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Jalu—Tazerbo Project: Phase 2

Appendix 2: T(FF1-65) Site Report

1. Location: 27° 51' 33" North 22° 17t 23"

East

2.  Ground elevation: 308.4 feet above mean
sea tevel at FF1.65

3. Site plan: Figure 1 and Table 1

4, Existing water wells: There are three
existing water wells at this site. Company
records exist for all three wells and

selected data are shown in Table II. Current
statusg is shown in Table III.
TABLE I
Site elevations above m.s.l.
Site Ground i‘op‘ of
— level casing
£t ft
FF1-65 308.4 -
W.W. West 308.8 309.1
W. W, Central 308.8 309.8
W.W, East 308.8 311.5
01 308.5 311.3
02 307.8 311.1
P 308.8 309.6
TABLE 11

Data from BP Exploration Company (Libya)
Limited water well records

1 2 3
489 424 378-424
490 430 386-430
493 431 388~431

1. Company well file number
2. Total depth on completion in feet
3. Perforated interval below ground level in feet

TABLE III
Current data on existing water wells

1 2
W.W.East 428
W. W, Central 428
W.W.West 424

1. Well location
2. Total depth after cleaning

Geophysical logs: The following logs are

available on file but are not enclosed with
this report:

i FF1-65 Final lithological/gamma
ray/neutron logs by Schlumberger
from 150 feet to 3190 feet

ii  FF1-65: SP/resistivity/conductivity
logs by Schiumberger from 2770 feet
to 8740 feet

iii F¥F1-65 Sonic log by Schlumberger
frem 150 feet to 280 feet

iv  FF1-65 Mud log by BP Exploration
Company (Libya) Ltd. from 0 to 4600
feet

v T{FF1-65)01; gamma ray log (IGS)
in cased hole from 3-169 metres

vi T(FF1-65)02: gamma ray log (IGS)
in cased hole from 3-133 metres

vii T(FFL-65)P: gamma ray log (IGS) in
drilling string from 96-162 metres

viii Existing water wells: gamma ray logs
(IG8) in Water Well Bast {3.5-121.5
metres), Central (3.5-125.5 metres),
West {3.5-126.5 metres)

Drilling and completion:

(a) T(FF1-65)01 {(Figure 2) was drilled
by rotary rig using Quiktrol mud. Comple-
tion was with 3% inch casing, a lower
Hagusta 80 mm screened section from 510
feet to 519.2 feet and an upper screen of
34 ins slotted and wire-wrapped steel
casing from 285.58 feet to 205.98 feet.
Cement plugs were set in the 9.7/8 in bore-
hole between 315 and 345 feet and belween
410 and 519 feet, the annulus being back-
filled from 270 feet to 465 feet.

{b) T(FF1-65)02 (Figure 3} was like-
wise drilled by rotary rig using Quiktrol
mud. Only Hagusta 80 meire screens were
used with a 3} in casing string, the two



screened sections being between 370-379.2

feet and 426-434.2 feet. A single cement
plug was set in the annulus of the 9.7/8 in
borehole between 315 and 345 feet. The
well was cleaned and developed by swabbing
and air lift pumping.

(c) T(FF1-65)P (Figure 4) was drilled
by rotary rig using bentonite mud for the
first 3566 feet, From 0 to 350 feet the hole
was drilled 20 ins diameter and from 350 to
356 feet 15 inches diameter with 16 inch
steel casing being landed at 356.3 feet and
cemented in position. Drilling was then
continued with & 124 inch bit to a TD of
556.5 feet, using Revert mud. This lower
gseclion was screened with 200 mm Hagusia
screen between 365.8 and 456 feet, and
between 472.4 and 546.2 feel, the remainder
being 200 mm Hagusta blank. The well was
then developed by swabbing and air-lift
pumping.

Lithology and stratigraphy: A summary of
the stratigraphic and lithologic data is
shown in Table IV and graphic logs in cross-
section BB' of the main report and in Figure
5 of this Appendix. Selected size analysis
data are shown in Table V. The Calanscio
formation is meostly sands, clayey sauds,
'sandstones' {or low porosity sands), and
clays. The 'sandsiones' etc are apparent
in the neutron log as of lower pcorosity than
the adjacent sand. They occur between

180 and 330 feet below ground level. Within
this interval, the section between 190 and
250 feet has a low to moderate grain size
permeabilit,g {average value of 214 U.S.
galls/day/ft*). The section below from
250-330"bgl has an apparent average
permeability of 510 U.S. galls/day/ftZ.
Apparent log porosities for the two sections
are of the same order. It is possible that
the difference could be one of cementation,
pessibly restricted to the deeper subsection.
The presence ¢f sandstones is indicated in
the BP mud log and the sonic log shows
rather variable consclidation over this
interval but does not differentiate
particularly the two seciions referred to.
The base of the Calanscio occurs at 454

feet bgl. The section below and forming the
lower part of the Upper Aquifer Unit is
entirely of sandy carbonate. The Middle
Aquifer Unit is here composed almost
entirely of limestone, probably also sandy
although the mudlog does not refer, The
top of the Oligocene is based upon a change
in the sonic log indicating a high degree of
consolidation. A bigger change in this

log sccurs at a higher level in consequence
of the 1ithological change from a pre-
dominantly clayey sequence to arenaceous
rocks but the change at the lower level is

selected in preference since it can be
recognised over a wide area extending
heyond that in which a marked central clay
horizon exists. The Oligocene is composed
generally of clayey sands, sands, clays

(or shales) and minor 'sandstones', The
latter are apparent from porosity deter-
minations in both neutron and sonic log and
the latter log confirms the likelihood of
interstitial cement.

Pump testing:

{a) Air lift tests. Adr lift pumping tests
were carried out on the three existing water
wells at this site in 1967 and again in 1973,
The earlier test made use of the west well
as a pumping well with observations carried
out on the other two. The test duration was
72 hours. In the later test, the east well
was pumped and it is significant that a much
lower discharge was obtained consistent
with the differing values of siug test trans-
missivity (Table VI). Test duration was b
hours.

The data from the 1967 test have been re-
analysed and the results along with those of
the 1873 test are given in Table VII.

Analyses were based on log-log and semi-
log plots. In view of the uncertainty of the
aquifer response relations, the results
cannot be related quantitatively to the

aquifer but they are informative in assessing
the value of the existing wells for observation
purposes. The screen sections of the exist-
ing wells are set in a rather clayey sequence
judging by the IGS gamma-ray logs but that
of Water Well West appears to set rather
lower than the main clay level which may
account for its higher slug test transmissivity.
Water Well East was poorly productive on
pumping, has a low slug test transmissivity
but gave anomalously high values of T and

S when used for obhservation. It is probably
that its screened interval is largely
unrelated to the abstraction interval with
consequent low drawdowns and therefore
giving an apparent high transmissivity.

Wells West and Central gave moderately
comparable results in the 1967 and 1973 iests
and the laiter also gave generally comparable
results in both series of the current tests.

It would appear that these two wells occur

in the same responding section of the
aquifer.

{b) Development Pumping T(FF1-65)F.
Development pumping was carried out during
the 27th and 28th September over a period
of 21 hours. Three different pumping rates
were used and the results are shown in
Table VIII. The discharge was virtually
sand free and the results indicate no



significant improvement in the wells
performance throughout the period of
development., The final specific capacity
was 4.30 U.8. galls/minfft,

{c) Aquifer testing. It is apparent
from Figure 5 thai the production well
screen extends over a wide section of sandy
carbonate in its lower levels. TFor maximum
preductivity from the Upper Agquifer Unit,
this screen length is justified, but for
aguifer testing the situation is complicated
by the screen's extension across two
responding intervals with an intervening
clay layer. Aquifer testing was therefore
carried out in two stages, firstly a short
test using the full screen but determining
the response from the upper subsection by
flow meter log. Piezometric levels in the
lower subsection were measured by pressure
ifransducer instalied below a packer device.
Voltage measurements were made by an
avometer and because the instrument was
being used at the extreme limit of its
range, the results were mainly of
qualitative value. Piezometric heads in the
upper {(main) subsection were monitored by
all three existing wells and by T(FF1-85)02.
Piezometric heads in the first {non-respond-
ing) section above was monitored by the
upper screen of T(FF1-65)01 and measure-
ment made by electrical probe. For the
second test of longer duration, the well
screen of T(FF1-65)P was backfilled with
fine sand to 460 feet bgl so that production
was presumed to be limited to the upper
responding section.

Test 1 was carried cul on September 30 at
an average pumping rate of §22 U.S8. galls/
minute (39.3 iitres/sec). The specific
capacity after one hour was measured as
4.78 U.3. galls/min/foot and after 268
minutes at 4.75. This improvement over
the final gpecific capacity measured

during development pumping is anomalous
but may relate to a further breakdown of
the revert mud. A flow meter log was run
during test 1 and the resulis are shown
graphically in Figure § and numerically in
Table IX. There is an anomaly in the
calculated flow velocity discharge as
compared with the surface measurements
and it may well be that the insirument
reguires re-calibration. The estimated
discharge is based on a relative counts per
minute reduction for the upper section. The
flow velocity log shows that 76% comes from
the sands/clay sands as compared with

24% from the sandy carbonate. A rather
surprising feature is that 4% only was
obtained from a sand section 430-454" with
an apparent high permeability and porosity.
Elsewhere the effect of cementation is

clearly apparent since the grain size
permeability of the clay sands and sandy
carbonates is approximately the same.

The second pumping test commenced at

0915 hours on the 7 October and continued
until 10.15 hours on the 12 October. The
pumping rate averaged 358 U.S. galls/min
(22.6 litres/sec) with a measured specific
capacity after 84 hours of 4.07. During

the first 20 hours, the pumping rate showed
considerable fluctuations between 345 and
405 U.5. galls/min but subsequently became
more constant and was maintained within
+5% and -7% of the average value. The
problem lay in maintaining sensitivity of the
pump whilst running at high rpm. It is
hoped eventually to use a valve regulation at
the end of the discharge line. The valve
sited close to the pump has proved very
insensitive to regulation.

{d} Aquifer analysis. During the first
main test, drawdowns were expected in both
upper and lower responding intervals and
for the latter, measurement responses were
expected in the pressure transducer sysiem.
Apparent drawdowns did occur progressively
for the first 70 minutes, but readings
subsequently became erratic and included
fluctuating positive and negative changes.

A complimentary correlation of some of these
changes with levels in the upper section
suggest that leakage around the packer was
cccurring. Drawdowns in the upper section
were progressive showing that actual
piezometric changes were occurring in the
upper screen as well as possible leakage
round the packer. During the second test,
the lower section of the screen was back-
filled and if the intermediate clay layer
between the two responding sections had
formed an effective seal, no drawdowns
would have been expected. In the event,
rather erratic voltage fluctuations occurred
in the pressure transducer oulput which
could have been partly elecirical or else
related to drawdowns consequent upon
vertical flow across the clay layer. Unfortun-
ately, no certainty of the true cause is
known. Regular drawdowns of an artesian
head did occur in the upper section. These
were of a considerably lower order than in
T{FF1-01)2 but showed that a vertical
downward component of flow existed. The
rates of fall did not entirely accord with the
abstraction rates from the upper responding
gsection although the deviation was not great
as the results below show.

i Test 1 Qq (upper responding section)
29.78 litres/sec
Test 2 Qg {upper responding section)
21,76 litres/sec



Q1/Qz = 1.57

ii Test1l A S from semi-log piol in upper
section of 01 = 0.43
Test 2 A S = 0.22
S{/ Sg=1.95

Had the drawdowns been directly related to
the discharge rates, the ratios would have
heen identical. The excessive drawdown in
Test 1 could have been due to continuous
leakage around the packer.

The results obtained by analysis of the
drawdown/recovery data in the two main
tests are shown in Table VII. Drawdown
data were commonly analysed by log-log
and semi-log plots, recovery data by log-
log only. The data generally plotted on
clear artesian trends with some
progressively reducing deviation of the
early time values consistent with local
storage and skin affects. The significance
of these deviations will correlate with
screen section permeability which can be
calculated approximately from slug tests.
This data from Water Well West showed
virtually no deviation from the Theis
curve unlike that of W.W. East and 02.

It is significant that the data plotied on
Theis artesian curves despite the evidence
of vertical inflow from higher levels as is
apparent in the drawdowns in 01 (upper).
It must be assumed that the intermediate
clay layer was a relatively minor barrier
and the combined layers responded in
artesian fashion, with the vertical flow

component becoming effective instantanecusly

and precluding any ‘leaky' effect on the
drawdown pattern. The value of trans-
missivity determined by the analysis can
be expected to be somewhat higher than
the true value for the upper responding
layer.

The other important characteristic of the
drawdown data is that in the case of two
of the existing wells, two values of
transmissivity are apparent, the laler
being lower than the earlier. The effects
became apparent after 150 minutes which
is the reason why they do not occur in
drawdown plots of W.W. Central in the
first main test. The average values of
aquifer constants for the two tests are
shown below.

Test 1 W.W.East W.W. West
T sx10¢ 1T sxi107¢

460 4.0 353 5.6 (i)]

186 5.5 (i)

W.W. Central T(FPF1-65)02

T Sx10-%4 T S x10-4
284 5.3 289 7.9
Test 2 W.W. East W. W, West
T 5x10-4 T s x 1074
680 3.3 {401 6.0 (i) ]
208 6.1 (ii)

W.W. Central T(FF1-65)02
[420 6.1 (i) ] 311 7.8
232 4.5 (ii)

The transmissivity values for the second
test are in general higher than their counter-
parts in the first test and a close comparison
only exists for W.W.West and T(FF1-65)02.
No ready explanation for the anomalously
high values for the second test is available.
One possibility is perhaps that the draw-
downs in the second test were affected by
vertical inflow for the lower responding
layer; during this first test this would not
occur since flow movement was essentially
horizontal towards the screen.

For the purpese of assessing the general
aquifer constants at the site the average
values of Water Wells West and Central and
combined with the average value for 02 and
the total average taken. On this basis

the transmissivity of the upéaer responding
section is arrived at 317 m#/day (25, 825
U.S. gpd/ft) and storage coefficient of

6.8 x 10~4. The permeability of the clay-
sands and sands is estimated as 9.8 m/day
(32.3 m responding section} equivalent to
240 gpd/ft2, This compares quite closely
with the average grain size permeability of
304 gpd/ft2. Using the flow velocity data
the average permeability of the carbonate
section will be one third of the claysands,
ie 3.3 m/day.

(e) Well efficiency T(FF1-65)FP

i Based on Main Test 1

1. Transmissivity of upper

responding layer = 317 m2/day
= 25,525 gpd/ft
2. Storage coefficient = § x 10-4
3. Nominal screen radius = 0.57

4. Estimated transmissivity
for lower responding layer= 6,400 gpd/ft
(Permeability estimated at
80 gpd/£t2)
. Total transmissivity (1+4) = 31, 925 gpd/ft
8. Theoretical specific
capacity after 60 minutes = 22.8 gpm/ft
. Observed specific capacity= 4.78
8. Efficiency = 21%

w
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ii Based on Main Test 2

1. Calculated theoretical
specific capacity after 60
min based on transmissivity
of upper responding layer = 15.30 gpm/ft

2. Observed specific
capacity

3. Efficiency

4.07
27%

1t

Both these values of efficiency are
decidedly low and on this basis, additional
well development would be advisable. The
results are surprising since efficiencies
in the Phase 1 production wells using the
same completion techniques are
considerably higher.



TABLE IV

Summary of stratigraphical and lithological data at T(FF1-65)

feet
t msl
Exploration well FF1-65 308
Static water level 218
Base Calanscio -146
, Base Upper Aquifer -342
Top Middie Aquifer -604
Base Middle Aquifer -688
Top ?0Oligocene ~-1446
Base Qligocene -2476
Table V is on page 7
TABLE Vi

feet
bgl

0

90
454
650
912
996
1754
2784

Response data on chservation wells at T{FF1-65)

1
. B.E. Tst
Well %o m2/day
W, W.West 36 94
W.W. Ceniral 26 32
W.W. East 32 20
T(FF1-65)02 ‘ 22 10

. Barometric efficiency

Transmissivity based on slug test
Length of screen exposed after cleaning
Permeability - ratio of 2 and 3

W b

Available screen

length (m)

11.0
12.8
14.0

5.0

Kt
m/day

8.5
2.5

2.0



Interval

feet bgl

90 100
100 110
110 120
120 130
1306 140
140 150
150" 160
160 170
170 180
180 190
190 200
200 210
210 220
220 230
230 240
240 250
250 260
260 270
2790 280
280 290
290 300
300 310
310 320
320 330
330 340
340 350
350 360
360 370
370 380
380 390
390 400
400 410
410 420
420 430
430 440
440 450
450 460
460 470
470 480
480 4480
490 500
500 510
510 520
520 530
530 540
540 550
550 560
560 570
570 580
580 580

Cu;

a

K

uniformity coefficient
standard deviation (see Masch and Denny, 1966)

TABLE V

T(FF1-65): Selected size analysis dala
D50 D90 cul
microns microns (D4a0/DY0)
620 170 4.58
T80 325 2,83
410 170 2.82
620 230 3.48
1150 340 4,12
940 260 4.5
360 170 2.41
445 195 2.817
420 180 3.00
410 140 3.71
428 135 3.85
470 160C 3.68
450 125 4.56
640 235 2.28
900 270 4.26
900 305 3.61
101G 340 3.58
490 165 3.57
660 180 4.55
360 135 3.26
380 130 3.50
415 180 2.72
400 155 3.03
500 160 3.94
470 150 3.87
425 170 3.06
710 290 2.93
560 250 2.72
550 250 2.58
350 115 -
265 100 -
340 120 3.38
390 140 3.32
265 86 3.72
300 112 3.13
370 125 3.36
355 130 3.31
305 110 3.27
340 135 3.00
405 165 2.91
360 145 2.96
340 110 3.7

1.565
0.891
1.015
1.332
1.177
1.273
1.013
1.185
1.192
1.533

1.303
1.146
1.426

1.093
1.232
1.034
1.048

1.145
1.334

1.203
1.210
0.988
1.034

1,247
1.229
1.124
1.037
1.006
0.861
1,280
1.177
1,100
.085
167
.052
202
.198
.137
.132
024
.09

204

S

permeability in U.S. galls/day/ft2 calculated from ¢ and D50 size
Lithology: symbols standard (see main report)

K

150
780
285
260
580
380
2585
260
245
140
220
285
180

430
400
680
720
320
250
215
130
295
380
260
260
265
505
430
500
200
175
225
260
175
207
235
215
185
218
290
240
205

L.ithology4

cs

58

sS85

88

sSC

sc

sSC

s



TABLE VII

T(FF1-65); Summary of aquifer test daia

Transmissivity
(m?/day)

Well

Storage
Coefficient
x 1074

Analysisl

i Air lift test, 1967 {discharge of 11 litres/sec from W.W. West)

W.W.Central

r=23m 138
W.W. East
v = 46 m 805

"

2

116.0

DD/ L.L

DD/ LL

i1 Air lift test, 1973 {discharge of 0.89 litres/sec from W.W. Bast}

W, W.West 311
r =46 m 338
W.W. Central 156

r=23m 230

jii Main test [ T(FF3-65)P

W.W. East 435
r=110m 485
W.W.West 353
r =156 m 186

W.W.Ceniral

r=133m 284
T(FF1-65)02 270
r=50m 248

{v  Main test II: T{FF1-65)P

W.W.East 713

r=110m 614
713
W.W.West 429
r =156 m 241
277
374
2817
W.W.Central : 453
365
388
2989
T(FF1-65)02 332
r=55m 298
304
1. Analysis

RDD = residual drawdown;
SI. = semi-log; sip = straight line piot

e
w

{0

(2 )

[£e]

o =1 U1 & O

o =1 MWL

w
.
-3

3
-2
5
5

e ] o oo

O

« = e = s
DS DD W W o

S 0o

ao

o &

™

DD/ LL,
RDD/SL

DD/LL
RDD/SL

DD/LL; tsl= 215 min
DD/SL; slp from 70300 mins

DD/LL; T4 from 0-70 mins
To from 70 mins +

DD/LL; tsl= 594 min

DD/LL; tsl= 134 min
DD/SL; slp from 70-300 min

DD/LL; tgl = 73 min
DD/SL; slp from 60-1400 min
R/LL

DD/LL; Ty from 0-100 min

W Ty from 100-2000 min
DD/SL; slp from 100-1000 min
R/LL; Tq from 0-150 min

" Ty from 150 min +

DD/LL; Tl from 0-150 min
" T, from 150 min +

R/LIL; T, from 0-150 min
" T; from 150 min +

DD/LL
DD/SL
R/LL

DD = drawdown; R = recovery; LL = log-log;



TABLE VIII

Development pumping: T(FF1-65)P

1 2 2 4 5
1680 457 358 1900 4.24
1800 532 235 1940 4.26
1500 636 716 1950 4.32
Columns:
1. Pump rpm
2, Discharge rate in U.S. galls/min
3. Period of pumping in minutes
4. Specific electrical conductance in micromhos/cm
5. Specific capacity in U.S. galls/min/foot of drawdown measured after 60 minutes
of pumping at referred rate
TABLE IX
Down-hole flow velocity data: T(FF1-65)P on 30.9.73

1. Count rates per minute with meter at 359 feet below ground level = 318
2, Calculated discharge in U.S. galls/min = 781
3, Measured surface discharge in U.S. galls/min = §21
4. Percentage flow from Upper Responding Section (364-460 feet bgl} = 78
5. Equivalent discharge based on 4 and 3 im

U.S. galls/min = 472

litres/sec = 29.78



TABLE X

Field and Laboratory Chemical Analysis T(FF1-65)

IGS reference

Date of sampling

Specific electrical conductance
pH

el

Ca®

Mg2+

Nat

K+

HCO4” (field}
S042-

Ccl-

NOq

~ Total determined major constituents

SI‘2+

-

B

Total Fe
Total Mn
Cd

Co

Cu

Ni

Pb

Zn

3 c¢ations
b anions
Tonic balance

S0,4/Ct
Mg/ Ca
K/Na

8.10.73
1960

+269

10

10.10.73
1870
T.43
+264

74/45
11.10.73
1970

+249

12.10.73
1890
7.43
n.d.

95
57
208
35
289
206
401
45

1336

4.0
0.71
0.24
0.003
< 0.007
< 0.0005
6.001
< 0.001
0.002
0.004
0.001

19.36
20.13
~1.96



TABLE XI

Corrater Readings and Corrosion Rates (12.10.73)

Metal/ alloy A ' B R

Copper 2.15 1.90 2.02
Stainless steel 316 0.98 1.00 .99
Aluminium 6063 1.13 1.00 1.06
Aluminium 5052 1.18 1.00 1.07
Zinc -5.50 +7.92 1.21
Mild steel 1010 1.40 3.75 2.57
Mild steel 1020 -0.5 6.20 2.85
Bronze 660 : 1.16 1.91 1.53
Red brass 123 1.65 1.75 1.70
AP1 H40 13.4 2.4 7.90
308L Stainiess 1.0 1.0 1.00

Note: Columns A and B refer to readings at different polarity, R is the average

11
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