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be~~ '~~~e~~<e~ by Bri~~ Colc.~~oun, Hugh O'Donald and Partners on behalf 

of the 11i!ristr:r of Overseas Development and the Department of Wat er Affair s , 

Governoent of Zambia, . follo>li:l;; a previous brief visit by Dr . · i . p. ''''right 

(LG. S. l in October . As a r esult of Dr . \'fright' s visit and discussions 

b~~een r~?rese~tatives of Brian Colqlilio~~ & Partners , O.D.A . and I . G. S. , 

a Craft report was produced (Ndola l;/ater Supply Study: Report by 

Dr. E. P. ·.Jri~ht) ;> which sevenl su[;gestions for the remaining work in 

the ildola project w~re !Jut fOI"'''''rd . This present report results from 

the writers visit to the field to investigate the practicability of 

these pro~sals and to appraise the future development of the project . 

1. ~se of the Air ~ercu~sion Ri~ 

It .~s r=cc=enc.e c: shat every c.:fort s::cll'ld be made to drill all wells 

(U Hit:l only one air percussion rig on site (a URE- 2Al it 

of ti!::~ t!:l L~sist t~t :.11 re;.:? l.!'.l.r..S bo=es be drilled by tr.e ail" 

percussion oet~od . 

(ii) T:-:.e :ninirnw=:! up hole velocity for good c~lip remcv3.1 !;.az 

been Cete~L~ed by field work to be approxixately 4,000- 6,000 ft per 

~. ~e air capacity required in cubic feet per minute to ottain 
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an 1".:- :::::e \..~::::~~:':' 0: 4,000 :t per ::i:1 is ca:cul3.ted. as fo110''';5:-

CI!1 = .:"A- =-
:',72::. 

w::e=-e .:.... is --_ . ... _-a.-___ ~~ 

.... :-. -::; .. 
• , .... .. j 

, I>. 5 )2 
- \ \, "T . A 

1,728 
785)7 x 4,000 x 12 

= 2830. c. f. Cl. 

for d = 10" 

~-l = /\(10 )2 x 1785) - «4 . 5)7 x 4,000 x 12 
1. 728 

= 1,739 c . f.m . 

for d = 6" 

CF.·! = r((6)2 x . 735 ) - ((4 . 5)2 x .785)7 x 4,000 x 12 
1, 728 

= 343 c . f.o. 

bore ",r".1:3 .. 

NOTE: These values could be decreased by enlarging the stem 6~ze, 

however increasirrg the stem size to the ~~iClurn to still a l low a 

C!::l..p cle=.:-a..."'1Ce 0:- 5/ 15" Gues not alter t :~ ~ orcer 0: t :--.e re~uirec. 

As =e::tioned preTio1..:.s1:r t: .... e:-e is o::2.y O:le air p-:rc:lssion rig on site a:1:: 

this !-.as a cO::J:?r essor rated at 700 CFH, the oo,-ious conclusion being that 

t:::is • · c C E'_"! ,.. .... 'I'­--. 

2. "se of Rotar;! Ri~ 

c.:-ill 

Since t!':.e' atte!'ltion of t3e contractors 'Nas brought to the excessive amounts 

of be~tonite used durins the rotary drilling, bentonite has only been used 

duri=8 ~e!1et:-atio:l 0: t~e o'w"er:urden (whic~" is of cour :3e cased off) a..'1d once 

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

are not available. 
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tlle ai.:- riS -.as r:..c-: actu.a11y usec. to penetrate ":~:e C:.Gt:.ifer and so it 

was not. poss:":':e-. ~:. ~e .. =e~ s:.l::-e:::ents ':l:~ p!"oc.:..4c.:iQn, .z:a..t.es '- _draw down data. 

piezocetric teads and elect~ical conductance duri~g drilling. However it 

vas reemphasised., both to the drilling crews and the site engineer (c.!. 

Meoo . B. A~ to T. Golder 19 .12.74 note '3), that ~ch measurements must 

be taken. 

(ii) Slug tests. Slug tests >!ere carried out e,t all complete'd sites. 

It was also saggested that slug tests should be carried out on any future 

wells which 's:oow low yields or poor hydraulic connection with 

neighoour-i..ng wells (c.f. Heoo B. Adams to T. Golder note 4). 

(iii) Develop~ent and Specific Capacity. The drilling contractors 

have not been keeping full records on develop~ent and specific capacity 

tests on coopleted weils. It was reer:1phaGised both to the' drillers on 

site =d the site er:.gineer (c.!. !1emo B. Ada::ls to T. Golder note 5) that 

detailed r_co~ ~st be ,kept ' in future. 

'W;iS ::ot S".lC~ t:at ?. 1Iw.:i..=:i p:wp test" could be carried out to site t::e 

final bore, as suggested in Dr. ',Iright' s draft report. It was recorded 

t!:2.t ~C~ a ;>roceciJIe si:ould be ac:o;:;ted (c . f. 1 ~e~o 19.12.74 :lote 6). I:; 

aS3'".n~-:ic:! bej=s t!::.:!.t t!"a.."1~iS5ivity violl be zreC":.ter down ground wate!" 

gradient thus giving a greater dril'ldown in ,<3. Such a configuration 

would give t~e possibility of using distance draw down methods of 

a!lllysis . 
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S?ecifLcalLr f~~ this contrn~t «ccordioj t: the oriSioQl pump .og 

S?ec~:~:a"io~ (i.e. i~~Ge yield) . However, following the recommendation 

t!:2.: y~:::~~; ==.=.w,ic','1=.s ~r.o i.1: c.. ;:.. :-e fe :-ably not exceec.i 6 r.ie\:res ru~d t~3.t the 

pw!lp setting should be at a maxiJ!:;::! 0: aOo'lt 10 r.'.etres belwo .. static .water .. 

level, probleos in its use have resul"ed. ;Ocr eX2.Clple at QIO the multi 

rate tests indicated t!1at to avoid turbule!lce and to give a sr.lall dra',<doW.!l 

a pumping rate of some 4,400 I.g.ph . would be required. However, the 

.lowest rate obtainable with the turbine pump at thLs setting (28m below 

surface) '''as 8,850 Lg.ph • . - obviously t he higher the pUr.lp setting t!1e 

'higher the efficiency of the pump and therefore the higher the miniruum 

rate obtainable. It will therefore be necessary to test QIO by air lift 

(vi) The desig3 of productio!l bore. Tne design of the production bore 

has been oodified so that t!1e large di~eter (26Omm) continues t .o approxi­

mately 20 or 3Ot:! (to' allow optimu::! pU!ll? set tine) below w:,ich the diameter 

is decr"~5ed to l50/2COmIJ . ':/here possible ope", hole construction will be 

used and ~ailing t hat slotted ca sing. 

(vii) Disc~arEe. It has been ree~?~asi sed that disc ~arge frc~ aquifer 

tests ~~st be ca~~ied a su fficie~t dista~ce fro~ t~e site to avoid 

recycling and a miniC1u.'!I of 10Cr.! has been recommended (c.!. Hemo 19.12.74 

note 8, . 

(i) Cleni::lg of ·:lells . Durin<; t",e '.;riter' s visit both wells "3 and G;,10 

were rawhided by the test pump until the native clays ceased to be carried 

into t:,e well. At early stages in the surging the turbidity of the water 

was evide~tly due to native clays suspended in the water and it is·the 

drilli!lg supervisor's opinion that once the well has been developed "free" of 
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Cii) ConCuctivi~y Logs. Equip~e~t f fti : '..:!'e preve~ :ec. s~l::i.:'t:.~/:e~p . 

(..;, j ) ~ ~Log.. A.~~!p.li ;:!...J. G.rounc. ~;:a.ter Consult ant s expect to have 

t::.ei.:- '" - 3 log on site early in the new year-. 

, 
5. Site Renresentation du-rin!" writer's visit 

• 
Residerr.:- Site Engineer : T. Golder of Bria.~ Colq~~oun And Partners 

ViSitinG Drilling Supervisor: il . HcCallum of A. G.C. (25 . 11.74 - 16. 12.74) 

·VisitinG Hydrogeologist: G. Hubert of A.G.C. (25 . 11.74 - 10. 12.74) 

~g ~e absence of ~ hydrogeologist or. s ite test results are telexed 

to A.G.C.' s office in Johannesburg w~ich c~ involve long periocs of delay 

~- to ~oor co=cunications between Zambia and South Afr ica . As it is 

sccetioes icportant fo r on site decisions to be made ( e. g . as t o whether 

to prol~g a particular test should boundary effe cts begin t o show) 

it woulc'!. be prefe!"9.ble for a hydrogeol.ogist t o be en site dur ing the tests. 

Ql.. 2 o . ws drilled s)",Ql-led very 10'" yie lc.s , c.rilling ? r oduct i on well 

postP°:le-=-. 

~2 .. 2 c . ·~·s 
~--- 1 ?:.;. 

Q}. 2 0 . -,i5 a=.d 1 :p. ''1. 

~!,. .. 2 c . ""$ ::=:.'i 1 'P. ',:1 . 

C5· 1 . 0 . "' . =d 1 p.w . 

Cf,. 2 0 ."'5 . ar.d 1 p.w . 

r;? 1 0."'. and 1 p . ... . 

~est cc::?lec: 

2nd o.w . to be sited from tests on 

other bores 

Low yielc. , to be air lift tested 

after casing in p . w. has been ~u1led 

Dr illing of other o . w. postponed due 

t o low yield. 
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~_ 2 o .... s and 1 p.w. 

Q~O. 2 O.WE ~~ , ~_~_ Test co:::,pJ..e:e. 

QU. 

1l2-. Prod:w:tiorrbore and -one - 0--"'. under const=ction. 

B. Adams 

Dece::;:,er 1974. 



lidola ,later SU:loly Project - Aopendix 

~...n" tlle writers visit to Ndola it was intended that slug testing, 

co~tivi~~ /tecpera=~e lOSb~~g, and l~OW ~etering s~ould oe carried out 

at F" ?O~- ~=lt! ·,ie:l.s as an ai6 ' to c.etermination- of the aquifer"," parameters . 

Unfcri:n!lat-1y, due to 'equipoent failure it was not possible to use the 

co~ti7i~/teOperature probe and so no · logs were obtained. The size of the 

n.ov meter <5"diaJ:leter) meant that it could only be used in the production bores . 

However, as the sane reel'had to be useu for the salinity/temp . probe, the 

pressure ~-nsducer, and the flow ~eter, it was decided not to use the flow 

~eter as it would h~ve been necessary to position it in the well before the 

-pump was ;:cs:i tio:::ed t;,us resulting in the reel being unavailable for 

l~g per~o=s (i.e. the lenzth of time required for development ad d test 

p~s). ~us ~e only results obtained were from slu~ tests in all comple:ed 

bores ,,:tic:::o. were :::ot occu;>ied by ot:-,er eql~i;''1en t (~ . g. drill, air-pipes, 

F<llII?), co=ctiri';y measure:nents of periodic sa:nples collected during t ::e 

Acui:er Test~ us~~~ t he t~rbine ?~j 

putt?-tests so far carried out. but it is necessary to consider the results 

so iar ob~ed .hen discussing results of the slug tests . 

Prior to the vriter's visit p~~p tests ~d heen completed on r.8 and Q2 . It 

had oeen decicied ~t ~3 snould be retested ~s it was thou~~t that recircula~ioll 

ilad probac::..y occU!"ed during be originaJ test ciue to tile ciiscil.:o,rge point 

being situa';ed 0::11] a few :!letres a\'lay from the production well. The retesting 

0: ~8 and t~e te~i:ls of ~3 were co:npleted during the visit alons wi~h a 

multirate test at QIO. 

• 
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4~~ca~iD~ of ~:~~ci~~d ~etl.ods of aquifer test analysis in fissured 

the:;e =e~::~Cs i..:J.'{o:'"I~"S homogeneity , isotropy etc. do obviously not hold. 

EO>f~e:::, :.:: is co",,:'::e :::e" (::-cs:e :- " tlilton , 1974) that if the i:lcreilse in 

d:=.~~.;::. c~s~~e= :.:: zo· :: o~3e!"vation well . is directly propor~ional to an 

increase ~ ~ping rate, C3rcisn':low theory is applicable and the 

.sta:u::ard cethods of Thiem, Theis, Vlalton etc., can possibly be. applied. 

Fig-Ire ' l ~ows the results 'obtained from multirate tests ' in the .... ells so 

:far tested. 

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

ratio of C=awc.c .. rn ill the poservation wells '"during the corresponding 

, successive 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 has been done and a SL~ary of 

the results is give'l in Table 1. 

~e co~-siste~cy of the resuits give~ ~n T3ble 1 and the previous comments 

site ~2 is 0: .he order of 20Or.iJ / day/ m with a storage val"e o..f 1 x 10.2 , 

At q8 t he transmiss:'vity i(; of the order of 2000 tlJ3/day/m (no S value being 

.. . c :le: r.Oc. 0_ analysis) • At nei t:-.er ~2 or ~8 is 

': ',"_~:!,~ ~..-:.::-, ~~~~~~_+~on ~ . , . ,. ~ o~' T ";'-' cl' c"on ____ u..-.o. ____ w.... c ... va:-::..s.::il ... :."';r ... l.r.. \/ ... r.. ..Iore .. .r.. .. , 

is lOCO ;J lliay/", "'"ereas in a direction perpendicular to D'0und','2. ter flow 

t"" .,a2:11e i.s only 40c 0
3/ day/ m. t he storage beil'\g of the order of 1 x 10,-3 , 

~ese stcrase values a re somewhrtt hi~" for what was considered to be 

a ~ined aquifer. ,In fact study of the depth of overburden and t~e 
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Q2A/2 

~2..~./2 

~2-!.,. ·2 

Q2A/2 

~2A/2 

Q2B 

Q2B 

Q23 

'1.25 

Q23 

Q3A 

'BA 
Q.3A 

Q3A 

Qy 

O..3B 

Q.3B 
~Q:3 

Q3E 

V3 

QB. 

Q8B 

:'1' " ~c:) C? 

'An.:.LYS!.S 

'Mal-;;on 

.. 
2es:'::·~: :':: . 

.Jacob 

" 
Theis 

" 
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Jlesidual Drawdo·.:n 

Jacob 

Jacob 

Theis 

Jacob 

H2.n~s:::: 

Residual Dd. 

Gale. "eeo'le:-:; 

Theis 

Jacob 

2:::::l z:: 

Residual Dd. 

Cale. :--ie::oy . 

:";'T" .. ie::l 

Thiem 

TABLE 1. 

'ITST RATE T 

2549 204 
:::: ..... ,......-: . . 
~- -
":. ;-r-;- : ;.>:-
./ - . -

2549 

3071 '150 

2549 204 , 

:3Cl7l 129 

3071. 312 

25'+9 

3071 300 

46.14 1012 

·46 .14 1192 
46.14 1117 
46.14 768 
46 .14 1073 
46.14 364 
46.14 431 
4£ .24 407 

46 .14 575 
46 . 14 SOO 

1440 1798 
1440 2298 

S~ary of results of pump test 
analysis. 

s 

0.02 
~.02 

0. 009 

0 .007 

3xlO-3 

3xlO-3 

3xlO-3 

7x10-5 

7xlO-4 

5xlO-4 

- '0- 4 
;X.l 

~ . 0- 5 
,(x.. 

, 
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rdept!1 to res~ water level s~ows t:: ~ t =."; si :-es 1 , 3, 4 a..TH: 6 t!.;.e water level 

::.s ac-::·..:3.':':':· ·~e:'o.., the overlyin~ layer of laterite ar.c! a t so:r.e '): t!!e 

otb.e:- 5:" :'es o:lly a slight lo'Weri::g 0: t:-:e :,e.3~ '.'<:;. -;e:- level '",oull:! be enollE~ 

to bring about water-table cO:1di tior..s . .~:lly~:'s 0: ::':e ;:w:::: ~es::s at Q.3 

and ~2 shows that the lateritic ove~burden is not totally impe~~ious and 

le~~ce ~oe5 occu= throu~~ i:: . 

Slug Tests 

Known quantities of water were introduced into the bOl·" · !!oles a'ld the 

decline in head within the bore was recorded as a f~ction of time by using 

·a pressure transducer connected to a gra~hical recorc!er . Due to the narrow 

diaoeter of the observation bores it was decided t hat the simplest method 

of L'ljecting slugs 0: water as quickly as possiole w!1ite pr:lviding a me:!:::;: 

of ai:- esca~e ::-:::: ::-.e well \oIcul':' '::e :0 ~::,' !r ;:-0:: ~ :: '.:..::.':~: . 

In ana~ysing the results of t hese slug tests there are sever:!l points 

which should be borne in mind. Perhaps ':he m05t ixpo"':ant is t ha t t!1~ 

equations used L'l the slug test analysi: .ere de~~lo~ad from the Theis 

equation (Ferris & Knowles 1954) which is of cours~ applica~le to confined 

condicions . Study of Table 2 shows that at the majority of wells tested 

water table conditions in fact exist . The theory behind this method also 

assl.l.::ies ?Jl e';en dist:-:.b-1.tio:l of pe:"::le3cili'tJ \:Iith c.e"Ot~ whic:1. is al=ost 

certainly not the case in the aquifer unc!er consideration . This 

e5se:lt i~11y a poi.!:.t rneasure::lent, t~ to pU:lp tests '",here the effect of 

variation of permeability can be ~sked (if Darcian flow is present) by 

the distance of rio\< between the obse:-vation well a'ld the production >!ell. It 

is also important to consider the effect that slotted casL'lg will have on 

the results. Although the presence of slotted casing should not alter the 

, 
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Ql..~ 

((lE 

Q2 

~-' /2 --:.~-I. 

Q2B 

Q3 
Q3A/2 

Q3B 

Q4 
Q4B 

'l6 
~A 

~B 

Q,7;' 

QIl 

QIlB 

~lC.';' 

Q,103 
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- IlZPI'li O?i!:i: TO AQUu<:R 

opm HOw 

i o-E·) 

13.50-eo 

.. 10.2-80 

1:'. 6c-i30 
11.60-80 

se R -:-;-> f:::n 
, .. , 
\ ~' . J 

25-80 
25-80 
42-76 

4C .5- ZJ 
42.5-80 

38-80 

35-80 
38-75 

6.5)-80 

7-80 
9-80 

11.-80 

17-80 

lEST \/ATER 

LEVEL 

CM . oelc\.( :::::'.::-: -:-:e 
aFI=:-o~z.te 6 ) 

2l 

14 

24 

'( 

7 

43 
4 

DEPrH OF 

OVERBURDDl· 

~tO nearez~ 

::e:::-e . ) 

16 

le 

6 

7 

5 
10 

? 

? 

(i) rest l{ater levels s:"ould only be considered approxi',late due to fluctuations. 

(ii) depth of over~urden obtained froo drillers logs, where available, of 
i=:"cc.:.:.c'tio:: ::C:-:3 c.::'::' C:::'. 02 ns;::u.::.e':' to ~e co:-rect fe!' ob5e:-';~tio~ bores a 

TABLE 2. Borehole inform~tion . 
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iinal ~pe of t~e data curve ~ (derived . froe the ~ecrease in head with 

to the nature of the type curve s used for t~is oet~oc (i . e. esse~~i~:y 

?=~?::el i i: ~s difficult to obtain a reliable value for S even under 

ideal con~i:io~ . 

Observations on graphical out out froo tests 

(i) It wa~ noted that in spite of the shallow water t able (approximately lOm) 

instantaneous rise i~ water leval did not oc~ur, for ex~ple see ~l graphs . 

(ii) It was also noted that the max . head obtained was never equal tc the 

calculated maxL.-u:n head (knOl"i:lg the quantity of water injectec a."ld t!1e 

di~eter of t~e bore). 

(iii) It was noted that in aoee cases head did not decline imcediate~y but 

held steady at the ~~x. val~e for soce t~e. 

Under ideal conditions (e . G. a confined. ho~ogeneous, isot~~pic g:~veL 

aquifer) an Ulstantaneous maxi::Jum head follo·.ed by an exponential decl in", in 

head with time s..'1ould be recorded follO'.;ing an injection of a slug of water . 

It is no~ed t:'at this ',Jas not t::e case «U, (E), (Hi) above). This is 

no doubt a result of several factors including: the fissu~ed nature of the 

previously, in ~y of the bores tested water table conditions existed e~d ' 

:ro:7'l ':abla 2 :. t C ~.., ca see!} t:: ;. ~ -::::e open slot area of t::'e casi..,g 5e:ler~11J 

CO:-:~7.2:lCeC. celo·.~· rest ',iZ:.t er level. It is ~ossiole t::3.t upon injection oi wa~er, 

instantaneous dispersal into the aquifer below rest water level occurs 

causing increased head in the im .. "ediate vicbity of the well. 'dater. then 

rises within the well to equalise this head difference resulting in a non 
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oinstantaneous reco:-~g of ma.."'<i= head within the well whic!l Hi2.l be less 

t~ ;:.:.3.: c 3.1c·' "::<I :ed :-:::~ ...... ~S' :.::e c. ~s.::e:e:- c:- tne bore and volume of water 

withi:l the well equalises ' with the aqui:er head. (e . g . Sore ,<23l . In- low 

±ra.;1.SI!l.issibili ty -areas t ::e ::e3.c. c.e(: li.r:.e will ce :--e2.a ti vely slow (e . g . Bore c..7;J 

. ... ~ . . 
~ :-?:'1. .5.~:' 5 5::" ::':. _:. : :.# ~ _c.-::. c: ( 0 '" "ore _ __ _ _ _ • ...,).o.J_ --- \ ... ::::::D I. In some 

cases tl1e t:,ans:l~ssibil:" ty ~:a5 too !:iE'~-: for t he: cethod to be of value (Eo:-e ~8). 

In a?;~yi~S t~e :iel:hoc. of Papac.opolus et al. it was decided t::3.t Ho 

woulc be ta~e~ ·as the caximuc recorded head ~d the time ordinate wouJ.a be 

ta~e~ as the fin~ tice at which this ~ !lead was recorded . 

~e results of t~ e slug tests carried out are recorded in Table 3. 

C o::n en :. 5: 

"'- . . . . ..I..;:aTIs:t:ss: v:ty . Tee i~ediate ohse~3tio~ is that the res~lts ar~ ~u~ ~ 

lower t~c:..:i 1- :los e oota i nec frc;;j t ne pu:np test s . '7nis is obviousl:," due c h:'e!'ly, 

if not wholly, to ;:ne 1o,,' percen t.:!ge of open slot in the casea bores . 

A 10'''' ':' vJ.l"e i5, hO'"eve:-, reco:-de d in Q4 wh i c h is o?en hole b"t as yet no 

results of a P~? test for t~is site are available fer comparison . Another 

the va riability of Tr?..nsmissibili ~y "it" only s horl: distances in this 

.. 
a r:: 7a:!.u.e c ': s·::::e :::: :; -:;.-',.'C::..y/ ::. \.::.: :-~ :10 &?~z.re::~ \c:i~:icn wi~:: c:":-ect:'c:1 . 

However slug t~sts in t :-.e t\,.ro observation "'Jells give quite different 

results ; the t~e :a..1.teu for identical slug:: of water to disperse in the two 
. . 

wells is great.~!' i..r: Q2A/2 and the T value obtained is smaller by a fac tor 

rocks but it is ~por~~t ~o ~ote :ca ~ t~ e cri12e~s r ec orcs i nci ic a te tha~ 

, 
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(1 ) Cz) (3) (4) (5) (6) 

w=. NO ~S '!TI1E AT TPAI!S T:t!.~ IS T~).: :: 

JIATCll T= L o,. 2 (4)x8 . 6:' (5h57 .C5 
c 

I.) ': ___ '::) ) - (Igpd/ft) 2- \ . ' , I _ -', I 

,c::::;j (=) <.sec ) ( cm /5ee) 

C_~ 5-:E 5. 08 32 0. 806 6. 90- 466 .9 lC- ..L,-, 

qJE 5-~ 5.08 22 1.173 10.135 679 .6 10-10 

Q2 ~.95 10.95 no r:i:atc:; 

QZB(i) 5_08 5. 08 9. 3 2. n5 23.976 :..6:;~ .6 10- 10 

( ; ; , 5.c8 5. 08 13.6 1.897 16 . 390 1098.9 "., - 10 
-~ 

,,2A/ 2 It. 75 4.75 80 0.282 2.436 163·3 10'lC 

0.3 ~O.95 10.95 no match 

~/2 4. 45 4. /'5 no :::1atc~ 

"It 15.25 12· 5 no match 

Q4B 7.62 5.90 20 2. 903 25·082 1681. 7 10-10 

Q6(i) 10.95 10.95 lici ted IIl3tch 2.306 19.924 1335· 9 10- 10 

52 
(H) 10.95 10.95 li..ci ted IIl3tch 2. 664 23 .017 1543.3 10- 10 

45 
Q6A 5. 08 5.08 lil:Jited ma tch .860 7.430 498 . 2 ~ ..... - l C --30 
,63(U 5.08 5.08 li=i':ec ~tc:t 2. 933 25.341 1699 .1 10- 10 

8.8 
(H) :.08 5.08 ~ited match 2.3461 20.269 1359 .0 10':l.C 

11.0 
( iH) 5. 08 5·08 Best cater. O . 15~ 1. 313 88 .0 10-" 

170 

I<7A 7.64 7·5 260 0. 224 1. 935 129.7 10- 1':: 

QO 10·5 10. 5 no oateh 

~B 5.08 5.08 no catc~ 

C.I OA( i) 5 · 01 10 2· 51 21 .6:5 1454 . 0 10-10 

(E ) 13·5 1. 859 16 . ':;02 1076 . 9 lv- le 

~103 
. ~. 
.:; . ...... .1. l.i:::' :ed. ::s,:c:: 0 . 22, ' :;,... .. _ . ........ ::> 121.1 10'~0 

120 

'VJll.Z 3. Slug ?es~ res~ts 
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a ~~~ ~_e~~e= ~;-~~~ty of -bentonite was used in the construction of 

Q2A./ 2 t.!::;.;: i.."=. ~23 (see t:-lb!e 4). If t~is excess of bentonite ha s not 

been ade~~~e:J cleaned frem t~e well it will of course give an 

t nan t~e actual . 

~~s ca=. ~e see.:: !!,,"J= t =. 21e 3 ~l. ::::'_3.r differences in tne values of 

tran~i.ss:'b';"\ -: t:; at pairs of obser-va: ion wells ~l~o exist et Q6 A & B aI!d 

QID A & B. Eowever, as table 4 indicates, bentonite was not used in the 

con.s"::ructi= of an:r o~ these wells. ~is effect must therefore be acredited 

-to a differ~tial in the fissures penetrated by the pairs of wells. Tnis 

e!fec-: -t2e!"efore em;>nasisec. t :-:a t as regards determina-tio~ of transmissibility, 

At ~e ~resent s~age the o~IJ site at which both puop tests have been 

carried out C-~d slug test have given results which can be analysed by the 

Papac!opobs ~t al ce'.hod is Q2 (at Q.3 and Q8 the T is too large for the 

have been cc~leted it will be possible to compare the two sets of results 

and :iscus~ ~~ei!" reliability. 

The v~es of storage coefficients obtained from the slug tests are 

very 10" (IC-
ID

). It ..,ould be expected that t!1e -.-alue of storage in a 

fisS'.lred car""ined aqui:er would be 'lery snaIl but these values do not corn:mre 

with the val=es obtained from pump test ~or reasons given above and also the 

follo~-fig. ?he storage values are obtained from the equation 

2 
0( = rs Ir 2S 

c 

r = radius of c sc=een or ope:J. hole 

r = radius of casing in interval over which water s 
l eve l :: ·_: ~"'::.:--:!:e3 

and ex is obtaiI'.ed from type curves 

. -. 



..lriU.L NO 

. " 
,.,QlA 
,,--..... ~ 

c;.2 

~2A/2 

Q2B 

0 
Q3.:'/2 

Q3B 

Q4 

Q4A 

Q43 

Q5 

Q5A 

c;.6 

Q6A 

C;63 

Q7 
,,-7,:, 

~8 

Q8A 

Q8B 

QlO 

Q10':' 

~2.C3 

KST":iOD OF 
DRIl.WlG 

- 9 -

~t1';NTITY OF 
,BEHTONIE US:::D 

;, = HR F.A/I'JI!P!. SI::L:lil CE"XJiITffi (A S W G 
, J)UrtI;,G CONSTRUCTION • R: llCYf.UY 

- .-. - . -- .- .... ...... _._ ..... _ .. . ... : .-

R 0 ' 

A 0 

R 2750 

R 1250 

R 0 

R 2600 

R 0 

'A 0 

R 0 

A 0 , 

R 0 

R 0 

R 0 

R 2750 
A 0 

A 0 

R & A 0 ! 

A 0 

R 5050 
A & R 600 
. & R 200 ~ 

A & R 0 

? O? 

? O'? 

TABLE 4 . Well Construction details 

supplied by drillers) 

COMMElITS 

' , " . 
~ . --

Bentonite o:lly in la: 
=-.......... . 
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I!: calc'" "t~ S it was assumed t~at r = r but it is <:"l ite likely 
c s 

-:.::.2:: caiie:,~s &.!'ouz:a t~e screen effectively increase r b:r~:l u..,::':1o',:n 
S 

amount . This would result in a smaller S v2lue :-::u: it is c: course 

. '. "~ "-.:- ~ .. ~ 

The con::':lctivi.-:Y of periodic 53.:::~2.es ',1::'5 :::easu:r-ad 1..:1 :::l conductivity nete!' 

(r1CI Hl(V) durin~ t~e constant r ate test at Q3 and. the multi r at e test a t QIO. 

, 
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it..- is ,~:J~ pO~5i~) 1~ to ha\:,~ 
o£ the j)!:'cJ.uctiO;1 bo=e and 
tl:e pr ;:.·:'v,::: t icn C .:.:..'~ , , it is 
rr!'2.".1iG ;':t. 

,.::.t'!e o;:,:;erVZt't l cn bG.:.."'e dQ-tJ!l S::-:: '''; :.!.. 
cne ;1.t CJJo to t~e cr=ad i c:tt c_-:" .x 
<.i~!:i iracl'.;'_ t~~t G:\ s;~-':'~~l'} !, I.~ · 

In orde.!' to en-3.b12 sc.;~die~ r..1.= i lli..'1-::7 of t he ~=~~~lct i~~1 b:)ri 
:"::t.:! .:::.._P .. ...::....:_·· J •• _J J-.; L;...;~~ .. .,;c:.:.; ~ ~ dJ: t~' :3.. .s-~£2..::: .. ::~ _ ~c? ·~:ti to 
aIlO'·:; the ccrrect r·'.U:rpset~;':S' , .for tl,e cCllu~t,ip;l : - " appri:'y. .~.~ 
20 :- 3':::.; , .. . ... ' . ... .... , .. 

D~~::.g . ~ ~~; p:~ te5tL~g t:~~. cJ.i£ ·:b.~g ·:;; r.-;ust be ' c .:'lr.cicd a 
~!l=': lC':"::!. C dl'5t,!'J~:::f:; .:rr::-'. t ~r: s:. t ~ t:o ~.- ... ':,3 ..... - ,- , •. - ' ~ -i ..... . -

d Hlill.LI.·..:..~ L rjI 1 0~.a is ~E::C x::E~!'lded I b'll. t this r.tay ha~{e tc 
-:··:(;l'e~:,...:.::1 .i.i re::cJc li.:.::.::; ~ l..;;ic.~~n 1: c:.1.~.r ij:lg a tES t . 

It is d~si~ .:~ble t ::at l C",:,r .jT(;:1ut::tic::l !' 7!te~ . ·~.!"'e use': c:lri~: 
~ ... -t-s ..... ..... .. .:- .. .) .. . ,. ' :"'\.·,i-·· .. , ' . ... ..... l.·.., r .' - ,l "' - -r ~\., n' -v"· ,, L_.J _ l. __ ::: _01_ .J.I".;,. "-.. :.'-:...."'~\,. .. .L .. , .:J.~.!. - ~-...;. .. \o.~ .. .: J.", ... ~ ..... / .;! .... _.~ 

t1.ll'cn ... 1E:!1..2G . 

lE re.sult:J of t~5ti;;.; t he ftc~t ticl13 to 1:;~ cc;"f.'l<~t(!d 2.t a 
sl'~e ; ~1[1. i::::at-e ;=a 10-; 'r V~1""") and t-~lc ·,~r:.~""';" ",:, ...... ,~ ... r .. · ';.l-;C+-·; ,'·'\:, r-·;--'''-=-....... .... __ _ ...- , 1;,.1. ............ _____ ..... . .... . . " ..... _.~ 1.. ........... __ .;.1 

~"""e 1 ·.·_" . ·.~i ... .r ..... "r) J~ ; ... -." .:..'~~-.! ~ .. ~- ..... - • . . . ··7 ' · ~, ', ',. '- -~~ .... . . . , r~ \: . ... .. . . _ _ _ _ _ . '. ' . . ,) ._ _ ... . 

t:.:':::'::' i::~-= ~.:'.'.:; , -:":.' ''J' (~:" :::'_-;::'l::: ""' ::! ~:--':: ': .-=: ... ::::': ':': ;.::: : ... . ...::. .. :.:i :.::· ... ..:. .... ;o 

;' .. tz.,St i~,J:i.2 C'~. i.1 ;:.!~:f'O·:I2:r d)2.~.;:::ter C O:.lirl b-:: c1.'illr-~. -:'.!"c: t: .~ -
i.i.~ i~:. :: e:"::" l~t i~'. :.:::-~·.; . ....:.l ·C~=ll~t:.:.. ·.- ..... l.y sit~ te~i.:l.ng C(: .. ~.!. ,.-; 
11:.i2 t (;d to .:!:l.!" l:u":'t ur0"2uc t ic..~ fr:::-l Ct\~ 00.3E':rv~"!: ,ioi.l 0':: ,2 
~::hile dr2. ::,,~:.lo·:m i:: r~corde-~ i.:~ t:~'2 ot2~~r . 

It is r-£.:cc:-:l'::~:ld. .-:;(:. ~ }:.J.t S1;.Ch .J~~ air liE t t e 5 i: 8e =arr i2d 
C"~t in Q6 noti11g c'::':idot:nz i.!1 Q6.';' and ':6J (r;;e~:lj:1 ~.~ cl 
er in i 0::1 t }j :.t the cu.::;iJlg in I.~ G can s .?..f (.:!!y be ,?u l l:::!(1 c~E(;:': 
~l-C \.. . • ','"'\ro t) '\ G·- ~l·-l.·C ' l " ' 1' 1" ""'"""l - . ~; .... ~ ........ 1""\ -·~ · -':"·t i~ ' '''' ", , · ~n _' .. \ ....:. et I. ..... ...J • • ....:~ ~ • ~ .L. "" .. . . . . ~ J . (.; ~ ';' I..>J .. .' ~~ ''':: I. J."::...L ::.. •• ~ ._~ 

tGsting s~: :.'-':".lld als:1 ~~ C(ll'l' ic'~ <i:.l. t 2."~ Q: ar:.-:!·' ~7 . 
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