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NOOLA WATER SUPPLY PROTECT : Revort by B. Adams

Iztrocduction

The writer visitesd lldola between tha 25 MNovemitar ani the 19 December 1974

in order to appraise the further progress of the iidolz Grouncuater Study

progre
being unferiakea by Brian Colguncun, Hugh O'Donald and Partners on behalf
of the Ministry of Overseas Development and the Department of Water Affairs,
Government of Zambia,  following a previous brief visit by Dr. E.P. Wright
(I.G.S.) in October. As a result of Dr. Wright's visit and discussions
between represextatives of Brian Colgquhoun & Partners, 0.D.A. and I.G.S.,

a Géraft report was produced (Ndola Water Supply Study: Report by

Dr. Z.P. Yright) in which severai suggestions for the remaining work in

tkhe Ildola rroject were nut forward. Thié present report resuits from

the writers visit to the field to investigate the practicability of

these progcsals and to appraise the future development of the project.

1. Tse of the Lir lercussion Riz

It wzs recczmencer. that every cffort hcvld be made to drill all wells
by 2ir mercussion. EHowever, for the follcwing reasons iiis would appear
to e imor=cticable.
(1) Wit only one air percussion rig on site (a URE-2A) it
woulé, azpart froa any other consideration, ve an uneconomical use
af tize tg insist that all remalning bores te drilled by the air
percussion method.
(ii) The minimum up hole velocity for good chip remcval has
been @stermined by field work to be approximately 4,000-6,000 ft per

min. The air capacity required in cubic feet per minute to obtain



an us hole velszizs of 4,000 £% per =ia is calculated as follows:-
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where & is the zoxmulzr arez teiween the drill stam and e hore walls,

ek

Thus for a bore dicireter of 12

CR! = 53512.2?‘2 % 723} = [(5.5)° x 785)7 x 4,000 x 12
: 1,728

= 2830 c.f.nm.

for 4 = 10"
o™ = (10)° x 1785) - ((4.5)7 x 4,000 x 12
1,728
= 1,739 c.f.m.
for d = 6"
CRi = £((6)° x .735) - ((4.5)% x .785)7 x 4,000 x 12

1,728

343 c.f.o.

NOTE: These values could be decreased by enlarging the stem size,
however increasing the ster size to the matimum to still allow a
ckip clezrance o 5/15" does not alter itl.e orcer of the reguirec
v
FM, tesides wiich po zltemmniivye stem size is abailatle.
As mexnticned previously there is orly one air percussion rig on site and
this has a compressor rated at 700 CIM, the obvious conclusion being that

P ] - - can o v

2. Use of Rotarvy Rigss

Since the attention of the contractors was brought to the excessive amounts
of bentonite used during the rotary drilling, bentonite has only been used
durizg penetration of the overturdsn (whicha'is of course cased off) and once

in the aquifer, water only is used as the drilling fluid. Foaming agents

are not available.



3. Aquifer T=sting

(i) Peco“ds durizg drilling. During the writer's visit to Ndola
the air rig was rot actually used to penetrate tze aguifer and so it

-was not possit_e i tzke.zezsurements of a-ouiu-xon.zatest_drawdown data.
piezometric heads and electrical conductance during drilling. However it
was reempnasised, both to the driiling crews and the site engineer (c.f.
Memo. B. Adams to T. Golder 19.12.74 note 3), that wuch measurements must
be téken.

_(ii) Slug tests. Slug tests were carried out.at all completed sites.
It was also saggested that slug tests should bte carried out on any futg;e
wells which show iow yields or poor hydraulic connection with
neighbouring wells (c.f. Memo B. Adams to T. Golder note 4).

(iii) Development and Specific Capacity. The drilling contractors
have not been keeping full records on developzent and specific capacity
tests on completed wells. It was ?eemphasised both to the drillers on
site and %he site engineer (c.f. Memo B. Adams to T. Golder note 5) that
detailed r:.cords must bé kepf-in future.

(iv) Du:i;g the sritefs visizt, tze stage of completion at any vue site
was not such trat a2 "zizmi pump test" could be carried out to site the
final bore, as suggested in Dr. Wright's draft report. It was recorded

that such a procecure srould be acopted (c.f. ifezo 19.12.74 note b}, It

was also recezzernied tnat 3 should initialliy te sited at a distance of -
2Cz frea £he sraduciion tors, 2 initiallr remsinings 9 distonce; the

assumption beizg thot trznsmissivity wiil be sreater down ground water
adient thus giving a greater drawdown in G2. Such a configuration
would give tze possibility of using distance drawdown methods of

znalysis.
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(v) Tartine 2umps. 16 turvine pump in use was purchased

scecifically for this coatract according tc the original pumping
szecification (i.e. lzrze vield). However, following the recommendation
taat pu:;iﬁ; 3rzwdcwns snhoul? wreferably no:t exceed © metres and that the
pump settinglshould be at a maximum of about 10 metres belwo.static .water..
level, problems in its use have resulted. or example at QL0 the multi
rate tests indicated that to ;void turbulence a2nd to give a small drawdown
a pumping rate of some.k,kOO I.g.ph. would be required. However, the
lowest rate obtainable with the turbine pump at this setting (28m below
surface) was 8,850 I.g.ph. - obviously the higher the pump settiﬁg the
“higher the efficiency of the pump and therefore the higher the mininmum
rate obtainable. | t will therefore be necessary to test Q1O by air lift
puzmping.

(vi) The design of production bore. The design of the production bore
bas been modified so that the large diameter (260mm) continues to approxi-
mately 20 or 30m (to allow optimum pump setting) below which the diameter
is decrzzsed to 150/2CCmm. 'Where possible open hole construction will be
used and ?;iling that slotted casing.

(vii) Disczarge. It has been reempnasised that discharge f{rem aquiler
tests must te ;arried a sufficient distance from the site to avoid
recycling and a minimum of 10Cm has been recommended (c.f. Memo 19.12.74
note 87.

-

. Rasilts o° Mestin~ 2 T.3.S. 1%.11.7%

(1) Cleaninz of Wells. During the writer's visit both wells 23 and 1O
were rawhided by the test pump until the native clays ceased to be carried
into the well. At early stages in the surging the turbidity of the water
was eviderntly due to native clays suspended in the water and it ié'ﬁhe

drilling supervisor's opinion that once the well has been developed '"free'" of
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t3ese zecive clays, any bentonite -nd drillise cutiines which may have

- . - -
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ormaiica dusing Grillimg will alao have Lbees clewred.s

'y

pcseres ——a
(i) Conductivity Logs. Eauipment failure prevented saliaiir/temn.

dogzZias o cozpleted wells.

(331)  Gamma Log. Australian Ground Water Consultants expect to have

t*eir z=—ma log on site early in the new year.

5. Site Revpresentation durineg writer's visit

-

Resident Site Engineer: T. Golder of Brisn Colquhoun And Partiners
?isi£ing Drilling Supervisor: R. McCallum of A.G.C. (25.11.74 - 16.12.74)
-Visiting Hydrogeologist: G. Hubert of A.G.C. (25.11.74 - 10.12.74)
Doring t:e absence of a hydrogeologist on site test results are télexed
tn'A.G.C-'s office in Johannesburg which czn involve long periods of delay
car to goor cozmunications betweén Zambia and South Africa.r As it is
saretimes important for on site decisions to be made (e.g. as to whether

to proloz=g a particular te;t should boundary effects begin to show)

it would be preferable for a hydrogeologist to be cn site during the tests.

T4

N

6. Stzz= of Prormress (1

@l. 2 o.ws drilied showed very low yields, drilling vroduction well

Tostponed.

=

'_ 4
i1
Y
i1

32+ 2 Caws znd 1 ».u. Test coop

s 2 8,48 azd 1 T.w.

&, 2 c.ws z2nd 1 p.w. Testing about to comrence.
5- l.c.w. 2aad 1 p.w. 2nd o.w. to be sited from tests on

other bores

. 2 c.ws. and 1 p.w. Low yield, to be air lift tested

after casing in p.w. has been pulled

§7. 1 a.w. and 1 p.w. Drilling of other o.w. postponed due
to low yield.
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bore and one ¢.w. under construction.

B. Adams
Dece=ber 1974.



~ Hdola Water Supoly Project - Appendix

Deter—i===ic= of inuifer Paramaters

“ﬁuring the writers visit-to Ndola it.was inteﬂded.that‘slug testing,
concactivity/temperazure logzing, and flow metering szould be carried out
at &1 poss3tle wells as an aid to cetermination of the aquifer;parameteré.
Unfertunately, dne to equipment failure it was not possible to use the
conductivity/temperature probe and so no logs were obtained. The size of the
flow meter {S"dianéter) meant that it could only be used in the-prodnction bores.
However, as the same reel'had to be used for the salinity/temp. probe, the
pressure t—=nsducer, and the flow meter, it was decided not to use the flow
meter as it wonld have been necessary to position it in the well before the
pump was positiozed thus resulting in the reel being unavailable for
long perio3s (i.e. the length of time required for development afld test
pumring). Thus tke only results obtained were from slug tests in all completed
bores whicz were zot occupied by other equipment (e.g. drill, air-pipes,
pump), concictiviiy measurements of periodic samples collécted during tie

testing of I8 2-d {10., and the pump-tests carried out during the visit.

Aguifer Tastc usinz the turbine Pusmp
it 18 Zof Z-e puvicde ©F $Ris resort o give detailed Anaivses of tae

pump~-tests so far carried out, but it is necessary to consider the results
so far obtained when discussing results of the slug tests.

7 Prior to the writer's visit pump tests had been completed on @8 and Q2. It
had veen deciced inat 3 snhould be reiested as it was thougat that recirculation
nacd probaoly cccured during the original test due to the discaarge point
being situz=ied Snly a few metres away from the production well. The retesting
0f ¢ and tze testing of 33 were completed during the visit along with a

multirate fest at Q10.
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acuifers mustc be treated with cautizn as scme of the taszic 2

- B

Apriicaticn of standard metnods of aquifer test analysis in fissured

ry

Sopepuinil ool i o4

these metz2<s involving homogeneity, isotropy etc. do obviously not hold.

Eowever, It is considered

“czter & Milton, 1974) that if the iacrease in

drzzdous ctserved in zn cbservation well is directly proporzionzl to an

increase ir pumping rate, darcizn flow theory is applicable and the

stancard methods of Thiem, Theis, Waltcen etc., can possibly be applied.

Figare'l s:zows the results obtained from multiraté tests in the wells so

far tested.

The r=tios of production rates in successive steps as compared to the

ratio of érazwdcwn in the observation wells during the corresponding

- Buccessive steps (Figure 1) indicate an approximation to Darcian flow at all

three sites. It should therefore be reasonable to apply standard methods

of analysis to tests at these sites. This hasg been done and a summary of

the results is given in Table 1.

abozt Darcizn flow weoulld indicate that: the transmissiviiy in the area of

site 92 is of the order of 2GCm)/day/m with a storage value of 1 x 10

The comsistency of the resuits given in Table 1 and the previous comments

-2

At $8 the transmissivity ic of the order of 2000 m3/day/m (no S value being

avziladle Irex the Tioiem method of analysis). At neither %2 or 2@ is

ther2 any Imdication of wariability of i T with direction, but at 2

"™

it w=uld nzmear that the transmissivity in the 2irectica of crouzc-mter flow
is 1CC0 33 /day/m whereas in a direction perpendicular to groundwater flow
the value is only 40C mj/day/h. the storage being of the order of 1 x lij.

These storage values are somewhat hich for what was considered to be

a coafined aqnifer. .In fact study of the depth of overburden and the



1S90

\n '\_'_es\- Borchdes (e [he)

Tomprag Ware

A
v
'

\;O 2.0 )
Drowdews  n olhervation beehole n)
Ecaéec\ce el ‘Q&rc\e.n E\Qu: - t\.ur'-.oa P"‘"‘T‘ ‘Lm'.'g, 8

Cirtai\2

\




- 10

WELl METECD CF TEST RATE T S

ARALYSIS .

(=/ day) 0 /aM
Q2a/2 Walton 2549 204 0.02
2n/2 L ot 203 Q.02
Qer, 2 HegrfeaT Ug. =0T Fop
Q2A/2 Jacob 2549
Q24/2 ” 3071 150
Q2B Theis 2549 204 - 0.009
Q2B " 2071 129 0.007
Q238 Residual Drawdo.m 3071 312
Q23 Jacob 2549
Q2B Jacob 3071 300
Q3A Theis L6.1k 1012 3::10‘3
Q3A Jacob 46.14 1192 3x107°
o3A Bantush 46.14 1117 3%107°
Q3A Residual Dd. L5.14 768
Q3A Calc. Recovery L6.1k 1073 '?')clO-5
Q3B Theis L46.14 364 ?xlo_h
Q3B Jacob L. 14 431 5x10‘“
N33 Saniuzn LE 14 Lo7 jxlC-h
Q3B Residual Dd. Le.14 575
Q3s Calc. Hecov. L5.14 560 ?xiG-s
Qé. Thien 14L0 1798
Q8B Thiem 1440 2298
TABLE 1. Summary of results of pump test

analysis.
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depth to rest water level shows tzzt =% sites 1, 3, 4 and 6 tie water level

is actuzll; Telow the overlying layer of laterite and at some nf the
otzer sites oaly a sligat lowerizg of tle res: wzter level would be enouch
to bring about water-table conditions. aAnzlysis of tize zump tests a2t B

and Q2 shows that the lateritic overburden is not totally impervious and

leaxa=ce coes occur taroug: i:.

Slug Tests _ ;

Known quantities of water were introduced into the bore holes and the
decline in head within the bore was recorced as a function of time by using
.a pressure transducer connected to a gravhical recorder. Due to the narrow
diametef of the observation bores it was decided that the simplest method
of injecting slugs of water as quickly as possible while providing a mearnz

of air esczpe Irco the well wculd ke to mowr froz 2 Suczet.

In analysing the results of these siug tests there are severzl points
which should be bo;ne in mind. Perhaps “he most important is that the
equations used in the slug test analysis were developed from the Theis
equation (Ferris & Knowles 1954) which is of course applicaovle to confined
conditions. Study of Table 2 shows that at the majority of wells tested
water table conditions in fact exist. The theory behiné this method also
assumes an even distrivuation of permeatility witz deoth which is almost
certainly not the case in the aquifer under consideration. This
assumption is more critical to slug testing, wzere tze results are
esseatizlly a point measurement, ikan to pump tests wnere the effect of
variation of permeability can be masked (if Darcian flow is present) by
the distance of flow between the observation well and the production well. It
is also important to consider the effect that slotted casing will have on

the results. Although the presence of slotted casing should not alter the
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- WELL - DEPTR 0PI TO AQUIFER REST WATER DEPTH OF
- OPEN HOLZ  SCREZIED LEVEL OVE.RBURDEI‘
(i) G (M.below gumiace (to nearest
agproxicate. ) zeire.)
' (1) (ii)
(a3 25-80 21 16
Q1B 25-0
Q2 b2-76 14 38
S24/2 4C.3-20
'Q2B 42.5-80 2k
Q3 38-80 ' 16
QA/2 35-80
Q3B 38-75
Qb 10-82 7 6
Q4B - 13.50-80
c6 6.53-80 7 7
Qb6A 7-80
Q6B 9-80
Q7A .10.2-80 43 5
B 1:-80 4 10
c83 17-80
g1ca 12.6C-20 ?
Q10B 11.60-80 ?

(i) rest water levels saould only be considered approximate due to fluctuations.

(ii) depth of overburden obtained from drillers logs, where available, of

- -.-...-. e b
‘-..‘ cCuctic:s . SO

L=

ncd £2n e assuzef Lo te correct for otservation

TABLE 2. Borehole information.

pores.
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final shape of the data curve.(derived from the decrease in head with

- - S | - * e o ww - - - - - e m mwmesm g m e smwm s e mes e mme ae
time) At will shwistelr prelione tie vime peried fzveived axd thus give

- -~ o S t—— < T a by pr 1 - T ean Y g =
as agzarent wvelue of irensmissibiliiy lover than tke acticl. Tinsity, Zue

to the nature of the type curves used for this method (i.e. esseniizlly

z2»=1121) it is difficult to obtain a reliable value for S even under

L3

ideal conditions.

Observations on graphical outnut from tests

(i) it was noted that in spite of the shallow water table (approximately 10m)
instantaneous rise in water level did not occur, for example see {1 graphs.
(ii) t was also noted that the ﬁax. head obtained was never equal tc the
calculated maxizum head (knowing the guantity of water injectec and the
diameter of the tore).

(iii) It was noted that in some cases head did not decline immediately but
held steady at the max. value for some time.

Under ideal conditions (e.g. a2 confined, homogeneous, isotrspic gravel
aquifer) an instantaneous maxizum head followed by an exponential decline in
head with time should be recorded following an injection of a slug of water.
It is noted that this was not the case ((i), (ii), (iii) above). This is
no doubt a result of several factors including: the fissured nature of the

guifer, semi-waztertatie conditions and the well desizn. As mentioned

previously, in many of the bores tested water table conditions existed and-

by

ren Tadle 2 it cazn te seea tiizt tZe open slot area of tihe casing geaerally
commenced telow rest water level. It is possible that upon injection of water,
instantaneous dispersal into the aquifer below rest water level occurs

causing increased head in the immediate vicinity of the well. UWater.then

rises within the well to equalise this head difference resulting in a non
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s 1O v
Anstantaneous recording of maximum head within £ﬁe weli which Qill te lecs
tazn tzat czleulated imowins tae ciz—eter of the bore and volume of water
injected. If the transmissibility is relatively nhigh the water Level
within the well wiil oscilizte followirg simtle harmonic motion as the hezd

within the well eguzlises with the aguifer head. (e.g. Bore §¢23). In’low

transmissibility areas ithe head cdeclire will te relatively slow (e.g. Bore $7.)

comrared to thai iz higter tranzmissibilisr arezs (e.5. Sore 125
- — - s - — i = - - k- —ead - -t . . LT o - - — -.\J. et - A

. In some

cases the transaissibility was too high for the method to te of value (Eore 338).

In apzlying the method of Papacdopolus et al. it was decided that Ho
would be taken as the maximum recorded head and the time ordinate would be

taken a2s the final time at which this maximum hezd was recorded.

The results of tze slug tests carried out are recorded in Table 3.

Transmissivity. The immediate otservation is that the resulis are muct
lower than iacse obtained from the pump tests. This is obviously due chiefly, :
if not wholly, to the low percentage oI open slot in the cased bores.

A low T value is, however, recorded in Qb which is open hole btut as yet no
results of a pump test for this site are available for comparison. Another

——— . - e R = - . = ata 2y - e - e S -t e :
cbservation resultizgy freom ecomparisen of the slug test resilis enghasises

the variability of Transmissibility with only short distances in this

P pep—— -~ -~ - - - TAawm mermem - - mamma T =a PR T e D P S
Sissiregs cdolioniiic aquifer.s Iior examdls 2t sits G2 The Tump fTest Eadizales
z

1 = e B Pl IR T R T P e jEa A4 o
a i Tauiue CL sofg couv T COY/O Wiea 10 agparenc Torlallill wiliol Grecilz.Cl.

However slug tests in the two observation wells give quite different
results; the time taken for identical slugs of water to disperse in the two
wells is greater in G2A/2 and the T value obtained is smaller by a factor

ol 7 than that for UZB. This effect is of course expected iz fissured

ck

rocks but it is important to aote tinat the drilliers records indicate that

H



(33 (=) (3) (€] (5) (6)
WELL NO RADTIS TIME AT TRANS TRANS TRANZ
_MATCH T= 1.0:-,2 (L)xB.6% (5)}x37.C5
. 2:- (}13/.";-:;’/:\) (Igpd/ft)
(=) (ea) (sec) (cm"/see)
(S H] 3.c8 5.08 32 0.806 6.56% L6E.Q 107
Q1B 5.08 5.08 22 1.173 10.135 679.6 107
G2 30.55 10.95 no matca - - -
@38(i) 5.08 5.08 9.3 2.775 23.975 1507.5 Rk
(ii) 5.C8 5.08  13.6 1.897 16.390 1008.9 1710
/2 4.75 4.75 80 0.282 2.436 163.3 0
Q3 10.95 10.95 no match - - -
Q3a/2 4 L5 L L5 no match - - -
Gh 15.25 12.5 no match - - -
Q4B 7.62  5.90 20  2.903 25.082 1681,7 107X°
(i) 10.95  10.95 limitgg. match  2.306 19.924 1335.9  107C
(ii) 10.95  10.55 1imiti§ match  2.664 23.017 1543.3 1071€
o6A 5.08 5.08 limited match  .860 7.430 4o8.2 g
30
Q63(i) 5.08 5.08 Lizite¢ satcs 2.933 25.341 1699.1  10°%°
(ii) .08 5.08 .L_mﬁeg match 2.3461 20.269 1359.0 g
(iii) 5.08 5.08 Best match 0.152 1.313 88.0 10°¢
170
G7A 7.64 7.5 260 0.224 1.935 129.7 107
¢ 10.5 10.5 no match - - -
28B 5.08 5.08 ro ma%ch - - -
Q10A(4) 5.01 10 2.5 21.£35 wst,0 1070
(i) 13.5 1.859 15.062 15756.9 W0
QLT3 .01 lizsted zmater | 0.223 1.365 n b= i & 1o i
120
TABLZ 3. Slug Test results
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a muc:t g:ea:sf guo=tity of bentonite was used in the construction of

Q2A/2 thxz i= 223 (éee tablelh). If this excess of bentonite has not

been acdecu=zte’; cleaned from the well it will of course give an
Ifectively lower tranmsmissibility taan tae actual.

7

roz tadle 3 esilmilar differences in the values of

Hy

AS Cz= T2 s=2e:
transissibiiity at pairs of observation wells also exist at Q5 A & B and
QlO A & B. Eowever, as table 4 indicates, bentonite was not used in the
constructicz of any of these wells. This effect must therefore be acredited
to a differex=tial in the.fissures penetrated by the pairs of wells. This
effect therefore emphasisad tzat as regards determination of transmissibility,

siug 3=z z=n only be rezarded s Joint determinations.

At the tresent stage the only site at which both pump tests have been
carried out znd slug test have given resulis which can be analysed by the
Papadopolis et al me*hod is Q2 (at Q3 and Q8 the T is too large for the
slug zetlhcd to rive results which czz be analysed). when more nump te-=is
bave teen ccripleted it will be possible to compare the two sets of results

and 2iscuss their reliability.

The vatues of storage coefficients obtained from the slug tests are
very low (18-107. It would be expécted that the wvalue of storage in a
Ifissured cozfined aguifer would be very small but these values do not compare
witkh the valmes obtained from pump test Zor reasons given above and also the

following. The storage values are obtained from the equation

2 ..
— - 2
o< s /r S
c
T, = radius of screen or open hole
T = radius of casing in interval over which water
level fluntu=tes i

and (o4 is obtained from type curves



-WELL NO METHCD OF SUANTITY OF COMMENTS
DRILLING BENTONITE USED '
A= AIR HAMMIR BELOW CEVENTED CASING
- .R= ROTARY - DURING CONSTRUCTION
)

Qu PSS el Y

o A 0

G2 R 2750

Q24/2 R 1250

Q2B R 0

3 R 2500

Q34/2 R 0

Q3B A 0

Ql R 0

QLA A o

Q43 R 0

Q5 R 0

a1 2 0

()3 R 2750

QA A 0

cez A 0

Q7 R&A o 2

&7 A 0

¢S R 5050

<8A A &R 600

Q8B A &R 200 gentohite only in la

tn.

Q10 A&R 0

Q104 2 0?

QlCs ? 0?

TABLE &4, Well Construction details

(Infarmntion token from well records 2s

supvlied by drillers)



Ir czleulating S it was assumed taat T
toat caveras zround tae screen effectively inc
amount. This wounld result in a smzller S vealu

e mtme ey T
8 % gu==Tll7T.

The conductivity of periodic saztles wzs
(MC1 MXV) curing the constant rate test at &8

No great variaticz wzs recorded with tize at e

B but it is cuite likely

rease r_ by zn unknown

7]

-

tut it is ¢ course

mezsurad in a conductivity meter
and the multi rate test at Ql0.

ither ol the sites.
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it~is aot possivle to hw"a gne ooservaticn bore down gridi

of the producticn bore and cne at 20° to the aradicat coik

the preduction bave,, it is desiraple that 04 should ravs o
- qradicnt. w

7. In order to enable stz

adiar drilling of the nroductisn bor
LHE Sioscnadl sy Ue GSlneRUst QEREY & Fusfic il dEPtu To
alloy the ccrrect ;;mpset_qr" for the CCﬂﬁlthJt-'aP rcyfu
n anN.. o ”
W D eie e .e e < - 7a.f 5 LS
8. During aguifer testing the discharge rust be carried a
pEfacizat distance frea the gite :? gt P Gy . gl

a windicun of fuda is ec‘mm:noad, but *hls may ave tc bc
-c"!f! Al =l A

meregssd iE rcb,c_“ § is evident ¢ iriig a test.

9.° It is des

irable ““a* low rrcduction *Ate:.are used aupiny
tists to givae low dsawdcwn, aosrizaital fiow and/avold
“urou LENCC,.

10. If results of tosting the fir t wvells to b° ccuplated at a
site indicate a lov T valve and therefore production raes
are lizeir to 1= immmffi-mi-os &o e s W Tl
turbine cuan, g GofiSnnive PRETeL IR B2y

g jiiznucter couid b2 drili=2
!r-l\-'—.sA-...Ln.v\-;l site teLicx S
:roductlcn fron oae observatioa bars
i the ptisr.

]

It is reccamandad *hat such an air 1ift test be caryrizd
cut in Q6 noting rasydowns iJ GSA and 765 (2écmin arz of
cpinicn that the cas 1g in 06 can safely be pulled befovs
snck a test). A doeisica w11l Bo mide az to wnsther such
testing shcould alss be carricd out a* 41 and- Q7.
"If site ccmfitiens do 1nd'~:'f 2 1o 2 rafer—pne chmsil U7
28 Bd uoil d
\
-z é—:;}'\ohh ;
>
‘.I
Bo :t :-1"-3 (:rort:l:o'l
B.\/”u:'f A:
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