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1. Notice of Intention to Consiruct a Well/Borehole (Kenya)

KENYA .- Water (General] Rules :

116. {1} The notice of intention to construct a well required under section 51 of the Act shall be
in form No. W.A.B. 26 in the Second Scheéduls te these Rules, exéept where such well is to be
situated within a conservation area notified under section 74 of the Act, of within 100 yaids of
any body of surface water.

{2} Such natice shall be submitted Aot Iess than one moénth bafote construction is due to
commence, and shall be acéompanied by a sketch map, 6 Land Olffice plan, in duplicate, on a

scale of not less than one inch 10 one mile, on whith shall be shawn the boundaries of the tand on
which it is proposed to constiuct the well, the approximate position of the proposed well and, if
possible, the position of the nearest body of surface water and of the neafest existing well.

{3) Nétice of the date of commencement of construction of the well shall be given by tetter

“not latef than the day on which the construction commences, and such notice shall gwe the name
of the borehole contractor constructing the well.

"{4) A notice of intention to constiuct a well shall be acknéwledged by the Water
Apportionment Board, and such acknéwledgement shall stale the numbet allocated to the well;
and such numbér shall be used in ali future references to such well. :

117, Wherte the well is to be sitGated within a conseivalién area o within 100 yards of any body
of surlace water, the riotice of intention to construct shall ba In the #6rm of an application for a
permit, and shall be in form No. W.A. 8, 29'in the Second Schedule to lhese Rulés. .

- Form W.AB, 26 .
Notice of Intention to Construct a Welt/Borehole

In accordanés with s_ec';tioh 51{1) of tho Watet Act, | hereby-give notice 6f my intention to construct a well
 {borehole) as detailed balow: .

t. Namae T R R R E E N N T N A R

2. POStal BOOIESS 4 i 4 i e e s s b e s e s e aa e e a et ea e st e

3. tand Referenice No, of plot of farm it ACIEage ... .. e
4, Purpdse for which water willbe used o i i v i it ittt ettt e ittt tea s eaianns
.6, Propased borehole contfactor i XNOWR} - o oo vivuin s i e e e
. 6. Proposed date of commencement fif known) . ... .. v L i e e e e
7. Distance well will be from nearest existing well/borehole’ . .. ve oo viun i aann ..
. 8. Quantity of water to be taken from welldaily ... .. oove e Rt

S N I T

: Signature of Applicant or duly Authorized Agemt
Dats civvininririreianeens

NOTES

1. This form is 10 be used only if the well of bofehols is to be situated:
{a} oursicde a consesvation area notified undet s4ction 74 of 1he Water Act; and
o] made than 100 yards lrom any body of surface water.
2. If the codditions undzr Note § ard fulfilled, no authoritation is needed 1o procéed with the work, bul it wall be nécessary Lo notify tre
Water Apparticnment Bsard when ¢onstruction commences and, unj2ss otherwise exempted, 1o submit tha driling recded in férm
No. W.A.B. 28" an comptetion of the work, whalhet the well or bofehols is 2 success of not.
3. Itk well & boehols is (o ba situated 1453 than ona-hait md la from the nesrest exsting weil of borehole, the wmwn duthority of the
" Water Appdrtidnment Boa:d is reqwfed urider sectidn 50(2] of lhd Act be.fota the constructon of ¢xtension of a wei or borehote 13
cornmenced
Except that’ wmun auahomy is pot rGQulred whera the tota) quantity of watsr to be extracted in 3ny 0os day vl not exceed 5 GO0
gallons (o¢ such other quantity as the Water Apporticnment Board may approvel and tha well o borehole is (o be nGL nearu than
... 250 vards from any other Well of borehole,
1. . THs form is 16 ba submetied Aot tess than ons mon:h befora ¢0nstructvon of the well of borehote is due (o commenca, and musy be
' acccn\pmed by'a skeich rnap of Land’ Oliwco pran in duphcau 60 3 scale of not less than 6na inch 1o the mde, od which must Ce
* “shawn Uha baunddries of the fand 6o which itis uopdsed 1o €anstruct tha well o bafehals, the 2pproasmate pasition of tha propased
wiell of barehota and, if poss:b!e tha pos:tcoh ‘of the dearest body of surlacs wates 2hd of the’ Marzsl enshng well or tofehola.

FOR USE OF THE WATER APPORTIONMENT BOARD ONLY

Acknowledgment;ssuedbn D L L L E R TR
“W,A.B, Well No. allocated T R I R T R R R R P IR
Wmtenauthor:tyoftheW.A.B.tunderNbfealissuedoh

' Omitted.
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2. Application for a Grant of Water Rigﬁt (Ground Water) (Malawi)

MALAWI - Water Regulaticns, 1969 : B S

- Fofm WRB.2 o o _
Application for a Grant of Water Right/Centificate of Existing Rights® - {Gréund Water) _

This form (o be submitted in Lriphicate,

To:  The Chaitman of the Water Rasources Boaid

1. Full name of applicant
Postal ddress 4 u v oLy i e e e o
Occupation .

2. Details of land on which borehole R T AR P
* will bemas been sunk . , | ' '

X

a,

%

Ty »-a'...o'.ass.-..4-.¢.-...o....a-..d‘-.a..a-"?ng..;:
Giveﬂeglstel'edNO-' ----- ‘.'.‘4.-."----A'-.;-..:.-.----u.on..J‘-i.oa.n‘......‘_‘
3. Give details of land where

water will be ysed if ., |,
diffecent from (2} above
40 Actéage i i i ‘ ' :
5.  Description of borehalefwelt . ..., ... ... .......
Diameter, Oepth, ete. .. .. . . .. 0,
6.  Details of pump {whére hand. BYType ol PUMP L . . e i e i e e e
- operated pump is used answer {b) Type of driving ........
only {a} and (b) machine and fuelused ......... .. .. ... u.,,.
: © {c) Brake horse power of () . . uiiin it iy
{d) Approximate elevation of pump above sea-level
. feet -
{e} How pudip is connected to driving machine  w ... .wiiv.. .,
N fntetaal diameter of suction main- . i: ... vui. 0. inches
{g) height os suction Imaximum) ... ..... ... vu.u., . feet %
{M Height to which water is to be lilted above pump ..., ‘feet 4
{} Internal diameter of delivery pipe . . i .o s unvvis ... inches
() Length of detivery pipe .o .. vu i ivie.veeess. fest
k) Pumping hours perday ... 5. oottt ues ey s howrs
I Quantity of water to be pumped when plant is

working v, i ... e et .gals, per hour
{7}  Purposes for which water is required: ' .

'-4»-;i---iioooi-d--t-.¢.-.n.-c-l-iioucl-‘-ol-c- b

L I L I N T I T

Gallons per day -

Oomestic ........ e irreene T, revirrereenne
Public v
industnial .......oovviiinvaanen, erieians T
Irrigation ................ i,

ssaniaribireabnraie

Any other purpose (to be stated)

Totat quantity of water pes AV vt
) ) : 2ttt = o= o s-: =
{8)  Alternative sourée of watér avaitable 16 the applicant if any).’ : '
(9} The following are the existing boreholes writhin one-hall mife of the site to which this application refers:
Barehole No. if kaown} Name of Farm {Reg. No.) " Distance from site

{301 */** 1 enclose herewith crossed chequeiPosial OrdetiMoney Order No. _  for £1-05-Od to
cover the prescribed fee for this application and undértake to pay the Malawi Government on defnand
the cost of insertion in the Government Gazelte and In at feast one newspaper cifculating in Malawi of
3 Notice reguiririg any person objecting to the issue of 2 Grant of Wates Rights 10 lodge such a complaint
with the Chairman of the Water Resources Board. '

Date: =~ ' “Signature of applicant o duly authorized agent g _
NOTE: Thi foam s (5 b sccompaned by 4 aheten map, in dupficats on & scals o Aot s thad ana ech 19 668 mida, o wiich must ba shown the fam
o holding boundanes, the a0ironmata potiton of 1ha propased borehote #nd gxisting borshales within ar-hatl mds radius and the posiion of
»ry body of surfecd water. . i H - : ) L

Oefete 2y appropriste.
Y This pacagraph is nat applicable (6 sopiications ta récord an existing right undar the Act,

R - App.-34
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3. Format of Permit (Western Australia)

WESTERN AUSTRALIA nghls in Water and brrigation {Construction and Alteration of Wells) Regulations,
1963

Form 3
Licensa under Saection 20

. No. of Licedce ........
Name and address and occupation O HICENSEE . i i . a i i Ve e e s e i e

- Location of Well cviiiiiiininna. Pasadadraridivsanae MUnicipa'dlsnict of tha G el e d e e e i e e
: ' Lott, Location os lease No. w .o .v i ivunis
POSIHON Vv v ie s v e s msnacaiceaininoesosnns
Thing which may be done pursuant to this Licénse, f.e., O P ces
commence construct enlarge, deepen, alter, or draw e P
water from a well I
Purpose for which the licensee may utilise the water e e e e
Period for which the license is issued ' .
Special terms, limitation and conditions {if any} upon e im sttt e e s e,
which the license is issued et A e A i e e e P P
This IICense is issued upon the conditions;
{i} that the information required under regulations 9 and 10 is forwarded as required;
{ii} that the quantity of wates drawn from this well and the rate of draw does not exceed the figure

. which the Ministec may from time 0 time determine under section 21 of the Act.
The work described hereon, and referred to in the applicatién and plans and desciriptions and statement of the
purpose for whlch it is proposed fo utilise the watet deposited by or on behalf of the abovenamed
crevsieeessnneaiiense 28 linally appraved by me, is hereby declared to be alicensed work under the Rights in Wates
and lmgauon Act, 1914 {as amended).
This license is issued subject to and in accordance with the tegulations relating to aitesian and non-artesian
wells, made under the Act.
Given undar my hand at Perth this ......ccceeens day 0F e, .19,

L IERT T I sassavarbucane bibsiarersunnneas IXCIIER] TITERT e

Minister for Works and Water Supphes

NOTE: No alteration shall ba mada in éannection with the well, nor shall the water from the well be used 181 purposes other than those
autharised by this ficensa, See reguiation 11,

On expiry of term for which license is issued, application for renewal may be made on Form No, 1°.

' Omitted.
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4. Obligations of Permit Holders (South Ausltralia)

SOUTH AUSTRALIA - Underground Watérs Presérvation Regutations, 1870
-9, The return required by section 19 of the Act shall be in the form set out in Schedule Six hereta
_‘and shall centain all information indicated as requited in the said form.
10. {3} A persoén engaged in operations for the drilling or conslructnoﬁ o! a well for whuch 3 permlt
has been issved shall keep the following records and samples and shall, within 14 days of the
completion of abandonment of such work, focward the recoids, copies of which shall be supplied
to tha permit holder, and samples to the Minister, provided however, that the Minister of an
authorized person may at any time inspect the records and samples 6r request that they be
forwarded to the Minister at such 6ther time 3s he may think fit:

[EY] Representative samples of not less than 1/2 ib. weight 13ken at each change of strata
observed in the well, and in any case alintervals not exceeding 100, of advance of the
well. Such samples to be enclosed in a suitable container, and to be clearly marked so as
1o identify the well and depth at which the samplé was taken.

b} A representative sample of not less than 26H. oz. weighl of each water eut i the well

preserved in a suitable bottle and clearly marked so as to identify the well and the depth
4t which the sample was taken. : .

{c) Recérds showing détails of: -
i} The depth at which waler was cut and the fevel at which Wa!ef stands be!ow
ground surface.
(i} Casing inserted in the well,
Gii} Daily progress of drilling in each catendar week.
fivl Construction methods used.

{2)  The récorfds fequited to be kept pursuant to pavagraph fc) of this reguiation shall ba in the
form set out in Schedule Seven hereto.

Schedute Six - Permil Completion Advice
Schedule Seven - Weekly Record of Qaily Diltting

r
i e

R« App.s 36



@b
o

. ‘ Schedule Six
Permit Completion Advice

To: The Minister of Mines - © o Well No. _
clfo Department of Mines : T Permanent v eriiorieees
_ . , TemPOfary e ieriaetimions
la accardance with section 19 of the above Act, | hereby advise particulars of:
+{a) The Completion ‘ C
*(b} The Abandénment _
of the work specified in PERMIT No. .o,
_* Strike out line not applicable
Name of permit holder {BLOCK leztersh. v feraearsbrarisentderrnntatuincaning e bietesnsncnre
Postal 331885 coviieiisimmantlocmnnisninns cersnreenina intveaenirenns EPIPII Cevemerininns wrererenn beererasrere e
Property on which the work was carded oul; . '
AHOIMENt NO. .vevvveeaerrensninirnes SEEHON NO. ittt
Name of drler it araesres ereerarererineraes
Orilling ¢commenced ......... hrereretrenisnsnianatene
Drilfing completed imiceninnn TR ‘
] abandor_\ed_befdre completion of permitted work, STALEIBBSOMN cueresonsrarersmisrnnse veerdearsrinanienas cirmseredbdireninivee
OETAILS OF WELL

ey

If naw well:

Final depth ..... [UTRUTTRTUNUOR |

Details of casing(s) leftin well! 3
Length .oooniminitbisnaenensss veree MU eiesrinnieeioreesesnins 0. DIBMEIEN coviiisiininsirserne i
TV T3, ROURPTPIPTOIOONPIVPNS | SRPRIPISPRINTRNREIIE in. Diameter .......... renrerrerarans in.

Particulars 0f Sa00 SCIEEN w.uiimrrimiatiadi bt ra bt banaseee hrerreinaninsairerine .

of SIOTLED CASING OF UMY wviveriisersuesissimsassmssrarsbiasnebesbbassssssanins

 Particulars Of cemanting i teeranbesitta s R ear et brara s eerabereseinarran

I work on existing well:
Original depth .......... virenetveneniensens (b
Final depth oo

- Details of casing(s} in well:

Before commencement of work: .
LEAGLH oivierersbrnsrciannninn R £ P v s rasisearees . N, Diameter ... ST 1 3
LeNGEh uveeeisinisserrnmmstosniennas [l sivirnivearsincrainnese iD. Didmeter oo ST 1}
After completion of work:
RS 2 JRUTTCUOUPIUOUTIUI SOMIORNS | ST TR TP LY Diafmetel ovveeeieemeineniiiae i,
CLength e | ST reveeres i, Diameter L. rerennsrens 1RV
Particulars of sand screen cu ' fertrres
o slorted casing of finer ...oouienns. brvareeeens e bepeeer e RO VO OP I
Parlicuiars of CEMENtING wuvivvriviiisivisrioaonaesnbdearisssersssans
' DETAILS OF PUMP
Particulars of pump installed BY .
(1) TYPE iovvininisirntmnsncnscssasassninns {2} Depth installed .ivvieeeanft.
{3) Powered by felectic, diesel, ele} imnrmmciviiinn
(4] H.P. 0f WallS.upierminiindsimniisnrian, '

- 15) Natureé of discharge, {dam, trenches, sprinktéfs, BIC.) ivvieranrararinininineirins

MOTE: If no purnp is Fnst_a'lied within 30 days of completion 'of work the "Completion Advice® must be

" forwatded without this irformation which must be supplied immediately the pump is installed,

R € M A R K S

i sbasendaiasdiarebiaraievannariiqatinarisinribidadionas dead bbb adnstavabbrdridatedadaritraiindnibrqtavsnsnindodinduiditidrecan Aedbdnqasasanshrepsniad
.-.--..--.._..u..--..u...u.'..d...-;.a..........';..u..u----.-.-uu.u..‘...(.-.'-q..---.u.u.. ...... bhbardetasaisnabiaincnss
Date- Fisrataarnrrvdpaandiasns . Mesraasedaribdbidavitiasananterateberiyisoaninitisdanrandirshine

Signature of Permit Holder

CR-App-37



. Schedule Seven
Weekly Record of Daily Diilling

WEEKLY RECORD OF DAILY DRILLING FOR PERM!T NO. v

PermBoldern. cooiveneariisnininn B T A L L LR
Address .o iciisisiniinisiiiisan dneddrebedassnidaiatdtaaraihinars beradsanteiny dedsanabinne P T TR T T

Ths {oilowing information is supplied in accordance with the plovisions ot ﬂegmanén 30 undel‘ tha abova Act.
1 ¢ertify that i have:
(1} Taken and cetained a sample of aat lass than 26 1) oz, weight ol each water cut; and

{2} Taken and retained a sample of not tess than 1/2 I, Welght at each change of stiala encOunlered of at
intervals not exceeding every 101t

Water Struck! Usable or Saline?
5§ T TIRTTIOIRPTRON | eeimerernneinrins reererarinneen verrerannn .
(3) simvinnns rernsisienetianesinaadle vibirrinsentases ‘.
S | SOV reseneft ..
Level of watet cut at PO TTO ft. bemw gfound surl'ace.
{1} Bafore development . ..iiiminenasisini it.

(2) Before pump/bailer tesl ft.
{3) After pumpibailer 185t L {r.

Estimated quantity ..... evnrdrasenanas . g.p.h. Pump{bau!er test sivnviseesian hours
Depth of bére ...... ertisiseennes T, Diameter of hote wiiiineiieas i
Casings left in bore; :

Length i ft. Diameter .o i

Lengith covesinnnen ereiaarieae s 1. DIAMELET 2rereiiririnsssinienes 0L
Pressure cemented? (ves O A0} crervernnraee §

} Quantity of cement used ....... bags.

ot Casing Shoe (:emented? ORI |

Depth screen set below ground surface ..o ft.
Details of screen {or stotted casing: : _
Length coccinvrsiesinmeeenne § Diameter ft. Opening ..

Office Usa ONLY

WATER CUT as set out in following Table:

Depth in Water Galls. How s Total 1 Analysis
ft. Laval per Tested p.H. Salts No.
Below Below " hout e.g. . p.p.m.
Ground Ground  Bailer ' '
Surface Surface _ Cof

pump

WEEK ENOING SATURDAY  / /19

TR VApp.- 8



Oats Distace drifled Deprhto Deoth st which Orseription Deifiing
) which change octrrs o Srate Conditions,
canng - - fuased e ag. ha'd,
set d e igh il caving,
Famatee herang. 1.
ol .
(2113 From Te ;s . Feom Te
Feel Fert ce Fat Feoet
Date delling commenced [ /19 Date drilling completed [ 19 {Requi_réd for final week only)
Date / N9 Signature of Driter: ...... rreere e

- R~ App.- 39



5. Dealing with Existing Borehole (South Australia)
SOUTH AUSTRAUA - Underground Waters Preservation Regulations, 1970

. Schecﬁiule' Thiea s : %
Notification of an Existing Well or Bore _

‘To:  The Minister of Mines,
clo Department of Mines

In atcordance with section 7 of the above Act, Ihereby advise particulars of the underrientioned well or bore
on the propeérty owned or occupied by e within a DEFINED AREA as presciibed pursuant to section 51(a)
of the above Act. )
NHOTE: t. A separate advice is iequired for each well o baca o4 the gropecty.

2. Lrespective of whether the construction of the well or bore is complete of oot a4 advice must be forwardad.

. Name of owner {BLOCK lettersl
Postal address ... .. v i ain
Narneoloaupaer{BLOCKIeltersl b e et e e
© Postal 3ddress .. u . e . et

T T T R O T

et e e e i e i ae s e iba
Property on which bore is focated:

© Altotment NO. e Section NO. e Hundred Luo v Peesaaia.
if freehold: L.T.O. plan No.......... Certificate of Title Vol. ............... Fol: ....... i et -
{f Crown lease: Block No. i Typeofleaseand No. . ..... ... . i.v.nnn et e den

© What 1§ area of property? . eresererissiinriierarss BETES wiiviiirieteenssiisieinraisrrarnansen fGODS,

Does this nom:cauon refer to a well a bore. of 3 combmed well and bo:e?

{State which) . i it iii i it s n s nastannsastisssbacscannssnnss
1s the construction of the well of bare complete of Tncomplete? .. ... ot viniaasaarasa,
How many other wells of borgs are on the property? .. ... e

DR R R N I B

P I I B T A R B P A I A A ]

_ OETAILS OF WELL OR BORE
Depthof wellorbore .. ...... ...

PR O |

Depth at which water stends below ground susface . ... . i i i it v P 1 8 f%
Details of casingls) of liningls):  Length ............ NPVITCTOIT | 9 Diam ....... PP |
tength .o I Diam ... innnannn P i
Materials used as casing(s} of lininglsl ....... et et et . e
Type of screen installed (if any) ...eeiinniiinienien lengthiceldty Diam ool oL e .. in,
I used for Water Supply. is it for:
{a} Domestic purposes? . .... bt me e s i e e e ceaeas
{bY Stock watering? .. ........... P P e i s ed s
fc) krigation? ... .. ..., ... ... e et

or

{d) Industrial purposes? .. ........ et n e i e e b e et .

i used for lrigation, state acreage of usua? crops irigated annually:

RS R UURPRRIVP- 15! (1.

........ rerevessersseaisvaesininsiasninsinns  OCT@S

SO UPPPPTPRPPUPTURRORY -1 - { -1

........................................... ... acres

State salinity of water, if known:

L£: ) RO TR ORI grains per gallon

or

) s parts per millkion

If used for Drainage, what is typel:

{3) Domestic sull3ge ...ovvvaneiirirniiiniremaiinng

{b] Septic tank etllUent ......covveinererreennne

or

lch Industrial wastes .o

if used fo¢ Industral VWaste, what is:

(3) Natuite of Waste? .o

and B,

{b) Quantity drained? .........conimninennnn, gall, per day. _ "g
- if waste containg poisonous of toxic substances give details

..... R I R I L R T O e S L R N T I R B R R

.......... R R R N I L B R R Y A ]

LI I I R I A O A B I BRI B

R - App.: 40



_ _ DETAILS OF DRILUNG OF WELL OR 80RE (IF XNOWN)
Name of person of company who drilled tha wellorbore ..o ot it ias

Year in which well orbofe was dalled . ..o i vttt inein st otontitnnansenn

..............

"~ Any information you may havé ¢oncening the nature and thickness of souis, 1ocks, etc., penetrated by bore

should bs attached. If camplete log of boce is available, please attach copy.

DETAILS OF PUMPING FROM WELL OR BORE

" State average number of hours per week well or bore is pumped .. ... ........ wiseasas.. hours

$tate average number of weeks per year well or bore is pumped ... ..., P I 111 €3

State rate of pumplig in'gallons per hour:

fa) Normal w.iiciiiaeninn. gall.

(b) MaXimum «ieevieninin. Qall.
Stater ) )
{a) Type of pump used . nniaunnnaianons Depth pump set oo oo ool e .. A
{b) Diametar of bOWIS Loniiviiiniicnamiins NOL0FS0ES « oo v i it e
State: ' :

{a) Type of power used on pump (electiic, dnesel petrol, wmdmnll =] 3 “-

{b} Horsepower of wattsof engine . . .... . ... i e e e b et
State nature of discharge {dam, trenches, spnnklefs. étc. ! it e e e e e
North

Oraw sketch showing position of this well or bore
in telation to property boundaries.

DA% tvituerineinmnniretrsnsninrinterens Signature of Owner of OCCUpier: ...uuvvivrenins TSR

R - App.- 4l



6. Application for Well Driller’s Licence (South Australia)

SOUTH AUSTRARIA - Undetground Waters Praservation Regulations, 1970

_ - Schedufe Eight -
_ Application for Well Driller’s Licence OFFICE USE ONLY
Appln. No. .« he
Date of Recempt
of Fea! ...

To: The Minister of Mines,
cio Department of Mines

!. .....a......................‘.a........;..........‘......a‘.....[Fu“ﬁame}

SR T T .......‘....‘..{POStaIAdd(essl
born o verssnenr T 4 Bl s I s it et br s ta i nes
(Dale o( Birth) . tTownI (C0unlry}

resident in Australia since 19 , hereby apply for a WELL DRILLER'S LICENCE in the State of South’ Austraha
| enclose the prescribed lea o! $10 and submit hereunder stalements setung out mv practical experience.
[Details to be filled out by the appiicant personally).

RECORD OF EXPERIENCE OF WATER WELL DRILLING
{1} Number of years of drilling experience:

fal As assistant to drifler ......coooiiiveniiiiinnnie., y8ars, .
LT R
Address: ......... e e e et e e e e e B e
{b} As driller:
{i) employed ....... v Vel be e b ba s dnanisnnehnan we YBArS,
0 1T o LT L g
Address: . ......... N N i s e b a e n e e e e e e

i} 0N OWN BECOUNL i s, YBATS,
{2} Approximate number of wells diilled inpast five years . . ..o v iv i vn i vinuens

i3} In what districts has drilling been catried out? [See map overleaf® and state zone nuembers} ... .....
{4} {a) Maximum depth drilled by you rvevvviviniineennans fe.
L1 2T L ‘e e e
Client . ... ... nina, e B e et A e e e it he b e h i e A e P e e PR
Address .. .. it e, e et Ve e i e e e N e N
{b} Approximate water supply oblamed from th:s Well Cedrereritrereananinnes g.p.h.
{5} Have you personally:
{3} Installed sand screens? ,......... L e i s e e it e ke e
b} Setpackers? .. v. ittt ia.. A
{c) Pressure cemented €asing? . . v vt ie i it e e e e e s e e aaias
{d) Cemented casing by dumg baiting metheds? . ...... A e
{e} tnstalled pumps? . ....... L e e S T . .
i Conducted pumptests ...........0eureunnn. e e e s
{g) Set several casing sizesinone hole? . ......... e P r e b s s e
(R} Straightened holest . . .. .. . ittt ittt e ee s naenens .
(i} Plugged wells? ....... e e e E e e e R4 e e et e e
Particulars of the above together wnh names and address of clients must be produced at interview of
examination. '
1 Omitted.
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DESCRIPTION OFf EOUEPMENT USED
{61 State types of rigs and engines used:

Type of tig

Capacity of rig

Type and h.p. of engine

/GENERAL iNFORMATICN
{7} Do you ho!d or have you held, a Driller's I.u:ence for another State or Country? If so:
{a] YWhat State or Coéuntry?

{b} What type of Licence? ... ......¢0oviviinnennnn ke e e b i area st et
fcl Howlong held? ... . ... ..., et b e e a s e a e s e e
{d) It no longer held state why cancelled ........... D

I I I T T T T T T PR

Al the information contained in this application has been filled out by me and carefully checked 2nd is correct
in every particufart AND | make this solemn dectaration conscientiously befieving the same to be true, and by
virtue of the provisions of the Oaths Act, 1936.

. o Signature of ApPlCant ..o s
Declared and subscribed at .o o iv e nnnn.. b e .+ in the State of South Avusiralia,
this ... eteetrerreebrdraanrrerren day of ... iiierressisnesisenaaiieens O thousand nine hundred and ... ... ..

Before me:
10 cents stamp duty A Justice of the Peace in and for the State of South Australis

Sare AR R R bt nihdtasirivrentasnidoediriniatanrabantinga
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7. General Obligation of Licence Holders {Australia-Northem Territory)

|- AUSTRALIA - NORTHERN TEARITORY « Coatiot of Wateis Regulahons
8. (1} The holder of a certificate of tegistration as a driller shall comply with the requirements of
gub-section {11} of section sixteen H of the Ordinance by supplying 1o the Director of Water
fResources, Darwin:
ta) ~a written statement in a¢cordance with the Fourth Schedu!e.
{b} a sample of not less than four ounces in weight of each stratum encountered during
“the drilling; and
ch "a sampte of nét Tess than twenty-six [luid cunces of each water supply encountered
" during the drilling.
123 All samples required to be suppl:ed under the last preceding sub-regulation shail be cleady
labetled w:th'
ta} 'the depth from which the sample was abtained;
(b} ' the name of the driller;
{c}  the name of tha property on which the bére was drilled; and :
{d} : the name or number of the bote, or i the bofe has no name of number, such other .
information as is suificient to |denhfv the bore.

Fourth Schedule - Final Statement of Baie

Fourth Schedule
Finat Statement of Bore

Fiom To Description Name of Bote:

of Strata Naroe of Property:

Description of Property:

Hama of Gwner:

Nama of Contractor:

Nazma of Drilfer:
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LOCATION OF BORE: {of supply
sketch on back heceof]

viee Milas of (b) ...
{2} N NE
s St
E NW
W sSwW

{a) Circle apgropriate direction.
{b} Use known point such as existing
bore, homestead, outstation, &c.

Date of Commencement:

Date of Complation:

" Total Depth:

Particulars ot Casing:

Particulars of Perforations or Screens:

~ ADDITIONAL INFORMATION OF INTEREST

ABOUT THE BOARE

WATER 151 2nd
Supply Supply

33
Suppiy

Struck at

Standing
watar
tavel

Samplas of Sirata and Water supplies have
beent

will be*

laft at the following Treding Placa:

T I L L TR T TP T S TR P PRSPPI

arsacaniibiderranidisnrniany

Signatuie

Pumping
supply
G.PH.

" Dutation
of Pump
Test

| Water
favel
during
" test

Quality:
good,
fair or
bad

* - Defete as necessary
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CHAPTER1 INTRODUCTION

This report describes the use of Landsat Thematic Mapper {TM) data to create geclogy,
geomorphotogy, drainage, and land cover data bases to support "The Study On The
National Water Resources Master Plan In The Republic Of Zambia”, hereinafter referred to
as NWRMP. The analysis was conducted over the period of May 1994 through March 1995
and produced the following:

)]

2)

3)

4)

5)

>

7
8)

9

Foity-five colour-infrared Landsat TM imagtf,s covering all of Zambia at 1:200,000
scale. These images were used for ground truth analysis in Zambia.

Seven c‘olour-idfrared, geocoded, image maps covering all of Zambia at 1:500,000

‘scale. These image maps were created from a digital mosaic of the 45 Landsat TM

scenes.

Seven black-and-white geology maps of Zambia at 1:500,000 scale. These maps
were derived from the visual interpretation of the Landsat TM image maps and
information derived from the 1:1,000,000-scale Geological Map of the Republic of
Zambia (Edition 2) compiled and published by the Geological Survey Department
of Zambia in 1981. The interpretations were digitised to create a vector data base.

Seven black-and-white geomorphology maps of Zambia at 1:500,000 scale. These
maps were derived from the visual interpretation of the Landsat T™M image maps
and information derived from the 1:2,000,000-scale Republic of Zambia

Preliminary Geomorphic Map compiled and published by the Soil Survey Unit of
"the Department of Agriculture of Zambia in 1985 (Technical Guide No. 15). The

interpretations were digilised to create a vector data base.

Seven black-and-white drainage channel and watershed boundary maps of Zambia

- at 1:500,000 scale. These maps were derived from the visual interpretation of the

Landsat TM image maps and the interpretations were digitised to create a vector
data base.

Seven black-and-white land cover maps of Zambia at 1:500,000 scale. Thesc maps
were derived from digitally processing the Landsat TM data. The raster
classification was converted to vectors to create a vector data base.
Four quadrant colour geology maps of Zambia at 1:1,000,000 scale.

Four quadrant colour geomorphology maps of Zambia at 1:1,000,000 scale.

Four quadrant colour land cover maps of Zambia at 1:1,000,000 scale.

* 10) Four quadrant colour drainage channel and watershed boundary maps of Zambia

at 1:1,000,000 scale.

11) Four quadrant black-and‘whne administrative boundary maps of Zambia al

1:1,000,000 scale.

S



12) Calculation of area stalistics for geology, ‘geomorphé[ogy, and lénd?COVer‘by
administrative boundary

13) Calculation of area stahsucs for geology, geomorphology, and land cover by
watershed boundary.

14) This report which dea!s with the use of Landsat TM data to derive the above
products.
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CHAPTER 2 LANDSAT SYSTEM CHARACTERIST[CS AND IMAGE
: PRODUCT S

PR Charactenshcs of Landsat System

The Landsat satellite (formerly called ERTS ‘Earth Resources Technology Satell:le) is a land
remote sensing satellite system which began as an experimental programme conducied by
the U.S. National Aeronautics and Space Administration (NASA). Landsat 1, launched on
July 23, 1972, was expected to function for about 1 year but continued to operate ﬂawlessly
until 1978 when it was decommissioned after nearly 5 years of continuous operation. During
that time, it réturned dlgltal data for roughly 300,000 images of the earth's surface. Landsat
1 was so successful that four other Landsat satellites (Landsat 2, 3, 4, and S) were launched.
Landsat 2 was faunched on January 22, 1975 and was deCOmmlssmned in July, 1983;
Landsat 3 was launched on March S, 1978 and was decommissioned in September 1983;
Landsat 4 was launched on July 16, 1982 and Landsat 5 was launched on March 1, 1984.
The Landsat system was declared an operational system in 1983 and turned over to the U.S.
Commerce Departments National Oceani¢ and Atmosphenc Admlmstratwn (NOAA) In
1984, the Land Remote Sensmg Commercialisation Act (Landsat: Act) was established to
transfer the commercial operation of the Landsat programme to the private sector. Earth
Observation Satellite Company (EOSAT) was selected as the commercial operator f‘or the
Landsat programme )

Laridsat 1, Landsat 2, and Landsat 3 carried two earth imaging sensors. The Return-Beam
Vidicon (RBV) sensor, which i is similar to a television camera, recorded red, green, and
infrared energy reflected from the surfacé of the Earth in one broad panchromatic band with
a resolution of 35 metres. However, the RBV was 0nly successful on Landsat 3. The
Muinspeciral Scanner (MSS) was the primary earth i imaging instrument carried on Landsat-1,
2, and 3 and it is still operating on Landsat 4 and S, The MSS sensor collects data by
scanning. the earth from west o east with an oscillating mirror. Radiation from four dlfferent
spéctral bands (green, red, and two in the near infrared) is recorded. The radiation is

“transferred by fiber optics to filters that permit only certain wavelengths of radiation 1o strike

the sensor’s detectors. The piclure element (pixet) sampted by the MSS is about 79 X 56 m
(the size of a football field). Landsat 1, 2, and 3 orbited the carth-at an altitude of

_approximately 900 km and provnded repetitive coverage for any location on earth every 18

days.

As nienlioned above, the Laridsat 4 and $ saiellites were launched in 1982 and 1984,
respectively. Landsat 4 is used sparingly because of an electrical problem that developed

‘shorily after its launch. As of March 1995, Landsat 5 is still operating, Landsat 4 and § circle
' the Earth every 98.9 minutes in & near polar orbit of approximately 700 km. Each satellite

provides repetitive coverage for any area every 16 days, at the same local time of day.
Landsat 4 and 5 each weigh nearly 2,000 kg and carry the MSS sensor and the Thematic

_ Mapper (TM) sensor. The TM sensor has excellent capabitities for meeting the data aceds of

many GIS applications for farge regions. Along each orbital path, the TM and MS$ sensors
can continually scan a swath 185 km wide. The scanned data are systematically divided into
an area termed a "Landsat Scene,” which encompasses approximately 185 kn by 170 ke,
Each scene covers approximately 3.2 million ha. Users of Landsat dala can purchase data
from an existing archive maintained by EOSAT or ¢an schedule the cotlection of data for any
site. The images from the TM sensor on Landsat 4 and $ have significantly bettér geometric
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quahty than ‘images from sensors on ‘carlier Landsat missions due to englneenng
enhancements to the spacecraR. This has facilitated geodetic-rectifications of the images to
the accuracy standards for 1:24,000-scale map products (Wetch et al. 1985).

The TM sensor provides significant improvements in spattal spectral, and radaometnc
resolution compared to the MSS. The instantaneous-field-of-view (IFOV) of the T™ is
square and results in'a ground resolution cell and image pnxel of approxtmately 30mona
side. The TM measures the intensity of reflécted radiation in six spectral bands! three in the

visible wavelengths, blue (0.45-0.52 pm), greenfyetlow (0.52-0.60 pm), red (0.63-0. 69 pm) '

one in the near infrared (0.76-0.90 um), and two in the shortwave infrared (1.55:1.75, 2.08-
2.35 pm). The TM also measures emilted thermal radiation (104 12.5 pm) althmxgh the
IFOV for this spectral band is 120 m on a side. The greater radiometric resolution is
achieved by the analog-to-digital conversion of the electrical signat to 8 bits or 256 gray
levels compared to the 64 gray levels of lhe MSS on the first three Landsat satelhles

Overpass time for all of the Landsat satellites is approxtmately 9 45 a.m. lotal hme although
perturbations in the orbit have caused $mall variations in the time. An <early morning sun-
synchronous orbit was selected to take advanlage of ciear morning skies and to ensure
repeatable illuriination, Cms:stency in illumination is important for constructing image
mosaics and in companng changes through time. In addition, the moderately low sun angle
at the time of overpass, particutarly in the higher latitudes and during the wintér months,
enhances detail caused by rellefdtﬂ“erem.es

2.2 Computer Processing ol‘Landmt TM Data

The Landsat TM data is delivered on magnetic tapes called CCTs (Computer Compauble

Tapes). From these data tapes, Landsat images are produced by a assugnmg various

combinations of bands to the colours of blue, green, and red. An' intéractive” computer
system is used for v:emng and selecting the various bands for processing. The algorithms

within the processmg package can be dw:ded m(o two broad lypes "pre- pfocessmg" and
“image processing”.

2.3 Pre-processing
The Landsat 'I‘M data contains some noise and distorlions (such as plxel dr0p0uts)

Therefore, pre- processing of the data is necessary before the images can be created The
pre-processing consisted of: - o i : .

1} Viewing the images and replacmg any dropped ptxels or lines.: :
2) Geocoding the image to insure that the imagery will register 1o published maps;

3) Histogram matchmg the :magery with adjacent scenes to reduce the vananon |

- between consecutive scenes in an image mosaic.

4) Mosaicking all satellite scenes vequired to cover each map sheet. 5~ 7 Landsat

scenes are required to cover one full l 500 000 map sheet. -
2.4 ColoMnfrared Com pos:te Imqge
The color-infrared composue images for the seven map sheets were created by rccordmg to

film bands 2, 5, and 4 to the colours of blue, gréen, and red, respectively. Various: band
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combinations weré examined interactively on a display screen, but this combination of bands
produced the best images throughout all of Zambia. From this band combination, geology,

geomorphology, drainage, land cover, and cultural features could readily be interpreted.

- Each of the seven map sheets covers approximately 4.5 degrees of longitude and 3.5 dégrees

of latitude. Printing these lmages at a scale of 1:500,000, the resultant image maps measure

'appmxlmately 391/2 inches by 531/2 inthes. The map nuraber, latitudé and longitude extent,

and the map name for the seven 1:500, 000 scale i lmage maps covering all of Zambia are

‘shown in Table 2-1,

Table 2-1 Map Contents for the seven 1:500, 000-scale i image maps

MAPSHEET #/

UPPER LEFT | UPPER LEFT |LOWER RIGHT|LOWER RIGHT

MAPSHEET LONGITUDE | LATITUDE | LONGITUDE | LATITUDE
Sheet #1/ C26°%00'E 8°00' S 30°30'E 11°30'S
NORTH o o ' ' -
Sheet #2/ 30°30' E 8°00'S 35°0'E 11°30' S
NORTHEAST _ . L ' L
Sheet #3 / 21°45'E 10°45'S 26°00'E - 14°30' S
WEST L s |
Sheet #4 / 26°00'E “11°00'S 30°30'E 14°30' S

- |CENTRAL N o - L

|Sheet #5 / 30°30'E 11°30' S 35°00'E 15°00' S
EAST L L _ -
Sheet #6/ 21°45'E 14°30'S - 26°00'E 18°10'S
SOUTHWEST - o '
Sheet #7/ - 26°00'E 14°30'S 30°30' E 18°10'S .

SOUTHEAST

These images were registered to the Transverse Mercalor projection using UTM Zone 35
(South), the ARC 1950 horizontal datum, and the Clark 1880 spheroid. The admlmslrahve
district boundaries and their nantes are displayed on the image maps. . :




CHAPTER3  LANDSAT DATA ANALYSIS -

The purpose of the Landsat data analysis for this project was to produce Landsat image
“maps, geology, geomorphology, drainage channel/watershed boundary, and land cover maps
and vector data bases. All data was either. dlgutlsed in' vectors directly from visual
interpretation of the Landsat i image maps with various ancillary data or were created from
- classifying the data and converting the raster data to vectors. All data bases were maintained
as a nation-wide coverage in ARC/INFO. Maps were produced at four scales: seven
1:500,000 scale maps, four 1:1,000,000 scale maps.

3.1 Selection and Purchase of Landsat Data
Landsat data used f'o'rihi's project !v."ércl'éelected using the following criteria:

) Landsat scenes that would cover all of Zambia. The area covered by Landsat data
aré defined by Path (East-West) and Row (North-South) numbers.

2) Most recent data available (from the latest observatlon dates) but within the same
season. Dates of the scenes ranged from 1992 to 1993 (except for the small north-
west corner of P172/R73 acquired in 1984), All the data came from the months of
September or October except for P169/R68 and P172/R73 which were June scenes.

3) Good quality data with minimum amount of cloud cover. Cloud cover of more than
30 percent make the data impractical for interpretation because of the limited view
of the land surface. All of the data for Zambia was cloud free éxcept for four
“ quadrants where the ma.xlmum ¢loud coverage was only 10%.

By considering these fac’tors, a total of 45 scenes were acquired. Al but two were acquired
from the same scason (1 September through 14 Qctober), and over a two year period
(September 3, 1992 through October 14, 1993). All of the 45 scenes covering Zambia were
cloud free with the exception of a small patch of scattered clouds Iocaled north nonhwest of'
L umngu and another smalil patch northeast of Isoka

3.2 Production of Color—lnfrar‘ed Mosaics

By pre-processing the acquired Landsat imagery as discussed above, color-infrared mosaics
for the seven 1:500,000 scale map sheets were produced and were the primary data source
for the geomorphology, geology, and drainage channel/water basin boundary interprelations.
Band 2 was imaged as 256 intensities of blue, band $ was imaged as 256 intensities of green,
and band 4 was imaged as 256 intensilies of red. Histogram matching techniques atlowed
adjacent scenes from different dates to miatch colouration reasonable well,

3.3 Classification of Nation-Wide Land Cover
Land cover information was digitally extracted from each of the 45 Landsat TM scenes. This

involved a three step process: the preprocessmg stage, the groupmg and edmng stage, and
the postprocessing stage

The preprocessing stage includes preparmg the scene, geocoding the s¢ene, and ¢classifying
the scene. Upon receiving a scene, six bands (band 6, the thermal band was not processed)
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were l6aded onto disk. This six-band data set of the entire s¢ene required approximately 250
megabytes of disk storage for each of the 45 scenes. The entire scene is revieweéd for data
errors. The analyst is looking for band registration errors, band dropouts, and salt and
pepper data érrors (erroneous high and low data values) and these errors are corrected using
values for adjacent areas or, if errOfs were 100 sigaificant, a new scene would be ordered.
Once the raw data were reviewed and errors corrected, the image was geocoded. The data
was geocoded using a cell sizé of 30 melres

The final step in the preprocessmg oi‘ tand cover information is to create the classified fite.

The classification approach used ISOCLASS in the ERDAS image processing system to

created 240 spectral classes for each of the Landsat TM images. ERDAS's MAXCLAS
routing was used to assign one of the 240 spectral classes 10 each of the pixels of the T™M
scene: The 240 spectral classes well represent the speclral information contained in the six
bands processed. A pseudo color table was produced to display the classified filé in color.

- This pseudo color table emulates a 3 -band color composnte of bands 4, 5, and 3 displayed in

red, green, and blue.

DISPIT RAINIEDIT modules were used to display the classified data, assign the spectral
classes to the desu’ed mformationa1 classes, and to edit the scene to reduce all interpretable
omiission and commission errors. DISP/TRAINEDIT modules atlow one spectral class to
represent one mt‘ormanonal class in one region and another informational class in another
region. By visually examining the classified file, the i image mterpreter can assign the spectral
classes to informational c!asses and eﬂic:ently edit the amage to improve classification
accuracy. : :

DISP facnhtates wewmg lhe m\age by the image mterpreter Thei lmage mterpfeter can select
an area for view by UTM or latitudé and longitude coordinates or map sheet name. In
addition, adjacent areas can be viewed by entering commands to view the next screen north, -
south, east, or west of the current Screen. With TRATN, the image interpreter has a wide
variely 6f commands to help ascertain which speciral classes represent various informational

“classes. EDIT is used by the image interpreler to renave omission or commission ercors that

are readily detected by vlewmg the scene. Using these procedures the classification for cach
pixel of the enure scene is reviewed.

The DISPIT RAIN!ED!T procedures were used to extract the followmg informational
classes from all 45 Landsat TM scenes covenng all of Zambm

Forest :
Savanna
" Grassland -
- Agriculture
- Barfren -
Urban
Wetland
Waterr S

The unage mlerpreter used the f‘ollowmg def‘ mllons of land cover for’ creatmg the Zambia
land cover c!ass:f' camfm :
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- Forests include areas with' moderate/dense overstory vegetation. FOresls often

appear as dark red or brown areas on the i lmages

- Savannas are spectrally similar to grasstands and foresls depending upon the density
~ of the overstory vegetalton The redder areas of savanna as seen on thei nnages have
- denser overstory vegetation. -

- Grasslands are dominated by grasses with only sparse overlery vegetation. Bumed
areas, which appear as dark blue or black areas in the images were also classified as
gras':lands In the images, gfasslands were medium to light pinks and geeens.

- Agriculture occurs throughout the entire country incliding large commercnal areas

often’ asSomaled with flood plains and smaller commetcial or subsisténce agnculture '

occurring in cleared areas of forest, savanna, and flood plains. In the images,
‘agricultural areas appear as hght to mednum reds and pinks, often showmg a very
heterogéneons speclral patterning. In more heavily vegetated savanna and forest
zones, cleared areas showed significantly higher contrast.

- Barten land ¢ovet includes non-vegetated areas in the mountams!hllls savanna

* bare rock, and sand or miud flats assoclated with rivers and lakes. Barren aréas have

- high reﬂectance and appear as white and light green areas on the inmages. Rock
outcrops without vegetation appear as dark green and were classified as barren,

- Urban land cover contains cities and villages that are visible on the images. These
areas of human activity are often light in color on the images. Plots of all villages
and urban areas were produced using the data from Digital Chart of the World. All
urban areas that were plotted from Digital Chart of the World and that were vmble
on the images were included in this classification. '

- Wetlands typically have a bright red ¢olor associated with the heavily vegetated
areas, The wetland are typically associated with lakes, rivers or depr’e‘ssions :

- Water included open water bodies such as Iarge fivers and iakes that appear as dark
blue or black areas on the images.

The poslprocessmg steps include all steps required to mosaic the. grouped and edit
classification files, convert the data to vectors, plot the tand cover maps, and generate

statistical analyses by watersheds, admmsstrahve units, geomorphology, and geology
(lithology). :

To mosaic the grouped and edited files, Arc/Info’s MERGE module was us’écl to create a

raster file of tand cover for all of Zambia. ERDAS's DISPLAY module was then used to-
view the enlire rasler 1mage of fand cover and ERDAS's GISEDIT module was used to

correct any inconsistencies in the clas&ﬂcatxon betwcen scenes within the mosalc

The next step was to convert the raster data (0 véctors. The GRIDPOLY command in
ARC/INFO was used to create the vectors. Unfortunately, ARC/INFO Version 6 will only
alfow a polygon to contain 10,000 arcs. The small polygons created from a small number of
raster cells inherent in raster data created many interior polygons, resulting in‘many polygons
have more than 10,000 arcs. A series of filters were used (five separate ﬁltenng steps) to
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reduce the frequency of these small interior polygons. However, even after extensive
filtering of the data the land cover raster file was still too complex to vectorise using
Arc/Info Version 6. This complex raster file was vectorised using Arc/Info Version 7, which
does not have the limitation of 10,000 arcs per polygon. Aftéer the vectorisation was
completed, a fishnet vector coverage was generated and intersected with the vector land
coverage. This technique allows the coverage to be processed in Asc/Info Version 6.

After the Jand cover vectors for the entire country were created, ARC/INFO's ELIMINATE
command was used remove small polygons from the coverage. Various thresholds ranging
from 25 hectares to 250 hectares as the minimum polygon size were tested. The best
threshold was 50 hectares. Thresholds set smaller than 50 hectares created maps that were
very noisy. Thresholds farger than 50 hectares created maps that seemed too generalised,
and features such as rivérs, urban areas, and small agricultural areas were too frequently
eliminated when the thresholds farger than SO hectares were tested.

The final polygon coverage for land cover for all of Zambia created with a threshold value of
50 hectares contains over 300,000 polygons.

This data base was then used to create the 1:500,000- and 1:1,000,000- land cover maps.
Land cover statistics by watersheds, administrative units, geomorphology, and geology
(lithology) were created by creating a union of the land cover database with these four other
databases using Arc/Info's UNION command. Arc/lafo’s FREQUENCY command was then
used to report these land cover statistics. The land cover statistics are shown in Appendices
C,and F.
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3.4 Interpy elation of Nahon-Wade Geology

The geologlcal mappmg in Zambta mvolved the mapping of hlhologaes structure (including
faults folds, domes, and lincaments), and foliation, The surface exposures of rocks in the
country are nearly equally divided between sedlmenlary and igneous/metaniorphic basement
types. The sedimentary rocks are located primarily in the western Northwestern Province,
the Western Province, and in the rift valleys of the Southern, Lusaka, Eastern, and Northern
provinces (fight pale yellow, tan, and green colours). The igneous and metamorphic

basement rocks are located primarily in the eastern Northwestern Province, the Copperbelt
Province, the Cenlral Province, the Luapula Province, and the non-nft valley portions of the
“Southern, Lusaka, Eastern, and Northern provinces {blue, pink, red, and purple colours).

The sgneOuslmelamorphlc rocks are normally highly weathered and oulcmps are rarely
continuous over ‘large distances. The metamorphic' rocks, with ‘the exception of the

‘quarlzntes tend to weather capidly and produce subdued Iandscapes wheére conlacts between

units are very difticult to map from the satellite i imagery. Somé units, however, are reésistant
enough to permit the identification on the satellite imagery of the regional foliation patterns.
Isolated masses of granite often core the large domes of the COuntry and the onfapping rocks
help to define the extent of these gramte cozes.

The dnfferenuanon of the various Precambrlan basemenl and Muva metamorphic rocks is
also difficult. Using the 1:1,000,000 scale Geologlcal Map of Zambia as & guide, certain
textural characteristics of various rock groupings were tentatively identified on the Landsat
imagery and altempts were made 10 carry these "signatures” into adjacent areas. Invariably,
polygons delineated based on the signatures identified on the i lmagery were not identical to
the published map. In fact, there were places where the continuity of the characteristics of a
rock mass as depicted on the imagery were good enough to bring doubt upon the accuracy
of the published map. In these cases polygon boundaries were miodified from those of the
published map. In most areas, however, there was inadequate diagnostic information on the
imagery 10 make judgments as to the specific rock type of these older rocks. In these
instances the published map was given precedence and the extent of the rock unit was traced
from the published map. -

The sedimentary rocks are more realistically mappable, particulaily in the Luangwa rifl
valley and immediately northwest of Lake Kariba. The quality and detail of the Landsat
imagery is quite exceptional in these areas and numerous previously unmapped faults and
folds have been delineated. North of Lake Kariba, in areas where topographic expression is
good, the sedimentary boundaries are mappable in considerable detail. In the western portion
of the country, where the Kalahari Sands have blanketed the tandscape with thick deposits of
unconsolidated sediment, the published map was the guide to the underlying rock subcrop.

Structural deformation in the sedimentary section is relatively gentle except locally in beds
associated with strike-stip fault movement or rift-flank uplifi. Here beds have been deformed
into pronounced folds and have been highly faulted. Were mappable, fold axes are shown
with traditional anticline and syncline symbols. Faults are mapped with a bold solid line and,
where observable, the sense of offset has been demarcated. Foliation is shown as a line of
small, interconnected, solid dots (“string-of-pearls” symbol). Lincaments are thin solid tines,

and tithological boundaries are even thinner lines.
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The procedure for interpreting the geology was to aflix ¢lear mylar fitm to the 1:500,000
scale Landsat 1mage maps and interpret the geologic siructure and lithologic boundaries
directly from these images using the Geologic Map of the Republic of Zambia (Edition 2,
1981) as control and standard photogeologic interpretation techniques. As noted above,
modifications of the existing geologlc map were made based upon the Landsat imagery.
thologlc units were identified and labeled with numbers corrésponding to the legend found
on the Geologlc Map of the Republic of Zamb:a and reproduced in the !egend

The geologtcal interpretation was drawn on the mylar 0verlay and these overlays were then
hand digitised and the vector files were annotated using ARC/INFO. Plots of the hand-

digitised interpretations were then edited and the ARC/INFO vector files were modificd
appmpnateiy For the color maps, look-up tables (LUT's) were created for the various rock
units using colours and patterns that most closely resembled thé shades of the Geologic Map
of the Republic of Zambia. The color maps was plotted at 1:1,000,000 s¢ale (in 4 quadrants).
For the black-and-white maps, only the numhers of the various rock unns Were used to
designate lalhologac type.

' Geology area statistics by administrative b0undary and by watershed boundary were created
in ARC/INFO by umtmg the geology database with the administrative and ‘watershed
boundary databases using ARC/INFO's UNION command., ARC/INFO's FREQUENCY
command was then used to report these geology statistics. The geology stahshts are shown
in Appendix A and Appendix b.
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3.5 Interpretation of Nation-Wide Geomorphology

The geonorphic analysis was based upon a photomterprelanon of the seven 1:500,000 scale
Landsat map sheets described previously, and followed standard analysis conventions using
a combination of tonal and textural indicators. This photogeomorphic analysns was aided by
reference to previous land use, soil, geomorphic and geologic mapping of Zambia and
followed the three-tieved approach and legend developed for the 1:2,000,000 scale Republic
of Zambia Preliminary Geomorphic Map (Technical Guide No. 15, Soils Survey Unit of the

‘Depattment of Agriculture of Zambia, 1985). The lateral extent of all of the geomorphic

units mapped was based solely upon interpretation of the Landsat data; the Republic of
Zambia Preliminary Geomorphic Map was used only for identification of a given geomorphic
unit. As such, the geomorphic analysis presented constitutes a 1:500,000 scaté Landsat:

based photogeomorphw revision of the Republic of Zambia Preliminary Geomorphic Map.

All of the units mapped on the Republic of Zambia Preliminary Geomorphlc Map were
recoomsed on and modified according to the Landsat data except for units 2A8 (Major
Dambos), 2B6 (Aggraded Plateau Terraces), and 4B2 (Flat Trough Floor Terraces). These
units are generally not observable on dry-season Landsat imagery and consequently were not
mapped.

“The geomorphic interprétations were drawn directly on clearfilm mylar overlays to the

1:500,000-scale map sheets with permanént ink pens. These interpretations were then hand
digitised into an ARC/INFO system and test plots were generated to check for inaccuracies.
These edited test plots were then used to make the necessary corrections and final plots were
produced As with the other color map producls look-up tables (LUT' ) were créated to
assign spemﬁc colours to the various geomorphlc units.

The classification of the tersain follows the units defined in Technical Guide No. 15, A
Geomorphic Legend For Zarmbia", Soil Survey Umt Department of Agriculture of Zambia,
1985 and consists of the f‘ollowmg

1A1 - Montane Plateau Those parts of the Montane zone, usually at an elevation in
excess of 2000 m (c. 6500 R.) which are characterised mainly by rolling open
_grasslands and by deeply incised stream valleys, with patches of relict montane forest,
and seasonal swanips in low lying areas. Slopes vary between 0 - 40%, but are 0 -
5% on the higher peaks of the Nyika plateau, and on the narrow summits of the
‘Mafinga Hills and Makutu Mountams which are included in lhlS unit. Granitic
outcrops, pamCUIarly tors, are common.

1A2 - Monlane Escarpment The steep slopes markmg the western margin ofthc Nyika

Plateau and the precipitous flanks of the Mafinga Hills and Makutu Mountains, all of
which are dissected by deep ravines. The elevation of the foot of these escarpment
areas is vanable and in some places falls to around 1500m (. SOOO fi).

2A- Degraded Plateau T hose parts of the Central Afncan Plateau where planation has
~ been and remains the dominant tandforming influence. These areas are traversed bya

) _‘nelwmk of rivers, streams and dambos of varymg drainage density. Reliefis tevel to
 gently undulaung where drainage densily is low, and more pronounced where

. dramage density is high. Included in this unit are the isolated hills and ridges of the

* more resistant rocks (usuatly quartzitic) which rise above the genéral plateau surface,
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2A1 -

2A2 -

2A3 -

204 -

2A5 -

2A6 -

2B -

minor escarpments (not associated with rft troughs), swamps and lakes which
occupy depressions, and ﬂoo'dplains.

Level to Undulating - Plateau:  Those parls of the Degraded Plaleau surface
characterised by level to undu!atmg topography, usvally having a dentritic dramage
paltern of dambos and streamis separated by level or broadly convex mterﬂuves

Slopes rarely exceed 5% in level to gently undulating plateau areas, but may range
between 3/5 - 8/12% in undulating areas where streams are more lnc;sed Included in
this unit are the footslopes (often comprising coltuvial material) found at the foot of
hills and ridges (s!opes normally between 5 - 12%)

Dissected Plateau: © Those paris of the Degraded Plateau suiface charactensed by

strongly dissected topography, having’ a dense drainage pattern with incised,

relatively steep-sided stream valleys. Broad-head dambos are mainly - absent.
Interfluves are generatly narréw and often shallow, gravelly or rocky This unit often

‘occurs towards the margin of the Cenlral African Pialeau where it is transitional to
' the Escarpment Zone.

Hilis, Ridges, and Minor Escarpments:  This unit comprises isolated hills (including
domed inselbergs and large tors), linear rldges and hill ranges ‘standing above the
adjacent tand surface and normally comprising resistant rocks with steep slopes {25 -
100%) covered with shallow, loose (often sandy) soils, stones and rock Outcrops At
the foot of the hills or ridges there is usually a zone where cotluvial material has

-~accumulated (examples Chainama Hills near Lusaka, Mphangwe Hill nea¢ Katete).

Also included in this unit are minor escarpments (not associated with rift trotghs) on
the plaleau surface (e & at Solwezi State Farm)

Swamps: Large flat depressions (usually at Ieast 10 sq km'in exient) in which the
surface is permanently saturated with water and is usually overgrown with vegetation
(papyrus and reeds) (Examp!es  Bangweulu, Lukanga and BUSanga swamps)

Lakes Large {at least 10 sq km) permanent bodies of water, enurely surrounded by

“tand, the depth of water- away from the shore normally exceedmg 2 m (e.g Lake
‘Bangweulu). Lakes included in this unit may be man- made {eg Mulungusha Mita

HI“S and Iteshi Teshl dams). -

Floodp!ams L‘Ow—lymg, level areas adjacént to rivers or swanips which are
seasona!ly flooded due to a rise in river level or to impeded run-off. Included in this
unit are oxbow lakes, flood channels, abandoned channels, and fluviat deposns stich
as levees, point bar deposits, back pTains and Sand bars. {Examples ‘Kafue Flats,
Chambéshi ﬂoodplaln) . o

Apggraded Platcau: That part of the Central Af‘ncan Plaleau compr:&ng semi-
consolidated or unconsolidated - deep sands (Kalahan sands).” This sueface is
characterised by eéxtensive, level to very gently undulating plains with’ generally
mdely spaced drainage lines, ard areas where camplexes of dunés and pans (some
containing small lakes) predominate. This surface is restricted to Western Province
and parts of‘ North’ Western Provmce Also mcluded in lhls umt are the ﬂoodplams
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'231-

2B2 -

‘and associated terraces of the upper Zambezi river, and the associated tributary

alluwated valleys.

Line'ar ane Complex: ' Those parts of the Aggraded Plateau Surface found mainly
to the west of the Zembezi rivér and characterised by parallel dunes (mainly in an
ESE - WNW diréction) extending for distances up to 50 km (Williams, 1982) and

~separated by inter-dune depressions. The dunes are generally 1.5 - 2 km wide and the

inter-crestal spacing is approximately 3 km (Williams, op. cit.). Relative retiefis 0 - 5
m.

‘Pan COmplex Those parts of lhe Aggraded PIateau predommantly (although not

entirely) restricted t6 the eastern side of the Zambezi river, and characterised by

_numerous depressions, often circular or elliptical, occurring on the interfluves. The

2B3 -

depressions may be permanently or seasonally flooded.” The size of the pan
dépressions varies between 2 + 20 sq Km and some {particularly near Mongu) are
interconnected and mtegrated into the dramage paitern (Witliams, 1982).

Dilungus:  Large (usually at least 10 sq km) non linear, malnly |reeless seasonally

“waterlogged areas found in the aorthern part of Mwinilunga District. Two main

types are distinguished:

2B4 -

2BS -

2B7 -

(A) Those dilungus having low rel:ef commonly traversed by perenmal streams.

Some of the targer ones contain east-west aligned dunes.
(B) Those Dilungus which occur either on (flat) interfluves not surrounded by

- Kalahari sands, or éxtending between dramagc lines and interfluve upper slopes (0 -

5% slopes).

-Shght_ly‘ st’sected' Plateau: Those-pans'of the A'ggraded Plateau with a sub-

dendritic to sub-parallel drainage pattern, with level to slighily convex interiluves,
and a relative relief of S - 50 m (c. 15 - 150 R). Stopes vary between 0 - 8% but are
mainly less than 1%. Drainage lines comprise both narrow valley dambos and
broader flat-botlomed valleys. - Also included are minot escarpments bordering
ﬂoodplams |soiated dunes and isolated pans :

_Floodplams LOW-Iymg, mamly level areas adjacent to rivers Wthh are seasonally
flooded due to a rise in river level. Included in this unit are river courses, oxbow

fakes, flood channels, and fluvial deposits such as levees, point bar deposits, back
. plams and sand bars, (Bxamplcs Zambez; floodplain; Luana Flats).

Aliuvaa:ed Valleys = Inctsed valleys ﬁlled w:th alIuwal sedlmcms T hey are
characteristically flat bottomed and do not flood annually. They are located

- exclusively to the east of the Zambezi river in areas lacking linear dunes.

3A -

3B -

Escarpment: A linear, abrupt, steep slope terminating the elevated surface of the
Central African Plateau, formed mainly (in Zambia) by major faulting and modified

* by subsequent erosaonal processes. (Example:  Muchinga escarpment).

Escarpment Complex: A broad zone compnsmg deeply dissected rocky hill land,
v-shaped valleys and gorges, formung a complex descent from plateau to rift trough.

The whole zone is one of active erosion and is cut by perennial ‘and ephemeral

847



streams and rivers. (Example: - The area between Chipata and the Luangwa Valtey).
It is possible to distinguish between those areas of Escarpment Complex: which are
characterised by a relatively high degree of dissection and those which have a low
degrée of dissection. S S S B
4Al- Isolated Large Hills:  Outlying hills of the Central Afican Plateau which tise to an
:~ elevation normally in excess of 700 m (C. 3000 ft) and have a relative retief of 200 -
300 m (C. 650 - 1000 f.). (Examples: Kililangoma and Kasafu hills in Luano
valley). - : ‘ ' _

4A2 - Dissected Hilly Land:  Areas underlain mainly by relatively soft Karroo sediments

with generally moderate relief (30 - 120 m; 100 - 400 ) and comprising a complex

of cuestas, homoclinal ridges and hills (some isolated), together with some flat

plateau areas, dambos, footslopes and fans along the base of the escarpments.

Davison (1981) describes this unit as being characterised by many ephemeral streams

- and by shallow stony or rocky soils, and represents areas where active erosion of

Karroo sediments is still taking place. It usvally commences at the foot of the
escarpments and extends towards the trough centres to varying extents. ‘

4B1 - Floodplain: A strip of relatively flat land adjacent to a river channel, formied from
river sediments and subject to frequent {usually annual) flooding. Included in this unit
- are river courses, oxbow lakes, flood channels, abandoned channels, backplains and

sand bars. - o ' o >

4B3 - Gently Undulating Land: - Those areas of the Flat Trough Floor underlain by Karroo
sediments and which are non-dissected or very weakly dissected.” They are §
characterised by very gently undulating topography with both low and convex
interfluves, river and stream channels, shallow {concave or flat) valleys and dambos.

4B4 - Swamps: Large flat depressions (usually at least 10 sy km in extent) in which the
surface is permanently saturated with water and is usually ovérgrown with vegetation
{(papyrus and reeds). (Example: Mweru Wantipa swampy). '

4BS - Lakes: Large (at least 100 sq km) permanent _bbdies of water, entirely surrounded
by fand. (Examples: L Tanganyika, L. Mweru Wantipa, L. Kariba [manmade)).

As with the geology statistics, gcomorphology area statistics by administrative boundary and
by watershed boundary were created in ARC/INFO using ARC/INFO's UNION c¢ommand,
ARC/INFO's FREQUENCY command was then used 0 report these geomorphology
statistics. The geomorphology statislics are shown in Appendix B and Appendix E. o

518






E34" 00
&5 b0

WOO:F_ZI'&O’ -}E—"‘w bF.?T-‘V '*{Eﬂ‘w _*y:rm’ _igz-t’oo’ __ls_u‘ao' _Fzs'w _]gzs'so' _F_:s‘w _“an'w _ig:n‘oo' _Fzrao’ _an'oo' _{_E_za’ao’ _*gzs‘w '_igb'w _Fao'w -_lgso‘w _igai‘w -_i;arw _]gsz’w _igarw Mi_:_ss‘éo’ _igm‘ao'
ww+
Geomorphology

+ww

_‘_QQ'OD’
89" SOP_!_

4 g;fw

MO’O(ZI_ ~|_no'w

lib':ig_i_

Jawrar

sn'og}._ _l_ah.'w

su'ao _}gn'w

sqz'oo_"l__ _P“.w
stz’ag}_

:

813’39_‘_“

_Piz’ao*

Jpwer

_f_!l?w
ail.'f-q_

_I_SM'W

14" QEI_ #"' i

sss‘og’l_

N Pss‘w

315'3-9:‘_ HFWW

514!‘02}_

hl_swocr

llo'&?’iv

Jyew

1 $r-

,_Pﬂ‘@a’

, g o fo - - |  Figure 33 Geomorphology Map
LR ' : >~ I : g T : o

m’og'ﬁ'.w ‘%fz:rw “li"u‘w- -!am ‘L":fw. "!?u'w. '!ﬁ-&w "as‘w 4 _' . _ il ‘k‘ww +mw -”;Ezo'w."lfzc"w ."}E_aé'do' "!Fao‘s_o" *L‘:u'oo' "!’s‘at'w "*{1?0& _“_}:_'s:%a_o’ "’Farw +m‘3_¢‘ —5‘;‘3‘0‘5’3’ JJ@!\ Jopan itarmatioral Cosparation Aganay



P . €2 (€22 (€23 00" E2F 30 E24007 k24307 (ERE'00T  (E2E Y {E26" 00 (26730 VEIT 00" _E27 00" LE2RTOO (R 30 (£29°00" JE29T MY jE30' 00" JE0TI EMT00T EM'3Y EAX 000 F3rsY £33 00 £33 30" JE3L’
.’fDOj_ngv:xy _i_gzzoo' _ts_nao' {E -F —E { i i -+ -+ + i - -+ - — ; § s i £ — | iE300”

ss'aa;]i_

_.!§3‘3°‘
o, Zambia
Geomorphology

——r

_£ 59 00"

8% % %’ _ { 58° %0
3w og'f _ . % woy
LY. agfr ‘|,§!0' »y
LTy w‘l ) ! S 00
sn‘sg*';ﬁ _f_s_.u'w
9709 _ i_m r
512" 301 _E_g.u-ao-

{ !00’1: i : , 813700
£13°307 fgn'w
:m'otg:-r "IE'WW
s 39" - 4»5:4' 20

sion). ’wa
s:e‘a:_r_'{___ ﬁ:';.w'acr
BIG‘(\Q’{_ _ F S 00
sig :x_yi : f 818" 30"

s1r oa% B B {_srr o
Figure 3-3  Geamorphology Map

817 30,'{ : _fgsr‘ 3

S‘B‘m'q-{n‘w ) ;Ezz-.;.o» ’1{::‘ a0 ’li;;-oo’ _1&"2:‘ 30 ‘l.:'zo'ocr 24T Y —1525'00’ I TLa L B _‘E_?" W 45—23'00' E2¢ 307 #%29'00‘ 41—29’ w lfww 41'30‘ 20 EN' 00 '-ls_:u‘ 0 '!{32‘00' 'ia'az' » "t{aa'w ﬁ't{;\a' W J 21 0o

K& ey



SR a3 £ k29w €317 00 R ELNF] Raroy £330 B3 oy FAY 3 34

BT

B2 E

£37 60 £rr 3o 52709 23 3 PO fza o 5

_s¥oo

Z.ambia

Geomorphology

SR M
s
512 00

L3NF 00
LS80
st en
S147 200

51 O

(e 0o

88 3

St M

SO0

Figure 3-3  Geamorphology Map
s an

S

318" o

ST o B . e i ' ,
2905 £a0700 E307 37 T30 Fa’ 300 €700 RO e s oy
MO0

S0,

Ly
[P N Fiéd' 39

TR

G o g
e o Pt
- an P
Lo o= b
Plrxe @ o B oeros.
1 B oges g™
! g BN brg e ifa- o~
i e aad Teeah
d fo b o
- SV
| 2 LR
T
Fra B e =t
& Lo
B orger T & v P
f [ g P
AT
i .
kI o
! [ty
e mewr
! £ ow v
KT
; r..
PR TR opmem
H i
'l £ o .
§5-1%
ET B .
LaEET N Sanen \teretioral Cocpaation Agancy



3.6 Interpretation of Nation-Wide Drainage and Water Basin Delineation

The previously existing drainage basin delineations (or watershed boundaries) were modified
based upon a thorough drainage analysis of the 1:500,000 scale Landsat image maps. The
previously existing drainage basin delineations were based upon maps of various scales and
where base map detail was erfoneous, modifications were made. All drainage basin area
calculations are based upon the new watershed boundaries derived from this nation-wide
drainage analysis.

- Control points depicted on various maps and described in documents provided were
tcansferred 1o this drainage analysis and are shown as small triangles on the drainage maps.
Various levels of detail and deainage intricacy are observable on the drainage analysis. In
part this is due to the type of lithology on which the drainages have been formed. It is also
due to the quality of, or amount of detail observable on, the imagery in some areas.

In addition to the unions of geology, geomorphology, and land cover by watershed boundary,
the statistics for river density by geomorphology and river density by geology were also
created in ARC/INFO. River densily by geomorphology is presented in Appendix G and
river density by geology can be found in Appendix H.
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3.7 Avea Calculation

Hectares of geomorphology, geology, and land cover by watershed boundary and by
admiinistralive boundary, and river density by geomorphology and by geology were
calculated in ARC/INTO. Unions of these databases were made with ARC/INFO's UNION
command and ARC/INFQO's FREQUENCY command was used to report these statistics.

The ARC/INFO output was reformatted and appears as APPENDIX A through APPENDIX
H in this report.

3.8 Explanation of Products

~ All 1:500,000-scale map products are bound into a 35-map portfolio. The portfolio contains

5 maps for each of the seven 1:500,000- scale maps required to cover all of Zambia, The first
map is the Geology transparent overlay for map sheet 1. The second map is Geomorphology -
transparent overlay for map sheet 1. The third map is the Drainage Channe! and Watershed
Boundary teansparent overlay for map sheet 1. The fourth map is the Land Cover
transparent overlay for map sheet 1. The fifth map is the Landsat TM Mosaic Image map.
The five maps for map sheet 2 follow the products for map sheet 1. The last set of five maps
in the porifotio are for map sheet 7. The portfolios are bound on the western edge of the map
and are covered with a clear mylar cover. The portfolios are inserted into a 4 inch tube for
storage. _

The second, third, and fourth sets of map products was produced at scales of 1:1,000,000 (4
quadrants per theme). These producls were produced on a color electrostatic plotter. The
five series of maps at these scales include Administrative Boundary, Geology,
Geomorphology, Land Cover, and Drainage/Watershed Boundary.
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