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I. SUMMARY

Daring the drilling of well 5 the gas sands of well 4
were encountered 130' lower structurally, and were bslow
the respective gas/water levels, In ell, ten horizons
werc tested in well 5; and small gas productions were
obtained from six thin sands., Reservoir water production
was also obtained from five of these sands, PFig, 1 shows
the results of the formation tests carried out in well 5
in graphic form.

II. COMPARISON OF PRODUCING HORIZONS IN WELLS 4 & 5

Fig. 2 is an 0il end gas sands correlation diagram,
The following is & short comparison of the main producing
horizons in both wells:- .

(2) 011 sang 1248' - 1279' in well 14

This is represented by an oil sand 4350' - 1376!
in well 5, The results of core-analysis indicate an
oil saturation of 447 of the pore space in the top
of the sand. At the base of the sand there is &
negligible oil saturation; and the water saturation
is approximately 82% of the pore space, During the
formation test,oil, gas, and reservoir water were
produced,

\ When the 41248' sand in well 1 was tested, a
little water was produced in addition to oil and gas;
but the water produced is considered to have been
derived from returning drilling mud, The oil/water
level is tentatively put at the 9180' contour,

(b) Gas send 1582' - 1632' in well 4

This gas sand is represented by three sands in
well 5 from 1693' - 4760', The core samples examined
contained very little oil, The top thin sand gave a
water saturation of about 50% of the pore space, so
that an appreciable gas saturation was to be expcoted.
In the lower sections of the sand group the water
saturation was generally of the order of BOY% of the
pore space., Three formation tests were carrisd out,
yielding a little gas production - a few hundred
cubic feet per day - and some reservoir water, Two
samples of gas were collected for analysis,

During the production tests of the {582' gand
in well 1, gas production rates of the order of
3 million cubic fcet per day were obtained. No edge-
water was produced during these tests. Basing on
recorded reservoir pressurcs, the gas/water level is
placed at the 8890' contour,

(c) Gas sand 1720' - 4806' in well 1

The group of sands from 1835' - 18390' 4n well 5
has been correlated with the 1720' gas sand in well 1,
The core samples examined from well 5 indicated an
0il saturation of less than 477 of the pore space,
Water seturations varied from 35% to 73%, Two formation
tests were carried out; the top sand group giving no
production whatsoever, and the bottom sand giving some
340 cubic feet of gas per day, together with some
reservoir water,



III.

Puring the production tests of the 1720' sand
in well 1, gas production rates of the order of
4 million ecubic feet per day were obtained, Edge-
water was also produced; but this may have been
due in part to a water coning effect whilst the
production tests were being carried out. From a
reservoir pressure correlation between wells {1 & 2,
the gas/water levcl wae placed at the 8763' contour,
Basing on the recorded pressures in wells 1 & 5,
the gas/water level is placed at the 8720' contour,
or some 40' lower structurally than indicated by
the earlier celculation.

(@) Gas sand 2094' - 2922' in well 1

Well 5 stopped d@rilling at 1918', and was not
drilled down to the eounterpart of the 2094' - 2422’
gas sand in well 1; but would have undoubtedly
proved sdge-water if drilling had continued to this
depth. In well {1 the 2094' sand produced gas at a
rate of 450,000 ecubic feet per day. No evidence of
edge-water was obtained.

NOTE OK TWO SANDS NOT FOUND IN #ELL 4

(a) Gas sand 1514' - 1527' 4n well §

The core samples from this horizon had an oil
saturation of from B80% to 90% of the pore space,
with wastcr saturations from 8% to 207 of the pore
space, No oil production was obtained in the
formation test; but only gas at a rate of 224
cubic feet per day, No reservoir water production
was obtained,

The oil in the core samples appeared to be
particularly viscous and waxy; and this may have
been the reason for not obtaining any oil production,
particularly as the reservoir temperature was only
around 66° F,

(b) Gas sand 1656' = 4665"' in well §

From this sand & gas production of LOOO cubic
feet per day was obtained, which was the maximum
production rate recordsd in any of the tests in
well 5. A gas sample was collected for analysis,
Some reservoir water was also produced. Ths core
samples examined contained very little ¢il, and
water saturations occupied 337 to 437 of the pore
space; so that an appreciable gas saturation was
to be expected,



IV. COUSLARD RESERVOIR PRUSSURES

A tsbulation of recorded reservoir pressurces in wells
1, 2, 4L & 5 is given in eppendix A. This also includes the
ealeulation of the reservoir pressure at the base of the
41582' - 1632' sand of well 1 from the closed-in pressure:
also the calculation of gas/water levels in the 1582' and
4720' sands of well 4 from the reservoir pressures in wells
1 and 5. Finally, the graph (fig. 3) shows all the reservoir
pressures obtained in the Cousland aresa,

The possible gas/water level between the 1582' - 4632'
sand group of well 1, and the 1693' - 1760' sand group of
well 5 is tentatively put at the 8890' contour, Similarly,
the possible gas/water level between the 1720' - 4806' sand
group of well 4, and the 1835' - 1890' sand group of well 5
is tsntatively put at the 8720' contour, However, an earlier
correlation between wells {4 and 2 placed the gas/water level
at the 8763 contour., It would seem that there is a known
gas column of around 100' in each sand.

The correlation disgrem fig. 2 shows the indicated gas/
water levels for the 1532' and 1720' gas sands of well 4,
The relevant ressrvoir pressures in wells { and 5 have also
been included on thc diasgram.

V, CRUDE OIL SAUPLES PRODUCED

Crude oil was produced in well 1 from the 4248' - 1279'
sand: eand in well 5 from the 1350' - 4376' sand., These two
sands are considered to be part of the same 0il horizon. In
neither well was the oil producéd in commercial quantities,

From a consideration of water analyses the oil/water
level is tentatively placed at the 9480' contour; which has
bzen 4indicated on the correlation diagrem Fig. 2., Thus, the
possible oil column is approximately 130'; but so far there
has been no possibility of obtaining economic production.

The analysis of the o0il sample obtained in well 5 is
includsd with this report, The analysis of the oil sample
collected from well 4 is given in the geoleogical completion
report U.XK, 62. The analysis of the sample collected on
46.1.38 is considered to be the most reprssentative of the
unwecathered crude oil,

The I.P; Distillation curves have been plotted on the
greph Fig, 4, It will be noted that the crude oil scmple
from well 5 contains the larger proportion of hsevier fractions,
The density of the C5 sample is 0.880 ss compared with 0.863
for the G4 sample,

VI, NATURAL GAS ATALYSES

Natural gas somples at Cousland have been collected
from wells 4, L4, and 5. Analyses of all gas shows have been
carried out by Sunbury Rescarch Station., The samples collected
frow wells 4 and 4 were analysed by the Podbielniak method.
The samples collected from well 5 were analysed by the mass
spectrometer method,



All the gas samples collected consist of from 85% to
96% ¥ethane, The analyses are illustrated by means of
cirele disgrams fig. 5, showing the proportions of the gas
constituents, The following points are indicated:-

(1) Some nitrogen is probably present in all the gas
samples eollected; although no nitrogen is shown
in the snalyses of the first two gzas samples
collected from well 1. (Perhaps no specific
examination was made for nitrogen iR these two
instances.) The maximum gquantity of nitrogen was
found in the semple from the 1730' - 4760' sand at well 5,
which contained 11,75 nitrogen,

(2) Acid gases, in very small quentities, have only been
recorded in three samples collected from well L,
This gas must be Carbon dioxide, Traces of hydrogen
sulphide, if present in Cousland nstural gas, would
not have been dectected., The gas samples were
invariably either collected in steel cylinders, or
over water in glass aspirators. The hydrogen sulphide
would have been removed fron the gaes samples in both
caBeés,

(3) Ethane is found in small cuantities in all Cousland
gas samples, ranging from 17 to nearly Li, With one
exception, propanc and heavier constituents arc also
only found in small guantities, rancing from 0.2% to
1.8%. The exception is the gas show which was
supposedly coming from the 41248' - 1279' o0il sand.

In this case the analysie shows ovsr 6. propane_and
heavier, This oil sand was tested by sctting 83"
casing on a seat, and bailing the hole dry. By this
means an 0il sample was collected, and gas production
was obtained. But the gas production, could have been
largely derived from the 1188' - 1209 pgos sand, as
leakage past the casing was to be expected., The gas
production from the upper gas sand would then pick
up the heavier hydrocarbons by contact with the oil
sand, which would account for the difference in the
twe analyses,

(4) The 1742' - 1720' sand, also the 1730 - 1760' sand
of well 5 have been correlsted with the 1582' - 4632'
gas sand of well 1, The complete absence of propane
and heavier hydrocarbons from the 41582' - 1632' gas
sand is surprising. The 11.754 Hitrogen found in the
gas sample from the 41730' - 4760' ssnd of well 5 is
also unusual.

Appendix B lists the representativec analyses of the
gas shows in the Cousland arca. The heavier than propane
gas constituents, which are recordcd in some of the ansalyses,
have not been tabulated separately. The cguantities present
are so very small that they have been included under the
hesding "Propane and heavicer", Similarly, no differentiation
of the heavier hydrocarbons has becn shown on the circle
disgrams depicting the Cousland gas snsalyses,



VII., HNOTE ON COUSLAND RESERVOIR WATERS

The Cousland reservoir waters consist mainly of
sodium chloride brines. The brine concentration is
characteristic of the edge-water, Warying amounts of
calcium end magnesium chlorides sre also present.
Sulphates and cerbonates are usuelly found in very
small quantities,

In the Cousland completion report by N,L. Falecon
(U.K.=62) = diagram is included showing the geoclogicel
correlation of the sands in the Cousland wells which
had then been drilled, The sand correlation chart
fig. 6 is based on this information; and has been brought
up to date to include the results from the drilling of
wells 4 and 5,

The possibility of correlating edge-waters is
dependent on the colleetion of truly reprecsentative
samples, 8inee the edge-waters consist essentially
of sodium chloride sclutions (apart from the fresh
water samples collected in the upper part of the hole
in well 1), ths ionic percentages are roughly similar
for all samples collected., Thus no correlation is
possible on this basis alone,

However, it has been found thet in the U.X, water
analyses are most rcadily compared in the form of the
triangular pattern which has been adopted in the past,
in which gram egquivalents are plotted against ioniec
percentages., This method showe up the concentrations
of thc total solids in the reservoir waters, which often
constitute the main distinguishing features; and &lso
emphasizes the constituents present in smaller quantities.

In the water analyses diapgrams, fig, 7, the reservoir
waters obtained in wells 1, 2 and 5 are {irst of ell
compared. This is followed by a comparison with well L
on the Fordel Kains anticline; and well 3 in the Falside
arca. The edgs-waters which have not been correlated are
tebulated for rscord purposes,

The detailed correlation of the Cousland edge-waters
is given in Appendix C. A tabuletion of all the enalyses
of Cousland reservoir waters so far collectzd is also
given in Appendix C.

(sgd.,) C.¥, Adcock.




Beference No, P.T, 233

VIII. BELL 5 - PORMATION TESTING COMPLETION REPORT

Cousland (Scotland) No, 5 Well
R, T, Elsvation - 554

Report on packer tests and routine core analysis carried
- out during drilling operations

This well which is situasted some 1,000 feet south of
No. 1 well was drilled for gas production.

In all, ten successful packer tests were carried out.
In the initial tests, drill-collars were used in order to
obtain sufficient weipght 4n .the drill-string to compress
the Johnston wall-packer and thus effect a perfect shut-off,

In the first two tests carried out over intervals 887"
916' and 1053' - 1084' only gaseous rcservoir water was
produced. Core analyses results showed that the sandstones
were almost fully wetor saturated,

Whilst drilling 73" at a depth of 1349' (U.G.C.9202')
sandstone cuttings with a strong smell of oil were encountered,
subsequentdy a 19' core showed the top 10' of the sandstone
to be o0il impregnated., After drilling through the sand which
was some 27' thick & packer test was carried out over interval
1327' - 4370' and in & 2 hours 25 minutes production test,
crude oil of SBpeeific Gravity 0,88 was produced at a rate
of some 40 gellons per day., There wes also evidence of &
little gas amounting to some 60 cubic feet per day, end the
production of some reservoir water, although core analyses
results showed this water to be somewhat contesminated with
returned drilling-mud filtrate,

Another oil imprugnated sandstone was encountered at a
depth of 1511' (U.G.C.9040"') and found to be some 16' thick.
Examination of the 0il in the core showed it to bc of a very
waxy nature and in all probability having a pour-point sbove
the temperature of the reservoir (66°F) at this depth. This
observation was borne-out in & packer test earried out over
the interval 1509' - 1527', when only a small gas production,
emounting to somec 220 cubic feet per day, was obtained.

The next group of sands wae encountcred over the intcrval
1656' - 1752', each sand being tosted individually. In the
first tcst carried out over the interval 1646' - 1694' gas
was produced at a rate of 3,850 eubic feet per day. The
drill-stem fluid indicated that rescrvoir water was also
produced in the test. 1In the second test carried out over
the interval 1686' - 1702' & smell gas show accompanizd
by rescrvoir water production was obtained, In the remaining
two tests carried out over the intervals 1706' - 1722' and
1724" - 1755', the production consisted mainly of reservoir
water with a little gss.



In the final group of sands penetrated, two packer
tests were carried out. The first test carried out over
intsrval 4830' - 1861' gave no evidence of production from
the reservoir, and in the second test over the interval
1868"' - 1903' the production consisted of reservoir water
at an overall rate of 2970 gallons per dsy and ges at a
rate of some 340 cubic feet per day.

Drilling continued to a depth of 1918' without
encountering any further sandstones., After carrying out
@ normal Schlumberger electrical logzing survey the hole
was plugged with cement to surface,

(sgd,) K, Kirby.
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SECTION 4

DETATLS OF FORMATION TESTS

Well Date

Water Sands Below R, T,
Sandstone 885' - 940!
Sandstone 1050' - 1065
Dil Bands

Sandstone 1350 - 4376
Sendstone 1511 - 1527"
Gag Sand

Sandstone 1656' - 4665
Sggds correlating with the 1582' -

1632° gas send group of well 1

Sandstone 1693' -~ 4700"
Sandstone 1712 - 4720'
Sandstone 1730' - 1760°'
Sands correlsting with the 41720' -
T W ST T E Y g
Sandstone 1835' - 4844"
Bandstone 1853' - 1857'
Sandstone 1874' - 4890
8.5/8" casing shoe 775"
7.3/4" hole to ' 1773
Bottom of 5,3/8" pilot hole 1918"

2, Packer Tesgt on 8th & 9th March
(a) Summary

U,G.C,

9666"
9501"

9201"
9040"

8835'

8858"
8839'
8821"

8716"
8698"
8677"

- 9644
- 9486"

9175"
go24"

©

8886"

- 8851
- 8834
8791

8707
8694 '
- 8864"

9776"
8778"
8633"

An attempt to test the formation on the 8th March was
to burst the
a recpeat test
was carried out, and during a 4 hour 15 minutes production
test reservoir water of 4,004 8.G. was produced at an initiasl
rate of 6,630 gallons per day. The fluid above the trip-

unsuccessful owing to the go~devil failin
Johnston trip-valve disc., After coring 4

valve was slightly gaseous.

(v) Diary of Test (Interval 887' - 916')

10.00 a.m. %ound up cloek (R.P.G.3 Amerada, element No.

10.15 a.m, Haking up anchor siring

6278-B)

10.30 a.m. HMaking up packer (4I" Johnston Tester with
75" wall packer)

10.50 a.m, Kaking up drill-collars f“

11.15 a.m, Running in drill pipe (4"

11.40 a.m, S8itting 2' off bottom for mud pressurc, put on
wellhead fittings

11.52 a.m, Lowered to bottom, sheared pin and opened
retaining valve for production

1.06 p.m. Took off wellhead fittings

1.10 p.m. Pulled packer free
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{¢) Production Messurcments
(1) From ges meter

Initisl rate - 45 cub.ft, per hr., or 6730 g.p.d.
Final rate - 11 cub.ft. per hr, or 1645 g.p.d.
Overall rate - 24 cub,.f't. in 1 hr, 15
mins.or 2870 g.p.d.
(24 cubic feet are equivalent to 3.5 sump volumes)
Average back pressure = 112.6 p.s.i.g.

(41) Froz drill-pipe

Fluid in 4rill pipe - 342' or 4152 gallons
Time retaining valve open = 75 minutes
Hence overall production rate - 2920 g,p.4d.

(d4) Reservoir Pressure Cslculstions

R.P,G.3 Amerada, element No., 6278-B (0-1100C p.s.i.)
Calibration Temperature - LB8OF,

Reservoir Temperature - 550F,

Corrocted mud pressure at 908' below R.T. - 450.0 p.s.i.g.
Hud Gravity (excluding pressure & temperature eorrections)d,4!
llud Pressurc at 908' calculated from mud gravity 449.2 p.s.i.r
Rising Reservoir Pressure at 910' below R.T. -~ 354.2 p.s.i.g.

(e) Drill-stem samples

Bp.Gr, Salinity Fluoresceine % water
g ¢1/10> Parts/10° separation by

60° F, parts settling
Above trip valve 4.0035 202 2 85
2nd Stand above T.V. 4.0035 200 L 90
Lth Stand ebove T.V, 4.0030 184 16 50
Top of column 1.0025 N 48 Nil
Circulating Mud 1.0021 12 us Ril

Pagker Test on {4th March Lq;%’
(e) Summary

During a 2 hours 417 minutes production test a throughput
of 12 cubic feet was recorded on the gas meter, This amounts
to an overall fluid production rate of some 800 gallons per
day. The fluid above the trip vaelve had a somewhat watery
appearance,

Owing to the retaining valve opening before the rubber
had effected 8 shut-off, only a Falling Reservoir Pressure
of 479.6 p.s.1.g. wa recorded at a depth of 1082' below
R.T. during the test., Thies pressure appears to have been
affected by hysteresis, and is somewhat higher than a
normal pressurc at a depth of 1082',

(v) Disry of Test (Interval 4053' - 4084')

3.45 a.m, Yound up eclock (R,P.G.3 Amerada, element o, 6278-B)
9.55 a.m. Making up anchor string
10.15 a.m. Making up packer (41" Johnston tester with 73"
wall packer)
40.45 a.m, Making up 43" arill collars (h§
44.00 a.m, Running in drill pipe
14.35 a.m, BSitting 9' off bottom for mud pressure




11.55 a,m, Lowered to bottom, sheared pin and set rnbber
Annular-space fell approx. 10'
Sitting for Rising Reservoir?
12.57 p.m. Dropped go-devil and commenced production test
3.15 p.m. Closed retaining valve and pulled free

(c) Production Measurements

(1) From gas meter

Initial Rate = 1 oub.ft. in 43 mins. or 1990 g.p.d.
Final Rate = 4 cub,ft. in 49 mins, or 470 g.D
Overall Rate -« 42 eub.ft. in 437 mins. or 79C g.

(42 cub,ft, are ecuivalent to 1.6 sump valumns)
Average back pressure = 63.6 p.s.i.z.

(11) From drill pivpe
Fluid in drill pipe = 460' or 78 gallons

Time tester valve open = 137 minutes
Hence overall production rate = 820 g,.p.d.

(d) Reservoir Pressure Calculations

R.P.G.3 Amerads, element No, 6278-B (0-1100 p.s.i. )

Calibration Tewparatura ~ L46°F,

Ressrvoir Temperature - 59°F,

Corrected mud pressure at 4073" below R.T. = 578.0 p.g.i.

Wud Gravity {(excluding pressure & temperature correctionz 1 20
P.8 g.

¥ud Pressure at 4073' calculated from mud gravity = 558.8 psig

Falling Reservoir Pressurc at 1082' below R,T. = 479.6 p.s.i.g

Sg,Gr, Salinity Fluorescgine
£1/40° ﬁart3210§
1:1

(e) Drill stem samples

605 F part
Above trip velve 1.00L4 247 2l
Middle of column 4.0045 256 32
Top of column 1.0030 151
Cireuleting Fluid - 8 L8

3, Packer Test on 23rd March

(a) Summary

After an unsuccessful attempt to test the formation with
the packer set at 1333', a repcat test was carried with the
packer set at 1327'. At this depth a shut-off was obtained,
and during a 2 hours 25 minutes production test, crude oil
of S.G., 0.88 was produced at a rate of some L4LO gellons pcr
day, @nd gas at a rate of some 60 cubic feet per day. This
gives a gas oil ratio of 9.4. The remainder of the fluid
sbove the trip valve had a slightly watery appearancc.




(b) Diary of Test (Interval 1327' - 1370')

2,00
2.15
2,35

2.45
3.45
4.00

L"'o 56
7.22
7.25

p.m. Wound up eclock (R,P,0.3 Amerads, element No, 6278-B)
P.1. Haking up anchor string
p.m. Msking up packer (43" Johnston tester with 7&"
wall packer)
p.m.  Running in darill pipe (43")
p.m. Sitting 2' off bottom for mud pressure
p.m. Lowered to bottom, shesred pin and set rubber,
84tting for Rising Reservoir Pressure
p.m, Dropped Go-devil and commenced production
D.1. Took off wellhesd fittings snd closed retaining valve
p.m, Pulled packsr free.

(e) Production Meamsurements

(1) From ges meter

Initisl Rate = 4 cub.ft. in 4 min., 30 secs., or 5,980
Final Rate = ¢ cub,ft. in 40 min,30 secs. or 850
Overall Rate = 48 cub,.ft, in 2 hrs. 25 mins. or 1100
Average back pressure = 46.8 p.s.i.g.

(11) From drill pipe

Fluid in @rill pipe = 145' or 71 gallons

Total time testor valve open = 145 mins,

Hence overall production rate = 705 g.p.d.
(146" are equal to 1.2 sump volumes§

(d) Reservoir Pressure Calculations
R.7.G,3 Amerada, element No, 6278-B (0-1400 p.s.1.g.)
Calibretion Temperature = 53°F,
Rescrvoir Temperature &  63°F,
Corrceted Mud Gravity at 1366' below R,T. = 654,2 p.s.i.g.
d Gravity (excluding pressure & temperature corrections)q,i!
¥ud Pressure at 43°6' calculated from mud gravity = 652 p.s.i.
Reservoir Pressurc at 4358' below R,T. {a) at end of test -
521.5 p.s.i.g.
(b) extrapolated -
538.,4 p.s.i.g.
(e) Drill stem samples
Sp.CGr, Salini%x Fluorescgine % water
& c1/40 parts/10~ separatior
60° F,  parts by settlin;
Above Trip Valve 1.0074 538 24 20
viddle of Column 4.0039 222 32 Nil

Top

of Column 80 48 Wil

Circulating Fluid 1.0020 16 64 Nil
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5. Packer Tegt on 27th Karch
(a) Summary

During a 3 hours production test gas was produced at &
rate of some 224 cubic fest per day. No reservoir pressure
was recorded owing to the fact that on compressing the
rubber, the sump pressure was squsezed up to 930 p.s.i.g.
and stayed st this pressuré during the 4 hour 'Rising
Regervoir Pressure' test. »This indicates that the
formation was tight and scarcely productive,

(b) Diary of Test (Interval 1509' - 1527")

10.20 a.m, “ound up elock (R.F.G.3 Amerada, element No, 6278-B)
40.40 a.m, HKeking up anchor string
10.55 a.m. Esaking up tester (43" Johnston Test with 7:i" wall
packer)
41.15 a.m. Running in drill pipe (43")
12,42 p.m. Sitting 8' off bottom for mud pressure
12.30 p.m. Lowered to bottom, shecared pin and set packer
2,26 p.m. Dropped Go-devil and commenced production test
5.26 p.m, Pulled packer free

(e) Production Keasurcments -
(1) From gas meter

3

Initial Rate = 1 cub.ft, in 1 min. 30 secs., or 950 ft3 per day
Final Rate = 4 cub,ft, in 8 min, or 130 ft3 per day
Overall Rate = 28 cu,ft. in 180 min, or 224 £t~ per day

(Average back pressure = 47.6 p.s.i.g.)

(a) Reservoir Pressure Calculations

R.?.G.3 Amcrada, element No. 6278-B (0-1100 p.s.i.)
Calibration Temperature - 8°F,

Reservoir Temperaturc - 6679,

Corrected mud pressure at 1519' below R.T. - 776.5 p.s.i.g.

tud Gravity (excluding pressure & temperature corrections? 1.17
Kud Pressure at 1519' ealculated from mud gravity - 771.3 p.s.i.
Ho reservoir pressurc was rccorded during the test.

6. Packer Test on 8th & 9th April

(a) Summary

After three unsuccessful attempts had been made to test
the formation, a successful test was carried out over interval
1646% - 4694', During a 2% hours flow test an initial
production ratc of some 1150 cubic feet per day was recorded
through the gas meter, After 2 hours the rate had increased
to some 2900 cubic feet per day.

On closing-in the drill pipe for 16% hours a pressure
of 300 p.s.i.g. was recorded on the wellhead. Aftcr blowing-
down the pressure a gas productionnrate of 3850 cubic feet
per day was rccorded through the gas meter,

On breaking-down the drill pipe some 350' of water of
5.G. 1.020 were found above the trip-valve. This amounts
to a production rate of some 220 gallons per day.
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(b) Diary of Teet (Interval 1646 - 4694')

8th April
2,30 p.m. Haking up anchor string (33" F.J. pipe)
2.45 p.m, ¥aking up tester (3" Johnston tester with 5"
wall packer)
3.00 p.m, Running in drill pipe (43")
3.40 p.m, 8itting 2' off bottom for mud pressure
3.55 p.m, Lowered to bottom, sheared pin a&nd set packer,
8itting for Rising Reservoir Pressure
4,20 p.m. Dropped Go-devil and started production test.
6.56 p.m. Heter throughput 170 cubic feet
8S8hut in drill pipe to reeord closed-in pressure (gas
Regording pressure build-up during night
9th April
10.30 a.m. C.I.P, 300 p.s.i.g.
40.45 a,m, Collected gas samples
11.35 a.m, Blowing~down gas pressure
11.55 a.m. Re-connect=2d gas meter to record gas production rate
12.15 p.m, Pulled packer free

{e¢) Production ¥essurements

(1) From gas meter

Initial Rate = 48 cub.ft. per hr, or 4450 cub,.ft. per day

Final Rate =

96 cub.ft. per hr. or 2300 cub.ft. per day

Overall Rate = 170 cub.ft. in 2% hrs. or 1630 cu.ft. per day

(4) Reservoir Pressure Calculations

R.P.G.3 Amerada, element No. 3836 (0-2140 p.s.i.)

Calibration Temperature = go F,

Reservoir Temperature = 70°F,

Corrected Mud Pressure at 1690' below R.T. = 845.6 p.s.i.g.

¥ud Gravity (execluding pressure & temperature corrections) 1.47

¥ud Pressure at 1690’ calculated from mud gravity 858.3 p.s.i.g.
Reservoir Pressure:- A Falling pressure of 920,2 p.s.i.g.

was recorded at the end of e 30 minutes 'Reservoir Pressure Test'
period, but had not reached equilibrium, The curve was not an
exponential and no eguilibrium reservoir pressure could be
exirapolated,

(e) Drill stem samples

8p.CGr, Salinity Fluoresceine % Yater
) C1/40° Parts/40° separatio:
60° F, parts by scttlin
Above tester valve 4.0200 1640 .2 80
18t Stand above T.V. 1.0185 41580 3 70
¥iddle of c¢olumn 1.0123 904 . 8 5
Top of column 1.0058 nah 16 -
Circulating Fluid 4.0015 28 .32 -

7. Packer Test on 13th April
(a) Summary

In & 4 hour 12 minutes production test, gas and reservoir
water were produced &t rates of 80 cubic feet and 200 gallons
per day respsctively. A reservoir pressure of 650.3 p.s.i.g.
was recorded et & depth of 4700' below R.T. and reached
equilibrium during the test,



(b) Diary of Test (Interval 41686' - 4702')

6.55 p.m, ‘ound up clock (E,P,G,3 Amerada, element No. 3836)
7.25 p.m. Haking up tester (33" Johnston fester with s
wall packer)
7.35 p.m. Running 4n darill pipe (4I")
8.25 p.m., Sitting 10' off bottom for mud pressure
9.10 p.m Lowered to bottom, sheared pin and set packer,
8itting for Rising Reservoir Pressure.
40.20 p.m, Dropped Go~devil and started production test
14.32 p.m, Disconnected gas meter
11.34 p.m, Pulled packer free

(c¢) Production Measurements

(1) From gas meter

Initial Rate = 4 cub.ft. in 7 mins. or 1280 g.p.d.
Final Rete = 1 cub,ft. in 21 min. or 430 g.p.d.
Overall Rate = 5% cub.ft. in 72 mins, or 685 g.p.d.

(41) From drill pipe

Fluid in drill pipe = 20' or 410 gallons
Time tester valve open = 72 minutes
Hence oversll produwtion rate = 200 g.p.d.

(@) Reservoir Pressure Calculations

R.P.G.3 Amerada, element No., 3836 (0-2140 p.s.i.g.)

Calibration Temperaturc = 55CF,

Regervoir Temperature = 75CF,

Corrccted Mud Pressure © 1690' below R.T. = 856.6 p.s.i.z.

¥ud Gravity (excluding termperature & pressure corrections) 1.16

¥ud Pressure @ 4690' below R.T. calculated from mud gravity =
852.5 p.s.i.g.

Reservoir Pressure @ 4700' below R,T., = 650.3 p.s.i.g.

(e) Drill stem samples

Sp.Gr. S8alini Fluoreaceéne % Water

Q c1/10 rarts/10 Separation
60° F, parts by settling
Above Retaining valve 4,.0044 300 in 4o
Above trip valve 4.0028 148 8 Nil
Circulating Fluid 1.0020 36 24 Wil

8. Packer Test on 21st & 22nd April
(a) Summery

During a 3 hours 53 minutes flowing test a throughput
of 146 cubic feet was reccorded on the ges meter,

After leaving the drill pipe closed-in over night
a pressure of 14% p.s.i.g. was recordzd at the wellhead.

On breaking down the drill stem some {1400 feet of
4,0106 S.G. reservoir water were found above the trip-
valve. Thus the production consisted of reservoir
water and a smell quantity of gas.
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(v) Diary of Test (Interval 1706' - 1722')

2,12 p.m, Wound up elock (R.P.G,3 Amerada)

2,20 p.m. ¥aking up anchor string

2,35 p.m. Making up tester (33" Johnston Tester with 5"

wall packer)

3.05 p.m., Running in drill pipe (43")

L.02 p.m. Sitting 2' off bottom for mud pressure

4,48 p.m, Lowered to bottom, sheared pin and set packer,
Bitting for Rising R.P,

5.22 p.m, Dropped Go-devil and commenced@ production test

9.15 p.m., HKeter throughput 146 cubic feet, Closed in
drill pipe to record pressure build-up

9.00 a.m. Closed-in pressure 414% p.s.i.g.
10,05 p.m. €Collected gas sample
10.15 a.m, Pulled packer f rce

(¢) Production Messurements

(1) From gas meter

Initiel Rate = 80 cub,ft. per hr, or 92,000 g,.p.d.

Final Rate = 11 cub.ft. per hr, or 1,650 g.p.d.

Overall Rate = 146 cu.ft. in 3 hrs.53 mins. or 5,620 g.p.d.
Averare back pressure = 407.3 p.s.i.g.

(ii) From drill pipe

Fluid in drill pipe = 41400' or 683 gallons
Time tester valve open = 17 hrs. 48 minutes
Hence overall production rate = 920 g.p.d.

(d) Reservoir Pressure Calculations

R.P,G.3 Amerada, element No. 3836 (0-2140 p.s.i.g.)

Calibration Temperature = 520F.

Reservoir Temperature =z T3°F,

tud Pressure at 1718' below R.T. = 845,9 p.s.i.g.

liud Gravity (excluding pressure & temperaturc corrections) 1.14
Iad Pressure at 1718' calculated from mud gravity = 850.4 p.s.i.z.
Reservoir Pressurc at 1720' below R,T, = 664.1 p.s.i.g.

(e) Drill stem gemples

8p,Gr, Salinity Fluoresceine % water

@ c1/10 Parts/40° separatior
O F, parts by settling
Above trip valve 4.0406 688 - 100
60' above trip valve 1.0100 730 - 100
700" above trip valve 41,0095 660 - 100
Top of column (4400") 1.0034 144 n Nil
Circulating Fluid - 32 8 Nil



9. cker Test on 2u4th ril

(2) Summary

During & 3 houre 28 minutes flow test & throughput of
14l cubic feet was recorded on the gas meter, This amounts
to an overall production rate of some 4,000 cubic feet per gday.

After closing-in the drill-pipe for 41 hour a pressure of
7 p.s.i.g. waB recorded on the wellhead, This pressure:
appeared to have reached equilibrium end s o the retaining
valve was closed snd the packer pulled free,

On breaking down the drill stem some 4400' of reservoir
vater of 5.G. 1,008 were found above the retaining valve,
Thus the production consisted of reservoir watcr at an
overall rate of 2410 gellons per day, and gas at sn overall
rate of 350 cubic feet per day.

(v) Diary of Test (Interval 1724' - 1755')

9.40 a.m, “ound up elock (R,F.G.3 Amerada)
9.50 a.m. Kaking up anchor string (3i" ».J.)
10.10 a.m. Testing packer (34" Johnston tecster with 5%
wall packer)
10.20 a.m,  Set 4" Johnston burstinc-disc 60' above
retaining valve
10.25 a.m. Running in drill pipe (4i")
11.10 a.m,  Sitting 2' off bottom for mud pressure
11.25 a.m, Lowercd to bottom, sheared pin and set packer,
Sitting for Rising Reservoir Pressure.
12.32 p.m, Dropped Go-devil and started production
4.00 p.r, Keter throughput 144 cubic feet. Closed-in
drill for pressure build-up
0 p.m. Ciosed in pressure ,7 p.8.1.g.
i " » 7 p.s.i.g.
p.nm. Collected gas sample
55 p.m, Pulled packer free

(c) Production Measurzments

(1) Fror gas meter

Initial Rate - 65 cubic feet per hr. or 9,700 g.p.d.

Final Rate - 20 cubic feet per hr, or 2,990 g.0.4,

Overall Rate -~ 4Lk cubic feet in 3 hrs. 28 mins, or 6,200 g.p.d,
(144 cubic feet are egual to 36 sump volumes)

Averace back pressure = 301,0 p.s.i.g.

(#) From drill pips

Fluid in drill pipe = 4400 or 535 gallons
Total time testor valve open = 5 hrs, 23 mins,
Hen:e overall production rate = 2380 g.p.d.

(a) Reservoir Pressure Celculations

R.P.G.3 Amerada, element Ho. 3836 (0-2140 p.s.i.g.)
Calibration Temperature = 5L°F,

Reservoir Temperature = 74°F,

Correctecd Mu Pressure at 4751' below R.7. = &70.4 p.8.4.8.

Iud Gravity (exeluding pressure & temperature correeti-ns) 1.14
Celeulated Mud Pressure at 1751 below R.T. = 866.3 p.s.i.g.
keservoir Fressure at 1753' below R.T. = 680.7 p.s.1.g.



{e) Drill stem samples

8p.Gr, Salini Fluoresceine % water
[] €1/40 Parts/10 geparation
60° P, parts by settling
Above trip valve 4.0077 608 1 95
48t stend above T.V, 41,0074 616 1 95
¥iddle of ¢olumn 1.0073 572 3 90
Top of column 4.0025 152 32 Hil
Circulating Fluid - 52 48 Wil

140. Packer Test on 3rd Hay

(&) ‘Summary

In & 37 minutes production test there was no evidence
of production on the gas meter. The Amerade chart showed
thet the test had been mechanically satisfactory.

(v) Diary of Test

9.45 a.nm. Wound un elock (R.P.G,3 Amerada)

10.0C a.m., ¥sking up anchor string (3%" ®.J, pipe)

40.20 a.m. <Lested packer (34" Johnston tester with 5"

wall packer)

10.25 a.m. Put LI" Trip Velve 60' above retaining valve
10.30 a.m. Running in drill pipe (43")

11.25 a.m. Sitting 2' off bottom for mud pressure

11.40 a.m. Lowered to bottom, sheared pin and set packer
12.38 p.m. Dropped Go-devil and commenced production test
"4.15 p m. Pulled packer free.

(¢) Reservoir Pressure Calculations

R.P.G.3 Amerada, element No.°3836 (0-2140 p.s.i.)

Celibration Temperature = gh F.

Regervoir Tempcrature = 70°F,

Corredted ¥ud Pressure at 1857' below R.T. = 923.2 p.s.i.g.

Hud Gravity (excluding pressure & temperature corrections% 1.14

Kud Pressure at 4857' below R,T. calculated from mud gravity =
918'8 P- sOiOg'

During & 1 hour "Reservoir Pressure"” period therec was no sign

of any pressurs incresse on the Amerada chart, thus confirming

that the formation was non-productive,

41. Packer Test on 5th May

(a) Summery

In & {1 hour 56 minutes production test recservoir water
of 1.005 S.G. was produced at an overall rate of 2,970
gallons per day and gas at a rate of 340 cubic feet per day.



(v) Diary of Test (Interval 4868' - 4903')

10,30 a.m. Wound up elock (R.P.G,3 Amerada)
10.50 &a,m.  Making up anchor string (33" P.J.)
11.05 a.m. Tested packer (34" Johnston tester with 5"
wall packer).

43" Trip valve set 120' above reteining valve.
11.15 e.m. Running in arill pipe (4i")
12.418 p.m. S8itting 2' off bottom for mud pressure
12,33 p.m, Lowered to bottom, sheared pin and set packer
; 8itting for Rising Reservoir Pressure
2,04 p.m, Dropped Go-devil and commenced production test
4.00 p.m. Pulled packer f ree,

(¢) Production Messurements

(1) Prom drill pipe

Initial Rate = 48 cubic feet per hr.or 7,180 g,p.d.

Final Rate = 23 cubic fect per hr, or 3,440 g.p.d.

Overall Rate = 61 cubic fecet in 4 hr. 56 mins. or 4,720 g.p.d.
Average back pressure = {41,5 p.s.i.g.

(11) From drill pipe

Fluid in drill pipe = 550' or 240 gallons
Total time tester valve open = 116 mins,
Hence overall production rate = 2970 gells.
(550" fluid are e-usl to 7.8 sump volumes)

(a) Reservoir Pressure Calculations

R,P,G,3 Amerada, element No. 3836 (0-2140 p.s.1.)

Calibration Temperature = 55 F.

Reservoir Temperature = 720F,

Corrected Mud Pressure at 1899' below R.T. = 936.8 p.s.i.g.

Kud Gravity (excluding pressure & temperature corrections§ 1.45
¥ud Pressure at 1899' calculated from mud = 947.8 p.s.i.g.
Reservoir Pressure at 1901' below R.T. = 747.8 p.8.1.g.

(e) Drill stem samples

Sp.Gr, Salinit Fluoresceine % wate:
6@ c1/10> .'v?:su"cs?w%j scparatic
0%r,

parts by settlins
Above Retaining Valve 1.0051 332 1 95
Above Trip Valve 1.0050 332 1 90
¥iddle of eolumn 1.0050 308 2 90
Top of column 1.0030 92 32 Nil
Circulating Fluid - 36 32 Nil
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GAS ANALYSES

(Analysed by A.I1.0.C., Research Ststion, Sunbury)

Date collected 9th April 22nd April 24th April
Horizons Exposed Sandstone Sandstone Sandstonc
(4656'=1665") | (1712"-1720") [ (1730'-1752")
Constituent-Nol, %
Nitrogen 6.00 3,80 11.75
Carbon Dioxide Ni1 Ril Wil
Hydrogen Sulphide Nil Ril Nil
Kethane 89.90 93.25 85,15
Ethane 2.85 2.50 2.95
Propane 0.95 0.35 0.15
Butane 0.25 0.40 Nil
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TABLE II

IH§PECZIOK DATA ON SAEPLE OF CRUDE COLLECTED DURING
PACKER TEST ON 23rd MARCH (Sandstone 1349-1376")

,? TEST | RESULT
!

! |

Water content ¢ vo1, } 0.2

{ I

fgg dried sample i
Specific Gravity at 60°F./60°F, ! 0.8803
‘Distillation I.P, 2l ° {

{I.B,F, c | 8y
Volume Recovered at 5020. £ -

;: 7500- “}; ,: L

| 100_C. & >
125°C, SIS

; 1509C. Z 4.5

! 175°C. £ 1 300

i 200C, % P45

! 225.C. % ¢ 6.5

; 250°C. £ ¢ 9.0

i 27555 % i 42.5

! 300°¢, 21 M7.5
jTotal Distillate % : 48,4
‘Residue % i 81.5
Loss % i 041
‘Specific Gravity at 60%F. of aistillste | 0.,8080
! " " " " " residue i 0.8994
Wiax Content wt | 24,6
‘Helting Point of Wax 5 F, | 92
‘Kineratic Viscosity at 100°F, es. | 51,62
iAsphaltenes %wt | »0.05
i Sulpher content Fwt | 0,16
{ Baponification Value i N1l

' Residue from Distillation !

; j

! Specific Gravity at 60°F/60°, i, 0-8994
| Kinematic Viscosity cs ! 145.5

. Sulphur Content gwt : 0.17
! Pour Point (Upper) F. 1 30

i {

: Fraction I,B.r, - 300%. i

{ Bromine Kumber |

i Unsaturateds #vol., 5

H §

i
i
?
E
i
i
H
i
!
|
{
|
i
i
i
;



ALYSIS O

- 23 -

SSERVOIR W

SRS

(Analysed by W,W, Taylor, B,Sc,, F.R.I,C,, Public Analyst, Nottingham)

T
g 218t April

lcollected from
labove the trip
valve & should
be reliable as
3.5 sump volumes
were produced
during the test,

|

collected from
above the trip
valve & should !
be reliable as
1.2 sump volumes
were produced I

during the test

collected from
above the trip
valve & should
be reliable as
L sump volumes
were produced

during the test |

collected from

' collected from

above the retain-above the trip

ing valve &
as a salinity

valve & should

¢ should be reliable be reliable

as 48 sump

greater than the volumes were

mud filtrate
indicated the
presence of

' produced
" during the
| test

rescrvoir water

collected from
above the trip

' valve & should

be reliable as
36 sump volumes
were produced
during the test.

DATS COLLECTED 9th Mawrch 23rd March 9th April 13th April 24th April 5th May
HOW GOLLEC TED Prom drill- From drille From drill- Brom drill- jFrom drill- From drill- j From drill-
stem during stem during stem during stem during | 8tem during stem during ‘1 stem during
packer test packer test packer test packer test |packer test packer test [~ packer test
HORIZONS EXPOSED Sandstone Sandstone Sandstone Sandstone i Sandstone Sandstone '~ Sandstone
(885'=910") (1349'~1376") (1656'-1665") | (1693'-1700") | (1742'-1720") (1730'-4752") | (4873'-1890")
SP,GR. AT 60°F, 1,0040 1.007h 1.0200 41,0044 ' 41,0106 1.0077 | 1.0051
pH VALUE 749 . 805 T3 & 8, 1 7-6 . 17 . 4 7.9
TOTAL SOLIDS 363.9 1344 3002, - | 565,0 1169.4 1126.6 I~ 61742
By 08 P ! ‘
NA 126,3 402,8 918.9 202,2 5397.8 | 387.0 I 223,2
K 2,9 2.1 2,5 1.4 | 3 ! Le3 1okt
MG 3.5 12.2 Luy.5 L. Po12,5 } 9.3 i 2,8
CL 201.6 639.0 1846,0 284.0 | 6745 | 639,0 333.7
80y, 0.6 14.8 1.6 20,9 i 0.5 - 0,6 1.1
|
RAE, N _EQU l T €~
NA 43.3 L. 5 38.1 | 45.0 L k2. L k2,9 [ Lus.2
X 0.6 0.1 - [ 0.2 10,2 | 0,3 ; 0.1
CA 3.8 2,8 8.4 3.4 T ; 4.9 » 3.6
MG 2,3 2.6 3.5 { 1.7 2,5 | 1.9 ! 1.1
CL 141#.8 u5-7 Ll»9¢6 ! ,4—009 )4'606 f Ll509 ! ’ ‘43.8
30y, 0.1 0.8 - 2,2 - w - i 0.1
"‘)3 5'1 305 o % 609 30‘4 fo 24'-‘ f 6‘1
| i %
RENARKS ‘ |The sample was The sample was The sample was | The sample was  The sample was The sample was | The sample was

‘'collected from

above the retaining

¢ valve & should be
I reliable as 8 sump
+ volumes were produced

during the test
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BECTION 2
DETAILS OF CORE ANALYSIS WORK

(2) Summary

The results of detailed core analysis measurements made
on tweniy-four samples taken from some twenty-one cores are
presented,

These samples embrace the oil sand angd gas successions
encountered during drilling operations.

In the main, porosities were between 10 & 45% except at
the base of the 1730' - 1760 sand end the top of the 1835'~
1857 sands, where the average was 7%, Apart from three
zones -~ 901", 1352'-56' and 1519'-1663' - permeabilities
were low - mostly leess than 40 millidarcies.

Hearly all the sandstones encountered gave 8 measurable

0il and gas saturation although the majority of the rocks
were fully water satursated,

(b) Experimentel

The routine methods used are reported briefly with
general comments,

(1) 011 & water saturations

\ Approximately 100 grms of the crushed samples were
refluxed in toluene for 8 hours and any water collected in
8 Dean & stark side-arm attachment., This extraction was
carried out as soon as the core came out of the hole 80
that losses due to gas expansion and evaporation were at

a minimum,

{11) sSalinities

The salt content was measured by boiling the extracted
dried crushed sample with 250 ccs. distilled water for three
hours and then carrying out & lohr titration using silver
nitrate,

The salinity of the water in the core was estimated,
using the salt content of the crushed sample and the water
saturation measurement, The salinity of the mud filtrate
and also the connate water, where possible, were measured
by a Mohr titration, From these salinities it is obvious
that considerable mud invasion of the sandstones had taken
place during the short time that the cores were exposed to
the circulating fluid.

(111) Porosities

Porosities were measured on small cylindrical plugs -
1" diameter and 1" long - by measuring the increase in weight
of the plug on saturating in vaceuo with & brine solution of
salinity approximately equal to that of the connate water,
It is assumed that 100% of the effective pore space is filled
with brine and that no clayey inter-granular cementation
material, which would swell in the brine solution, is present
in the smell cylindrical core,

(iv) Permeabilitics -

Alr permeabilitics were determined by measuring the rate
of flow of air through the small plugs at a given differential
pressure or conversely measuring the pressure differential at
a given rate of flow,
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TABLE I, erl\.i(
0
v g SU OF CORI3 ANALYSIS RESULTS
‘Wﬂ '(
U(l. -';1'\“\‘“’
Sample Depth Sg;;n*giea - P.P.M, NaCl Saturations - % Pore Space }
ggr. Ft-RngOW Water | Connate Mud Measured Deduced Ky I “B
i ks in y  Water |Filtrate w So 8G(Min) | SG{Vax Mds, ] *
Core |
1 692! 6" 1,494 3,337 198 88,5 - 115 63.4 - [ 10,2
2 897" 473 | 3,337 | 198 96.3 | = 3.7 | 9.5 | 8,60 | 146
3 9017 6" 260 3,337 198 71.9 - 28.1 98.6 439.80 | 15.5
n 928 13,767 | - 198 100.0 - - - - ! 0.7
5 1065! | 6,314 | - 132 71.8 [ 16.7 11.5 - 7.80 | 13,0
6 1074 { 3,303 4,080 132 93.3 6.7 - 18.5 0,77 ! 10.7
7 1083' L4,806 - 132 86.7 2,6 10,7 - 7.88 | 4.1
8 B2 15, 547 - 264 2.3 Lo.7 17.0 - 265.10 1 16.4
9 13561 19,977 - 264 59.6 14.6 25.8 - 213.90 | 15.3
10 1359 24,783 - 264 7448 5.5 19.7 - 10.03 | 12,0
11 1365 24,523 - 261 81.7 | - 18.3 | - 0.39 | 7.9
12 1 85,2“»3 - 24'62 7.7 H 89.’4 2-9 i - 67090 ‘ 1}402
13 1523! 36,526 - 462 19.6 | 80.4 - - 57.28 | 14.3
L 1661} 2,771 | 27,089 | u62 43.0 2.0 5L4.6 93.5 161.10 | 15.5
15 1663 3,047 ; 27,089 462 32,8 2.8 6L.L 93.7 40.80 | 13.8
17 1695' 6" 1,500 4,955 595 9.4 5.6 ; - 4.8 3.66 i 9.1
18 1715 1,518 11., 364 529 81.8 - 1 18,2 92.6 123,90 | 43,3
19 i 1718' 6" 1,915 11, 364 529 7.3 0 2,5 [ 26,2 88.4 96.3 |12.3
20 { 1735: 3,441 | 10,043 859 90.0 | 10.0 ; - 65.0 1.00 i 7.7
22 1739, 10,595 - 859 63.3 | 12.2 1 245 - 0.59 | 9.5
2L | 1887' 12,207 - 595 734 16,8 ¢ 10.1 ! - 0.08 5.0
25 | 1890°* 8,793 ~ 595 59.5 | 2.3 [ 38.2 - 0.24 ' 6.2
SYMBOL \Qf{é
-
1. Sw = water saturation \1 0
2. 8o = 011 Saturation 7.1
3. 8g = Gas Saturation ’///////
L. Xa = Air Permeability in millidarcies T b
5. @b = Effective Porosity to Brine N 4
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AREA: COUSLAND (SCOTLAND)

WELL No.

5 DATE
= CRUSHED CORE SAMPLES
OIL AND WATER CONTENTS SALT CONTENTS
e Weight of | Loss in Water in D & S Receiver ol one L eline .V°2§me- Yolme N/20 Silver Nitrate Sodium Chloride
Thimble Plus Sample extracted weight . (including mls. water solution | Sulphuric | used for f, titration{ Mean In f2 Total
Sample Depth Thimble sample grams |  grams Initial | Final |Produced | bitumen) added to | titrated | acid to | = [ |quantity | 0.3441x85 Extracted
Ref. No. in feet grams. Saturated Extracted (ws = wi) | (Wa = wy) | mls. mls. mls. . mls. neutralise 1 2 mls. Xgx107 waXf
grams grams ‘ (b,-b;) grams mls. : mls. o e
(a-c) ' mls. mls 2 grams grams
. wy ws W, W, a b, b, c d e f, f, f, f, f, g W, W,
C5/4: 1892% 6‘_1 A7 194.733 189.899 128.728 L.824 1.9 6.8 49| - 118 250 50 = 0:5]1 0.5 0.5 <004 L63} 00732
3 9044 57,139 175,090 169,423 142,288 5.597 1.3 6.93 5.65 - 193 0.3 0t |04 | Ool| 000293| .00LY
L 928 58,702 160.770 460.164 101.46p 0.604 s e2i G = 203 0.3 0.3 HQ.Z 0.26 ;000732 .00366
5 . 1065 155,078 168,191 162,933 107.85k 5,219 1.4 5.6| L.l 0.819 223 -1 1,9/1.,9| 1.9 ,00556 | .02780
6 1074 57480 1784994 173.708 115.90l 5,286 0.9 5.9| 5400 0.286 251 wil A4S | 4B [ 4a 3] JOO33061 01658
74 1083 59.¢439 183,884 477,308 118,466 6,554 3.4 9.5! 6.4 0.15¢6 300 =1 2411 2.1] 241 00615 | 03075
8“ 1352 58.637 168.273 162.184 103.54p 6.091 <D 3.8 : 3.3 25171 25D - ’3‘.5‘ 3.5 3.5 .01024 | .05120
9 1756 58.635 161.393 156.409  97.77h4 L.98Y 0.7 L.8| L.1| 0.284 f 230 - | 5.6|5.6| 5.6/ .01638 | .08190
10 1359 bhebd 190,515 185.'203 123.525 5.4194 0.8 5.6 L.B8] 0.310 | 200 -~ | 8.1]8.25 8.7 0238 | 41190
11 1365 61.149 190.079 185.7M3 125.59h 3556 4.8 5.0[ 3.4l = 1220 0.2 H46 5.8 | 5.7 <0668 | 408340
1= 1519 58,690 185.283 176.983 120.295 6.300 2.2 2.8 0.6] 5,700 27 250 50 = [ 3.5 | 3.5 | Dab| 0l02h4 .05120
13 1523 55.072 169.94s 163.36 108.297 6.579 5.4 6.6| 1.1/ 5.179 240 - | 3.5|3.5| 3.5 .01024 | .05120
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CAlL AREA:  GOUSLAND (SCOTLAND) e s DATE
o : CRUSHED CORE SAMPLES
OIL AND WATER CONTENTS 'SALT CONTENTS
eighite Dess ; Veighe of | lesin | Waiecin D @ S Reccher o "Ofw#g,fggne Yolume ) elume | e | (00 silve: Nic e e
Thimble Plus Sample extracted weight - . (including mls. water solution | Sulphuric | used for f, titration] Mean In f2 Total
Sample ,.Depth “Thimble Samrp|e grams grams !n!tial Final |Produced bitumen) added to titrated acid to quantity 0.3441 x8.5 Extracted
Ref. No. in feet grams Saturated Extracted (s = v (W5 = W, mls. mls. ms. . ] s neutralise 1 2 mls. xgx107® Wy X fy
: grams grams . (b‘z'bl) grams mls. mls. ot f,
/ @-c) . mls. mls. 2 grams - grams
W v . W, a b, b, c d e f, f, Pt f, g w, W,
14 4661 584763 175,985 172,517' 113,754 2069 | 2. | 5.7] 2% l0.169) oL0 i3 0.6 0.65 0.625 00183 |,00915
15 1663 59,909 182,506 179:924 | 120,045/ 2.582 | 0.9 3,31 2.1 04482 | 240 . Q:i Dus |08 | 004h6 | 00750
16 1694 ‘57,798 174.277 171,516 113.718| 2,761 | 1.6 | ha2 | 2,6 0.161 | 247 0el | 168 | 448 | 148 | 400527 |v02635
t 1695% | 58.638 | 180,019 175,577 | 116.739| 4638 | 1.7 6.1 | il |0.238| - 0.3 | 0.k | 0.5 | 0uls| 00432 |.00660
18 1715 50,636 186.075 180.27L | 121,638| 5,801 | 2,5 | 8.3 | 5,8 | s 226 2450 | Ovb | 06 *016 ‘v.eo176 00880
19 47484 57,799 | 1844222 179477 | 124.678| L. 745 142 5.8 | 46 |001LE | = soa loi6 e loie . o019 | o088
: 20 s ' 1735 V - 553078 186.)—&22 183?‘408 1279330 Ls01h | 1,0 L}-¢65 35.65|0.56l - “ 0‘8 0.9 0.85) 00249 |:04245
2g 1759 | 59#12L | 1764367 172,964 | 1134840 3,403 | 0.9 3,8 : 2»9 0,531’; L - - |2M éﬂ 241 ‘ .0061L |.03070
. (1858 | 574616 | 1354125 1334188 | 75.572|1.937 | LB | 6.3 | 1.5 |0.U437 | - U007 1400 L des | 200200, Lona6e
2 1887 574616 | 166.729| 163.713 | 106.097|3.016 | 1.05 3.55/ 2.5 |0.516 | . 1435 140351 1,35] L00305--1,01975
25 1890 57.795 | 183,861/ 181,014 123,219 k2,ﬁ\8l;7 247 | 545 2,75 10,097 | 1,45 |1.10}1.12% .00329 |.01645
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CA2 AREA: COUSLAND (SCOTLAND) WES. No. § DATE
CORE PLUG SAMPLES
PERMEABILITY tTO AIR . BULK VOLUMES PORE VOLUMES
e e A e e Z?:@"g‘ U e e e e e
Ref::':gce Ofcpr::f cms. | psi. o Hg | psi P 53.5LQ, Permf:;l:-mty Beaker B:laukser (%:?Tvs) tr cgsf/gl—r{agr}m 'Ofczlslfg grr-)a'llfngs bg?';t:s sagtg:rﬁlsug (5\/:?‘[275) (ng-l’\?;\f;ls) dg::.ig ng,l o
No. h, % p.s.i. ccs/sec. pl<l+—— ) e grams mercury 1xm per cc | o‘ v/V .
0.0142 cms | h,x0.194 2p, i » grams ; 7 %100
L h P1 pl‘ Q. h, Po . i i k, ) W Wi ! n v W, W Wi n - o P V. ¢B
oA 2,47 | = | = [36475 | = %5 1ol |83,59 | = | - ﬂé.,258£01 2566 |165,308 196 [,07382 12419 29,024 20,486 b4.766 (30,280 1,254 |1.0053 11,248 10,2
£ [2eb5 | = |- 16476 12,5 | " |38.16 p27.7 | 8.6 01314 [165.05421,8,07385 [12,18 £7.155| *  53.42h PB.938 [1.783 | " {.77h |16 |
: b e L L 204,997 168,739 22707386 12,45 R7,587| " Bh.013 R9.527 [1.940 | " 11.930 [15.5
b 250 |.o fe=. DBBTD o " " 83.59 - = ‘.I%.seas Em.mém.& (07387 12 56 B3 36, . & K7 938 B350 | OBH L ® o7 g 7
5 246 | = |- 8k 2.5 |" | " 2,00 529.0 | 7.8 200,948 1161:4699 23,5,07387 [12.15 27.700| " 53,769 29.283 11.585 | " 4,575 13,0
AR - |- PSRBT | Y P P BT 302,409 166,151\23.9407367 [12.26 28,857 | " 54,665 B0.177 1.320 | "  h.313 ho.7 .
T M|t |m 1 RS | M| Y B0 | 7.88 | 195,631 159373128 207586 [11.77 26.646| " 32,805 PB.HF 1.673 | " - 66k lthet
2~51 df:—)ﬂé 1 o215 - 2.5 7?4-00 1%36 h,26733 599 Fé‘f)o"{} 200;581 ‘516-’32323.7| 07386 h2.13 6,1;.2? “ $2‘94}+ ,’38'1428 2'001 n 5.991 16‘4
‘9 ‘ ’2‘&-7 - |- 147 Ro5 1 | M faBA5 330.5 (213,90 | @ 496,000 159.742(23, 3407586 11,78 25,655 " 54,956 27.470 4.815 | " 1,805 15,3
- BB (20 ae RS T LT R0 S | 100 204,837 J68.579\23 7407387 1245 28,730 | " Mh.TA7 30,231 1.501 | " 1.493 h2.0
11 2. e 1 N o), |n ; - . . , : :
s At Bk | 7 J33"";’0 p2.6 | 0.39 \,  167,02825,6,407367 12,33 29,507 | "  H4.976 30,490 |.983 | *  |.978 |7.9
12 Fade & = 3R (Pe5 7940 1he55 |4.960 357.0 |67.90 -33.958 68,501 22.0,07385 ~2.1+S' 37271 2,065 93,131 29,066 1.795 §.0150 {.768 4.2
© fed1 = = 300 RS " |7  5.BEO 3355 |57.88 2 167.054(20,707383 |12.33(26.924 " 52,776 28,711 1.787 | " 4,760 fik3




C.A2

AREA:  COUSLAND (SCOTLAND)

—as

WELL  No.

5

DATE

CORE PLUG SAMPLES

PERMEABILITY TO AIR

BULK VOLUMES

PORE VOLUMES

Plug
Reference
No.

Length
of plug
cms.

Manometer

reading

Gauge

cms.

p.s.i.
h, X
- 0.0142

P

Pressure

p.s.i.

P

Flow
Rate

|ces/sec.

Q,

P

Atmosbheric

ressure

Hg

cms

p.s.i:

h, % 0.194

Po

G+m
. i
N 2p,

53151 @F

Air
Permeability
mds.

J
i
ky

. Weighing

Data

‘Beaker
grams

W

Beaker
plus
mercury

grams

W

Weight
of Hg.
grams

(We-Ws)

Temp.
of Hg

tOG

Specific Bulk

Weighing Data

Volume
of plug

Volume
of Hg.
ccs/gram ccs.

1Xm

m

Dry

plug
grams

Weighing
bottle
grams

W, W,

Bottle plus
satd:plug
grams

Weight of
sat: plug
grams
(We-w;)

Wt. of

Brine

brine
grams

(n'Ws)

o

measured
density
grams

_per cc

P

plug pore
vol.
ccs.

o

P
v

%%
Porosity
to brine

v/V
x 100

»B

e
15 -
16

17
18

19

23

25

|25
(2.7

|2e39

|2a81
|25

12,52

2.57

s

. |2eh2

[

e
6461

4 56» ?5 ;

24535 .5

2.5

.5

1.25

2435

L
; Q&ﬁ,

”,‘3@9v
5 DL05

- Petle

15:8

/5e7

L ]

"

1568

"

P60
()

14067

"

1447

1

14467

n

14453

uw

a7 |

1Ueli6

2,118
B4

82,8

2»{»753

345

| 82477

83447
83,26

82,6 |

1849

19.77

34441 |
330,5

159.8

303.0

116@5‘
6,72

16141
40,8
A9y ;

| 12349 -

Qgggg
04591

14395
0,081

38

55,

"

o

55

"

961
961

1

s | w

35960 198,953
: Aﬁﬁ@?v’%«%

o8, 2

15,455

208,436
203,623

197,567

6’2}162

210,924,117

1o Belo7ss

161.6062,2 07588 11,95

[200.300| 461,32
210,302|

L ?2;.».2@

16297321

179491 8.2

Wi $O7377] 12486

19007381

171534169

12,30
07386 | 12,38

12,9

,07382] 12,73,

12,03
12,66

07384
.07578

.07380| 13425

20,48 24187
28,019 24,487
27,671 "
28,709 *
29,29
2908y v

733
30,166 "

1

28, 9y
304,583

24187
2#5435

52.215 "

544835
544239

|534469

54308

55.51C

: 1574226

554883

544387

s

554714

304348
29,752

?8@,982

29,821

324750

314228

33,046

31402k

30.855.

31,397

294900

14548
1.733
1,305
14733
4457
1,007

0,956
0, 645

0.8%

1,412 | ‘
140150

1,231 |

1:0150
140150
140146

n

n
L

L

1,0150
1,0113

n o

1917

14707

14096 |
1707
- ‘54.,;.551'
14213

1,286

0942
0,638

0,.’822 ‘

15*5 |

138 |

|
{

10.8
9.05.
1343
12,3
v,
95
7.84
50k

6,2



-,30 -

CA3. AREA: COUSLAND (SCOTLAND) : ‘ ~ WELL No. 5 . l . » - DATEﬁ . -
. - FLUID SATURATIONS AND SALINITIES |
. sl L ~ o e SALINITIES . Gl
Y'::: P_ore Spacel | . - Saturation—9% Pore Space Salinities—ppm. Sodium Chloride ’Saturation—-% Pore Space
& e x Rock - Depgh én Rs?g'g;ie _(I[;aﬁ:‘:ls:)ed ,Spce)cl:liﬁc Water Qil Difference Water - Measured Water in core Water Difference
. » . ee e e W, ity |Gnodin) d 1 Gas e cora T Mud corrected for| (minimum) ? Gas
Horizon . hormation Vi c ——x 100 | (minimum) | W,XxW, x 108 Water Eiltte mud invasion X, X s, |(maximum)
z W, —x100 | qxr 100-(s,+.) | W, x v x 5, lOO((xl-z)) 100 100 - (s, +1,)
q . : Y-z
q r S1 ~ t, u, X, y z X, Sy u,
| sendstone 8924 CB/| 54535| =) 88e5 | = |- 145 | 1,494 | 3,357 498 | U443 | 3646 | 63.4
" . ol Bl el Gl ol el 0648 e BT L3 | agsty 198 | - 8.8 8.5 | 91.5
- : 90t |- o) FuBE sy | | 2844 | - 260 | 3,337 | 198 | 2.0 Auks | 986
Limestone | 928 Ll 0.266| =100 - con AT PO oo il 498
Sandstone | 1065 bl B Bl 08 | B b AGITE T - 63 o e 132
e , AOTL G507 Bl 985 6.7 w5305 1 5080 1 152 80u3 | Tha9 1845
" - 11083 7l Bl % L UBEe L Bu6l 10.7| 1,806 | hoSo | 432
" 4356 G BiuBBes ot | 95006 | ARE| - 25:8 | AGITT | 261
2 1359 10 Bulpg | | B BLBl 40,7 20,785 | 261,
" : 1365 11 uc16 " 81.7 - - 18‘3 21,-4-’523 261'*‘
i ' 1519 12 7286 | o9l 7 L Ball 2.9l BE alx , 264

" qgupz| g3l w8 o p.g s o B0l | 36 506 4k iamn




. '\\‘.
ICA3. AREA: COUSLAND (SCOTLALD) WELE Moy & ,  DATE \
Gl ' ‘ FLUID SATURATIONS AND SALINITIES \\

T ROCK SAMPLES (notASkglelztegﬁly'lmﬁzl?nwgsion) SALINITIES :\ Gaidstior e
mmt\ Pore Space : Saturation—9% Pore Space Salinities—ppm. Sodium Chloride \ : N vSaturation—%P'ore Space
! Geological Rock Dep;cze:n Ri?en:'giie (";a;::]s:)ed Sp?clli.ﬁc Water ‘ Oil Difference Water / Measured V\_/a\tég'\in ¢t\>\<e . 'Wgate/r Difference

Horizon . Formation L ) e s B s S
' o W, —x100 | qxr 100-(s,+t.) | W, xv xs, . 100(x,-2) | ™Moo 100 - (s, +t,)
: s e :
q r Sy t, u, X Yy z X, k\7 .S'.;\\t u,
Sandstone 1664 o -4l | 968 o puel- R0l ool [ Bluk |2 g 27,089 L62 B 347 |- 08,5
" 1665 | 15 | 74320 | 0.9| 3248 | 2.8 |6lhulir | 3,047 | 27,089 462 | 9T | 2. [-93.7
" 169u%| 16 | 5.285 | 0.9| 492 | 3.4 |L7.4 [10,136 595
" 4745 18| 7.090 8148 - 4842 14548 11,364 529 9 7;1-# 90,6 |
e 17404 A9 | GelihS L 0J9 HES 255 126,20 | 4085 | 44,%6L 559 | 4258 | 954 | 88,4
o 1735 | 20| 3,980 | 0.9| 9040 110.0 - Zu4e | A0.0hs 859l ovg o lagen. oG5 0
k. ATBG | 28 | eSO 0P| 63T N 2@ il ieb v | 404595 859 ’
" 1888 o3 L ss | ool BgE el | 36 | 1R 6sd 859
" HBBT| e olye L Bulie - 049 L TBuh 1668 - [10u1 - 42,207 595
n 4890 25 L2 ¢ | 049 | 59,5 | 2.5 382 8,793 595



APFENDIX A.
Cousland Reservolr Pressures
y eV
’%ﬁ%?
//7
4. ZTabulation of recorded pressures ! °,’? 7
z
Depth Pressure
Well Fset U.G,C, p.s.i.g. Roemarks
c1 1632' 8933’ 640 By calculation froxg C.I.P, of
; 15 p.s.i.g.
€1 1770 8795 687 " " 659 "
C1 13800° 8765" 689
c2 2039' 8393' 850 Formation Test, Equivalent
#4720" sand in C1
c2 2308' 812y’ 955 Formation Test
cL 45" 977! 576 Formation Test, Report P.T.4165
cL 1483' 9148 592 " " " "
c5 910"  9641" 354 Formation Test, Equilibrium
pressure reached
c5 1082" 9269° L80 Formation Test. Falling R.P.
Probably not truc: EZguilibrium
pressure
C5 . 1368" 94183" 538 Formation Test. Rising R.P.
Gxtrapolated to equilibrium
C5 1700' 8851" 650 Formation Test, Rising R.P.
Uncertain, due to stylus afm
» turning
c5 1720'  8831! 6614 Formation Test. Rising R.P.
*  Equilibrium pressure
C5 1753" 8793' 684 " y " " Gl
c5 1201' 8650 748 " " w 0 "

g
e e




- -

2. Corre on of re ded pressure
(a) Possible ges/water equilibrium begween 1582'=1632"
sand group of well 4 and 1693 '-1760' sand group of well 5
i. Reservoir pressure at 1632' in well 4 from C.I,P, of

Log,, P, = Log,~ P, + gsl
%6 "R 1071 S x2.3056 A

where:-

- %

1

reservoir pressure at 1632' - p.s.i.s,

closed-in pressure at top of column - 630 p.s.i.a.
density of air at atmosphcric pressure and average
temperature of gas eolumn - 0,07565 1lbs/cu,ft.
sp.gr, of gas ¢.f, air - 0,6

length of ges column - 4632'

atmospheric pressure - 14.7 p.s.i.

deviation factor for gas under average pressure.
and temperature of column - 0,899

log P, = log 630 + 0,07565 x 0,6 x 4632
145y x 2,3026 x 14,7 x 0.899

log P2 = 2.7993 + 0.04697 = 2.8463
Hence“ P, = 655.1 p.s.i.a, = 640 p.s.i.g.

Q@

<>
munon

Hence average welight of ges column

= 640 - 6415 = 0.0153 1bs/sq.in. per foot
1632

i1. Gas column pressure gradicnt at 6554p.841 a.;&y@

10U ¥, from gas analysis

i Hole | Molecular ; Critical | Critical
Component |Fraction weight of terpwmture . pressure
' n component; i of ! i of
M nM ‘component @ nTe componvnt nPc
f Te i Pe ;
N, 0.117 28 |3.28 227  26.6 k92 515
Cy 10.852 16 {#3.63 34 ‘293 | 673 | 573
By 0.00° 30 10,90 55 16,5 703 | 21.3
cs 0.001 L4 0,04 666 . 0.7 618 1 0.6
- 1.000 - 17.85T - 336,8 = f 6524

Pscudo reduced temperature = 530 = 4,58
336.8

Fseudo rsduced pressure = 655 = 1,003

Compressibility factor (from graph) = 0.920 (Z)
Average molecular weight = 17.85 (¥)

Density = { = PM_= ___ 655 x 17.85

ZRT 0.920 x 10.73 x B30
Density = 2,23 1lbs. per cu.ft,
Gas gradient = 3 2 = 0.0455 p.s.1. per foot

e

Py

il e s o sl T e NS



411, i ted OGas/water level

Well 5 R.P, 684 p.s.i.g. at 1202' below ¥.S.L.

Well 4 R.P. p.8.1.g. at 4067' below K.S8.L.
Dirference {1 p.s.i.g.for 135' eolum.

Suppose there is x feot of water
Then there is (135 - x) feet of gas

0.436 x + (135-x) 0.0155 = L4 "

y £y

0.4205x = 38,94 w1 5L5
x=93' [oé

Henoe C.¥.L. = 8798' + 93' = 8891' U.G.C. 3"

say 8890' contour

(b) Possible gas/water e uilibrium between 1720"' - 4306' sand
group of well 4 & 1835° - 4890° send group of well 5.

~In well 5 measured pressurc 718 p.s.i.g. at 1901’

Base of sand 1890', Mud 1.14 = 0.493 p.s.1./ft,
Correction for 41' mud column = 5.4 p.s.i.
Hence R.P. 712,6 p.s.i.g. at 1890'-

Well 5 R.P., 713 p.s.i.g. at 1339' below M¥.S.L.

Well 41 R.P., 687 p.s.i.g. at 1205' below K.S.L.
Difference 206 p.s.i.g.for 434' column.

0.435 x + (434~ x) 0.0467 = 26
0.4183 x = 23,76
x = 57"

Hence C.W.L. = 8661' + 57' = 8748' U.G.C. T
Say $720' contour




Well

C1

cL

G5

Appen

Cousland Caes Analysis

A

X

Alr Frce Gas % Volume

Sand Nitrogen
1188'-1209' = =
1248'-1279" - -
1582'-4632" 1.55
4720'-1806" 4.05
2094 -2422"' - 6,55

964" - 975" 1.65

1038 -1056" 5.52
1234 -1272"" 6.9
1480 ~4490" 6.2
1480"-1490" 61
1656' «1665" 6.0
1712%'=1720" 3.8

- 4730"=1760" 11.75

Acid
gZases

0.4
0.1
0.3

Methane

95.85
90.75
95.85
94.60
87.90

97.0
91.4
89.5
91.9
90.6

89.9
93.25
85.15

Ethane & §§%$%§%
2.50 1.814-
3.40 6.15
2.60 -
0.75 0.60
3.85 1.70
0.95 -
2.38 0.6
2.4 0.9
1.1 0.8
2,5 0.8
2.85 1.20
2.5 0.45
2.95 ‘0.45



PPEND!

ACPENDIX G
I. Detailed correlation of Couslend Reservoir Waters
(1) Cousland wells 1

(e) Water shows from sands correlsting w

in well 4.

When well 1 was bailed over 5 days, a few gallons of o0il
and mud were obtained, When the formation test of the
corresponding sand in well 2 was carried out, saline water
flowed at surface: the sample is considered to be tru
edge-water, the total solids content bsing 3436 per 40 .
-parts., This comparcs with a solids content of 137 in well 4;
80 that this sample of water is considered to be returned
drilling fluid.

The equivalent sand in well 5 is from 1350'-1376'.
The production consisted of oil, edgo-water, and returned
drilling mud. The fact that the fluoresceine content was
still 24 parts per million indicated considerable
contemination with drigling muad, However, the total solids
eontent of 1134 per 40° parts indicates that some reservoir
water was produced, From these considerations, the oil/
water level is put tentatively at the 94380' contour,

(b) §ater shows from sends correlating with the 41582'-1632'
gand ip well 4 .

sand in well

This is the top main gas sand in well 41, and no water
production was obtained. The corresponding sand in well 2
is from 1900'-1903', This sand was not tested, and no
reservoir water sample has been obtained,

The egquivalent horizon in well 5 consists of three thin
sands which were tested individually. In the test of the
4693'-17.0' sand, only 20' fluid wes produced into the drill
pipe. This had a total solids concentration of 565 parts
per 105, and muat have been considerably contaminated with
drilling mud. In the test of the 4712'-1720' sand some
1400' fluid was obtained in the drill pipe, and the
fluoresceinc concentration decreased from é parts per
million to nil. This is considered to be & true sample of'
edge-water., In the test of the third sand from 4730'-1760
edge-water was again obtained, prsectically frece from
drilling mud, having a total solids concentration of 1127
parts, These last two samples of reservoir weter are
nearly identical, and this is shown clearly by the analysis
diagram.

(e¢) Water shows from sands correlsting with the 4720'-=1806"
send in well 1.

Reservoir water samples were obtained from this horizon
in wells 1, 2 & 5. The samplc from well 1 was collected
from the flow line during gas production tests, The total
solids, at 571 parts, are on the low side as compared vwith
wells 2 & 5, suggesting that some drilling water was still
being reproduced at the time,




During the test in well 2 of the 2046'-2136' sand, the
fluid rose in the drill pipe nearly to surface, This suggests
that a good sample of edgo-wator was obtained, having a fotal
'solids concentration of 964 partis,

During the test in well 5 of the 4874'=-1890"' sand,
550' fluid were obtained in the drill pipe, and the fluoresceine
concentration decreased from 32 parts to 1 part, There was
possibly a little contamination with drilling water, in view
of the totel solids concentration of 617 parts, -

(a)

(1) Sulphate type freeh water showse of well 4

These fresh water ghowe were obtained over the interval
270'-836"; and contain ebout 100 perts solids per 105,
consisting chiefly of sulphates, with smaller gquentities of
Carbonates {and bicarbonates). :

(11) Chloride type waters of well 1

The one sample was collected from the 2480'-2210' sand,
and the sccond sample from the 2374'-2404', The first semple
is oconsidered to be mostly drilling mud; and the second

sample is probably edge-water with some contamination.

(111) Chloride type waters of well §

The two uncorrelated water samples from well 5 are
from the 885'=911' sand, and from the 1656'-1665' sand.
Both are considered to be fair samples of edge-water, The
1656"-1665"' sand gave gas production at mbout 4,000 cubic
feet per day, -

(1v) Chloride type waters of well 2

The sample collected from the 1770'=1780' sand is
considered to be a fair sample of edgc-water, This send
probably correlates with the 1432'-1465' sand of well 1,
which was drilled by cable tools, but was not tcsted, The
other sample (rom well 2 was collected from the 2280'-2410"
sand, and probsbly consists of substantially uncontaminsted
edge-water, The sand correlates with the 2000'-2036' gand
of well 4, which wes tested with only negative results, It
is not certain whether this was due to lack of production,
or to a mechanical d=fect,

(2) wWell 3 Reservoir Wa

(a) Water show from 4468'-1505' sand

This sample possibly consists of nearly uncontaminated
edge-water. It is thought that this sand correlates with
the 913'-991" sand in well 4, which produced on test a
little mudd¥ fluid and a trace of oil.

(b) Water show from 4723'-1750' sand

This sample is possibly apprecisbly contaminated with
drilling mud. This s and may correlate with the 1188'-41209'
sand of well 4, which produced gas .at a rate of circa
20,000 cubic feet per day.



{e) Water show from the {7852'-1302' sand

This is probably a fair sample of edge-watcr, with a
total solids concentration of 4028 parts per 105, The
sand is thought to correlate with the 1248'-79' sand of
well 4, from which probably no edge-water was obtained.
It will be notedthat the analysis of the water sample
from well 3 is similar to the analysis of the cquivalent
sand in well 2.

{d) Water show from the 2102'-2450' sand

This is probably largely uncontaminpted edge=-water,
with a totel solids of 6684 parts per $¥0°, This saend has
been eorrelated with the 4582'-1632"' sand of well 1, which
¥islded only gas production. But the egquivalent sand in
well 5 gave e reservoir water with a totel solids concentration
of 1169 parts. Thus thc edge-waters fror the corresponding
sands in wells 3 and 5 are of different types.

(3) well 4 Reservolr Waters

(a) Waeter sample from 735'=-760' sand

This sample consists of substantiaslly uncontaminated
edge-water, It is thought that this sand correlates with
the 913'-299"' sand of well 1, which produced & little
muddy fluid, end trace of oil. It will be noted that the
correspondence with the equivalent sand in well 3 from
1468'-1505"' is poor, so that these two sands have probably
distinct edge-waters.

(b) Water sesmple from 4234'-1293' sand

This sample is somswhat contaminated with drilling
water. It is thought that this sand corrclates with the
1582'-1632' sand of well {1, which gave only gas production.
It will be noted that the reservoir water has similar
characteristics to the equivalent sands in No., 5 well from
1693'-1760'. Again there is no correspondence with the
edge-water from the related sand in well 3 from 2102'-2450'.

(c) Water samples from 1827'-1832' and 1972'-4990' eands.

These are two reesonably good samples of reservoir
waters. As usual the edge-waters consist mainly of sodium
chloride., The sands have not been correlated with any
corresponding sands in othesr wells.



gas—cut mud
produced, Fluor- surface,

'- 2 ]
sand We

Well e1 o3 g2
Interval 1303' -4 20" 1327'-1370" 1461'-4528"
Sand 1248'-1279" 1350'-1376" 4490"'-1530'
8.G. @ 60°F. 4.001 1.0074 1,0245
Solids per 40° 137 1134 3436
Gram Equivalent

 Sodium (& K) 1.69 17.57 43,83
Calcium 0.56 1.12 11.37
Magnesium 0.08 1.003 L4.73
Chlorides 2.04 18,02 59.40
Sulphates 0.16 0.31 0.03
Carbonates 0.09 1.37 0,50
Ionic %
Sodium (& K) 36.8 L. 6 36,65
Calecium 12.1 2,8 9.50
Kagnesium 1.6 2,6 3.95
Shlorides Lk, 4 45,7 49,57
SBulphates 3.4 _0.8 0,01
Carbonates 2,0 3.5 . 0.42
Sunbury Ref, (or 7.W.T) AP.H/144 M7, N/480
Remarks Sample obtained Some 146' fluid 3 hours test.

by bailing with 4in d.p. Mostly Saline water
casing set at
1240°,

flowed at

esceine decrsd,

from 64 to 24

parts, A little

oil also
produced.



Interval

Sand

8.¢. @ 60°F,
Solids per 10°

Gram Equivalents
Bodium (& K)
Calcium
Hagnesium

Chlorides
Sulphates
Carbonates

Ionic %
Sodium (& K)
Calcium
Hagnesium

Chlorides
8Bulphates

Carbonates

Sunbury Ref.
(or W.%,T.)

Remarks:

1686' 4702
4693'-1700'
1.0044
565

8,83
0.64
0,34

8.01
O.44
1.34

h5.2
3.1
1.7

L4o.9

2,2
6.9

W.W,T.

Only 20' fluid
produced,
Fluoresceine .
dccreased from
24 to 4 parts,
A 1little gsas
produced,

o3

1706' -4 7221
1742'-1720"
1.0106
1169

17.39
1.98
1.03

19.02
0.01
1.37

42,6
4.9
2.5

L46.6

trace
3.4

‘I“"!l; .T.

Good

1724"-1755"
1730'-1760"
1.0077

1127

16,94
1.92
0.76

18.02
0.04
1.60

L3.2
4.9
1.9

45.9

trace

L.1

W, T,

Some 1400' fluid Some 4100'fluid
‘in d4,p. No fluor- in d.p. Fluorcs-
esceine,
sample of edge-
water obtained.
A little gas
produced.

c¢eine decrecased
from 48 to 1
part, Edge-
water obtained,
A little gas
produced,



Hell
Interval

Sand

8.G. @ 60°F,
Bolids per 105

Gram Bquivalents
Sodium (& K)

Celcium
Hagnesium

Chlorides
Sulphates
Carbonates

Ionic %
Sodium (& K)
Calcium
Magnesium

Vchlorides
Sulphates

Carbonates

Sunbury Ref, (or

W.W,T.)

Remarks:

-

4760" -1 806"
1.0025

571

8.14
0.71
0.06

6.83
0.02
2,06

45,72
3.96
0,32

38,38

0,09
11.53

K/486

Water sample
collected from
flow line
during gas
prodn, tests

g2

2021'-2120"
2016'-2136"
4,007

964

14,02
2,01

15.02
C.19
0089

43.55
6.23

46,66
0.59
2,76

N/485

Brobably uncon-
taminated edge-
water,
rosc in d.p.to
4137' below R,T.

Fluid

e3

1868'~4903"

1874 ' -1890"
1.0051
617

9.75
0.77
0.23

9.1
0,02
1.32

45.3
3.6
1.1

43.8
0.1
6.1

W.W,.T.

Some 550' fluid
in 4.p. Fluoresc-
eine decreased
from 32 to 1 part,
A little gas

produced,



(1) t ws from No, 1 w hate type
Interval 270'-325' 635'-650' 752'-780" B834'-336'
8.6, @ 60°F, 1.0004 1.0007 1.0005  1.0005
Solids per 40° 67 114 87 9N

G B velen

Sodiun (&X) - 0422 1.12 . 0.66 0.77
Caleium 0.75 0.43 0.54 G.51
Chlorides 0,07 O.41 . 0.13 - 0.18
Bulphates 0.75 0.58 . 0.69 0,73
Carbonatcs 0.415 0.56 . 0.38 . 0,37
Ionic %

Sodium (& K) 11.4 36,0 27.3 30,0
Calcium 38.9 14.0 : 22.7 20,0
Hagnesium - - - -
Chlorides 3.7 13.3 5.4 7.1
Sulphates _ 28.7 18.6 28.8 28.5
Carbonates 17.6 18.2 15.8 14,5

Sunbury Ref, AP, /442



(2) Chlorids type waters of well {

Interval 2178 - 2227
8and 2180' - 2210!
8.6. @ 60°F, 1.003
Solide per 410° 356

Gram Equivalents

Sodium (& K) 4,30
Caleium 1.10
Hagnesium 0.46
Chlorides 4,78
Sulphates 0.48
Carbonates 0.60
Ionic

Sodium (& K) 36,7
Calcium 9038
Kagnesium 3.92
Chlorides’ 40,80
Sulphates 4.40
Carbonates 5.10
Sunbury Ref.(or W.W.T.) A.PN/150

Remarks:

Only 180' fluid
in d.p. Sample
considered to
be mostly
drilling mud,

237" - 2u0y’
2371 - 2404

1.023

. 3350

42,35
12,30
3.52

57.16
0.02

0.99

36.4
10.6
3.0

L9.1

0'9

APN/455

Some LOO' fluid
entered d4d,p.
Probsbly a fair
sample of edge-
water,



(3) Chloride type waters of well 5

Interval

Sand

8.6, @ 60°F,
Solids per 10°

Gram Egquivalents
Sodium (& K)
Calocium
Hagnesium -

Chlorides
Sulphates
Carbonates

nic
Sodium (& K)
Calcium
Kagnesium

Chlorides
Salphates
Carbonates

887" -912"
885" 911"
1,004
364

5.5
0.u48
0.29

5.69
0,01
0.64

43.9
3.8
2.3

LL.8
0.1
5.1

sunbury Ref.(or W.W.T.) W.W.T.

Remarks:

Some 312' of gas-
cut fluid entered
the d.p. Probably
a fair sample of

edge-water,

1646" -1694'

4656'-1665"
1.020
3002

40,03
8.78
3.66

52,06
0.03
0.43

38.14
8.4
3.5

49.6
trace

0.4
W.W, T,

Some 350' fluid entcred
the d4.p. Fluoresceine
decreased from 32 to 2

parts., rFrobably nearly

uncontaminated edge-
water, gas produced at
4000 f£t°/ day.



(4) Ghloride type water of well 2

Interval 1726 - 4878 2290'-2432*
Sand - *4770' « {1780" : 2280"'<2440°
8.6. @ 60°F, : - 4.,0335 i aq JOOTS
Solids per 40° e y83R 99
Grem Eguivalents
Sodium (& K) L7.34 13,26
Caleium 24,05 . 1.98
¥agnesium 14.90 0.77
Chlorides 86,15 14.09
Sulphates 0,04 0.14
Carbonates 0.28 ) 1.78

nic
Sodium (& K) 27,38 , Li.42
Calcium 13,90 6.18
Magnesium 8,62 2.41
Chlorides 49.82 44,00
Sulphates 0.02 . 0.43
Carbonates C.46 5.56
Sunbury Ref,(or V,W.T.) N/183 N/488
Remarks: Saline water rose Saline watcr rosc to

' to 11417' below 142' below R.T,

R.T. About 5000 Probably substantially
f£t3/day gas uncontaminated edge-

produced, water,



{(2) well 3 Reservoir Waters

Interval 1468%=1584" 4735'-1792" 1749'-1830' 2417-2164'
Sand 4468'-1505' 1723'-4750' 4782'-1802' 2402-2150"
$.G. @ 60°F, 1.0050 - 1.0035 41,0280  4.0480
Solids per 10° 7 649 4028 6684
Gram Equivelents

Sodium (& K) 9,66 8,39 46,40 70.30
Calcium 1.64 - 1.84 18.05 38.15
Eagnesium 0.86 0,90 6,20 9,27
Chlorides 11.36 10.53 70.30 147.60
Sulphates : 0,23 - - 0.20 0.01 0.04
Carbonates 0.57 0.37 0,34 0.20
Ionic %

Sodium (& K) 39.7 37.80 32.84 29.79
Calcium 6.73 - 8.12 12.78 16.24
¥acnesium 3.56 4,08 L.38 3.94
Chlorides L6,70 B7.43 49.75 49,90
Sukphates 0.93 0,92 0.04 0.01
Carbonates 2,37 1.65 0.24 0.09

Sunbury Ref.(or

,W,T.) N/198 N/204 N/204 N/209
Remarks: S8aline water Salinec water Saline Saline
rose to 1202' rose to 41623' water rose water ros
below R.T. below R.T. to 1024’ to 1907’
Possibly Possibly below R.T. below R.'
nearly uncon- fairly con-  Probably a Possibly
taminated taminated fair semple largely
edge-water. with drill- of edge- uncontam-
ing mud. water., inated

edge=-wat«



(3

Interval
Sand
8.6. @ 60°F,

Bolids per 105

750' -760"

735" =760"
4.0033
384

Grem Equivalents -

. Bodiur (& X)
Calelum
Magnesiun

Chlorides
Sulphates
Carbonates

Sodium (& X)
Calcium
Kagnesiunm

.Chlorides
Sulphates

Carbonates

Sunbury Ref.
(or W.W.T.)

Remarks:

5.80
O.M
0.54

5.&

1.48

42,8
3.2
4,0

1.3

Good sample
of edge-
water, Some
25 sump
volumas prod.
into d.p.
Fluoresceine
decreasad
from 32 to
Nil parts,
CGas produced.

- {7 -

Well 4 Reservoir TWaters

Gas prodcd,

1238'-1291" 4797'-1842" 1943'-1995'
1234'-1293" -1827'-1832' 1972'-1990"
1.0065 4.0126 1.0091
897" 1498 1206
13.92 21.35 16.77
1.16 3.40 3.1
0.48 1.30 1.7
14.21 25,03 20,02
O.14 0,03 -
1.22 0.99 1.05
44,7 41.0 39.8
307 : 6.5 7.“
1.6 2.5 2.8
45.7 48.0 47.5
o.h 001 e
3.9 1.9 2.5
' "F?ITI 'o .T' 'ﬁ(oTc
Probably " Good Fairly
80me con- sample - good sampl
tamination of edge- ofl edge~
with drillg. water, water. Sonr
mid, Some 2 Some 19 8 sump vol
sump volumes sump vol=- umes prod.
produced into umes prodecd. into d.n.
d,p. Fluors- 4into d.p. Fluorescet
sceine decrcasd,Fluoresceine decreased
from 16 to 3 decreased from 416 tc
parts, Gas from 6 to % part. Gs
produced, Nil perts, produced.
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