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INTRODUTIONS

The main purpose of this work on 1/9-3A was to run a quality

check on Geco's routine core measurements, and also to compare

Statoil Lab. data with log data. 40 horizontal plugs were

chosen.

Formation factor was measured for all plugs. This was done to

get Rw cross-plots of porosity versus formation factor, at

atmospheric conditions. We could then define "m" and "a" values

in the relation F = aØ"m for Ekofisk and Tor formations.
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LITHGLOGY

The carbonate reservoir has been divided into two zones, the

Ekofisk Formation and Tor Formation. The top of the reserveisr

is at 3087 m. The lithology is white ^ light grey chalk. rt

is hard, homogeneous and interfaedded with white ~ light grey,

soft T hard limestone.

The interval 3119.5 - 3157 m is tight and contains several stringers

of shale and marl. *. • •

Below 3157, chalk, and limestone i>s interbedded wixth an increase in

limestone with depth.
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Experimental procedures

Well shaped 1 inch cylindrical plugs were cleaned in toluene and

methanol, and dried at 60°C. Air permeability for 3 different

upstream pressures were found, and hence empirical liquid (KLLB)

were obtained by plotting^— vs Kair. Statoil measured helium

porosities (PHE) were found using matrix cup / Boyle's Law helium

injection method. As an independant check on porsity, 0 sat-

uration (PSAT) was measured gravimetrically using kerosene as

the saturation fluid.

Porosity reduction is measured using helium injeciton method,

measuring reduction in pose volume by increasing overburden

pressure. It's to be noted that the start point (first set

point of overburden pressure), is 200 psi. The porosity

reduction from atmospheric pressure and up to 200 psi is

taken to be approx. .1 P.U. (porosity units).

Evacuation and saturation (under 1000 psi pressure) with 55000 ppm

degassed sodium chloride solution followed, measuring Ro and Rw,

the resistivity of 100 % saturated plug, and the resistivity of

the saturating brine. Temperature was held constant close to room

temperature. (21.5°C).

The plugs were salt extracted using methanol dried at 6.0°C, and then

the process repeated at 97000 ppm and 117000 ppm and Ro and Rw

measured. Before storing the plugs were cleaned by methanol.
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RESULTS- nrscussroN

listing of measured data with associated plug

numbers and core depth.

Cross-r-plot of PHE vs PSAT (fig IL, where two independant tech-

niques for porosity measurement are used show good agreement.

Consultant (Gecol routine core analysis quality checks.

Poor agreement of PHE vs PHEC (Geco lab. porosity L is shown in

(fig 2)., for low porosity .measurements, .6 P.U. (porosity units)

to high for 10.

measurements .

0 P.U. , but fairly good agreement for high porosity

Plot KLLB vs KLCO shows poor agreement. This could be due to air

permeability measured at different inflow pressure. To control this

both Geco and Statoil have to measure Kair at the same inflow prssure,

both having atmospheric pressure at the outlet.

0 - K p_lot

Fig 4 and fig 5 are a plot of PHEVS KLLB to define representative

sections of the reservoir, in this case Ekofisk and Tor formations.

I

I

i
i

Porosity__reduction_at_NCP

Fig 6, the cross^-plot of P1500 (net confining pressure} vs PSAT

(lab condl shows neglible reduction of the porosity with over-

burden pressure. For this specific case, the reduction in

porosity is 1.5 % or .4 P.U. at 30 P.U. Lab porosity.

<̂ *rf̂
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Comp_arison_Labdata_-_Lo2data_

Fig 7, P1500 vs PELG shows a plot of effective log porosity

after shaliness and hydrocarbon corrections have been performed,

versus helium porosity at net confining pressure. Poor agreement

could be due to inexact depth matching.

Fig 8, RB1500 vs P1500 describe a limestone line with matrix

density 2 .70 g/cc.

We define :

RBLB = (Vb -.Vg) fmf +• W
Vb

/-\

I

I

I

I

I

I

For 1/9-3A, temperature

P

Rmf

= 255"F

483 bar

= .045 m at 124°C

and accroding to Schlumberger L.I.P. fig 8.5 we read fmf =1.01 g/cc

When PHE = 0 , RBLB =2.70 g/cc, so this graph is a check on porosity

quality control.

Fig. 9, RBLG (Formation Density log reading) vs RB1500 shows poor

agreement, also when eliminating depth mismatched points. RBLG shows

much higher reading than RB1500

Porosity_yersus_Formation_factor_glots.

Fig 10 - 18 plot Co, conductivity of 100 % . saturated plug versus

Cw, conductivity of saturating brine. The points plot a line

through the origion as expected indicating constant F values

independent of salinity. Poor fitted lines could be due to "Clay

effect", where clay ions become involved in the Ro mesurement.

I
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Pig. 19, and fig.20, PSAT versus Formation Factor for both

Ekofisk and Tor Formation gives the relation

F= I.I 0 ~2'1 (Ekofisk) Deleted data points: IQ,II,

18,19.

F= 1.3 0 ~1'8 (Tor ) Deleted data points: 25

On reviewing F-0 plot at atmospheric pressure, and assuming a=I

the relation

F= a0~m is given by

P= 0-2.15 for Ekofisk Formation Fig. 21

F= ,1-2.0 for Tor Formation Fig. 22

CONCLUSIONS

Poor agreement for helium porosity between Geco and Statoil

with Geco reading high of .6 (P.U.) for low porosity( I Oft) and

good agreement for high porosity, Geco high of about .2 (P.U.)

for 30?i. Emperical liquid permeabilities correlations are poor.

Poor agreement on the plot P1500 versus PSLG.

F -0 plot gives the relation assuiaing a=I

p= ø-2.1'3 Ekofisk

F = 0~2'° Tor

-i.'.. I. -\JSfc. .L.
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Nomenclature

a =

A

B

Co

Cw

C2

Data =

Depth =

FLB

KLCO

KLLB

Pm

Pl
P2
m =

P
P1500 =

PELG

PHE

PHEC

PLUG

PSAT

RB1500 =

RBLG

RMAC

RMALB =

coefficient in F -r 0 relaiton
gradient coefficient in Y = Ax+B computer linear

regression curve fit.

constant in Y = Ax+B computer linear regression curve fit.

specific conductance of rock 100% saturated in aqueous

soulution (mho -cm )

specific conductance of aqueous solution (mho cm )_

correlation coefficient in Y = Ax+B computer linear

regresssion curve.'fit.

computer number g*iven to plug in sequence

driller's depth, of core (ml

average formation factor measured with 3 different brine

solutions

consultant (Geco)_ empirical liquid perm. (mDl

Statoil empirical liquid perm (iflDj

Pl + P2

2

upstream pressure

downstream pressure

porosity exponent/1 ithology factor (cementation factor).

approx. reservoir fluid pressure

Statoil lab. porosity in situ

efffective Statoil log porostiy after shaliness and

hydrocarbon corrections performed

Statoil helium porosity

consultant helium porosity (Geco)

plug noumber associated with depth

Statoil kerosene stauration porosity

Statoil lab. bulk density in s'itu (g/mll

log bulk density reading (g/ml)

consultant matrix density (g/ml) (Gecol

Statoil matrix density (g/ml)"
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Ro = specific resistance of rock (ohm̂ m). at lab. temperature

arid pressure

Rw = specific resistance of aqueous solution (ohm-^ml at lab.

temperature and pressure

Rmf = invaded zoned " mud filtrated resistivity (ohm̂ mj.

jAnf = density of mud filtrate in situ pressure (g/ml)

Vb = bulk volume (mil (mercury displacement method)!

Vg = grain volume (ml).

W = dry weight of plug (g)
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