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Grounawater

Partners on behalf

pf the M.nlstry of Overseas Development and the Department of Wate* Affalrs{':

7Got nment oz ZAHola, follovxu* ar preV1ous brlef v151t by Dr. m P. Jrloht

-;(I;C S ) 1n October. As a *esul of D-. 1“1ght's V151L ana di scu551ons

:”be‘ween rapresen tl ves of Brlan Colquhouu & Partners, O D.A. and I.G. S.,

~

SN

. DI‘A..

-a draft _report was produced (Ndola Water Suoply Study Report by

P4 i ght) in whlch several suggestlons for the remalnlng wo*k in

--the Hdola project were put forward. Thls present report results from

" the writers visit to the Lleld to 1nvestlwate th

e'practicability of

- these pra,rsals and to aporalse the future develooment of the prOJECb-S

l. TUse of +the rir Jercugssion Rigz

It was reccmmended,that every cffort shorld be made to drill all wells

by zir vercuzssion. However, for the follcwing reasons :thi

s would appear

(i) - - With only one air percussion rig on site (a URB —ZA) it

. v T 3 + mym % ;-
wou_L&, 222rT Irom any other conszceratlc“,

11 remairing bores
"fspercussion method.
(i1) . The mlnlwum up - bole veloc ity for.

oe an. uneconou*cal use B

be‘drilledfby,the‘air

good chip- removal

been d~+e*u1ned b el' wo*k to be aonrox1mately L ooo-6 ooo ft

" min. The air o ac1ty requlred in cublc feet per’ minute to ootaln
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1-is calculated as follows:-

dell Techmolor 5.1

: o= /T(12.25)° % L7850 - ({4:5)° x 785)7 % 4,000 x 12 -
T T T e T T T
= 2830, Cafu B L e

for d = 10"

3 .
3
[
It

/f(io)2 x 1785) - ((4.5)7 x'u,oob‘x 12

: ] _ 1,728 . ‘
=-1,7391c;f,m; | - -
for d =‘6U | .
Cocmt = 62 x .735) - ((h.5)% x .785)7 % 4,000 x 12 )
) o 1,728
= 343 c.f.m. ,

NOTE: These values could be decreased by enlarging the stem size,
however increasing the stem size to the maimum to still allow a
chip ¢learance of 5/16" does not alter tiig oréer of the reguired

. ) : E '.A'»: .
tesides which no zlternative stem size is adailable.

As mentioned previously there is only one air pcrcussion rig on site and

this has a compressor rated at 700 CiM, the obvious conclusion being that

2; Usé of.Rotafy Rigs:
-_Sinée thelattention qf-the conﬁractor$_Qas_brought'to the'excessive a@Ounts
of bentoniteAusgd during the rotary driliing,'behtoniteAhas-ohiy Béen used
vdﬁring'psnet:;;ion of %he ?erburdeﬁ (whica'is of course cased qff) and once
_in'the aduifer;_wétér only is ﬁsed‘as tﬁe drillihg flﬁid. 1Foaminé;agents

are'not available.
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e wrlter 'S vws to Ndola

.plezcmetrzc zeads and electrlcal conductancA durwng drllllng.afﬁowever

be taknr.

wells whlch show low ylelds or poor hydraullc connectlon w1th
;neighbouring:wells (o.f. Memo B. Adams to T. Golder note 4).

("') _ - Development and Specific Capscity. The drilling contractors

it
};Q;‘ ‘7-~was reempn351sed4 both to the drllllng crews and the s1te englneer (c f.

'Memo. B. Adams to T.,Golder 19 12 7+ note 3) tdat sucn measurements must

(ii)" , Slug tests. Slug tests were carrled out at all connreted ‘sites.

It was also sag ested that slug tests should oe carrled out on- any future

have not been keeping full records On_development.andﬂspecific capacity

tests on comnleted we;ls. It was reemoh sised both to the ‘drillers on

S A -site and the site engineer (c.f. Memo B. Adams to T. Golder note 5) that
~v, v 7. detailed rzcords must"be—keptuinvfuture;{E T T o
(iv) During tie writers visit, ta stage'of completion‘st any .oue

. was not such "at 2 "mini pump test” could e carrled out to site the

"site

flnal bore, as suggested in Dr. Jrlght's draft report. It was recorded

that_such_a procedure shoulc be‘adopted'(c;f. emo 19 12 74 not te o)
L. LT T e T Tt T > N
_I":,,."—\‘ B -
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- distonce; the

o

gradlen thus 51v1nv a greater draudown 1n B., Such a conflcuratlon

s woulu glve tze pos51b111ty of u31ng dlstance drawdown methods of

analysis._ P *',' R ”"1.5 e

B should initially bve sited at a distance o

ass::ptlc" being .thzt trfﬁsmissivitx w1¢1 be areeter down ground.Water
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(v):  -Turtine Punps. The turbihe~bumn'in~use Was purchased. SRR

"?Qva“eCLELCGLLy f:: thls contrqet acc0rd1qs tc the orlgzngl pumplng

: However; f°ll°W1n8'theirecommendationA:__
r"‘rasly;not exceea o metres and that twel -

: should be at a max1mum ot about lOsm tres belwe statlc water}y

1evel‘ prob ems 1n 1ts use have resul ed._ltor ecamnle_at QlO the multl

~rate tests 1nd1cated ‘hat to av01d turbulence and to glve adsmall drawdown

23':;a pumplng rate of some 4 400 I g ph. would be requlred 'HoweVer,~the e

'1f!10west rate obtalnabl°.w1th the turblne pump at thls settlng (28m below :fd
:surface) was 8 850 I.g. ph. - obv1ously the hlgher the pump settlng tne;.

ﬁbfhlgher tne e1f1c1ency of the pump and therefore the hlgher the mlnlmum -
;rate ootalhable. f.t w1ll tnerefore be necessary to test QlO by adh‘lltt
pumpins. |

;-“(vi): o The designbef broductidn bore. bThe design'ef the'nroduetien'bere

" has been modified so that the large dlameter (260mm) continues to approxi- -

mately 20 or 2Om (to allow ootlmum pump settlnv) below whlch the diameter

: is decrea to 150/ 200mn Vhere p05s1ble open hole construction w1ll be
-ff-ﬁused and *© 1llnv that slotted caSLng.~_ - ]
(vii) - Dlscaarge. I“nas been reem phasised that di scharge from aquifer

tests must be carried a sufficient'diStance from the site to avoid-

recycling and a minimum of 10Cm has been recommended (c.f. Memo'l9;12.74

note- 8).
‘L, Besults of Mestin~ 2 T.E.5. 14,11.7L -
(1) Cleaning of Wells. During the writer's visit both wells Q3 and Q10

wefe.rawhided—by the test pump‘until the nati?e:clays'eeased:tOjbe_carfied'

 -into the well.. At early stages in the surgihg:the turbidity‘of ‘the water
":ijas ev1d-,tlv ‘due to natlve clays suspended in the water and 1t isfthe o

] drllllnv -supervisor's oplnlon that once the well has been developed "free" of

RN
N
)




«.zese uc._-*:e Cl?‘};sv' any b &~

tinrs waich may have

Cemteret

Site Renresentation durlng writer s v151t

EESidem‘ 51+e Eneineer.'t-jlwi_ T Golder of Br1an Colqunoun And Paruners
‘i’is:.ting Dr_nmg Superv:Lsor. R, ‘{c("allum of- h.G c (25 11 74 - 16.r2 74)

?151 ing Hydrogeolooist :'f:lA G Hubert of A G cC. (25 11. /4 - lO 12. 74)

"fnrine t_e absence of a hydrogeologlst on 51te test results are telexed

tn A G.C.* s office in Johannesburg wblch can involve lonb periods of delay
'-dnrgto soor communications between Zambia and South Azrica. As it is
<cmetimes 1mportant for on 51te de0151ons to be made (e. g. as to whether

tn_prolcng a particular test should boundary'effectsﬂbegin to show)

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

LESb ‘com 11

A "'f"L*Té;e;tf-‘-‘c"of‘m;slfeft"é""“"-i~ o
"Testin;4about to commence.
8- llo-w;damd»l Pewe _'”‘2ndfo'w. to be ‘sited from +ests on
' k ' ocher bores . o
6. 2 o-ns.'and'l_p.w; . bl ,'LoQZYield .to-be air lift tested: .
' o : after cas1nv in p We has been‘pullede"
1;;q7;. l~c;ul and 1 p.w. R Drilling of other 0. postponed due o

to low yleld,
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and llow me

g3 no, erlng SuOuld ‘be carrled out

Uhfcrtnnace;y, dne,to equlpment iallure 1t_was not p0551ble to use the

—com.nct1v1‘v/temperature nrobe and so no logs were obtalned The 51ze of the
flow meter {S"dlameter) meant that 1t could only be used 1n the productlon bores.

ng;-}ii' However, aS'the same reel had to be used for the sallnlty/temp. probe, the

pressure t:znsdncer, and the flow neter, 1t was dec1ded not . to use the flow

\

'meter-as 1c'won1d ‘have been necessary to p051t10n 1t 1n the well before tneifj4W

,1mmp was pcsitioned <thus resaltingvin the reel being unavailablegfor-

'f;,logg ?eriois (i.e. the lenvth of time required'forAdevelooment and-test

i pumting). Thus t_e only results obtalned were from slup tests 1n all comoleted
l' ‘bores which were not occupied by other eqvlomeqt (e g. drlll alr-plpes,.
: ' . ' ' : .
.. pump), conuuctlvl‘y measuren ients of . perlodlc samples collected during the:
) testing of'%g ar.d 310., and thelpunp-testsvcarried out during'the visit.
: Aguifer Tests usinz the turbine Punm
r .
It is mct Thsz surpose of this resort fo give detziled analyses of the

i ';-1_”'L.’- pumpétests_soAfar carried~out,-but it'is'necessary.to,cohsider.the‘results s

-s0 iar oonalnec asen olscuSSLng results of the slug tests.

L _ } g ~Prior zo tbe writer's visit_pump tests_had‘been'completed;on @8 and Q2.‘ It .
‘had beeﬁ decided that”'3 snOilo be retesced as it waslthougn thattrecircalatloﬁ.
i ';ffﬁfoa":' had UrODlal"'occu_ed aurlna tne orlolna] tesc due to.tne qlscnerge p01nt |

belnj 51-ua.ec only a few metres avay from the-productlon well.~ The retestingif

3

£ q&¢ane-fzé est lnr of Q} were conpleted durlnr the v151t alone w;th a
: " multirate f% ESL at OlO R e K
i ) " L




1s cons:dered \roster?&iuiltoﬁ,

‘1974) tnat lL tne 11crease>1nf

~rvat10n well 1s dlrectlj proportlo al;tbdaq -

jiﬁereasevln numplng rate, darc1an-’low theory 1s appllcaole and the

H2m9LhOdS of Thlem, Thels, Walton etc.,’can poss1bly be applled.

';3r1~are l sloa _ he results obtalned from multlrate tests 1n the wells so"il

Ihe r"‘los of productlon rates 1n succe551ve steps as compared to the

Tra..lo of drzwdcwn in 4‘he observatlon wells durlng the corresoondlng

:isucee551ve steos (Flgure l) 1ndlcate an approx1mat10n to Darc1an flow at all
three sites. It should therefore be reasonable to apply standard methods
of_analysis to tests at theselsites. ‘Tﬁis has beea;donerahd'a sommary_of

the results is given in Table 1.

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

-~

"ia-t“ area. of . .

2

joe

abozt Darcizn flow would indicate that: 'the trznsm ssivit

" pae

Tsite 92 is of the order of 200m)/day/m with a storage value of l X lO

'nAt S8 the transmlsslv1ty is of the order of ZOOO m3/day/m (no S value being:

o - -‘ o
eveilablie frecm the l“lem qe: i0d al sls). at neltaer 02 or Q0. is

to. - 8

is.lQOO éj/cayym whereas in a'ulrectlon‘;erpeadicdlarfto groﬁndwater,flown'i
 the value **'onlj 400 mj/day/m. theZStorage:beiagtof the'orderfof 1 x lOfB:Q

. .

These s‘orare values are sonewhat h1~ for what was con51dered to be

a ccnflned aqulfer. In fact study of the depth of overburden and the

.
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= 10 -

B e
* Residual Drawdowm ..
. .'Jécéb» ' ' : L | ) -

" Theis
_« Jacob

‘.BesidualADd.

" Cale. ZHecov.

- Thiem -

‘Thiem . . 10 . . 2298

= T X o,

Hantusz

Calc. Recovery
‘Theis

Jacodb

Eantusn

Residual Dd.

7 TABLE 1.
: : -analysis. -

' Summary'df'fégulfs“of pﬁmp test




~dep»n to. res» water level showq t acla " sit es l 3, 4 and 6 c“e wacerflevei-_f

le f"*ce coes occui tnrougn it

Slug Tests

'}Known quanuities of water were introoaced 1nto tﬁe bore Holes andhche:
-decliae iovhead withia the'bore was recorded as a,fuaction of time.by usiné

U.”.3;?;:‘;ia_pressdre-cransdocer coaaected-tora éraphicallrecorder. ‘Dueltoitheﬂparrog~uljr7:
:diamecer”of‘the observation;cores“if was decided fhatlfhe simplest'method

of injecting slugs of water as quickl) as possiole wnile providing a means

of air escaje Iroo the

Inianalysing the_results of these slug‘tests there are severzl points
which'should:be borne in mind.. Perhaés'the most'importantlis.that the
equations used in the sluc test analySis were develop ad from the Theis'

._equatlon (Ferris & hnowles 1954) which is oi cour - applicable to confined
qonditions. Study of Table 2 shows that at the magority of wells tested
. - . ,,,p5£e§ table conditions in fact exist."Thevtheory behind this method also_

assumes_an_even dis trib tion of permeatility with deuch which is almost. . . ..
T =TT ’ AL T RN
. S L )

=) . .

'
Lot

cer»ainly not the case in the aquifer under con51aeration. This '

assumption 1is more critical io slug-tes in g where t;e resalts~are'

"_essenti ally a poipt:measurement; than to. puzp tescs wh ere cne eifec»,of

' variation of permeability can be masked (1f DarCian flow is nresent) by

Roatnte A0 EARIL AL L1}

the distance of flow between the.observation well and the produCtion well. ‘Itl

o e ERARAEmE o

o 1s also 1moortanu to coqs1der the effect that slotted casin g will have7on

. “.the results. Although the presence of slotted'casing'shoﬁld'not alter the

= g P e




- .um.L 4'_..'.»--1-.1);;.'?"""0? TO AQUu“m REST VATER -
EE "vaPEN dOLu * SCREENED ;?bf;;“ffﬁ- IINEL

(u;' SRR IN ¢ ) 2 P T ¢ L0 beliw .gurface - A ¢

approximate.) . Tui v U

° 38-?5

C kB 13.60-80 - - o R
6 - o eseo g C
S R | ' ,
j o Q6B .~‘A 3 .,;: - _: B m9-80, - | . | ;
T A 0.2-80 T S | 5
@ . -8 4 o
S BB | - 17-8 ] - o

| T = N S R
Q0B - '11.60-80 , B

=)

i 7 7 (d) rest water levels should only be con51dered approxinate due to fluctuatlons.

oo (ii) -depth of overburden obtained from drillers logs, where available, of. A
r;OCuCElO: :o-es and can ue assumet to be correct for observation bores.-

R £t ~ ~
- EE . - . n —_— P p— =
1.
i
* TABLE 2., = Borehole information. ..
‘
4
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- Observations on graphical output from tesfs»;iffj -  L

“v(i);quiwas noted t;at in.spiﬁe{of:the shalloQAwater‘taBle:(aoéroiimefely'lom)[{ﬂ

C(41) It was also noted that the max. head obtalned was never equal tc the

rlses w1th1n the well to equallse thls head dlfference resultlng in’ a non

.;instantaneousArise in water level did not occur, for examvle see ‘l vraohs;"

1caloulated maximum T"ead (know1no the quantlty of water 1n3ecbec and the

dlameeer of the tore).

(1ii) It was noted that in some cases head did no%t decline immediately but

held steady at the max. value for some time.

Under ideal conditions‘(e.g. a confined, homogeneous, isotrcpic ‘gravel
aqulfer) an Instantaneous maximum head followed by an exponentlal dec]1nh in
nead with tlme sqould be recorded followlng an 1n3ect10n of a slug of water.

t is noted that this was not the case ((i),_(ii),.(ii ) above). This is

. no doubtfe result of several factors including: the fissured nature of'the

_As mentioned -

acu:fe:,_seal-v&ter abie conditions and the well d

previoosly, in many of the bores tested'watefAtableAconditions existed and-

.from Table 2 it can te seen thai tze o“en slo; area of'the'casing generally,

co:;enced 810” res water"level. It.is possible't wat - upon 1n3ectlon of waber,
1nstantaneous d1spersal 1nto the aqulfer below rest water level occurs

cau51nv 1ncreased head in the 1mmed*ate v1c1n1py of the well.. Vater.then




TR seeny

) e ,0)5 4 \c‘ *o fﬁ..d Yo coc.oo/,: c;« A.S.so,,,ay ,.23, svgom™ *o .,3«.32...31, ;374,,13‘

_ ,/J, e .:..7245 33

J.cﬂ .ﬁl,m\dJ ,IJ,,.S.. ozl

s o 43)0: MYOWIIY }wilé Auc.a..sfny ¢9,/§}ua.x M
cJ G,{: ./JM... JOA:/{V..O’O <af./a¢/£’ v;.., ﬂ/v.gg.’c—/ /«:l; -c.zd? yo /.c«ﬂ.o..o.roq:

fuoe.v sr:‘r
S N )]

RO

P

%

n..ooa.::.,cou !

i

2

e




Yionsd ey §

W\Q
Fime waele B \en.s \".cc. \
Cbt\"'f\ HE0% e‘\éa.&urc_mm‘e e 'we..\:u \Ae.\-:'r-\' Q;'\\Qm wAey e .\“\'-‘-“"-i’* oy
cx s\\).s cg’ \Q \\- Wy \:m Q":ﬁ\h. \\n‘rq_ \Lts\\ \'\'u_d\&n\»S\‘\. AR ‘?\\
= 5\\\\ ‘\\Q\gs, sm(s\a t\cu'su\\:. N u 'xr\ k\\! ek o.hoh |

o ant




cuia

";une bore and volume of water“

ea -__sz;::_g ‘the

y 1s re‘a ’“n’y'hifh“thé[vat . ev=* :

3 -

"r- 'narmq

;icxmotion as;thé;h

I

; ¢0¢§&?€§'to,that,ia,hlg:e“ tr:n:z*ss&o*

ore?w

"5pases-Eh¢5£rénsmi$sibility was -too hig for tne motnod to be of value (“o“e QS)

’Ln~applyin ¢ the methOQ of raoaconOLus et al. it was decided trat Ho

wwbnld be ta ken as tqe maximum recorded head and ~hé,time-oréinété-WOul&ﬂbe_;Ji @;

‘taken as the final.time at which;this maximum head was:recorded.
The resul s of t e sluv tests carried out are recorded in Table 3.
Comments: .

Transmissivi‘y. The immediate observation is that the results are muct

BN _" : lower than utnose ob alned from the pump tests. This is obviously due ;hiefly;jé

Hy

4if not wholly, to the low percentage of open slot in the cased bores.
A low T value is, however, recorded in Q4 which is open hole but as yet no.
results of .a pump test for this site are available for comparison. Another -

I .‘.'.,'7 2 ~— et - —~ . e I e s -
observaglcn>re5“;_;zg from comparison of ithe slug test results emphasises

RO B $ &l P Tik PR, A rmtma D Ema wmithie b
- fizzured dolemitic aguifer. ﬁor_-zu:nl=-a;;ozb= L2 the puiip tes

; 1a;f faluq:o§féq§e:2§C g3/d3y/§>with-no apparent vé;iition Ji-r'éiréétidq;:
Hoﬁevéf élug tésés iﬁ'fﬁe-t;otébsefvafign'Qell;‘éi&e q@ite”diffe}eﬁtV”:: ;
"results, the fimé t aken for ;denflcal sluvsAOf wétgr:fégdigpgfsérin-théthO"
_ié»QZA/Z and,the T;valneupbgaiheAEiélSﬁéliér-Ej;g:f;;iot”
i of 7AthéA t;at-fcrAQZB. ‘ ~.i's.effect is.of‘c;ﬁrse_expected in.: iss ured
.  .“ : rﬁéks but if'is imgo??;nt'?q note thé? the arilier;_récofds indicaﬁg:thaﬁ




“.:uA<3) :fg.r;t e :

(Igpd/ft)

TT‘J\rnA:‘» e

'“7?&5>xo7 c5.

e

(19

~~.Q6A': |

n63(1) |
(11)

Fiii)

15.25
762
.95

30,95

«:-5

10. 5

508

< : :: 13°‘5 -"'
limited match -

9.3

;:,,A136 R o
E _no match. B
S
 _no match . - o
“2.306

20

-limited match-

52 -
llmlted match

b5

 limited mafch

30

“limited match

8.8 -

' iimited match

1.0

" Best match’

170 . ‘
260_2 ':

‘no match

no match - -

‘iQ‘:

120

: .s~no'matcnf RSt

T 2.66k

860

2.933
2.3461 ,A
0.152.

0.224

2 51

ﬁflvl 859_h,
.‘0.249 ;

T 21.686
16,062

. *.506

L 16817
. 1335.9

- 1543.3

498.2
i699.; |
39,0
. 88,0

"129.7

sk
107649 .

121.1

S 10

- 10710

~10

210~

-10

. TABLE 3.

.. Slug Tgé?‘fesuifs  :':  




dgfeats:fﬁlzztluy of bentonlte Was used 1n the constructlon of : o

= i

han tne aCtual""'

siﬁiler”diffefences ithhe-values of?

'transaissiﬁilit-fat palrs of observatlon wells also exlst ut 06 A & B ara

'@~f?:ﬂii%¥QlO A & B. however, as table b4 1ndlcates, bentonlte was not used in the
:constfﬁ tioxm of unv of heoe well This'effect must therefore be acredlted

.rto a dlffere't-al in the flssures penebrated by the palrs of wells. This_'

=~

_effect taer efo S revards determlnatlon of transm1s51b111ty,

K‘J

ore empnasls é trhat

)

=7 only be regarded rs point determlnatlons.

. At the treseni stage the only site at which both pump tests have been

carried out =nd slug test have given resﬁlts_which“can be'analySed by'the

. . Papadopolis et al me‘hod is Q2 (at Q3 and Q8 the T is too large for the
N slug methed to give r s*lts which can be an11ysed) .“en more pump te=x

‘fhave bteen ccmpleted it will bexpossible to compare the‘two sets of results

- and discuss their reliability.

e The valnes “of= storage coefflclents obtalned ’rom the slug tests are‘;‘"?ﬂ7‘#

lO)

’very.low (l . It would be- expected thatltheﬂvalue of storage in a
fissured cquined aquifer,wculd be Very»sﬁall"butAthese.valuessdo'het compare -
C w1th tne valzes obtalned from pump test -or‘feasons given:ebove end’élsbﬂthe[‘

following. [Ehevstorage values are. ootalned from the equatlon

.'--2 ..
o =.r 2
o< s /r S .
-5 e ® _ .
rc-' - = radius of screen or_open'hole"
_ R ..:ﬁ-radlus of ca51ng in 1nterval over ‘which water
' level flue .L“t 3 - o 2

rand ¢ is obtained from type curves
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T course -

?1The conduct1v1‘y of perlodlc saz Dles was meafured 1r‘a conducu1v1ty ne*e“

(MCl MKV) durlno'ghe constant rate test at Q8 and.tne nultl rate test at QlO._“w

No gre t Vqr‘wulu~«ﬁas orded w1th time av eltner of he sltes._'*'aﬂ" '
¢
L4
¢
.
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