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NDOLA WATER SUPPLY STUDY: Repert by Dr E P Wrigh:,

1. . The writer visited Ndola on the 24tn/25th October 1974 at the request of

J N Bulman, SADD Znginssring Advisor, in order to appraise the progress ‘of the

Ndola Croundwater Study being underiaken by Brian Colquhoun, Hugh O'Donnell and =~ .
Partners on behflf of the Ministry of Oversezs Develon"e“. anc the Pepartment of

o

+

Vater Affairs, Goverzrent of Zambia.

2. reliminary discussions were held in Johannesburg on the 23;d Cctober with
various representatives of 3rian Colguhoun and Partrers and Australian Groundwater

Consultants. - . - . -

4

c Hdolz, a rapid tour of the drllli 5 sites wzs made on the

t
aiterncon of the 2Lth Gctober and further iscuss one were held at the Ndola site

-oflice on the ro*n¢ﬂa of the 25th prior to leavirg for Blantyre and London that same
day.

. The technical appraisal given in (5) below was prepared on return to the U.K.

and the gist of the zppraisal submitted verbally cduring a meeting at ODM {Chairmen-

‘Mr C M Harrison), held on November 13th. Some differences of opinion became evident

between the writer and Mr J M Johncon of Australian Greundwater Consultants, mainly
on the question of the effect of the use of bentonitec during drilling, and a2 further
meeting was arranged on the following day (Hovemder 14th) at the Institute of
Geological Scicnces to discuss in etail this 2ad other matters. The substance of

the diseussions and the conciusions are given in Section 6.

5. Progress of the Ndola Drilling Contract .

5.). General Appraisal

Apparent progress of the contract appeared fairly satisfactory in that two of the
sites had been completed and pubp tested and at several others drillluo “had be°n
almost compleied. However, in the opinion of the writef, and for various reasons
which will be mentioned telow, neither the test drillin ng nor suovseguent aguifer
festing technicues can bz regarded as wholly satizfze - tory and varloas reccmmengztiona

for improvements are imcluded in this report

5.2. Drilling
Observation holes have been. drilled mainly by air/percussion method but in some

’notPFC~o have had to b2 completed by rotary rig (corin 15 and reaming) using either

vater or mud as a drillirg fluid. Production test holes to date have been frilled
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mainly by rotary rig and to avgreater or lesser-extent bentonite has béen uséd in
virtually‘all cases. In ore well alone, 7% tons of bentonite was used, and in

another 33 toms. Full detalls are available in the drillirg records. Since lost
circulation was exvperienced during the drilling of:all oroduction test holes, and

I understand pr1rc10¢lly within the upper part of the sequence, then presunably most

.of the benuon;te used must have been dispersed into the formation. Development of

the wellc has been llmlted to air llf‘ pumping for a few hours prior tc the main test

Ny

pumping

A

5.2.1. Eifect of Drilling Fluid

‘Mr J M Johnson of Groundwater Consultants noted in discussion (November 13th) that

the bentoaite used was of a low yield variety, that not all the bentonite recorded as
having been used vould have entered the formetion (but see 5.2. a2bove) and that on
the assw unption that the bentonite was fully hydrated, he envisaged it remaining as a
fluid within the formation which could be easily pumped out. This viewpoint assumes
basically thet the formation fluid occurs within a2 few large interconnected -fissures
3n an otherwise conpletclj impervious rock. There is no substantial evidence for

this viewpoint on the’ structural characteristics of the Kskontwe Limestone other than

‘the drillers quoted opinion of the presence of large fissures (c.2cm width). Core

examination indicates the presence of much smaller fvacture ~sizes, and although the
relative }yc_aul~c significance oF such fractures are not knovm, it is more logical

and initially more appropriate to assume that hydraulic movement may be through an

1nterco““ectec network of fissures and fractures of varizble and varying sizes. In

~

any event, it is wiser to assume siructural complexity until proved otherwise, and if
this complexity does prevail, the effect of the drilling fluid within the fermation
Fad

could bte consideradbly different to that enviszged by lir Johnson. Since the matter is

of consicderatle immortance, the detailed argument is presented below.

a.” VWhether the bentonite is completely hydrated will depend on the

adequacy of the mud control during drilling.

b. Evern if the bentonite is completely hyd;auvd in the drilling fluid,
the following possibilities must be considered:-

i. The drilling mud is likely to have been dispersed widely
in the fermation during the lﬁngth" periods vwhen cwrculatlo

vas completely lost.

+ii.  Mud cakes could be deposited on rock surfaces either on
the side of the borehole or within fissures if the lime-
stone rock is even weakly permeable and where a pressure

differeantial exists.
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Mud cakes could also be deposited across fissures where
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.these'are sufficiently smzll and where a fissure NAYrrows
to the requ151te dimension. In the latter case, a lateral

“or backward build up of the mud cake could occur into the

wider part of a fissure.

iv. Uhen c1rcu;at*on is lost, both mud and cuttings are belng

. ﬁif B ‘. disperséd into ‘the forma tlon. A build-up of cuttings. in
; B .a flssure could readily be aésocigted'with deposition of
. - mud within the cuttings as in normal invasion of permeablé
| material. . .
v. Even where the mud remains fluid, it will after a short L
- - f. .. time (gel) and in combination with suspended cuttin ngs would o
form a heavy viscous mass. , S o o oW
c. Deposited med which has deeply invaded a formation is recognised as
being difficuit to remove and particularly so when the mud hes been
deposited, as likely he re, under qulescent conditi It seems
. also feas;b e to visualise difficulty in remeving the heavy viscous

gelled mud where this nas penetrated fissures to appreciable distances
"from the borehole.

The possible circumstances were discussed with M» Pace, Chief Engineer of Baroids

-Bastern Hemisphere Division (one of the world's foremost Companies concerned with

the manufacture and use of drilling fluids) who concurred With the writer's

cpinion on the likely.effects of fluid and mud irnvasion, and was even more pessimi-

stic regarding the ¢i

ficulties of removal. IHe recommended acidisation and urged

4

"alternative methods of drilling.

Although the majority of the observation wells have been drilled laraely wlthout

the use of be entonite, the use of signi ificant amcunts in the adjecent production well-
could possibly invelidate the analy rtical co nclusions. Damage to the formation by

mud penetratien could exteng into the aguifer to beyond the observétion wells

(a radizl distance of &), particularly if {issuring is very localised. Additionally
glnce the main zone of lost circu ulation océur rainly-in the upnor levels of the
ngontwe linestone immediately below the overburden, resfrlvtlon of I'OU movements at

these levels would introduce vertica ’low comnowen s 1into thv test 'system' and

[N

cause difficulties in analysis. ' =

For these various reasons, it is reccmmended that every effort should.be made to drill
all welis by eir/percussion techni q}?:. ?roblemq have been encountered in the use of

the two air/cosmipressor ri (h COP & and a URB-2A) in consequence of the weight of

7
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" 5.2.1. (Cont)

.

cuttings and the amcunt ofl water inflow, particularly in the ¢rilling of the larger

. diameter procuction wells. However, it is believed that the compressors used are of

fairly<low rating (€. 10Cpsi) and low output (€.6CO cfm). The compressor designed

for use wibh the CCP-6-.can give a working pressure up to 250 psi, and by acdjusiment,

'an 1nci ase in air {low to 1545 cim. Since the rig is clearly can"ble of operating

at high pressur es and with high rates of air flow, the use of two or more low power "=
compressors, operating either in series or in parallel as required, could imorove

the drilling capacity consideratly.

‘A further p0531oil ty to facilitate air/percussion drilling for the productian wells

is to modify the well design. The present‘desién has 210 mm casing/slotted scree:n
set tc total depth. Suggested design modifications which would permit a narrow
diameter hole would include the limitation of the larger diameter to that depth at
which the pump is to be installed. A second alternative is to use a narrow diameter
hole t.roaghout and to. n“oduce it by air lifting. The choice of these two alterna-

tives is discussed in more detail below.

Anotrer possibility to assist drilling would be to use a foaming agent.. Its use is
CCPualqlV preferable to bentoniie in the long term, since it degrades under bact rio-
logical action. It is possible, hovever, that 1t may also inhibit flow in the ‘
formation at least for some time after use, and in consequence it would be preferable

tc avoid its use in the present circumstances.

The extent of 'demage' to the formation surrounding those production wells drilled

‘with significant amounts of bentonite will not be ea 15y to evaluate guantitatively,

but in the writer's opinion it is impecrtant that attempts should be made to clean the

wells and to obtain some irdication of the degree of damage. Suggested technigues-

are as follows:-

i. uepeatcd gumma—ray iogg 15 in production/associated observation .o

oL

welle before ana after cleaning (an assumption that bentoni

ot

e
vill give 2 high gamma response - requires cheqking).

ETE & Electrical con ductg“ce/tur01aity reasurements of pumped

discharge anring cleaning. : -

iii. - Varialions in specific capac ity du ¢leaning and possibly

2]
™
3
(0]

more scphisticated evaluation of 'skin effects' by efi1c1e Cj.

relationships etc. SR
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- . Aquifer Testing

The metked adepted here consists casically of pumpins from the procuction well (a

variadle step and constant discherge) and making measurements of drawcowns in the

available observaion vells. This limited series of rmeasurements 1s not likelv to

o

-provide a very <omprehensive analysis and in view of the probable keterogeneity of

-

rocedure is to be Trecommenced, of which
CQetails are provided below, It 'is emphasised that most of the suggested measure-

ments can be made with comparatively little effort.

A significant source of error may relate to the ‘disposal of discharge. At one of
‘the two sites éxemined, the discharge was disposed at some 15m from the pumping well
and in znother 2+ 7. In view of th: 1w ground slope, the shallow depth to the
ole and the %y 10 means imyermeable cover, there is a distinct possibility

d
of recycling effacts becoming_oper&tive at an early staie in the test,

Step drawdown and censiant rate tests have been carried out at @ anad Q8. Sone
plotied data have been forwardea for @3 and a summary of anslytical
are listed below.

(Data Submitted by Brien Colcuhounm & Partners)

TABLE 1
T S
S (Min) (13/Day /M) .
1. Theis .Q8A - 0-420 390 - 0.0C022
. : Q85 0-L20 -1S0 0.C003
Wil © 0-250 6000 0.26

"After these times. apoarent steady-state conditions are reached.

2. ° Thniem (steady state) .
Q3A, 083, W11 1000 130 -
3. ~ Jacoh Q5 0-430 - 8600 -
. 0984 . o420 .. 3000 - -+ 5%10 (power-23Y )
- T Q8B 0-420 - 12000 Lx10 (vower-23)

W11 ' 0-3co 5700 : 0.35

The drawdown data cannot be interpreted with any certainty. The levelling-off in

- water levels in all three observation wWells after 200/450 minutes is most likely cue

-

to recycling of +ne rumped discharge. The extremely large order-of difference between
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nalysis is anomalous, but it is rointless to speculate toe ceeply
at an earlier stage than the more obvious changes. Tho cuesticn of turbulent flocw iz .
important, byt there is insufficient tackground

é
the indications. Some preliminary calculations based 91 assumed fissure cize andg




5.3. (Cont)
nuzbers, and the rate of well in nflow, do not indicate that turbulent flow is likelvy

to occur even at this short distance from the well. Plots of the drawdown data in

the nmulti-rate step tests (@S V Q) co 1ot ;how a constant value which may indicate

'

turbulency, but the plots are in any case suspect since the drawdowns, particularly

in the later stages, may possibly have been affected by recycling.

5.3.1. Recommendaticns on Aquifer Testing

The geolcgical sequence consists of a laterltlc overbu.den underlain by the Kako itwe
Iimestone. The water tzble occurs at shallow cepths generally within the overburden.
The Kakomtwe L’E°<t0n° is knqwn to be heterogeneous and the general concept is that
permeability is ﬁigher in the upper levels immediately below the overvurden. It ié
on the basis of this concept that drilling depths for aquifer testing have been

iue test arrangemsni includes two observation wells at &nm away

}-d
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from =z preduction well, cne perallel to and the other at rlgbt angles to the hydraulic

o

gradient., This arrangem vas proposed for all test sites with varying radial

istances in ecco*&anca with site conditicns.

Fad

- In view of the limited numter of observation wells and the likely heterogeneity of th
‘main aguifer, it is important to obtain as much background information as possitle in
crcder to ascertain the general bounclary ané flow condit ions and to assist in the
.interpretation of the drawdown data. ‘Suggested procedures and measurements are as

follows:- . A BN

a) TFirst observatiorn well.

i. Repeated measurements of production rates, drawdown data,
piezometric heads, electrical conductance etc., made during
rilling in order to obtain indications of permesbility

variations in a vertical secticrn and of likelihocd of

‘hycraulic continuity. This data can most reacdily be

>

-collected with air/percussion drilling (observed variations
in discharge, drawdowns from vpressure gauge differentials, piezo-

mevric heads at intervals following 2ny cessation of drilling

etC). ’ M - - Jr

ii. Slug ests on completed well using anmalytical techniques of
Bredohoeft ané Papedopulos with due regerd to aquifer acces-
eibility in relation tc screen intervals. Open hole ccmpletion
is preferable if the hole can stand up.

iii. Final specific capac1~) after clezani ng; opportunity should te
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[N
e

taken to make drawdoun me?surement in any associated existing
well. This_data can e used to assist more logical siting of
second observation well and production well. It is reccn-

mended that any eY1st1rg well on site should be cleaned out.

Second oboervatlon well.,

-i.* Same general measurements as ver a(i) - (iii) above.

e

i. Mini-pumping test during firnal cleaning,making drawdown
measurements in the first cbservation well and any existing
well. : S

Production well. : . e e

i. General nmeasurements as per a(i) - (iii) above.

[we

i. The location and tyve of completion of the ¢ procuction well is

best decided on the st of the results of drilling and testing
the otservaticn wells. The use of a turbire pup is to be recom-
mended because of the better control on pumping rates and greazer
facilities for varying the rates. To ensure that flow into the
well is maintained as near to horizontal as possible, it is
important to keep pumping drawdowvns tc a practical minimum and to
have the pump beu‘as high as possible so that screenl"v/ooe“ hole
completion <an extend over the greater part of the aquifer. It

is provably necessary to have blank casing set in the overburdeu
and. to avoid vossible demage to tne pump, this should extend to
the proposed pump setting. Pumping drawdowns should preferably

not exceed zbout 6 metr eé and the pump setting could be at a
maximuni of around 10m below static water level.

Possible variations in well design for the procuction test well are
‘shown in Figure 1. Type-(1) is the desiin of those which have: *
been drilled to date. It has the disadvantage of difficult dril-
ling and is likely %o result in signific.nt vertical flsw corpo-
nents during testing. Type (11) is a cheaper and easier comple-

1l still give prodblems of vertiéal flow effects. Type

(’-
H
Q
-

(22
[
r'-
“.

(I71) is praferable-fcr testing and would give faciliti for deep
setting of the pump for use as a "hbsenuent_production well,
although it might still bve ‘necessary to.use a liner. Type (IV) ié
the cheapesu and easiest method of completion and in the circum- .
stance is to te preferred. If the wéll is to be subsegquently uced
as a production well it would be necessary to modify the comnletion,
tut this could be done reiatively easily.
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If the results of testing the first observation well indicate a low
transmissibility at the site, and the preduction rates are likely
" to be insufficient to permit the proper use of the turbine pump,

N ’ - ~two alternative procecures may be adovted. A test hole of narrow

/ diameter could be drilled and tested using airlift pumping. Alterna-

ng
— .7 tively, site testing could be limited to ajirlift preduction from one

observation well whilst making drawdown measurements iu the other.
d)" Aquifer Testing
o

1. Fre-test site survey (water level elevations, electrical conductance

all wells, lozzing etc).

He
[N
L]

Pfoduction testing including step-drawdown and constant rate testiz.
The former should be used o make preliminary plots of drawdown data
in observation wells to alliow consideration of the possible onset of
_ turbulent flow conditions and to chonse the most approprigte pumping
rate For the censtant rate test. Tt should be noted that préliminary
calculetions shculd already have been carried out based on the data
from the first observation well to détermine the most suitable

location for the pumping well in relation to the observation wells.,

e
[N
(WS
.

Discharge must be carried for encugh away tc avoid significant
recycling. If the water table is shallow, auger holes could be .
drilled at negligible cost between test site and dischérge locations.
e . Water level measurements in these holes would indicate the onset of
'\Q : recycliag. Drawdown measurements in such shallow auger holes could
in any case provide valuzble information other than in rela*ion to

recycling effects and their use is to be strongly recommended.

~dv. Appropriate periodic measurements of discharge (calibrate notch),
electrical conductance, temperature etc. Downhole measurements in
pumpirg well of flow velocity and conductance/temperature would be - -
very desirable.
v. Plot drawdown data and discharge rates curing test for preliminay

analysis. : s ) S

.t

6. Meeting at the Eﬁstitute'of Geolegiczl Sciences on Novembef 1bth with the

following being present:- Mr R N Skinner (Brian Colquhoun and Pariners).,.

Yr J M Johnson znd M- Bell (Australisn Croundwater Corsultants) and Dr E P

AR 4

Yright, Dr R Kitching and Mr B Adams (Institute of Geological Scicnces).

A full discussion was held on the projec:t and the fellowing conclusions agreed uvon:-

2 Pl

.
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It was agreed that if the conditions nrevalllng in the Kakontwe limestone

are as descrived ir Section 5.2.1, then .mudding—up'of the aquifer will

have occured in those wells drilled with signifi %nt loss of bentonite
mud. The process could include both penetration of drilling fluid into
the frac;ure Ssystem as well as the deposit of bentonlue clay within and

across fractures.

It was agreed tnat it would be necessary to clean such wells if valid test

. results are to be cbtained. Ir Johnson of Australian Groundwatesr

Consultants consicered that this would be a comparatively easy task which
could be carried ocut by 'rawhiding' which consists essentlally of over-
pumping and surging with the test pump. His optimism is not shared by
Dr-Viright or Mr Pace, the Chief Engineer, Baroid Eastern Hemisphére

Division. It will be necessary to consider techniques tc deternmine

whether a well has been adequately cleaned anc whether or not significant

'damage' to the formation has occurred. Various techniques were considered.

It was agreed that cleaning with a pump would be carriedé out initially.

For these wells on which a rig is still installed, other standard tech-

.niques of well development would be considered. Whether it will be

necessary tc rig up on wells which have been completed will depend on the

results of 'rawhidirg'. =

It was aoreed that every effort would be made to drill all future wells

by air/percussion method. The possibility of runmning two ordinary low

pressure compressors (~~1CCpsi) in series or in parallel will be explored.
Geonin do, in fact, state in their tender that they have compressors
rated at 150 psi and were anticipating delivery of a compressor rated at

180 psi.

“odifications to the procduction well design have been agreed upon which
will permit the use of air/percussion drilling techniques. The siting and
design of ths production wells within the limits of prior costing, general

range of design types and suitability for acuifer testing, are best left to

the hydrogeologist/engineer on site. Decisions should be tased on logical

rst

-ty
I8

and prorerl; documented and analysed data.cobtained from drilling the

pe

observation well.

Dr B P Vright .
25 MNevermpver 1974 ,
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