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DISCUSSION OF RESEARCH

The purpose of this study is to determine whether the

reservoir water resistivi ty, r-e'ser-voa.r permeabili ty, and

other rock properties of the Bryan Field can be determined

from well logs alone-- without special core analyses.

Fifty-two core samples have been obtained from three

wells loc;�ted'�in different parts of the field. The well

logs for each of these wells were also obtained.

Using the core analysis equipment in the Petroleum

Engineering Department, I will determine the following rock

prop"erties;

). 1) Effective porosity
2) Absolute permeability
3)
4)
5)

Relative permeability
Capillary pressure

Core resistivity as a function of
a) formation water resistivity, and
b) water saturation

Since por9si ty and core resistivi ty can also be obtained

from well logs, the values obtained from the core analysis

can be used to determine appropriate correction factors to \,'

be applied, to the well logs of any we,ll in the field.

Although rock permeability is not measured by well logs,

a relatinship does exist between porosity and permeability in
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some homogemeous reservoirs. This relationship varies from

field t9 field. By plotting measured values of porosity

ve�sus permeability, I will determine if a substantial

correlation exists between porosity and permeability for

the Bryan Field.

By saturating the core samples with water of known

resistivity and then measuring the saturated core resistivity,

I will attempt to develop a resistivity versus depth curve

which matches the resisnivity curve from the well log. If

a good match is obtained, then I believe the formation water'

resistivity is the same as the water resistivity used in the

lab.

I will also de'termine the cementation factor, and shale

fraction for the field as well as make some qualitative

observations about the reservoir homogeneity.

,
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ABSTRACT

The p�rpose of this research was to determine

if a substantial, consistent correlation exists

between log derived porosity and formation permeability

in the Bryan Field. Porosity and permeability

measurements were performed on samples from three

wells in the Bryan Field. The measured par0sittes

were then plotted versus their c-orresponding pe rmeab i I>

ities fIDr each well. Two of the three wells exhibit�d

porositY'�perme.abilttJ relationships that were

consistent enough to be expressed in mathematical ferm.

However, the tWD equations. are dissimilar} ,:.ct;.heref.€)'cre

there is no field wide correlation according to this

data.

\
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PURPOSE

The purpose of this research is to determine

whe ther there exists a aubs t.ant LaL, consistent

correlation 'between log derived porosity and fonn-

ation permeability in the BryanJ::Field. When the

Schlumburger brothers Lnverrted the first down-hole

electric log, they thou§ht they were measuring

permeability. Decades later, there is still no logging'

tool which measures formation permeability directly,

though some computerized logs do attempt to show a

permeability track, based on the information received

about other rock properties. Since logging. is relatively

inexpensive, a "permeability log" would keep the operator

from having to spend a lot of money coring the we'll and

having thessample analyzed.

One alternative approach tb inventing a hew logging·

tool is the porosity-permeability cross-plot. This

technique involves plotting po ro's i. ty versus permeability

for several core samples, observing any trends in the
.

,

data, and expressing the trends mathematically... \,

Mathematical expressions have a�Beady been developed

to ca.LcuLat.ecpe rme.abi l.f ty from log porosity in many

west Texas fields. Some correlations apply only to one

well, hut the really useful correlations apply field wide.

\
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If a mathematical expression relating porosity and

permeability can be developed for the Bryan Field,

the need for many coring operations would be eliminated.

GE(]LOGY

The Br�an Field is a north to south trending,

thin, stratigraphic reservoir. The fiela dimensions

are approximately 9 miles long by 2 to 4 miles wide

(Figure t).

The field pr-oduc ea -from�._;the Woodbine sand. The

sand was ,probably deposited in a high energy, deep water,

marine environment. The sand may have washed in from the

north, cutting gouches into the Eagleford Shale of

varying depth. This caused variations in the sand

thickness.

The porosity and permeability in the Bryan Fie+d
are relativily high. Porosity values range from ·10

to �O% while permeabilities range fro� 26 to over

5,000 rod. A table of re-servoir propertie-s is included

in the appendix of this report.

DATA ACQUISITION

In order to develop a field wide cerreLat.Lon of \,'

porosity versus pe.rraeabf.Lfty, data on several"�wells

was sought. However, complete infonnation was

available on· only three 'wells. Fifty-three core 'Samples

were obtained along Vf.i th the neutron and density logs

\
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from the Trant No.1, Phillips No.1, and Harper No.1.

The locations of thjse wells are shown in Figure 1.

PROCEDURE

In order to formulate a log porosity versus

permeability correlation, a detailed lab proeedure had

to be written which would produce all of the desired

data with accuracy. The original lab procedure was as

follows:

1) Clean the core samples using the USBM
extraction apparatus, and dry the
extracted samples in the,core oven.

2) Measure and weigh all samples.

3) Measure the pore and matrix volume of
all samples using the helium porosimeter*.

4) Measure the air permeability of all

samples using the air permeameter.

5) Measure the liquid penneability of 'all
samples by flowing brine through the

sample ,with a constametric pump and

r�cording the pressure drop across the

core.

However, data could not be obtained from the constametric

pump. Because the cores are .so highly permeable (100-

5600 md), a large flowrate was required in o rder .t.o \,

* JlL complete de-scriptio_n of the equipment'used in the

laboratory is included in the appendix.
,

'
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produce a pressure drop which could be accurate[y

recorded with th� available pressure gauge. A liquid

flow rate of 100 cc/minute was required for a few of

the more permeable samples. Since the maximum output

of the constametric pump is 9 cc/minute, pressure drops

across the core could not be read accurately.

LOG ANALYSIS

Once the remainder of the laboratory worK was

accomplished, the well logs were analyzed. A cross-

p16t of porOSity readings from the neutron and the

density Ings was used to find the true porOSity

(corrected for shale in the rock). These porosittes were

then plotted versus depth, aleng with the lab determined

porosities, to determine if ant'. addrit_ao,na[tre'8·r.recmion

factor was necessary. The results of this cor�elation

are discussed in the resul.� section on this report.

PERMEABILITY. CALCUtkTION

Since the use of the constametric pump for measuring

liquid permeabilities was impractical , 'permeability

values were derived from the air permeability data
\

based on the method developed by Klinkenbarg. - Klinkenberg
fOllnd that the air permeability ,of a core sample varied

linearly with the reciprocal of the mean pressure at

which the. reading was made. This effect occurred as the

\
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diameters of the capillary openings in the rock approach

the mean free path of the gas us-ed in the measurement.

In order to obtain the desired liquid permeability

valueds, a computer program was written which calculates

the air permeabilities at three different rrtean pressures

from the f10wrates and pressure differentials meaaur-ed

in the lab. The program then calculates the equivalent

liquid permeability from a least squar.es fit of a penn ...

eability ve�sus reciprocal mean pressure pmmt. The

program out.puts are included in the. results section of

this report.

.
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RESULTS

COMPARISON OF LOG DERIVED POROSITIES
WITH ·LABORAT.0RY MEASUREMENTS

TABLE 1--TRANT NO.1

Core Depth

8610.5-11.0

8611.0-11 .5

.86 11 .• 5 -1 2 • 0

8612.0-12.5

8612.• 5-13.0

8613.0-13.5

8613.5-14.0

8.6144!O-14.5

8614.5-1'5.0

8615.0-15.5

8615.5-16.0

8616 -�f.f.6. 5

8616.5-17.0

8617.0-1:1.5

.107

.154

.163

.113

.153

.186

•. 177

.180

.176

.160

.154

.145

.144

.14e

.158

.138

.138

.ct 80

.182

• 161

.160

.158

.142

.164

, .143

.161

.148

.120
\ "
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Fig. 2--Comparison of log derived porosity versus

laboratory measurements for Trant No.1
( 0 = log, c: = lab)
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COMPARISON OF LOG DERIVED POROSITIES
WITH LABORATORY MEASUREMENTS

TABLE 2--PHILLIPS NO .:'1'

Gore Depth ¢Logs <I> Lab
.....

8964.5-'65.0 .143 ! 1�.4
8965.0-65.5 .166 .193

8965.5-66 •.0 .184 .185

8966.0-66.5 .195 8180

8966.5-67.0 .197 .192

8967\.0-67 .. 5 .a95 .294-

8967.5-68.0 .194 .199

89-68.0-68.5 .193 .196

8968.5-69.0 .199 .196

8969.0 ....69.5 .'aO? .194

8969.5-70.� .211 .205

8970.0-70.5 .214 .. 209

8970.5-71.0 .214 .210

8971 .0-71. 5 .218 .211

8971.5-72.0 .�22 .220

8972.0-72.5 .• 221 .207

8972.5-73.0 .189 .2�0 _

\
"

8973.0 ....73.,5 .162 .178J.

. 8973.5-74.0 .147 .172

8974.0-74.5 .162 .203

\
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Fig. 3-r-Comparison of log d e rt vcd po ro s i ty versus

laboratory meastirements £or Phil1�ps No.1
( 0 = log, 6. = Lab.) I
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COMPARISON OF LOG DERIVED POROSITIES
WITH LABORATORY MEASUREMENTS

TABI,E 3--HARPER NO. 1

Core Depth <PLogs <PLab

8657 ..0-57.5 • 117 • 152

8657.5-58.0 .144 .160

8658.0"58.5 .178 .160

865,8.5-59.0 .184 • 176

8659.0-59.5 .190 •. 196

8659.5-60.0 • 191 .200

8660.0-60.5 .19'2 .198

8660.5-61.0 e 191 .188

8661 .0-6.1 .5 .188
.

• 16 9't:

8661.5-62.0 .190 •. 186

8662.0-62.5 .192' .188

8662.5-63.0 .180 j 184

8663.0-63.5 .159 • 175

\

12

.

\
,



1 3
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Fjg. 4--Comparison of log derived porosity verSti�
"

laboratory meRsurements for Harper Ko. 1

( 0 = log, � = lab)
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DIS.GUSSION OF RESULTS

Before any attempt to correlate log derived porosity

and fonnation permeability can be made, the relationship

be�ween the log porosity values and the actual formation

porosity must be examined. Comparisons of'the two sets

of porosity values are shown in Figures 2, 3, and 4 for

each well studlied. The data for the Trant and the

Phillips wells is in excellent agre emerrt whi;te the Harper

log data is acceptable. All three wells fail to'exhibit

any consistent s.hift or deviation of the log values

from the actual measured porosi 't Les , Instead, the

discrepancies appea.r to be t:p_e result of non-representative

samples and, in a few cases, some laboratory erz-o r-, Many

of the samples tested were quite small. (less than 1 inch

in length), thus decreasing the likelihood that they

would be truly representative .of the f'trrma'tLon ,

NevertheLeaa , the parosities derived from both sources

of data appear to be in good agreement and so no attempt

well be made to derive a method to correct the log

readings, other than the srr;andardneutron-density _cross

plot.

After verifying the log derived porosities' with""

the helium porosimeter data, the actual porosity versus

permeability pLo t-s were
_

drawn. Based on past experience

with similar. studies. in other fields, the porosities

\
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were plotted versus the log of permeability. These

plots are shown in Figures 5, 6, and 7. The Trant

well exhilDited the most signi.fica.nt correlation. By

discarding one of the data points, a least squares fit

of the remaining data resulted in a correlation coef

ficient, r = .82. This indicates a high, positive

correiliation between porosity and the logarithm .of:1

permeability which is described by the expression

k = 1 O_( 1 5 • 6209 <P + • 5096 )

The results for the Fhillips well also show a significant

tren& (Figure 6). Discarding two inaonsistent data

points, a correlation coefficient of .73 'was obtained.

However, the mathematical expFession for this well,

k = 10(18.8<1>- .667)

is .quIte d i.f'f'e r-ent from the. equation aeveloped for the

Trant well.

The reshlts [porn the Harper Well are shown in

Figure 7. No significant correlation exists between

porosity and permeability rffor this well according to

the data obt.af.ned , "�There are several possible_ \,

expil::anations for this anomaly:

t) The grain size distribution in the

Harper well changes .significantly with
depth.

\
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2) Too few data points were obtained to
de.f i.ne a "trend fl.

3) Permeabilities determin,ed for these

samples we.re in error, due to the
small size of the Marper well samples.

Any of tbese factors could have accounted for the poor

correlation, with the grain size distribution theory

being the most likely.

CONCLUSTONS

The following conclusions have been derived from

this research:

1) Substantial correlations exist relating
derived porosity to formation permeability
in two of the three wells studied.

2) Mathematical expressions for _these
correlations are unique to the lndividual
wmll .( Le , No field wide sequa'tLon relating
porosi ty and pe.rmeability could be
determined from' this data).

3) Data from the Harper well indicates a
�

vertical variation of grain sise distribution
in the well, causing a poor porosity
permeability correlation.

.

\
�

\

\



27

REFERENCES

Givens, James W., "Reservoir Management of the Bryan

(Woodbine) Field",.3Society of Petroleum Engineers,

No. 1 3267, 1 984.

Von Gonten, W.D., Laboratory Manual for Petroleum

Engineering 309, Department of Petroleum Engineering,

Texaf;3 A&I"l University, College Station, Texas, 1985.

\ "

\



_,{-
\

APPENDIX

.�
.... -

p'



USBM EXTRACTION APPARATUS

The USBM extraction apparatus is used in determining

the f1uid content of a core sample. A sample 50 to

100 grams in weight is sized to fit into the extraction

thi.nble. With the core in place, to1uene is added to

the flask and the apparatus is assembled. When heat

is applied, water and oil are "leached" from the core

by the toluene. The water condenses in the graduated

tube while the oil is carried into the flask. When all

.o f the water has been extracted from the core, t}'!1eo

dJffit�p is coo.Led and the volume of water is read directly.

The oil volume must be- determined indirectly.

.
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HELIDIJM POROSIMETER

The helium porosimeter is used to determine the

pore and matrix vollwe of a core sample. The system

between the 'source and core holder is pressurized to a

standard r'e f'e rence pressure, usually 100 ps Lg , By

opening the core holder valve, the helium is allowed

to expand into the core chamber. The equilibrium pressure

is proportional to the volume of the chamber by BoyLevs

Law. By: 'repeating the process with the core in place,

the matrix volume is -obtained. The p�re volume is

obtained by placing the core in a Hassler sleeve so

that helium passes through the interconnect_ed pore space

and not around the outside of the core. From the

pressure data at�:equillibrium, the pore volume is

obtained� This particular He porosimeter is calibrated,

so theil. pore and matrix voLume Ban be read directly •

.
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AIR PERMEAMETER

The air permearileter l:e3used to determine the

permeability of a core sa�mple when air is the fluid

flowing through the core. First, the sample to be

tested is placed in the Hassler slee�e of the air

permeameter. Dry air flows through the core and out

the flowmeter. Wben the flow has stabilized, the

upstream and do.wnstream pressures are read from the

pressure gauges. The flow rate is calculated using the

flowmeter reading and empirically determined curves for

each exit orifice size. This procedure is repeated for

severaa different flow rates to obtain a curve from

which permeability can be. calculated.

.
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