an explanation of basic pfessure transient theory which 
should clarify the necessity for gathering pressure/rate/time data. Thereafter, the four short term tests 
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mentioned above will be described along the following lines: 

I. Description and purpose 
ii. Basic tools and instrumentation 
iii. Design factors and simulated tests 
IV. Analysis methods and sample test. 

A few concluding remarks will follow. 

BASIC PRESSURE TRANSIENT THEORY 

In theory, all pressure transient testing involves upsetting the reservoir’s equilibrium conditions and 
monitoring the reservoir’s response to the disturbance. In practice, we disturb the reservoir by 
imposing a rate change on a well and then record downhole pressure response with a pressure gauge. 
An engineering model is required to relate pressure/rate/time performance at the well thus providing 
a basis to determine reservoir parameters. The foundation for pressure transient analysis of 
fluid-filled porous media is based upon the diffusivity equation: 

8P + i ap = W, ap - -- 
ar2 r ar 0.000264k at 

(1) 

This partial differential equation results from combining the continuity equation, Darcy’s law, and an 
equation of state. With appropriate inner and outer boundary conditions and initial conditions, 
solutions to the diffusivity equation yield pressure as a function of both radial distance from the well 
and flow time. Inherent in the development of the diffusivity equation as presented in Eq. 1 are the 
following assumptions.14 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Darcy’s law applies 
Single phase radial flow to the well 
Constant reservoir thickness 
Small pressure gradients 
Negligible gravity effects 
Homogeneous, isotropic reservoir 
Isothermal behavior 
Reservoir fluid has small and constant compressibility 
Hydraulic diffusivity (q) is constant and independent of pressure, 

where T-j = O.ooo264k 

WC, 

For interested readers, references 5-8 provide a detailed look at the development of and solutions to 
the diffusivity equation. The particular solution of most interest in pressure transient analysis is 
derived by assuming the reservoir is infinitely large, the well is produced at constant rate, and 
pressure is equal throughout the reservoir before production commences. The prior three assumptions 
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are the outer and inner boundary conditions and the initial condition, respectively. (See Fig. 1 for 
summary schematics highlighting the above assumptions.) The assumption of an infinitely large 
external radius, re, guarantees an infinite period of adjustment to the imposed disturbance or an 
infinite period of transient behavior. Obviously, no reservoir is of infinite extent; however, if 
production time is short, reservoir boundaries will likely not influence the pressure response. The 
tests to be described below generally involve short production times. 

The Ei or line source solution’ is an exact solution to Eq. 1 for the above stated assumptions 
initial and boundary conditions: 

PW = Pi + 70’6kh4Bp Ei [-x ] 

and 

(2) 

where the Ei function argument x = 
948$pc, r * 

kt 

The above equation provides a functional relationship for pressure at any radial distance from the 
well, at any time, for a constant rate of production. From a practical standpoint, the desired pressure 
is the wellbore pressure, pWf, since the pressure response is monitored at the wellbore during a well 
test. Inherent to the & solution is that the wellbore radius, rW, is vanishingly small i.e., the wellbore 
can be considered a line, hence the term line source solution. At early times in a well test the 
measured wellbore flowing pressures will deviate from those predicted by Eq. 2 because the well is 
not a line. However, at practical times of interest, Eq. 2 is a suitable predictor of flowing wellbore 
pressure. The 5 solution is somewhat unwieldy and for values of the Ei argument x < 0.02 a natural 
log approximation* to the Ei solution may be used with very little error: 

(3) 
Ei (-X) = In (1.781~) for x < 0.02 

In order that the value of the & argument x c 0.02, t must be large and/or r must be small. Since 
pressure will be measured at a sufficiently small radius, r,,,, and the test time will be large enough in 
all practical cases, the log approximation will apply. Substitution of the log approximation into Eq. 2 
results in the following equation which predicts flowing bottomhole pressures in a well subject to the 
assumptions and conditions stated above: 

P wf =pi - 162rp [ log (-k-) - 3.23 ] 

WcrZ 

(4) 

Algebraic manipulation of Eq. 4 reveals that a plot of flowing w&bore pressure, pWf, versus log of 
flowing time, t, is a straight line with the slope: 
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The slope of the line (see Fig. 2) is inversely related to reservoir transmissibility, kh./p. If fluid 
viscosity, p, and formation thickness, h, are known, permeability, k, may be calculated from 

k= 
162.6 qBp (6) 

mh 

The permeability calculated from a well test is actually the effective permeability to either oil, gas, 
or water. Eq. 6 normally applies to liquid permeabilities. 

The preceding developments constitute the classic semilog analysis for constant rate pressure 
drawdown in an infinite-acting radial flow reservoir system. Fig. 3 shows a comparison of three 
drawdowns, all with the same rate. The different semilog slopes are due to different permeabilities 
among the three cases. 

During actual testing we find that early time data do not fall on a semilog straight line even as 
predicted by Eq. 4. The data deviate from a linear response due to the effects of wellbore 
storage. lo-‘* In short, wellbore storage concerns unequal mass transfer. As long as the surface rate of 
production is not nearly equal to the sandface rate of production, wellbore storage exists and the 
pressure response is due to fluid movement within the wellbore. The true infinite-acting formation 
pressure response is masked until storage effects diminish. Calculations for reservoir parameters 
cannot be performed on this storage-dominated data using the classic semilog analysis. The pertinent 
problem with wellbore storage is one of recognition so the proper semilog data can be analyzed. Fig. 
4 presents the effects of wellbore storage on the semilog analysis. Storage effects dominate the early 
portion of the upper curve. As storage effects decrease, this curve joins the linear trend of the curve 
not influenced by storage. Wellbore storage delays the appearance of analyzable semilog data. 

Skin’G1s is recognized as a region of either reduced or improved permeability around the wellbore. 
Drilling and completion operations are a prime source of reduced permeability at the sandface or 
wellbore damage, while some stimulation operations are an attempt to improve the near wellbore 
permeability or decrease the wellbore damage. The result of sandface skin damage is substantially 
reduced productivity. Fig. 5 presents three drawdown curves, all having the same rate and 
permeability, but with different skin factors. Lower flowing pressures and lower productivity result 
from higher skin factors. The following equation is used to calculate skin factor for a constant rate 
drawdown: 

s = 1.151(p’ - plhr -log k + 3.32) 
m wte 

(7) 

The variable plhr is the theoretical flowing pressure one hour into the drawdown test. This pressure 
must fall on the correct semilog straight line region. 

Skin factors > 0 indicate wellbore damage while skin factors < 0 indicate flow improvement. A skin 
factor = 0 means an unaltered condition exists around the wellbore. 
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Type curves play a supporting role to, and sometimes serve as an alternative for, the pressure 
drawdown semilog analysis. These curves are simply solutions to the diffusivity equation, typically 
presented graphically on log-log coordinates. Dimensionless variables4 are used so that a multitude of 
possible solutions can be shown on one graph. Type curve matching involves aligning a log-log plot 
of Ap, @i-pw3 vs test time t for the actual test data over the type curve until a suitable match is 
found. Parameters such as permeability and skin may be determined from the matching process. Ref. 
4 provides a description of the matching process. 

Fig. 6 is a type curve for the 4 solution to the diffusivity equation. Use of this type curve will 
provide the same information as Fq. 2. 

Ramey”*” presented the type curve shown in Fig. 7 for a single well in an infinite radial system, 
including wellbore storage and skin effects. The great utility of the graph is that it presents a means 
by which to analyze both early time and semilog data unlike the classic semilog method which 
cannot make use of the early data. For further understanding of the Ramey type curves, the defining 
equations’O*ll for the dimensionless variables are given below for dimensionless pressure 

kh(Pi-P,l) (8) 
PD = 

141.2qBp 

dimensionless time 

tD = o.ooo264kt 

and dimensionless wellbore storage coeffkient 

CD = 
5.615C 

2n$hcj-,2 

(9) 

where C = Vwbcwb 

The base case for this type curve is the curve for s = 0 and Cn = 0, which is the Ei solution. With 
the introduction of wellbore storage (C,, > 0), the type curves have a unit slope trend and then a 
transition, before joining the Q solution. Thus, the type curve provides an indication of where the 
semilog data begin, or if any semilog data exist at all. The semilog region typically begins 1.5 log 
cycles* past the end of the wellbore storage unit slope line as illustrated in Fig. 8. 

Note that as Co increases (implying larger wellbore volumes and/or wellbore fluid compressibility) 
the onset of the semilog data is delayed to larger values of tr,. Also, as the dimensionless skin 
increases, pn increases due to the effect Skin has on lOWering flowing pressures, as pn iS PrOpOrtiOnd 
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t0 (pi-pwf). Present 
P 

e curve technology incorporates different parameterization such as grouping Cn 
and s into one Cue parameter-l6 as well as the inclusion of pressure derivative.” Fig. 9 shows a 
type curve utilizing the newer features. Three items of interest are: 

1. 

2. 

3. 

The pressure derivative has a unit slope which tracks the Ap curve during wellbore 
storage 
For most values of Cue= the pressure derivative has a “hump” during the transition 
region between storage and infinite-acting behavior 
For all values of Cue= the pressure derivative approaches a value of p&5, 
indicative of the infinite-acting radial flow or semilog region. 

Although specifically developed for situations of pressure drawdown in liquid wells under the prior 
assumptions, the aforementioned type curves may be used to analyze pressure buildup data when the 
production time is large compared to the shut-in time. Agarwal’s” equivalent time corrects the 
buildup time (At) such that the drawdown type curve may be used in cases where the production 
time is short or rate varies prior to well closure. As a rule of thumb, if the buildup time is greater 
than one tenth the prior production time, equivalent time should be used when curve matching. The 
buildup derivative log-log plot shape will be incorrect if the preceding drawdown was in storage.‘* 
The correct Ap for a buildup log-log plot is @,,-pWf). 

A few key assumptions pertaining to the formulation and solution of the diffusivity equation are 
violated with gas reservoirs. For example, gas fluid properties are a much stronger function of 
pressure, and gas compressibility is neither necessarily small nor constant. Gas pseudopressure’ and 
pseudotime*’ are plotting functions which essentially correct gas well test data to fit the liquid well 
solutions of the diffusivity equation. 

Gas pseudopressure takes into account the change in gas viscosity and gas compressibility factor with 
pressure 

Gas pseudopressure replaces pressure in semilog and log-log plotting of gas well test data. 

Pseudotime takes into account variations with time of gas viscosity and total compressibility 

t dt t,= - s t PC, 0 

(12) 

Defined for buildup only, pseudotime replaces time in semilog and log-log plotting of gas well 
buildup data. Realistically, the best application for pseudotime is to correct storage-dominated gas 
well buildup data to the correct unit slope (constant Cn) line required by the previously discussed 
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type curves. Gas wells may undergo large changes in compressibility during a buildup test, thus Cn 
changes, making type curve analysis difficult. 

Several investigators ‘.x** have proposed methods for analyzing pressure buildup data, with the 
method proposed by Home2 being the most popular one. Homer’s equation for predicting the 
pressure buildup in a well following a single, constant rate period of production is: 

P WS 
=pi - 

t+At 
162Fp log (- 

At) 
(13) 

Eq. 13 implies that a plot of bottomhole shut-in pressure versus log of dimensionless Homer time, 
(t+At)/At) is a straight line, with the slope inversely related to transmissibility. Effective permeability 
is calculated from the slope in the same manner described for the drawdown analysis (Fig. 10). 

Homer analysis allows an extrapolation of the transient pressure response to infinite shut-in time (as 
At+, (t+At)/At+l) to obtain an extrapolated pressure, p *. For a new well in a large reservoir that 
has experienced limited production, p* should be equal to the initial pressure, pP Skin may be 
calculated from pressure buildup data with the following equation: 

Is = 1.151 (Plhr-Pwf - log k + 3.23) 
m m, r," 

(14) 

The variable plhr is the theoretical shut-in pressure one hour into the buildup test. This pressure must 
fall on the correct semilog straight line region. 

Fig. 11 displays three buildup curves with different slopes due to different permeabilities only. 
Wellbore storage can affect pressure buildup also, and Fig. 12 shows the delay of semilog data on 
one curve because of wellbore storage effects. 

It should be noted that the Homer method assumes one constant rate of production prior to well 
closure. In practice this is difficult to achieve, and hence, rigorous use of superposition4 for a varying 
rate schedule may be necessary. Superposition is a mathematical principle associated with partial 
differential equations of the type as the diffusivity equation. Practically, it allows a solution to be 
formulated for a well’s pressure behavior given any prior rate history. The Homers and Miller et al.** 
methods utilize superposition considering one constant rate prior to well closure. 

The flow period preceding well closure is very important because it establishes a pressure drop or 
gradient away from the well. If pressure around the well is not appreciably reduced by the 
drawdown, no meaningful pressure buildup will occur. 

The maximum information gained during a well test comes from transient data23, including effective 
permeability, skin factor, and p* (for buildups). The short term tests described below involve the 
collection of transient data; however, the analysis methods will not necessarily be limited to the 
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above described semilog techniques. It is interesting to note that whatever the analysis method, the 
fundamental basis is the diffusivity equation. Usually, modifications to inner boundary conditions 
produce different analysis techniques. 

Although the necessity of pressure/rate/time data has been emphasized, fluid property data is no less 
important in obtaining good pressure transient analysis results. In many exploratory wells, fluid 
properties will not be known at the time of the test and therefore, correlations must be used which 
will not present a problem in short term tests since in many instances an operator may only require 
ballpark values for further decision making. 

DRILLSTEM TEST (DST) 

I. Description and Purpose 

The DST is a frequently run short term test, introduced to the industry in 1926.= An arrangement of 
tools and valves are carried to the bottom of the well on the drillstring to allow a zone of interest to 
be isolated and selectively flowed and closed-in. DSTs are performed on wildcat wells, offsets, and 
on infill wells. Upon successful completion of a DST and analysis of the collected data, an operator 
should have a basis for decisions concerning further expenditures on the zone. Typical information 
that DSTs can provide include effective permeability, skin factor, initial pressure, and fluid type 
present in the formation. In summation, the DST provides a temporary completion of a well so that a 
transient pressure test may be performed and valuable information collected with minimal 
expenditures. A pressure/time trace of a common DST is shown in Fig. 13. 

ii. Basic Tools and instrumentation 

DSTs may be run in open or cased hole and there exist several variations of tool strings that are 
utilized dependin 

B 
upon operator requirements. Conceptually, all DSTs are similar and the following 

five components are necessary: 

1. 

2. 

3. 

4. 
5. 

Drillstring - carries the DST tools downhole and serves as a conduit for produced 
fluids 
Packer - isolates the zone of interest and relieves the formation of the hydrostatic 
overbalance due to the drilling or completion fluid thus allowing formation flow 
Perforated pipe - provides a path through which fluids may flow from the reservoir 
into the drillstring 
Test valve - provides the means to allow the reservoir to flow or to close-in as needed 
Pressure gauge - provides a pressure record of the test and a crosscheck when 
difficulties are experienced 

It is a good practice to run at least two pressure gauges to allow for comparison if problems are 
encountered during the test. One gauge is usually run “blanked-off” at the bottom of the test string. 
This gauge is not in the direct path of the fluid flow but senses pressure changes in the annular 
region. The other gauge is placed “in-stream,” i.e., in the direct flow path, usually above the packer. 
Gauges should be properly sized “pressure-wise” according to the maximum expected pressures 
during the test (including hydrostatic and reverse-out pressures) as well as “time-wise” according to 
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the total planned test time (including tripping in and out of the hole). In the U.S., a majority of DSTs 
employ mechanical pressure gauges although service companies now offer electronic memory 
recorders for use in DST strings. A cased hole DST will have nearly all the pressure recorders in a 
single bundle carrier. 

Strictly speaking, the DST described here is run with an open surface valve. Many liquid wells will 
not flow to the surface during the allotted production time on a typical open hole DST. On such 
wells, the flow period should actually be called a slug period or a period in which there is an 
increasing bottomhole pressure due to the increasing hydrostatic pressure exerted by the liquid as the 
pipe fills up, On liquid wells that exhibit slug flow, the rate will be determined based on the pressure 
data or on the reported liquid recovery in feet, or in barrels if the recovery is reversed out to a tank. 
Gas wells often flow at the surface and rate may be determined based on surface conditions. 
A DST well configuration schematic is presented in Fig. 14. 

iii. Design Factors and Simulated Tests 

For DSTs, two flow and closed-in sequences are recommended as a minimum since comparison of 
the initial and final closed-in extrapolated pressures serves as a check for possible depletion. The first 
flow period should be long enough to bleed off excess pressure (supercharge) caused by 
overbalanced drilling. If this excess pressure is not bled off, the initial first closed-in pressure may 
build to a pressure greater than formation pressure. Supercharge is more likely to be seen in oil well 
testing than gas testing due to the high compressibility of gas. Supercharge effects are also more 
likely seen in low to medium permeability zones than in highly permeable zones. Regardless of the 
type of fluid present or the formation permeability, there are compelling reasons to flow most wells 
at least 30 minutes upon initial opening. These include: 

1. 
2. 

3. 

More likely to relieve supercharge, if present; 
More likely to clean up some of the wellbore damage and return the well to its natural 
productivity, and 
More likely to lift the rathole volume of mud above the test valve. 

The initial buildup should be twice the length of the initial flow as a minimum, to allow for an 
accurate extrapolated pressure. The purpose of the second flow period is to draw the reservoir 
pressure down a considerable distance from the wellbore, setting up a good final buildup. 

Ideally, the flow rate will stabilize so that an accurate rate may be determined. It is best to allow the 
surface indications during the second flow period to guide the duration of the final flow and 
closed-in sequence. For example, a strong surface “blow” during the final flow period indicates good 
productivity, and, thus, a one hour flow is probably sufficient. The final buildup should be at least as 
long as the final flow, while a buildup of 1.5 to 2 times the flow duration provides a more confident 
pressure extrapolation. 

For weak surface action, a longer flow time is necessary to adequately investigate out into the 
reservoir. The final buildup should then be at least twice the flow time and possibly 2.5 to 3 times 
the flow period to better insure the probability of obtaining good semilog data. For an accurate 
pressure extrapolation, the correct infinite-acting portion of the data must exist. Should the blow 

SOUTHWESTERN PETROLEUM SHORT COURSE - 92 165 



begin to die during the second flow period, the final buildup should be initiated immediately or else 
the well may kill itself due to hydrostatic backpressure. If that occurs, there will be no final buildup. 

It is important to realize that the maximum time on bottom for an open hole DST is about 4 to 6 
hours. This limitation should be considered when planning test flow and closed-in times. 

The above guidelines are a combination of previous suggestions’A and experience. It should be noted 
that many times, valuable qualitative information may be gained from a test, even when no 
quantitative analysis is possible. For instance this may be due to a lack of pressure development 
during the buildups, or lack of a measurable hydrocarbon rate. 

Figs. 15 to 17 present theoretical responses for various one flow/one closed-in oil reducing DSTs. 
(All theoretical responses in this paper were generated with a well test simulators ? ) In Fig. 15 the 
hydrostatic pressure builds up much more quickly during the slug flow period for the high 
permeability case. The pressure buildup occurs much more quickly for the high permeability case 
also. Skin damage will inhibit the productivity; e.g., in Fig. 16 notice the slower pressure increase 
due to the slower rate of liquid influx into the pipe for the damaged case. However, the buildup 
occurs more rapidly for the damaged case. Fig. 17 presents differences in behavior for a low 
permeability case for different skin factors. 

IV. Analysis Methods and Sample Tests 

DST flow period bottomhole pressure data are rarely analyzable by the previously discussed semilog 
method. For gas zones, the rate seldom stabilizes in the short time allotted for production. Therefore, 
gas well DST flow period bottomhole pressures are not frequently analyzed, however, surface 
pressures are used in conjunction with surface equipment to determine gas rate for buildup analysis. 
Semilog methods are preferred in the analysis of DST pressure buildup data as long as semilog data 
exist. 

The first field case presented in this paper is an oil zone DST. The pressure/time representation of 
the two flow/two closed-in period test is shown in Fig. 18. Estimated rock and fluid data and other 
pertinent test data are presented in Table 1. Raw pressure/time data are given in Table 2. Initial and 
final buildup period processed data are given in Tables 3 and 4 respectively; results are summarized 
in Table 5. The steps below explain the analysis procedure. 

1. A log-log plot (Fig. 19) of both closed-in periods indicates that only the second 
buildup period data reach the appropriate semilog region. The Homer plot (Fig. 20) 
confirms that the second buildup period data have a linear character at late time. The 
second buildup is analyzed for effective permeability, skin, and extrapolated pressure. 
Any attempt at semilog analysis of the first buildup will result in incorrect parameters 
because the correct semilog slope has not developed. 

2. A rate must be determined from the slug flow period. Fig. 21 is an enlarged view of 
the pressure response during the flow periods. The rate of pressure change with time 
(Ap/At) is nearly constant and the slope of the second flow period pressure/time 
response can be used with the following equation to determine rate: 
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q = 2.0736 x 105& VII 
At p 

(15) 

9 = 2.0736 x 105(0.9)(0.00492)/(48.8) 

9 = 18.8 bbls/day 

The recovery method is a possible alternative to the above pressure change method. 
The recovery method requires the known amount of liquid recovery above the test 
valve and the size(s) of pipe filled with the recovered liquid. A volume of recovery 
can then be calculated and a rate for the test determined based on the total flow time. 

3. The semilog slope on the expanded Homer plot (Fig. 22) can be determined by 
subtracting the pressure at log cycle 1 from the pressure at log cycle 0, (same as p*). 

m = I p*-PI I (16) 

m = 1 2546.9-2432.3 1 = 114.6 psi/cycle 

4. To calculate permeability 

k= 162.6 4 B p 

mh 

k = 162.6(18.8)(1.545)(0.33) = 1 13 md 

114.6( 12) 
. 

5. To calculate skin the following modified skin equation for short producing time is 
used 

S = 1.151[p*-pwf 
m 

- log ( kt -1 
4wz 

+3.23] (17) 

= 1 151L 2546.9-128.6 s . - l%( 
1.13(1.523) 

114.6 0.10(0.33)(22.91xl0 -6)(0.345)2 
) + 3.231 

s = +19.6 

The next case presented is a gas zone DST. The pressure/time representation of the test is presented 
in Fig. 23. Estimated rock and fluid data and other test information are given in Table 6. Pressure 
time and data are presented in Table 7. Initial and fixed buildup period processed data are given in 
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Tables 8 and 9, respectively. Results are summarized in Table 10. The steps below explain the 
analysis. 

1. 

2. 

A log-log plot utilizing real gas pseudopressure (Fig. 24) indicates the second closed- 
in period data reached the correct semilog region. The Homer plot, also with 
pseudopressure, (Fig. 25) shows the semilog response straightening during the second 
buildup. 
To calculate rate use the reported stabilized surface pressure of 25 psig on a 0.25 in. 
positive choke during the second flow. A suitable field determination of gas flow rate 
can be made with the following equation for 6-inch positive chokes. 

199 

26.51(25+14.65) = 58MscflD 

q= )I- 

3. 

4. 

From the expanded Homer plot (Fig. 26), we determine a suitable semilog line and 
calculate the slope as 

m = I m@*)-Mpl) I (19) 

m = 1 1037.5-966.7 1 = 70.8 MMpsi*/cp/cycle 

To calculate permeability 

k= 
0.001637 qT 

mh 
(20) 

k = 0.001637(58)(180+460) 
= 0.086 md 

70.8( 10) 

4. To calculate skin the short producing time equation yields 

S = +13.2 

S = 1.151[ 
m(s*)-mcPw$ _ log( kt 

-) + 3.231 (21) 

m 
evr,” 

= 1 151L 1037.5 - 0.3818 
s . 

70.8 
- log 

0.086( 1.305) 

(0.10)(0.022)( 148.9 x 10 “)(0.365)* 
+ 3.231 
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CLOSED CHAMBER DRILLSTEM TEST (CCDST) 

I. Description and Purpose 

Alexander? proposed this modified version of the DST in 1977. While similar to the conventional 
DST, the closed-chamber DST utilizes a closed surface valve during the flow periods. Rigorous use 
of surface pressure changes (dp/dt) and liquid influx data allow calculation of gas and liquid rates. 
Normal analysis of pressure buildup data taken during the closed-in periods may proceed with the 
known rates. According to Alexander CCDST offers greater security and safety over a standard DST 
and the rates can be used to estimate flow times necessary for fluid recovery in order to design 
surface equipment for future conventional testing. 

CCDST appears particularly suited to low permeability gas well testing. The test provides 
permeability, reservoir pressure, skin, and a fluid sample. A bottomhole pressure/time trace of a 
common CCDST may resemble that of DST ( See Fig. 13.). 

ii. Basic Tools and instrumentation 

The tools and instrumentation required for CCDST26 do not significantly differ from those required 
for DST. Note that the additional hardware required over a conventional DST include: 

1. 

2. 

A continuous recording surface pressure gauge from which surface pressure change 
with time (dp/dt) may be determined 
A pressure gauge located at the bottom of the chamber above the test valve to confirm 
liquid recovery in the chamber. 

ill. Design Factors and Simulated Tests 

Strictly speaking, the aims of CCDST do not differ from those of DST, and the same information 
can be gained from both procedures. The CCDST simply provides a more rigorous basis for rate 
determination, particularly for gas wells, along with the previously stated advantages of safety and 
StW.llity. 

An attractive feature of CCDST is that the test may be switched to conventional DST i.e., the surface 
valve may be opened at any point during flow periods. A common procedure is to start a test as 
closed-chamber and then switch to open surface flow during the second or subsequent flow periods. 
The prior DST discussion concerning length of flow and shut-in applies to CCDST. However, often a 
short first flow period of lo-15 minutes is used. Alexande? presents a detailed pre-CCDST design 
for maximum fluid influx and corresponding expected surface pressure rise. 

Fig. 27 is a CCDST well configuration schematic. 

Figs. 28-31 present downhole and surface pressure responses for several theoretical closed-chamber 
responses. The simulations do not consider chamber blowdown during the buildup portions of the 
test. The first two figures (28 and 29) are responses for 100% liquid production. The two cases differ 
only by permeability. Notice the very minor rise in surface pressure, which confirms no free gas 
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production. Figs. 30 and 31 represent 100% gas production for a high and medium permeability case, 
respectively. For the high permeability case (Fig. 30) the surface and bottomhole pressure increased 
rapidly and, in fact, returned to static conditions prior to the closed-in period. The medium 
permeability case (Fig. 31) does not have as sharp a pressure rise. 

IV. Analysis Methods and Sample Test 

Semilog and type curve methods are applicable to CCDST pressure buildup analysis. The surface 
pressure response during the flow periods (surface valve closed) provides an excellent indication of 
the fluid influx at the sandface. Alexandes provides a methodology to determine if the surface 
pressure response is consistent with 100% gas production, 100% gas-free water production, or 
something in between such as gassy water or liquid hydrocarbons. The surface pressure behavior is 
predicted through real gas laws and knowledge of the chamber volume. Rates may be determined by 
using the change in surface pressure with time (dp/dt) and liquid influx. Charts and equations26 are 
presented for determining rate during CCDST flow periods. 

The closed-chamber test example below was performed on a coalbed methane well. Rock, fluid data, 
and pertinent test data are shown in Table 11. Final buildup period processed data are presented in 
Table 12. To analyze the data the following steps are taken: 

1. The downhole gauge pressure/time plot (Fig. 32) strongly suggests the initial closed-in 
period does not have the “closure” necessary for analysis and appears to be storage- 
dominated. Therefore we will not attempt analysis on this period. 

2. In order to plot the second buildup using equivalent time, the rates during the test 
must be calculated from the surface pressure response. Fig. 33 is a plot of surface 
pressure during the test. Alexande?6 gave the following equation for 100% pure gas 
influx cases when the surface valve is closed and the test valve is open: 

4 = (T 286 xv,, $1 (22) 

The average dp/dt during the first flow is 0.066 psia/min while for the second flow 
dp/dt is 0.064 psia/min 

:. , q1 = (286)(54.22)(0.066) = 201 J&.D 
(76 +460)(0.95) - 

and 

q2 = WW4.22)@.OW = 1 g5 jj,fscflD 

(76+460)(0.95) ' _ 
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3. A derivative log-log plot of the second buildup utilizing pseudopressure and equivalent 
pseudotime is shown in Fig. 34. At this point the analysis may be ended because the 
derivative log-log plot suggests that storage effects probably corrupted the equivalent 
time function.‘* A semilog plot for the second buildup period is shown in Fig. 35. 

Also, the test cannot be analyzed by the techniques presented in this paper due the fact that during 
100% gas flow, the pressure/rate/time relationship is not adequately described by the diffusivity 
equation. Therefore any test interpretation is questionable.*’ 

SURGE TEST 

I. Description and Purpose 

The surge test is a limiting form of the previously de&bed closed-chamber flow period. Originally 
conducted in offshore Gulf Coast wells, backsurge perforation washing and underbalanced perforating 
served to clean up the well, enabling higher productivity well completions. Recent advances2g33 in 
analysis techniques allow the surge pressure data to be analyzed. 

Surge tests are typically shorter than DSTs but allow for a rapid initial assessment of a zone with a 
relatively small amount of production. The tests can provide good estimates for permeability and 
even better estimates of initial pressure. A fluid sample may be retrieved, also. A pressure/time trace 
of a typical surge is shown in Fig. 36. 

ii. Basic Tools and instrumentation 

Petak, et al?*, Simmons30, and Mfonfu and Graders1 provide schematic diagrams of typical surge test 
tool configurations and instrumentation which include: 

1. 

2. 
3. 

4. 

Valves - The formation surges against the upper valve when the lower valve is 
opened. 
Packer - isolates zone of interest. 
Pressure gauge - run in the chamber and/or blanked-off below the lower valve. 
Usually is of the electronic variety due to the rapid pressure changes which require 
accurate measurements. 
Chamber - entraps the surged fluid volume and is comprised of the available gas or 
air-filled drillstring below the upper valve. 

The chamber may contain an initial liquid cushion in addition to the air or nitrogen cushion. As 
liquid enters the chamber the available gas cushion is compressed and formation flow decreases as 
pressure builds back to static reservoir pressure within the chamber. 

Surges are normally conducted on cased wells. A surge test well configuration is presented in Fig. 
37. 
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III. Design Factors and Simulated Tests 

The surge test is a backpressure test with constantly changing rates. This would appear to present 
problems from an analysis standpoint due to the need for determining a declining rate schedule for 
superposition. Fortunately, the analysis method used below relies on total volume produced during 
the surge and not on rate determination. Therefore, no problem exists as far as determining the length 
of flow and closed-in periods for design purposes. However, the chamber should be properly sized to 
assure true surge behavior, i.e., the reservoir fluid produced into the chamber compresses the 
available gas cushion and sandface flow decreases to practically zero. 

Soliman’s method32v33 of surge analysis assumes that the production time is very small compared to 
the total test duration, and that the chamber completely fills with reservoir fluid. Therefore, it would 
appear that small chamber volume tests are more effective since such chambers would fill faster, thus 
shortening overall test time. However, a distinct advantage exists when operators employ larger 
chamber volumes. With larger chamber volumes (implying more produced volume during the test) 
the producing formation has a better chance of cleaning up the non-indigenous fluids which cause 
skin damage while sampling a larger volume of reservoir. 

The following recommendations based on experience should provide some general guidelines when 
considering a surge test. 

1. 

2. 

3. 

4. 

5. 

3Z33 The analysis described below depends on the late time data of the surge period. 
The chamber should be properly sized to assure meaningful results in a reasonable 
amount of time. Therefore the use of a surge test design package (simulator) to 
evaluate various scenarios is recommended. 
Highly sensitive electronic pressure recorders are usually necessary to measure the 
response, particularly the small pressure changes at late times. 
Although not precluded by theory, gas zones do not appear to produce results as 
amenable to analysis as oil zones. 
The best applications appear to be in relatively highly permeable liquid wells as per 
the earlier description of the use in Gulf Coast wells. 
Multiple surges allow for cross checking of results. 

Figs. 38 and 39 illustrate theoretical pressure responses for liquid well surge tests. The different 
responses shown in Fig. 38 are due to different permeabilities. Notice that for the lower permeability 
case, the response is essentially a slug flow until the air cushion is compressed. At that point, 
pressure begins building more rapidly. Fig. 39 shows a single permeability case for three values of 
skin. Chamber fillup will be slower for lower productivity cases; e.g. for either low permeability or 
high skin damage. 

IV. Analysis Methods and Sample Test 

Soliman’s method is analytical, graphical, and allows for rapid analysis of short producing time tests 
provided that the total test time &+At) is much greater than the production time, fp. The late time 
pressure data are used for extrapolation and permeability calculation. This method involves making a 
series of three plots to identify flow regime, to obtain extrapolated pressure, and finally to calculate 
permeability. Skin cannot be calculated. 
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The surge test field data below represent a good example of radial flow response. A pressure/time 
graph (Fig. 40) shows the test response. Rock and fluid data are presented in Table 13 and results in 
Table 14. (Due to the large number of data points used in the analysis, the data are not presented in 
this paper.) To perform the analysis the following steps are taken: 

1. 

2. 

3. 

The derivative log-log plot (Fig. 41) indicates a negative unit slope at late time, 
confirming radial flow. 
The Cartesian plot (Fig. 42) is constructed,utilizing the radial flow time function, l/At. 
An expanded plot (Fig. 43) reveals a linear portion of late time data which 
extrapolates to 2774.4 psia (infinite shut-in time (l/0=0) on the abscissa). 
To calculate permeability a log-log plot of ~i-pw3 vs At is constructed (Fig. 44). For 
radial flow, the late time data should have a negative unit slope on the log-log plot. 
From the negative unit slope line drawn on the plot, a value of Ap at At of one hour is 
determined to be 5.05 psia. The following eauation is used to calculate permeability 
for radial flow cases. - 

- A 

k= 
1694.4 Vchp 

h@i-Piv$At=Mr 

(23) 

k = 1694.4(1.77)(0.427) = 

26(5.05) 

SLUG TEST 

I. Description and Purpose 

9.8 md 

The slug test was introduced by Ferris and Knowles34 in the field of groundwater hydrology in 1954, 
and this test is performed by allowing a reservoir to produce liquid into tubing or drill 
collars/drillpipe while open at the surface. Once liquid flows at the surface, slug flow no longer 
exists and true pressure drawdown commences. The only technical difference between slug and surge 
tests is that surge tests employ a closed surface valve or closed chamber. Both tests are backpressure 
tests but due to the closed chamber and air compression, surge tests build back to static reservoir 
pressure faster than slug tests. Fig. 13 includes the slug flow portion of a typical DST. 

Realistically speaking, slug tests are not as useful as the three previously described tests, and 
probably occur as often by accident as by direct planning. Fluid samples, permeability, skin, and 
initial pressure are theoretically available on slug tests; however certain analysis techniques may 
preclude determination of initial pressure or skin. 

II. Basic Tools and Instrumentation 

The slug test requires essentially the same tools and instrumentation that the DST employs. 

Ill. Design Factors and Simulated Tests 

From a design standpoint the slug test appears easier to manage since there is no concern for length 
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of time for a following buildup. Surface “blow” should provide an indication of the rate of liquid 
influx into the drillpipe. Obviously, pressure will increase faster for fillup of smaller ID pipe and for 
higher gradient fluid. In the DST section, it was seen that liquid wells exhibit slug flow during the 
flow periods and this slug flow may be analyzed as a slug test. When reservoir pressure, will not 
support a full column of liquid however; the hydrostatic backpressure will “equalize” with reservoir 
pressure, killing the well. 

Fig. 45 shows a slug flow period with a gentle curvature that is indicative of subcritical flow. As 
liquid head increases inside the drillpipe, backpressure on the formation increases and the rate of 
liquid influx decreases. The diffusivity equation dictates that an increase in bottomhole flowing 
pressure must be accompanied by a decrease in flow rate. Fig. 46 presents an actual slug flow period 
with a break in the rate of pressure buildup. This break results from the fluid going from small ID 
drill collars to larger ID drillpipe. In this case the rate of fluid influx is constant (even though 
backpressure increases) and the flow is called critical flow.lP During critical flow the flow rate does 
not depend on pressure drop as such the diffusivity equation is not governing the response. 
Restrictive tool IDS result in critical flow conditions. Such flow data cannot be analyzed, however, 
an ensuing buildup can be analyzed. Fig. 47 presents a high permeability slug test. This situation is 
similar to surge behavior. 

IV. Analysis Methods and Sample Test 

Ramey, et al.35 presented a type curve method for analysis of slug test data. (For a more thorough 
treatment of the type-curve method applied in this example, see Earlougher4.) Soliman36 presented a 
slug analysis method which utilizes an equivalent buildup. The short producing time technique used 
to analyze surge data may sometimes apply to slug test data. For the case presented below, the 
Ramey, et al. slug flow type curve is used for evaluation. The simulato~7 was employed to generate 
the slug flow data represented in Fig. 48. Simulator input data are given in Table 15 while the 
generated pressure/time data are shown in Table 16. Results are summarized in Table 17. The type 
curve match is shown in Fig. 49. The following steps provide the complete analysis. 

1. The recorded match parameters are 

(CDe2s), = 106, tM = 1.47 hr, (t&J, = 10 

2. To calculate the storage coefficient 

174 

c= VP 
(P L) 

144 g, 

c= 0.00579 
(62.3 32.2 _ 

14432.2 
1 

C = 0.0134 bbl/psi 

(24) 

SOUTHWESTERN PETROLEUM SHORT COURSE - 92 



3. To calculate permeability 

k = 3389 

k = 3389(~)(“~:~)(10) = 30.9 md 
. 

4. To calculate skin 

s =% ln L@cfir:(cDeZS)Ml 

0.89359C 

s = yj ln [0.10(8x.10 ~)(10)(.5)21061 

0.89359(0.0134) 

S = +2.6 

The above values agree with the simulator input. 

CONCLUSIONS 

(25) 

(26) 

The tests described in this paper provide operators of oil and gas wells valuable information. By 
performing pressure transient tests, an operator may determine if a well’s initial poor performance is 
due to low permeability and/or skin damage. These parameters guide decisions concerning potential 
well stimulation and the design of such stimulation, or may lead to the plugging and abandonment of 
the well. Future field studies (reservoir simulation, material balance) make judicious use of initial 
pressure. Although well testing should be considered throughout the life of a well, early testing is as 
critical as any future testing. 

Even though these short term tests are relatively less costly to run than longer tests, no less 
consideration should be given to the type of equipment and test time necessary for a good test. 
Testing companies should be able to provide operators with appropriate testing procedures, if 
requested, to enhance the possibilities for a good, conclusive well test. 
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NOMENCLATURE 

I B 
C 

CD 

Ct 

%b 

s 

t 

k 
m 

mb) 
P 
Pb 

PD 

Pi 

PO 
Pwf 

P ws 
PI 
Plhr 

P* 
9 

t a 
t ac 

tD 

t , 

to 

b 

vcb 

V wb 

VP 
2 

Formation volume factor, RB/STB 
Wellbore storage coefficient, RB/psi (Eqs. 10 & 24) 
Choke coefficient, Mscf/D/psia (Eq. 18) 
Wellbore storage coefficient, dimensionless 
Total system compressibility, psi“ 
Wellbore fluid compressibility, psi-’ 
Acceleration of gravity, ft/sec’ 
Units conversion factor, 32.17 lb, ft/(lbpec2) 
Formation thickness, ft 
Formation permeability, md (refers to fluid permeability in analysis examples) 
Semilog slope, psi/cycle 
or MMpsi2/cp/cycIe 
Gas pseudopressure, psi2/cp 
Pressure, psi 
Base pressure, psi 
Pressure, dimensionless 
Initial reservoir pressure, psi 
Pressure in pipe prior to DST flow period, psi 
Bottomhole flowing pressure, psi 
Bottomhole shut-in pressure, psi 
Pressure at log cycle 1 on Homer plot, psi 
Theoretical pressure one hour into test period 
(flow or shut-in), psi 
Extrapolated pressure from buildup semilog line, psi 
Flow rate of oil or gas, SIB/D or Mscf/D 
Radius, ft 
Radius, dimensionless (r&J 
External boundary radius, ft 
Wellbore radius, ft 
Skin, dimensionless 
Temperature, “R 
Surface in Eq. 18 
Reservoir in Eq. 20 
Average chamber in Eq. 22 
Time, hours (minutes in Eq. 15) 
Pseudotime, hrs-psi/cp 
Equivalent pseudotime, hrs-psi/cp 
Time, dimensionless 
Equivalent time, hours 
Base time, hrs 
Production time, hours 

Chamber volume, bbl 
Wellbore volume available for storage, bbl 
Pipe capacity, bbls/ft 
Gas compressibility factor, dimensionless 

Greek Symbols 

Fluid gravity, dimensionless 
Difference 
Hydraulic diffusivity, f?/hr 
Viscosity, cp 
Effective porosity, fraction 
Density, lb/ft3 
3.14159... 
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Table 1 
Oil DST Field Case: Basic Reservoir Properties and Test Information 

Effective Porosity 10% Pay Thickness, ft 12 

Reservoir Temperature, “F 131 Wellbore Radius, ft 0.34s 

Oil Formation Volume Factor, RB/STB 1.545 

Oil Viscosity, cp 0.33 

Oil Density, lb/f? 48.8 

System Compressibility, MMpsi-’ 

Pipe Capacity, bbls/ft 

31 ‘,I -._. _ 

0.00492 
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Table 2 Table 3 
Oil DST Field Case: Time and Pressure Oil DST Field Case: Buildup No. 1, Processed Data t, PI 

hrs Psig 

0:050 
46.. 
40.7 

-I- 
0.100 40.7 
0.150 43.E 
0.200 46.E 
0.250 48.6 
0.300 51.c 
0.350 53.5 

0.538 200.5 
0.555 259.5 
0.572 318.1 
0.588 365.0 
0.605 440.7 
0.622 503.E 
0.638 569.4 
0.6551 639.9 
0.6721 706.1 
0.705 853.5 
0.738 1009.4 
0.772 1134s 
0.805 1287.7 
0.855 1477.6 
0.905 1666.4 
0.938 1778.9 

1.338 2447.5 
1.422 2482.8 
1.487 2499.6 
1.487 63.2 
1.537 64.3 
1.587 79.4 
1.637 
1.687 

--i 

1.737 
1.787 
1.837 

c PI 
hrs wig 

2la/ 2:237 111 6 
ii518 

2.287 118.5 
2.337 122.0 
2.387 123.5 
2.437 126.8 
2.505 128.6 
2.522 349.7 
2.538 490.2 

-+%I-- 619.3 --I 766.7 
2.588 
2.605 
2.622 
2.638 
2.655 
2.672 
2.705 
2.738 
2.772 
2.805 
2.838 
2.872 
2.905 
2.938 
2.972 
3.005 
3.088 
3.172 

931.4 
1111.6 
1267.2 
1449.7 
1580.5 
1711.0 
1922.0 
2096.0 
2217.0 --I 2307.1 
2364.2 
2398.6 
2422.0 
2441.6 
2452.2 
2459.6 
2473.8 
2484.5 

3.2551 2488.5 
3.3381 2493.5 

At, 

0.9821 

hrs 
0.000 
0.017 
0.033 
0.050 
0.067 
0.083 
0.100 
0.117 
0.133 
0.150 
0.167 
0.200 
0.233 
0.267 
0.300 
0.350 
0.400 
0.433 
0.467 
0.500 
0.583 
0.667 
0.752 
0.833 
0.917 

2499.61 20.0131 

4, AP! 

2437.81 

t t At 

1.514 

hrs PSI At 
61.8 * 0.0 * 
141.7 0.968 79.9 31.300 
200.5 1.876 138.7 16.15C 
259.5 2.730 197.7 ll.lOC 
318.1 3.534 256.3 a.575 

365.0 4.292 303.2 7.06C 
440.7 5.008 378.9 6.05C 
503.6 5.686 441.8 5.329 
569.4 6.328 507.6 4.7ae 
639.9 6.938 578.1 4.367 
706.1 7.519 644.3 4.030 

853.5 8.596 791.7 3.525 
1009.4 9.577 947.6 3.164 
1134.9 10.470 1073.1 2.894 
1287.7 11.293 1225.9 2.683 
1477.6 12.403 1415.8 2.443 

1666.4 13.389 1604.6 2.263 
1778.9 13.995 1717.1 2.165 
1882.2 14.553 1820.4 2.082 
1977.4 15.075 1915.6 2.01c 
5j60.5 16.238 2098.7 1.866 
2297.2 17.236 2235.4 1.75.5 
2391.7 18.122 2329.9 1.67; 
2447.5 18.867 2385.7 1.60E 
2482.8 19.536 2421.0 1.551 

Producing Time = 0.505 hr 

Table 4 
Oil DST Field Case: Buildup No. 2, Processed Data 

At, 
hrs 

At., AP, t t At 
hrs psi At 

0.000 

0.017 
0.033 
0.050 
0.067 
0.083 
0.100 
0.117 
0.133 
0.150 
0.167 
0.200 
0.233 
0.267 
0.300 
0.333 
0.367 
0.400 
0.433 

I 
128.6 l 

349.7 0.989 
490.2 1.957 
619.3 2.905 
766.7 3.832 
931.4 4.741 
1111.6 5.631 
1267.2 6.502 
1449.7 7.356 
1580.5 8.193 
1711.0 9.014 
1922.0 10.607 
2096.0 12.140 
2217.0 13.615 
2307.1 15.038 
2364.2 16.409 
2398.6 17.730 
2422.0 19.010 
2441.6 20.244 

0.4671 2452.2 
0.5001 2459.61 

0.0 * 

221.1 92.400 
361.6 46.700 
490.7 31.467 
638.1 23.850 
802.8 19.280 
983.0 16.233 
1138.6 14057 
1321.1 12.425 
1451.9 11.156 
1582.4 10.140 
1793.4 8.617 
1967.4 7.529 
2088.4 6.713 
2178.5 6.078 
2235.6 5.570 
2270.0 5.155 
2293.4 4.808 
2313.0 4.515 

0.583 2473.8 
0.667 2484.5 
0.750 2488.5 
0.833 2493.5 
0.917 2497.0 
1.000 2498.8 
1.167 2505.3 
1.333 2509.9 

1.500 
1.667 
1.833 
1.995 

2511.5 45.337 2382.9 
2515.6 47.753 2387.0 
2516.3 49.918 2387.7 
2517.8 51.814 2389.2 

Producing Time = 1.523 hr 

2.016 
1.914 
1.831 
1.764 
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Table 5 
Oil DST Field Case: Analysis Results 

P’, psig 2546.9 

Oil Permeability, md 1.13 

Skin, dim. +19.6 

Table 6 
Gas DST Field Case: Basic Reservoir Properties 

and Test Information 

Effective Porosity, 

Reservoir Temperature, “F 

Surface Temperature, “F 

Gas Gravity, dim 

Gas Viscosity, cp 

‘6” Positive Choke 

10% 

180 

80 

0.6 

0.021 

Pay Thickness, ft 1 0 

Wellbore Radius, ft 0.365 

Sysiem Compressibility, ivihlpai-’ 148.9 

Choke Coefficient*(0.25”), Mscf/D/psia 26.51 

Table 7 Table 6 

Gas DST Field Case: mrne and Pressure Gas DST Field Case: Buildup No. 1, Processed Data 

t, P, 
hrs PQ 

0.000 39 I 
0.050 40:o 
0.100 40.0 
0.150 40.0 
0.200 40.0 
0.257 39.7 
0.273 177.0 
0.290 365.2 
0.307 651.0 
0.323 1006.7 
0.340 1301.4 
0.357 1509.8 
0.373 1777.0 
0.390 1973.2 
0.407 2190.0 
0.423 2350.8 
0.457 2604.3 
0.490 2803.5 
0.523 2993.5 
0.5571 3152.1 2.343) 4000.1 
0.5901 3288.6 2.4271 4022.7 
0.623 3408.2 
0.657 3516.0 
0.690 3607.1 
0.712 3645.5 
0.712 24.1 
0.795 24.8 
0.878 36.4 
0.962 43.3 
1.045 48.5 
1.128 52.1 
1.212 55.3 
1.295 55.3 
1.378 55.3 
1.462 56.9 
1.545 56.9 
1.628 56.9 
1.712 59.4 

2.060 3659.0 
2.093 3745.7 
2.127 3817.2 
2.160 3862.7 
2.193 3902.8 
2.227 3935.0 
2.260 3960.8 

2.510 4036.4 
2.593 4045.2 
2.677 4051.7 
2.760 4055.5 
2.927 4060.9 
3.093 4064.5 
3.260 4066.5 
3.427 4068.0 
3.467 4068.2 

At, m(p), At,, AMP), t t At 
hrs MMpsia Icp hrs MMpsia’kp At . 

0.000 0.2052 * 0.0000 * 
0.017 
0.033 
0.050 
0.067 
0.083 
0.100 
0.117 
0.133 
0.150 
0.167 
0.200 
0.233 
0.267 
0.300 
0.333 
0.367 
0.400 
0.433 
0.455 

2.7466 0.939 2.5413 16.400 
10.8719 1.770 10.6667 8.700 
33.4681 2.511 33.2629 6.133 
78.5519 3.175 78.3467 4.850 
129.5410 3.775 129.3360 4.080 
172.6040 4.317 172.3990 3.567 
235.6780 4.813 235.4730 3.200 
287.1680 5.265 286.9630 2.925 
348.6800 5.681 348.4750 2.711 
397.1530 6.063 396.9470 2.54C 
477.9620 6.746 477.7570 2.283 
544.8020 7.333 544.5970 2.1oc 
610.9450 7.845 610.7400 1.962 
667.7340 a.297 667.5291 1.85E 
717.6360 8.701 717.4310 1.77c 
762.0640 9.059 761.8590 1.7oc 
802.6240 9.379 802.4180 1.64; 
837.2510 9.673 837.0450 1.59;: 
851.9370 9.847 851.7320 1.564 

Producing Time = 0.257 hr 



Table 9 
Gas DST Field Case: Buildup No. 2, Processed Data 

At, m(p), 
MMpsla /cp 

Ah, AMP), t + At 
hrs hrs MMpsia’kp 7 

0.000 0.3818 l 0.0000 * 

0.017 
0.033 
0.050 
0.067 
0.083 
0.100 
0.117 
0.133 

+-- 
0.200 
0.233 
0.267 
0.300 
0.333 
0.367 
0.400 
0.433 

19.6917 
80.3614 
166.6040 
257.9170 
341.9100 
414.9050 
475.7290 
519.9590 
563.7220 
610.2020 
697.9710 
761.4280 
817.5620 
857.1120 
890.4970 
918.2110 
935.9280 
951.5930 

-+%I-- 
0.583 
0.667 
0.750 
0.833 
0.917 
1.000 
1.167 
1.333 

0.987 19.3100 79.300 
1.950 79.9796 40.150 
2.889 166.2220 27.100 
3.806 257.5350 20.575 
4.700, 341.5280 16.660 
5.573 414.5230 14.050 
6.425 475.3480 12.186 
7.258 519.5770 10.788 

%A--- 
10.405 
11.876 
13.285 
14.636 
15.931 
17.175 
18.367 
19.517 
20.627 
21.690 
24.189 
26.471 
28.577 
30.514 
32.302 
33.970 
36.951 
39.565 

563.3410 
609.8200 
697.5890 
761.0460 
817.1801 I 856.7310 
890.1150 
917.8290 
935.5460 
951.2110 
963.8230 3.796 
973.9490 3.610 
989.4070 3.237 
998.3150 2.958 
1003.7200 2.740 l-l 1007.2000 2.566 
1009.7600 2.424 
1011.2700 2.305 
1013.4000 2.119 
1014.8199 1.979 

Table 10 
Gas DST Field Case: Analysis Results 

m(p*), MMpsia 1037.5 

p*, psia 4135 

Gas Permeability, md 0.086 

Skin, dim. +13.2 

1.5001 1016.0000~ 41.8721 1015.62001 1.870 
1.6671 1016.59001 43.9151 1016.21001 1.783 
1.707 1016.6700 44.363 1016.2900 1.765 

ProducingTime=1.305 hr 

Table 11 
CCDST Field Case: Basic Reservoir Properties 

and Test Information 

Reservoir Temperature, “F 126 Pay Thickness, ft 33 

Effective Porosity, 4% Wellbore Radius, ft 0.354 

Gas Gravity, dim. 0.65 System Compressibility, MMpsi-’ ~524 

2 Factor, dim. 0.95 Chamber Volume, Bbls 54.22 

Gas Viscosity, cp 0.016 Average Chamber Temperature, “F 76 

First Flow Period Surface Pressure 
Change with Time, psiaJrnin 0.066 

Second Flow Period Surface Pressure 
Change with i‘ime, psia/min 0.064 
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Table 12 
CCDST Field Case: Processed Data 

Pdl 4, Superposition M-9, ANPI, 
psia hrs-pslakp Function MMpsla’lcp MMpsia’kp 

Table 12 Table 12 
CCDST Field Case: Processed Data CCDST Field Case: Processed Data 

Pdl AL Superposition m(p), 
bra psla hrs-pslakp Function MMpsla*/cp MMpsla’lcp 

liJ2T 
1:046 77153 /ti42 333324 3424:97 3m-8 3:6989 407011 440513 
1.063 78.29 3486.94 3.6837 497724 450427 
1.079 79.04 3547.73 3.6692 507603 460305 
1.096 79.79 3609.45 3.6546 517576 470279 
1.129 81.27 3732.68 3.6263 537536 490238 
1.146 82.00 3793.61 3.6126 547517 500219 
1.170 83.11 3887.59 3.5920 562865 515567 
1.187 83.84 3949.19 3.5787 573072 525775 
3 ?"A cl" &(I I.C"V "-v..J" A",, !a? 

1.220 85.32 i&ii 

1 LCKF ".d".J.J ZW23-4-E 

3.5526 ;iiiii; ;;;;%'I 
1.237 86.07 4136.21 3.5397 604812 557515 
1.253 86.80 4197.98 3.5272 615384 568086 
1.270 87.53 4260.88 3.5147 626045 578748 
1.295 88.62 4354.94 3.4962 642132 594834 
1.311 89.33 4416.29 3.4844 652720 605422 
1.328 90.06 4479.63 3.4724 663693 616395 
1.345 90.78 4542.63 3.4606 674603 627306 
1.361 91.49 4605.12 3.4491 685448 638150 

1:403 1386 9256 93:26 4/0018 4762:54 34319 3:4208 701954 712855 6546% 665557 

I.C”V “-v..J” “.d”.J.J 
1.220 85.32 i&ii 3.5526 ;iiiii; 
1.237 86.07 4136.21 3.5397 604812 557515 
1.253 86.80 4197.98 3.5272 615384 568086 
1.270 87.53 4260.88 3.5147 626045 578748 
1.295 88.62 4354.94 3.4962 642132 594834 
1.311 89.33 4416.29 3.4844 652720 605422 
1.328 90.06 4479.63 3.4724 663693 616395 
1.345 90.78 4542.63 3.4606 674603 627306 
1.361 91.49 4605.12 3.4491 685448 638150 

1:403 1386 9256 93:26 4/0018 4762:54 34319 3:4208 701954 712855 6546% 665557 

5395.69 3.3155 
5426.32 3.3107 
5457.29 3.3059 
5489.82 3.3009 
5521.15 3.2961 
5552.49 3.2913 
5584.63 3.2864 
5616.74 3.2816 

842812 
849276 
855593 
862105 
868641 

1.6351 103.111 5648.371 

I ’ 6441 lo3 481 5680021 1:652 103:86 5712:50 
1.660 104.23 5743.74 3.2627 894508 847210 
1.668 104.60 5775.28 3.2581 900988 853691 
1.677 104.97 5807.28 3.2535 907492 860194 
1.685 105.33 5838.74 3.2489 913842 866545 
1.693 105.70 5871.02 3.2443 920392 873094 
1.702 106.07 5903.31 3.2396 926964 879667 
1.710 106.43 5934.76 3.2352 933381 886084 
1.718 106.80 5967.41 3.2305 940000 892702 
l/2/ lo/16 
11735 107:53 

5998 92 
6030:88 

32261 
3:2216 

946461 899165 
953125 905827 

1.743 107.90 6062.49 3.2172 959812 912514 
1.751 108.27 6094.18 3.2128 966522 919224 
1.760 108.64 6126.39 3.2083 973255 925957 
1.768 109.01 6157.95 3.2040 980014 932716 
1.776 109.40 6191.16 3.1995 987158 939861 
1.785 109.77 6222.80 3.1952 993965 946667 
1.793 110.14 6254.47 3.1909 1000790 953494 
1.801 110.53 6287.41 3.1865 1008010 960716 



Table 12 Table 12 
CCDST Field Case: Processed Data CCDST Field Case: Processed Data 

2.291 132.16 8202.49 2.9622 1448800 1401500 
2.316 133.26 8302.17 2.9520 1473330 1426030 
2.341 134.32 8398.39 2.9423 1497160 1449860 
2366 
2:383 

13540 
136:lO 

849907 
8564:37 

29322 
2:9258 

14/4!3m 
1537610 1490310 

2.407 137.14 8661.98 2.9162 1561500 1514200 

2.499 140.93 9022.82 2.8818 1650080 1602790 
2.524 I 141.98 9122.80 2.8725 1675060 1627760 
2.548 143.00 9219.25 2.8636 1699500 1652200 
2.573 144.05 9317.72 2.8546 1724840 1677540 
2598 14511 
2:615 145179 

941808 
9483:05 

28456 
2:8398 

1/wti10 l/Orn 
1767250 1719950 

2.640 146.81 9581.53 2.8311 1792340 1745050 
2.665 147.85 9680.80 2.8224 1818110 1770820 
2.689 148.88 9779.11 2.8139 1843820 1796520 
2.714 149.90 9877.48 2.8054 1869450 1822150 
2.739 150.91 9975.43 2.7971 1895010 1847710 
2.756 151.58 10040.60 2.7916 1912060 1864760 

1 2.83! 2.781 2.806 152.59 153.60 154.64 10336.001 10138.80 10237.30 2.7834 2.7752 2./ti/21 1937900 1963920 19898501 

2.947 159.20 10792.60 2.7307 2111300 2064010 
2.972 160.17 10891.10 2.7230 2137380 2090080 
2.997 161.12 10987.10 2.7156 2163060 2115770 
3.022 162.10 11087.20 2.7080 2189720 2142430 
3.046 163.05 11183.80 2.7007 2215720 2168430 

3.262 171.18 12028.30 2.6393 2444500 
3.287 172.11 12134.60 2.6318 2471390 
3.2961 112.391 12164.101 2.62981 24/Y5101 

3.3701 175.171 12455.801 2.60981 
3.3/YI 115.481 12488.501 2.60161 
3.387 175.79 12520.90 ii.6054 2579210 2531920 
3.395 176.09 12552.50 2.6033 2588110 2540810 
3.403 176.39 12583.90 2.6012 2597010 2549710 
3.412 176.70 12618.00 2.5989 2606240 2558940 
3.420 176.98 12646.80 2.5970 2614570 2567280 
3.428 177.31 12682.50 2.5946 2624420 2577130 
3.437 177.60 12713.20 2.5925 2633090 2585800 
3.445 177.89 12745.20 2.5904 2641780 2594480 
3.453 178.19 12776.50 2.5884 2650780 2603480 
3461 
3:470 

l/651 
178:81 

12809 7U 
12840:50 

25862 
2:5841 

267m 
2669430 2622130 

3.478 179.11 12872.70 2.5820 2678470 2631170 
3.486 179.41 12906.70 2.5798 2687530 2640230 
3.495 179.67 12935.80 2.5779 2695400 2648100 
3.503 179.96 12968.50 2.5758 2704190 2656890 
3.511 180.27 13002.10 2.5736 2713590 2666290 
3.520 180.56 13033.30 2.5716 2722410 2675110 
3.528 180.85 13065.20 2.5695 2731240 2683940 
3.536 181.14 13097.30 25674 2740080 2692780 
3544 181 417312800 
3:553 181:71 13161:90 

25654 
2:5633 

2748640 2/om 
2757510 2710210 

3.561 181.97 13191.70 2.5614 2765480 2718180 
3.569 182.25 13224.70 2.5593 2774070 2726770 
3.578 182.53 13256.70 2.5572 2782670 2735380 
3.586 182.81 13287.80 2.5552 2791300 2744000 
3.594 183.11 13321.30 2.5531 2800540 2753250 
3.603 183.39 13353.00 2.5511 2809190 2761900 
3.611 183.65 13382.10 2.5493 2817230 2769940 
3.619 183.95 13417.70 2.5470 2826530 2779230 

184.20 13445.40 2.5453 27EmEci 



Table 12 
CCDST Field Case: Processed Data 

P 
pdl 

AL Superposition m(p), Am(P), 
hrs-pslakp Function MMpsia’lcp MMpsia’kp 

4.582 213.42 
4.607 214.03 
4.640 214.81 
4.674 215.61 
4.696 216.19 
4.732 216.97 
4.756 217.53 
4.790 218.33 
4.815 218.88 
4840 21963 
4i73 220:19 
4.906 220.93 
4.939 221.66 
4.964 222.20 
4.989 222.74 
4.YYI ZZZ.UY 

L.“lWU ,---.- .-.- 

16995.50 2.3477 3814090 3766790 
17085.90 2.3432 3836090 3788800 
17200.70 2.3375 3864320 3817030 
17320.80 2.3317 3893390 3846090 
17407.40 2.3275 3914530 3867230 
17526.50 2.3217 3943040 3895740 
17610.40 2.3177 3963580 3916280 
17734.70 2.3117 3993010 3945710 
17818.10 2.3078 4013310 3966010 
1393 60 
18021:60 

2zn!n 
2:29a2 

40410/o 3993770 
4061860 4014570 

18136.60 2.2928 4089420 4042120 
18251.00 2.2875 4116690 4069400 
18334.80 2.2037 4136930 4089630 
18428.20 2.2794 4157210 4109920 
lt1456.1U LZ/Lll 4lt28wJ 411~3tiU 

Table 13 
Surge Test Field Case: Basic Reservoir Properties 

and Test Information 

Effective Porosity, 11% Pay Thickness, ft 

Oil Formation Volume Factor, RB/STB 1.326 Chamber Volume, Bbls 

Oil Viscosity, cp 0.427 Total Compr&sibility, MMpsi-’ 

26 

1.77 

47 
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Table 14 
Surge Test Field Case: Analysis Results 

p’, psia 

Oil md 

Table 
Simulated Zone Test: Data 

Pressure, 2600 Thickness, 

Permeability, 30 Radius, 

Skin, i-2 cp 

Porosity System MMpsi’ 

Volume RB/STB Pipe bbls/ft 

Density, 62.3 

0.5 

8 

Table 
Simulated Zone Test: 

Pressure, Pressure 

0.2209 

0.2605 

0.3068 
0.36131 716.25101 0.7177 
0.42521 808.28801 0.6807 

Table 17 
Simulated Water Zone Slug Test: Analysis Results 

Permeability, md 30.9 

Skin, dim. +2.6 

Map View 

1) Inner Boundary Condition: 
q = constant 

2) Outer Boundary Condition: 
@ r=r,, p=pi for all t 

Cross Sectional View 

negligible gravity effects 

h = constant 

horizontal, laminar, 

Darcy flow 

Reservoir fluid compressibility 

is small and constant 
k 

muc,= 
constant 

Figure 1 - Infinite-acting radial flow schematic 
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Figure 26 - Gas DST field case - Homer plot of final buildup 

:, 

-’ .- Surface Pressure 

- Bottomhole Pressure 

FLOW PERIOD CLOSED-IN PERIOD 

Figure 27 - CCDST well configuration 

wO 12 24 36 48 60 24 36 48 60 

t, min t, min 

Figure 28 - CCDST behavior - high permeability liquid case Figure 29 - CCDST behavior - low permeability liquid case 

- 



4200 5 
3360 [I 

._.- .-. - .-. - _ _ ,,_ _ 

f 

CT1 
2520 

.- 
, 

2. - - Surface Pressure 

d 
- Bottomhole Pressure 

1680 .- 

840 - 

0- 
I I I I- - , -- I I 

0 12 24 36 48 0 
60 0 12 24 36 48 60 

t, min t, min 
Figure 30 - CCDST behavior - high permeability gas case Figure 31 - CCDST behavior - medium permeability gas case 
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Figure 32 - CCDST field case - bottomhole pressure response Figure 33 - CCDST field case - surface pressure response 
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