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Appendix 9 (3) Result of Nation-wide Groundwater Level Observation

’g < Eastern Province > . , .
Point | Well May. 1999 Jun. Jul. | Sep. | Oc | Nov 'chb.-l‘}QS' Mar. |
No. No.  [6.W.DImIGAV.D{m{G.W.IXm ]G W.Dan |G.W. D(m}G.W.D{m ¥G.W. D{m {G.W.D(m)
CE-1 A 160 | 880 | 830 [ w40} 93| 950 3d0]| 340
B 60| 780 ] 920 w2} 1220| we | 350 330
E-2 A 750 | 1000 ] 1030 | 1030 [ 1140 | 940 | 360 | 340
: B 560 ] 890 | w40 | 1200 1330 ) noo] 80| 440
“E-3 A 40| 960 | 830}f ‘93] 9s0]| 79| 390 | 4w
: B 390 | 530 | Socof 860 | t200| 860{ s00| 450
E-3 A 195 | 691 | 833 933 93| 935 3.0t | '3.50
B 283 | 388 | 960 { trio]| 1tso| 99| 0] si0
"E-5 A 790 | 1010 | 10201 tr20 | “8s50 | 1070 7.70 6.70
‘ B 453 | 1420} 1070 | 10.70 | 1130 | 1070 8.60 2.80
E-6 A 170 | 553 | teoo | 1300 | 120 | 900 [ 350 | 340
- B 480 | 770§ w060 | 11.90¢ 1260 980 | 420 39
"E-7 A 480} 485 1200 1200 1a00}f 1100 | 380 | 170
B 5331 633 780} 88 ] 99| s840| 620| 150
E-8 A 730 | 1630 | 160} 1160 { t470°) 1160 | 99 | 930
8 | 72301 935| 99/ 19| 960 | 1000 s60| 640
E-9 | A 313 | 620 9901 troo | 240 1160 | 558 | 540
B 300 s05| 89 | 9% | 290]| 93| 79| 690
E-t0 A 575 198 98| todo | 1170 1000 | sS40 | 430
T | B 325 | 430 925 | o940 1060] 920 | 60| 630
E-1l A 300 | sa2s | 120 [c1e70 | 1n70| 890 | 852 | 840
_ B 2301 445 | v | 13ap| 1480|2738 | 720 6.60
E-12 A 540 740 990 | 1070 | 1390 1020 | 600 | - 5.60
- B 180 | ¢80 | 950 1030 ] 1220| 830 610| 630
E-13 A 820 | 1030 | 1020} 1160 | 1390 940 | 860 | 7.80
B 680 | 900 99 | 1120] 1260 ] 1020| 740| 740
E- 4 A 533 | 10380 | 1140 | 1164 9.1 | 1254 | 9.4 8.0
B 300 | 420 1230 | 1390 | 1320 | 1200 | 11.80 | 1060
E-15 A 140 | 860 | 1060 | 1120 | 1230 | 820 | 650 530
) B I - | 1010] 1060 | 11950 860 540 | 440
{(Note} G.\V.D : Groundwaler Depth from Surface. : : '

AT



Appendix 9(4)  Result of Obscrvation

Province: Eastern
District: .~ Chama

Aquifer:  Alluvium

Site Nanie: Rhama Hes. | No. [Mooth GW.L{GL-n)

‘ - b | eaMay 7.6

|Dianteter: 1250 mm | 27| Jun 8.2
Depth: 15 m 3| Jol 8.05

- |ietd: 800 liday | 4 | Sep 9

Map No. 1 5] oa - BA45
Elevation:  760m - | 6 | Nov 8.55

Grid Ref.: N=8760KmS00m | 7 | SiFed | . 5.5

- E=517KmOm 8| Mar 755

Maximum Groundwater Level Fliciuation(m) 3.5

Y

Grooadwater Level {(m) Well No.E4A

T T ] v T f T T L T 1

9 T T

: ~ May Jud Jol Aug Sep Oct NovDec Fan FebNar Ape

Maximum Groundwater Level Fluctuation(m) - 4

Province:  Easlern Aguifer:  Alluvium o :
Disirict:.  Chama - 0 R ‘G-m‘und:"at-i{ u{‘"e; Em)l“’ﬂ[l NoE2B
Site Nanie; Bazim " | No. |Moath - 16.W.1{GL-m) T B
o _ 1 [9dMay 4.6 2
Dianieter: 1250 mim 2 | Jun 6.2 | 4
- |Depth: im 3] Jol 69
Yield; 1800 I/day | 4 Sep 14 5
Map No. ~ 1133A3 S | Oct 84 s
Elevation: . 755 m 6 Nov | - 16
Grid Ref.: N=8750%mdm | 7 | Ssked 4051 10 -'-_—9?;--—~ — ---;;;
__E=512Kr030m | 8 | Mar |  4.05 © May fun Tl Aug Sep Ot Nov: Dec fan FebMar Ape
Maximum Gréundwaler Level Fluctuation{m) 4.35 :
Province: Faslern Aquifer:  Gneiss : : :
District: - Lundazi . Ground\\l'ater Level (m) Well NaE24
Site Name: Mwata Sch.. | No. {Menth  |6.WA(GL-m) 0 LR S ERNL S i S EN B
3 | om0 - 7.9 2
Dijameter: 1250 mim 2 { Jun 8.95
Depth: S5 m 31 Jul -1
Yield: 700 Vday | 4 | Sep 9.1
Map No.  1133C1 51 Od - 9.65
Elevation:  £.31 m 1.6 | Nov .8.65
Grid Ref.: N=8703kmt00m | 7 | 95Feb 5.75
 E=$27Km0Om 8 | Mar 5.63

Province: Easlern Aquifer:  Gneiss -

District:  Lundazi .
Site Name: Mwata R.H.C.| No. [Mouth  {6.W.L(GLm)
1 '91.'@11)' 5.6
Diameter: 1250 mm 2] Jun 1.25
Depth: 14.5 m 3] Jul B
Yicld: 500 Vday | 4 | Scp 8.8
Map No.  1133CI 5| O« 9.45
Elevation: 1120 m 6 | Nov 83
Grid Ref.: N=3107Km$00m | 7 | 95Fch 5.2
E=523KmSs0m | & | Mar 5

Maximum Grovadwaler Level Fluctuation{m) 4.45

Groundwater Level {m) Well NoE28

Ty T T T T T T

May fun Jul Avg Sep Oct Nov Déc fan Feb Mat Apr

. U-App.-118




Appendix (5)  Result of Observation
Province; Faslern Aquifer:  Gneiss
District: - Lundazi | . . Groundwater Level {m} Well NoE.34
Site Name: Council No. [Month  [G.W.1(GL-m) S B A A R
1 94ntay 74 2 b
Diantelers  $250 mm | 2 | Jun 854
Deplh: 15m 3 ) M - 7.85
Yield: 1500 Vday | 4} Scp 8.35
[MapNo.  1233A3 - 5] 0O 845
Elevation: 1130 m | 6 | Nov 7.65] S : ‘
Grid Ref.: N=8601Kma00m | -7 | 9s€ed 665] 1° YR T T e T
S E=520Km0et - Sl Mari - 605 " May Jun Jul Aug Sep Oct NovDee Jan Feb Mar Ape
Ma\maum Groundwatet Level !-lucluahon(m) 245 :
Province: Easteen - YAquifer:  Gneiss Con _ -
Districl: ~ Lundazi I P 'G“’:’"dt"a“f [’?I"e‘ (i'“) ‘WcI!Nb.F—JB
Site Nanie: Mulla Sch. No. [Moath  {G.W.L{GL-m) ; ‘ T
‘ 1 {94May 39 12|
“{Diameter: - 1310 mm | 2.{ Jun 4.5 | ¢
Depth: 15 m 31 Iul 595 4 1
Yield: 1000 Vday | 4 { Sep 6.25| -
Map No. © 1233A3 51 Ocl 193] 6 1
Efevation: 1130 m 6 | Nov 6.25
Grid Ref.: ©=3637Km900m | 7 { 9s5Feb 445] 8 & o e T -
- E=518Km00m | 8 ] Mar 42 " May Jun Jol Aug Sep Ot Nov Dec fan FebMar Apc
Maxintum Groutidwater Leve) Fluctuahon(m) 4.05 .
Province: Eastern Aquifer:  Gneiss R :
Bistri_ﬂ: “Lundazi - D _ _ . Grmndwater. Level (in) - Well NoE4A”
Site Name: T Mo Mo JowaioLey | O[T T T T
Chkomene W/L | 1 [osmay 4.95 5| .
Dianteter: 1160 mm 2| Jun 5.96
Depih: 15 m 31 Jul 665 , |
- |[Yield: 600 Iday | 4 ] Sep 715
Map No. 12322 5| O 7351 6 |
Efevation: 1102 m 6 | Nov 7151
| Grid Ref.: N=8597Kmom { 7 { 9s5Fcd 443] g ,._Té.‘“-._. SN e
' . E=186¥mlm 8 | Mar 423 -May Jun ful Auvg SﬂpOd Nov Dee .19;1 Fcb Mar a\p(
Maximum Groundwater Leve} Ftuclua!mn(m) 312 :
Province:  Easfern Aquifer;  Gngiss , o
District: Lﬁ-ﬁa—z_{m_ el : X Groundwater Level () gy 000649
Site Name No, {Month  |G.W.L{GL-m) 0; L R S B I
Chkomene Vil. 1 {9vy 2.88 2' i
Dianietes: 1160 mim1 - f 2 { Jun . 338~
Deplh; ‘15 m 3] Jul 6.24| ,
Yicld: 1200 Y/day: | 4 | Sep 6.99
Map No, “1232D2 51 O« _ 139 ¢
Elevation: - 1100m . |6 | Nov.]. ~ 639 -
Grid Ref: H=8s97kmétom | 7 [ 9seev]| - 3.64| g :
Eedgoxmasom | 8 | Mar 3.64 Miy lun l'g! t\ng Sep Ou Nov Dee Jan Feb Mar Apr

Mavnmum Groundwater [me! Fluclualmn(m) 4.51

_U-App.-119




~ Appendix 9(7) Résult of Observation

Province: Fastern Aquifer: _ Sandstone Groﬁnﬁwéteé Level (m) o,
Disteict:  Jumbe B 0 e g1 ?\"-‘"'NO-Fﬁ&-
Site Name: Jumbe Vit. - | Mo. [Mean [GWa(GL-m)]| - A S S
. 1 [$tnay 48 g,
Diameter: 1160 mm 2 | Jun 4831 31
Depth: 15 o 3| W 84 .
Yield: 600 iday | 4| Sep || &4 | O
Map No.  1332A3 51 Oct| 94 8¢t -
Elevation: 600 m | 6 | Nov FET VS SOV . A DA |
|Grid Ref.: N<8530Km700m | 7 | 95Fed 3.3 91 ' -
: E=100Km700m: | 8 | Mar 475 May Jun ful Aug Sep Oct MovDet fan FebMar Ap
Maximum Groundwater Level Fluctuation{m) 4.65 Co ‘
~ MProvince: Eastern - |Agquifer;  Sandstone T o S
ADistricl: - Jumbe : : o . !G“de:vatef lz:‘gl_(.m} ],W_e'l.mo.‘l‘s-m'- '
Site Name: Manondo No. [Month |G W, L{GL-m) L B -
_ 1 [|94May 333 o |
Diameler: 1340 oim 2 Jun - 5.83 R [ o : :
Depth: 15 m 3| Ju 657 g b
Yield: 00 Vday { 4| Sep ]  TO7) | it
MapNo. 1332A3 | S|JOa |  762) 6t.:
Elevation: 600m - | 6 | Now 687 |
Grid Ref.: N<8530Km100m |- 7 | ¥5¥Feb 377 8¢
. __E=400Krd00m 8 : Mar 4‘92 “May Jun Tul Aug Stp Oct Nov Dec Jan FebMar Ape
Maximum Groundwater Level Fluctvation{m) 2.7 ' _ - -
Province: Easiern Aquifer:  Granite . o
District: . Chipata ' . Groundwater Level {m) o, NoESA 2,
Site Name: Maguya No. [Moath  [G.W.{GL-m) 0 R AL A P T P L A @
y ' 1 |94nay 7.3 0 FERTELTS LUR SLRE FRREUPS SR
Diametes: 1470 mm | 2 | Jusi 11.8] 4
Depth: 18 m 3| m 9.45 6
Yield; 1000 I.fda)' 4 Sep 9.45 ) S S S S S
Map No.  1332D3 5| O« 11§ 8 [N T e
Blevation: 1100 m 6 | Nov 945} 10 |\ AN
Grid Ref.: N=3163Km650m | 7 | 95¢eb B.6 | o Lo Wil
. R I - S 95
E=453Kmi00nt 8 M‘ar 8.3 . May Fen Jul Aag SepOct Nov Dee Tan Feb Mat Apr
Maximum Groundwater Level Fluctuationfm) 4.5 - . L L
Province: Eastern Aquifer: Gneiss : S : e
District: Chipata ' o . . Ground.watet Level (m) WellNogs |
Site Name: Nabvuiika No, {Month  |G.W.{GL-m} _ L L I L e
_ . 1§94y 13 2 _ RSV ST BN
Diameter: - 1290 mm 21 lun 833 |
Depih: 5m 3 1 Tal 36 B I RERE SR EETLER LT SRR RRRURR PPS
Yield: 1100 Iiday | 4 | Sep 9.2 6
Map No.  1332D1 5| oa ~ 8.45 '
Elevalion: 1140 o 6 | Nov 871 &
Grid Ref.: N=849skm3som | 7 | 95Fco 6.95F 10 _-9—9'4 ST : 9< i
: E=461Km350m 8 Ma_( 6.85 -"'_-Lday Jun lui AugSepOct Nov Hee I;n Teb Mar AP
Maximum Groundwaler Level Flucivation(m) 2.35] . Sl B o

" U-App.-120



-~ Appendix 9(8) . Result of Observation

Province:  Eastern Aquifer:  Granite _
District: _ Chadiza _ _ Groundwater Level (i) yeey NoE9A
Site Namie: Kumadzi Vil. | No. [Moer [G.WL(GL-m)| o B

_ 1 |94May 3.13 21 L
Dianteler; 13530 mm 2| Jun 4.67 o
Depth: 15 m 3] Jul. 652 a4} - "
Yield: 1600 iday | 4 | Sep || 707 e
Map No.  1432A2 5 | Oc 197 O [ N A
Elevation: 1044 m 6 | Nov 131 g L. S TS ot e
Grid Reli N=8443Kmi%0m | 7 | 95Feb 4,36 2} s

. E=4AWKms00m | 8 | Mar 4.27 May Jun Jul Ang Sep Oct NovDee Jan FebMar v

Maxinum Groundwater Level Fluctvation(m) 4.64
Province: Eastern Aquifer:  Granite o :
District: Chagdiza R : o Groundwa:er_ Level (M) Well No.ESB
Site Name: Chadiza Sce. | to. [mont_JowaoLm | R R A
) 1 |91May 3
Diameler: 1370 mm 2| Jun 353 2
Depth: -~ . 15 m 3 Tl 595| 3
Yield: 1200 ¥day | 4 § Sep 645] 4
MapNo. 1432A2 {5 | Oa 545] 5
Elevation: 1052 m 6 | Nov _6.15] 6 _ :
Grid Ref.: N-8444km2som | 7 { 9sFed 545) 7 ¢ 9" s B -

. B=433Kmdsom | 8 | Mar - 4.95 | May Iun Tut Aug Sep Oxt Nov Dec Tan Febbar Ape
Maximum Groundwaler Lével Fluctuation(m) 3.45 ‘ : -
Province: Fastern Aquifer: ~ Granite - _

District:  Chadiza . _ : i Groundwater Level {ln)Wéll No.E{0A
Site Narie: Chzombe | No. [Month [OWA(GLm)| O [T T 3 TR TV I T T ]
- |t |eamay 5351 21 SUU VU UUUS L DR SPL O

Diameler: 1160 mm | 2 | Jun 687

Depth: 1535 m 3} lul 177 4|

Yield: 600 Yday | 4 | Sep “RO8| 5|

Map No. 143242 5| O« 8.73

Elevation: 1049 m 6 | Nov 788 30

Grid Ref.: N-8431Km750m | 7 | 95Fed 5581 10 .""5'3“: e e o

| Bet31xmasom | 8 | Mar | 3.13 " May Jun Ful Aug SepOct Nov Dec Jan Feb MarApe
Maximim Groundwater Level Flucluation(m) 3.6 : 3 . . S
Province: Eastern Aguifer;  Granite IR -

Districl:  Chadiza L Groundwater Level (m) 0 b 00
Site Name: Basic¢ Sch. No. [Montx [G.wtiGrmy)] O LISt i St S At S SR B

) 1 9iMay 3.25 l T P A

‘| Diantetes;’ 1160 mm 2 | Jun 3.78]) 2

Depth: 122 m 3| Jut 6.25] 3

Yield: - 400 Widay | 4 | Sep 633] 4

MapNo. 143242 | 5| Oci 6.93] s

Elevation: - 1055 m 67| Nov 623 ¢

Grid Ref.: N<8428Km706m | 7 | 95Feb 483 7. L. ER

‘ E=439Km150m | 8 | Mar 473 94 s

“May fun Jul Aug ScoOct Moy Déc Jan £ch Mae Apr

Maxinium Groundwalicr Level Fluc!ualién'(nl) 3.68

CU-App-121




Appendix 9(9) - Result of Observation

Provinge: Easter Aquifer:  Gngeiss

District:- - Katette

Groundwater Level () - el No.E-11A -

Site Nante: Basic Sch. No. [Month  [G.W.1{GL+w) 0 MR
I poasay 34 2
Diamicter: 1160 mm 2 }):Jua 4,2
Bepth: - 15m 31 72 | at
Yield: 1200 iday [ 4| Sep| - 74
Map No.  1432A1 5| Oa 74 | 6}
Elevation: 1061 m | 6 | Nov 60 | . ‘
Grid Ref.: N-8#42km7s0m | 7 [ wseed 58 |8 s T
. E=393Km200m | 8 | Mar 5.8 May Jur Ju) Aug Sep Oct Nov Dec Jan  Feb Mar Ao
Maximun Groundwater Level Fludtuation(m) 4.3 : ' - L
PDT;:;:? ;2:::: Af;mfer. | Gneiss . 5 Gerazer ljwel'{'m) ,v\l.‘cll No.E-11B
Site Nanie: Katete Bomia | No. Mot | G.WI{GLm) R A e A
) 1 P9May 2.3 Zy
Diameter: 1160mm | 2] Jun | 34 4|
Depth: 5m 31 1.7
Yield: 1300 I'day | 4] Sep 1.7 6|
Map No. 5] O 8.6 s|
Elevation: 1052 m 6 | Nov 50
Grig Ref: N=8142%mss0m | 7 | 9sped 48 | to L. s _ e
o . 94 . .85
: E=398Km750m : 8 Mar 4.5 May Jun Jut Aug Sep Oa Nov Dec Jan FebMar Apr
Maximum Groundwater Level Fluciuation(m} 6.3 : o
Province: Eastern Aquifer:  Gneiss _

District;  Sinda : Groundwater Level (M} -y v pyzn
Site Nanie: Post Off, Mo [Momh JowioLm | O —rrT Ty
1 |9eMay 54 | 4t L

Diameter: - 1160 mm 2|1 Jun 0.4
Depth: i5m | 3] vt 7.7 4t
Yield: 1200 1day | 4 | Sep 8.1 6!l
MapNo. 1431B2. | 5[ O« 9.7
Elevalion: 1100 m & | Nov 18 g ¢
Grid Ref.: N:8s28Km7s0m | 7 | $s¥ed 37 | o L SRNNEALIS _
E=3g6kmisom | 8 | Mar 5.3 9 ' e .
Maxiniem Groundwaler Levet Fluctuation(m) 4.3 My Aus ¥p O oy Dec fan Feb Mut M ‘
Province; Easlern Aguifer:  Granite ' _ L :
District; __Sinda | Groundwater Lesel () 00 120
Site Name: Chassa No.[Month JoWi(GLay | O [T T HER A A A
1 |9irtay 4.8 2t
Diameler: 1160 mm 21 Jun 5.8
Depih: 45m | 3| Jul 72 | 0
Yield; 600 'day | 4 | Sep 7.6 6|
MapNo. 143112 51 0d 8.5
Efevation: 100 m | 6 | Nov 66 | %[
Grid Refl: N=8424kmt0om | 7 | 9seed S50 b 10 b i
E=368km3som | 8 | Mar 5.6 B o

Maxinum Groondwaler Level Fluctuation(m) - 3.7

Miy fun Il Aug Sep O Nov Dee fan Feb Mar Age

U-App.-122



L
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Appendix 9(10) - Result 6f Observation

Province: ~ Fastein

Aquifer: ~ Gneiss

Maxinum Groundwater Level Fluclvation(m) 5.4

|District: ~ Peatauke _ Groundwater Level (M) we o 134
Site Nanie: Khande | No. [Moas G.W.I{GL-m) _-0._ T T e
; 1 [94May 8.2 2r

" |Diameter: 1160 mm 2 | Jun 925 4
Depth: 18.8 m 3| 92 || 6 b0l
Yield: 700 Vday | 4 | Sep 9.9 g b
Map No. 1431A4 - 5 | Oci 11.1 0 |
Elevation: 970 m 6 | Nov 88 K
Grid Ref.: N=8115kmi00m | 7 | 9seed 84 12
e E=328KXmS00m | 8 Mar - 8 May Jur Jul ‘Aug Szp Oct NovDee Jaa Feb Mar Ap
Maxiniom Groundwaler Level Fluctuation(m) 3.05 : — - : i
Province:  Eastera Aquifer: . Gneiss o _ . S
District: - Pelauke i : 1 . 'Gr.o.und:vate‘r be‘\-el (‘“') Well NoE43B
Site Name: Ifosi o | Ho. {Mooth oW {GEm)| ¢ e T

1 ]94May T 6.8 2
Diameter: 160 mm | 2 | Jun 79 |,
Depih: 16.6 m 31 hi 8.35| .
Yield: 600 Vday | 4 ] Sep 9 6
Map No. 1431A4 S| o 9.7 8
Elevation: 1018 m 6 ] Nov 85 | -
Grid Ref: N=8414Kms00m | 7 | 95fed 7.1 |10 o oo W
' E=332Kmi00m | 8 | Mar 7.1 May Tun Tul Aug Sep Oct Nov Dec Jan FebMar Apr
Maxinium Groundwater Leved Fluctvation(m) 2.9 S .

. |Province: Easfesn Aquifer:  Gneiss
Distric: ~ Myimba Groundwater Level () oy 1o 1aa
Site Name: Basic.Sc. No.[Mon JoWGlamy] O { T 7 T T T T

. 1 '94'Ma}' . 5.53
Diameter; 1160 mm 2) Jun | 817
Depth: 155moc | 3] dul 8.47
Yield: 1900 Vday | 4 | Sep 8.59
Map No. 1430D2 5§ Oct 7.64
Elevation: 708 m 6 | Mov 9.04
Grid Ref.: N=8389%kmd00m | 7 | 9sked 7.49F 10 L I SR
- 94 95
: Ex265Km00m 8 Mar_ . 6.97 May Jun Jul Acg SepOct Nov Dec Jan Feb Mar Apr
Maxinwm Groundwater Level Fluctuation(m) 3.51
Province: Eastern Aquifer:  Gneiss'
Distsict: -~ Nyimba Boma _ - Groundwater Level (W) o g.10p
Site Name: Nyimiba Boma| Mo, [Monin |G.W.L{GL-m) 0 R
: 1 [vamay 31 | 2L
Diaméter: 1160 mm | 2 ]| Jun 3.65 o
Depth: 15 i 3] Iu 1.1 T - SRR o
Yield: 1000 ¥day | 4 | Scp 8.5 6 I e
Map No. 1430D2 5 | O 8.15 /_m/
Elevation: 718 m 6 | Nov 755| B : -
E=265Km750m | 8§ Mar | ~ 6.85 May fun Jul Aug Sep Oct Nov Boc Jan Feb Mar Ape
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Appendix 9(11) - Result of Observation

Maximuni Groundwatet Level Flﬁclualion{m) 38

?r.t}v.'i.nce:_ Eastern Aquifer: | Granite Gr'ouﬁdﬁmer Level (m) \.‘- o T
District:  Kacholola 0 e .“.' 0-:?-15&
Site Name: Mombe Sch. | No. [Menh [OWLGL-0 |
. T Tonts 743 :2 e
Diamcter: 1370 mm | 2| Jun 3.0 4 F i e
[Depth: Bm [ 3] I 90 6l
Yield: 600 Vday | 4 | Sep | 9.3
Map No.  1430D3 51 Ot 9% 8 F
Efevation: ~ 880 m 6 | Nov 18] o Lo YT / Lot
Grid Ref.: N=2363Km$00m | 7 | 93k 1.0 T T 93
E=240kmdsom | 8| Mar 6.4 May Jun Jul Aug Sep Ot Nov Dex Jan FbMar Ape
Maximum Groundwater Level Fluctuation(m) 3.3 : ' '
Province:  Eastern Aquifer:  Granite : o -
District:- - Kasholala . . 0 — .GTO'UIIJ:\I!te'r Lﬂ'\"?I Sm) Well NoE-13B
Site Name: Mwana No. [Mooth  [GWLGL-my | R S
| T EYre p b
Dianeter: 1300 mm 2| Jun ] 4 :
Depth: 13 m 3] . 101
|Yield: 600 Vday | 4§ Sep 10.8
MapNo. 1430D3 51 Oct 110
Elevation: 890 m 6.} Nov 94
Grid Ref.: N=8368Km700m | 7 | 93Feb 7.8 = = i
: S - 94 . hla)
E=292Kmsoom | 8 | Mar 1.3 May Jun Jul Aug Sep Oct Nov Dov Jan FbMar Apr

, U-App.-lzrl
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Appendix 96} Result of Observation

- Ma\mmm Groundwater Level Fluctual:on(m) 87

Province: - Southem Aquifer:  Gneiss
District: - Choma . 0 Groundwater Level (m}) oy o 554
Site Name: Batoka B.Sch.{ No [Monh  |GW.A(GL-m) R
_ b §9aMay 10.9
Diameter; 1100 nim 21| Jun 11.5 5 R o :
Deépth: _m 3| Il 1.9 o : S
Yield: ~ Wday | 4| Sep 128 g0 b . o o
MapNo. 1621C1 | 5 | Oct 13.2 “*\ . L
Elevation: 119 m - | 6 { Nov 136 . — 4
Grid Ref.:  N-816Km650m 7 | 93Fd 13.6 15 Ty T T
. E=511Km700m $ | Mar 13.7 May Jun Mot Aug Sep Ot NovDec Jan Feb Mar Ape
Maximum Groundwater Level Fluctuation(m) 2.8 :
Province: . Southern - |Aquifer:  Gigiss _
Distric:  Monze _ o . _70“"”"‘1:‘““2' Lef"‘ (‘m) _Well o598
Site Name: Wo. [Month  |O.W.L(GE-m) 5 | I
" Batoka A.Comp. 1 [94rhay 96
“IDiameter: 1100 mm { 2 | Jun 4] ¢
Depth: 118 m 3 | Jl 18} ¢
Yield: Uday | 41 Sep 137 8|
 [Map No.  1627CH 5] Oct ~13.0] 10 ¢
“lElevation: 1182 m 6 | Nov 14.0] 12
Grid Ref: N=sisamosom - | 7 | 95Fe 10,7 | i4 ‘9'4 e e T 5
E=311Km6 30 § | Mar _10.0 May Jun Jul Aug Sep Ou Nov Dev Jan FebMar Apr
Ma\lmum Groundwater Level Fluctuation(m) 4.4 :
Province: Southern  |Agquifer:  Sandstone : :
District: . Sinazonswe - Groundwater Level (m) o oo\
Site Name: Siapaka Vil | No. [Mear' [6.W.4(GL-m) 0 L DL L L L L
: 1 |99y 9.2 sboo :
. |Diameter: - 1100 mm 21 fun 9.2
Depth: m 31 15831 ol
Yield: lVday | 4| Sep i5.7
Map No.  1727A2 5| Oa 1571 15 |
Elevation: 352 m 6 | Nov 15.7
Grid Ref: N=siomsoom | 7 | 95Fed 116 20 L .9; R BRI e
i E=35Kmi0om - 8 Mar 124 May Jun Jul Aug Sép O Nov Dee ?:n Feb Mar Apr
Maxinmum Groundwater Level Flucleation(m) 6.6 :
Provinee: Southern - |Aquifer: - Sandslone
District:  Sinazonswe . ' ' . ‘ Groundwates Level () (o oo o
Site Name: | wo. Month {GW.L(GL-m) 0 L B A B L L LA
* Siapaka Comp. 1 [ossmay 12] 1 S
Diameter: 1200 mm 2 | Jun 158}
Depth: i6m 3] Jul 108 o1 .
Yicld: Vday | 4 | Sep 12,9 e
Map No. 1727A2 51 O LS s | : :
|Elevation: 539 m~ 6 | Nov 13.1
Grid Ref.: N=1192m900m 7 | 95k 119 1 b
_Essisnsson | 8 | Mar 13.0 ?l:\ Sun Jul Aug Scp Ot Nov Div Jan Feb Mar Apt
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'CHAPTER 1 INTRODUCTION

t.1 Scope

The results of well inventory survey are summarized in this report. Well invéntory survey
comprises three items. These are development of new data-Base, analysis of pumping test
data and investigation on the current situation of existing boreholes and shallow wells. Most
of these results have been stored in a new Data-Base developed by Study Team and a lot of
information on hydrogeology were derived from the Data-Base and described in this report.

1.2 Conteats of Report

| The contents of the repon are as follows:
X Chapter 1 comprises an introduction of this report
Chapter 2 describes the Data-Base developcd by Study Team.

Chapter 3 describes pumpinig test ddta analysis.

Chapter 4 describes the current groundwater use by prOvmce and disteict.
Chapter $ describes hydrogeologlcal formation derived from the data base.
Chapter 6 descubes recommendat:on on well i mvemory suwey



CHAPTER2 DEVELOPMENT OF NEW DATA-BASE SYSTEM
2.1 Purpose of New Data-Base System

The purpose of devélopment of a new data-base system is to collect and arrange available
hydrogeotogical data for effective use, including use in a groundwater ¢esources master plan.
More than 4,600 borehole data have been collected, arranged and input to co'mpute'r data-
base. The computer data-base program has many ﬁmcuons and s useful for various kinds of
purposes related to hydrogeology. : :

2.2 Existing Borehole Data

Water wells in Zambia are classified into boreholes and shallow welis. The borehole drill log
is recorded based on *Borehole Completion Form of DWA’ as shown in Figure 2-1 and 2-2.
~ On the other hand, shallow well has not any completion form. All the borehole records are
sent to DWA headquarters and all the shallow well records ase sent tg Provincial Water
Engmeers Office. However, only half o two thirds of all the borehole records are actually
stored in DWA. These records include important lnformatlon aboul hydrogeology In the

case of shallow wells, the conditions of record storage are worse than that of boreholes and -

the information derived from thens is sparse. ‘Therefore, the dala—base was developed using
borehole records. There are two types of borehole records - one is newly drilled records
(about 4,600 ) and the other is rehabititation records (about 1,400 records) The newly
drilled records were mainly used for the data-base.

2.3 Survey Item

Survey items are divided into 2 categories.

— Tnformiation on boreholes and hydrogeology from borehole data stored in DWA.
— Aquifer constant

Survey items on boreholes are shown in Figure 2-3. The items included in the borehole

completior form are so important that most of these were stored in the data-base. In

addition, new items, results of pumping test analysis and summary of hydrogeotogical
information, were also added to the dala-base.

2.4  Survey Method

Borehole data was collécted from Drilling Section, Provincial Water Engineers ofﬁce of
DWA and private drilling companies. The total number of borehole data is more than 4,600.
Subsequently, several kinds of analysis such as pumping test analysis and classification of
aquifer were carried out and these results were input into the computer data-base.

2.5 Data-Base Pogram_

A data-base program system was developed by the Study Team. All the items included in
the Data base are shown in Figure 2.3. The computer data-base program was developed
using Quick-Basic system. The main funclions of the data-base ar¢ as follows:

1 Input data
2) Display data on computer screen

a
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BOREHOLE PUMP TEST Term WOITN
Rorehola N ..ol Heriaeniaeens ..'.Driﬂu.._. ....... Narsianiiaariies Viaaes DML
4 hoars PUMPING TEST e b ... coivese houry
Pt wabx el bofors RDg. ciaiiianianiianss +  Essbres fritn ozl to water.
Quality of Watee | Rotorecy hra!c shiet E2ish of pump Lt
Yield Depth from surfsce ‘ Ehpsad.ﬁmo‘ .
‘ﬁ?.’:‘:‘ Em‘:d : (ﬁuuipmg :;:f} :o ﬂ:;f:o Clear | Turbid %;::‘ ":;? mp . ‘{-: ':;i;‘::."
P L _ P
T s 1 '
B 1 min. 1 min
2 mi 2 min
J min, . 7 " 3 min
4 min. A wia,
B Yo -
19 min.- &4min
15 min. 1 win,
20 mia. 8min, . . 1
2 cln. 7 Ymin
- 30 min. 10 min.
“Wow. 12 min. )
- 50 lm.n 14 min.
1 oma. 16 min.
T S wie, o 18 min.
89 min. ' S 2wl
) min. - - | #5mie. -
7 105 mi.'\.ﬁ* : 1 30 min.
120 i . N : ' .j “ASmin. B
159 win. ) : S 'mma,_._ I §
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] S kovrs - . . : . : 80 min.
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10 hoars . ' -1 104 min
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Phours | ) ' T 1 mm, ‘
Whowe | : ' . 180 al
Al?‘hm;n T . .
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48 b -
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T e | T -
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* %+ + ++ Borcholec Completion Forni of DWA * % # ¢ =+ # s

Grid Refetence

Namne of Property :

Name of Owner i

Logaliy .. _ :

Province/District :

Chief . ot
" Borehole Record Numbet H

Dalé of Completion i

ey,
ot

. Total Degpth of Boreholes R
Depth from Surface at Which Water First Struck
Depth from Surface of Main Supply
Depth from Surface to Which Wates Rises
Test Method . : PUMP hours litees
Depth of Water from Surface before Test
Depth from Surface of Purap Intake .
Grealesl Depth to Which Waler was Lowered During Test .
__Does Water Return o Original Levelafter Test e
Details of Casing Left in Borehole
Diameler in mm
Plain Perforated

Depth from Surface to Bottom of Casing
Diameter of Unlined Postion of Borehole below Casing
Quality of Water :
‘T'ota} Distance Chargeable
. Remarks:

Lithology
Litho-
Depth in meters stratigraphic
from to Lithology : unit

#* s+ >+ Additional Information ¥ *FrEF xR e e

Code -
Map Reference Number |
File Name of Analysis
Drainage Arca
- Altitude :

Thickness of Aquifer from o Total

Main Aquifer Litholopy : FRACTUREIGRANITE Litho-straligraphic uait :

Specific Capacily

Transmisivily

Specific Yield :

Coclficient of Permeability

Curcent Yicld _ _ _
-Operating Condition ¢ OPERATING Reason

Name of Project _ _

Purposé : COMMERCIAL  OTHERS
. Donor Agéncy

Poputation Supplied
Type of Owner . : ' _
Type of Driller V.3 : Figure 2-3

Iput [iems of Borehole Data-bas



3)Retrieve data | .
4)Calcutate statistical value of data
5)Print out selected data

The data-base program system employs a code system to input data. A number of codes
weré prepared for many items. The code system preveats an error in input and niakes it easy
1o retricve data. Table 2-1 and 2-2 show the codes used in the data-base system.

Manuals to operate the data-base have been pre’pared so that anyone ban'éésily' access the
data-base. The data-base program is installed in two personal computers prowded by JICA
in Sheki-Sheki oftice of DWA.
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Province District  Code

Lusaka-Urban

Lusaka -1
" |Lusaka-Rural 12
|Lvangwa - 13

Copperbelt |Ndola-Urban 20

' Ndola-Rural ‘2
Chililabombw : 23
|Chingeta 24
Mufulira 123

Katalushi 126

Kitwe N

Luanshyd 28

Central  {Kabwe-Urban - 3%
Kabwe-Rutal 32

Mumbwa 33

Mkushi 34

Setenje - . 35

Northwesteq Solwezi 11

© [Mwinifunga 42
Zambezi - 43

Kabompo . 44

Mfumbwe - §5

Kasempa - 36

Western  [Mongu 51
' Lukuly 52
Kalabo 53
Kaoma 54

Senanga - 55

Sesheke . 36

Southern - [Livingstone 61
Namwala 62

Mazabuka T 63

Monze ]

Choma 65

Kalono C 66

Siavenga 67

Gweimbe 68
Sinazongwe 69

Table 2-1 Codelfor Dnta-basc(l) |

Province District Code
Luapula |Mansa 71
- INchelenge (7
Kawambia 7

IMwense M

Samfya -5

. INonthern  [Kasama sk
' Kaputa 82
Mbala - 83

Mporokoso - 8%

“HLuwingu 85

Chilubi 86

[soka 87

|Chinsali 88

Mpika 89

. |Eastern - [Chipata 9
' ©© {Chama 92
Lundazi 93

Chadiza 94

Katele 95

Petauke 96

Quality of Waler qué

1

2
5
1

fresh

brackish

saline

v

odour




<Litology{sub)> <Lithology(main)> <Lithl-stratigraphte> = <Pavopse>
(for detail) _(for detail) (for deatil & outling) - [O1 JRural Water Supply
|01 |a letgiltaceous 01 |a Jamphibolite 01 JAlhium ; {02 JUrban Water Supply
02 |¢ [calcareous 02 | [andesite 02 |[KalahariGroup -~ 1 103 [Irrigation
03 | |caverncus 03 aplite 03 [Karrod Suppet group [o4 JUivestock
04 | |cherty 04 ] faplite 04 | Upper Karrod Group 05 |Fisheries
G5 | [clayey 05 | Jargitiite 035 | Lower Karroo Group | |06 Jindustrial
06 | lclean _ 1961 Jaskose 106 |Kalanga Super Group 07 ICémmeércial
07 | lcoase grained. 07 b |basait 07 | Kundelunga Grovp 08 jExoloratory
08 | {eonsolidated 08 |c |éarbanate rock 68 | Upper Roaa Group 09 |Obs¢rvation
09 | lcrystaline 09 | [carhonatite - 109 } Lowet Roan Group 10 [Others
10 §f [faukt 10 | Jchea 10 [Muva Supser Group 11 |Unknown
1t | |fetsic 11| fclay 11 EBasement Complex : o
12 | |fine grained 12 | ‘{eoal 12 {Gramtt . .. . <Operating Condition>
13 | fractuced 13 | |eonglomerate 13 |Other lencous rocks '
14 | ifresh 14 |4 [dorite 14 |Mctamarphic rocks 01 {operating
15 e |oranibyic 15 | [dolente o : 02 |not opcrating
16 ravelly 16 | [dolomite . <Lithology(sub}> - Resson
17 |mmassive 17 |g {eabro (lor outline) _
18 | [medium grained 18 I Jeaciss 0} leoasé grained ~ <Donor Agency>
19 | [metamoiphised 191 lacanit 02 Jerystaline 01 |[DUTCH
20 Ip fpetitic 20 | |eravel 103 |fault 02 |GTZ
21 § |poody-sorted 21 |i ligaecs rock 04 |fine-grained 03 [IRISH
22 POrous 22 |1 Nimestone 035 |fractured o4 JICA . |
23 |s [sandy 23 [m]marl 06 |fresh _ 05 IKRW
24 | Isity . 24 | jmela-igneous 07 |metamorphised - 06 NGO
23 |u Junconsolited 25 | |meta-sediment 08 |unconsolidated 07 |[NORAD
26 fwiweatherd 26 | [meta-voleanics 109 [weathetd 08 |UNICEF
27§ Jwell-sorted 27 | |metamorphic rock 10 |Cavenous 109 JWORLD BANK
8 vegetal 28 migmatile R o
29 { [fssured 29 | |mudstone * <Lithology{main)> <Owner Type> -
30 | Jcarstihied 30 {p |peat (for outline) 0§ |Central Gavernment
31 pegmalite 01 |amphibaolite 02 |Local Gavernment
32 | |phillite 02 |argilhte 03 {Privale
33 | [piutonic rocks 03 |basalt S -
34} {porphyry |04 Jearbonate rocks <Driller Type>
35| [pyroclastics [05 ]ctay 01 |GRZ
36 {9 [quartzite 06 |conglomerate 02 Private -
37 |r |thyolte 07 |dolomite T
38 [s [sand . 08 |gneiss <Dralnage Arca>
39 | |sand & gravel 09 [granit . 01 iKalug
40 | Isandstone 10 [gravel 02 [Zambezi
41 schist 11 Yigneous rocks 03 JLuanga
42 sedimentary rock 12 thmestone 04 Lua;—ﬁﬁlaf
43 | [shale 13 fmeta-igneous 05 [Charabeshi
44 silt 14 Imela-sediment 06 |Tanganika
45 | [siltstone 15 [meta-volcanics | .
46 | [slate 16 [migmalite
47 soil 17 [quartzite
48 syenite 8 fsand
49 {1 ot 19 {sand&gravel
50 Jv |varves . 20 |sandstone
51 voleanie tock 21 |schist.
52 laterite 22 |shale
23 |siltstone
24 |laterite
25 IMudstone

Table 2-2 Code for Data-base (2)
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CHAPTER3 PUMPING TEST ANALYSIS
3.1 - Purpose or Analys:s

Purping test analysus was camed out to obtain aqusfer cOeﬂlc:ents (‘roundwater slorage
and flow are strongly dominated by aquifer charactenistics and aquifer coeflicients, namely
transmissivity and specific yield, represent aquifer characteristics. Groundwater storage in
aquifer can be calculated using these constants.

3.2 Method of Analysis

 More than 600 sets of pumping.'test data stored in borehole records were analyzed. The
: pumpmg test data to be analyzed were selected carefully before hand, because some data
~ give unreliable results and are not suslable for analysis. The hydraulic parameters analyzed

are as follows:

1) Coeflicient of permeability |
2) Transmissivity
3) Specific yield

The methods employed for the analysis are as follows:

1) Theis Method
2) Jacob Method
3) Recovery Method

Comparisons of the resulis analyzed by cach method wére made and final solutions were
determined for each data set. Though the reliability of pumping test data was not always
good, finally about 350 sets of 600 sets analyzed were adopted as providing reasonable
results. Pumping test records were analyzed by a computer progsams which was developed
for that purpose. Three methods mentioned above are available in this program and analys:s
is carried out speedﬂy on 3 graphic d|splay

T he purpose of pumpmg test carried out hy DWA is to estimate available yield of borehote
and not to obtain aquifer parameters. Therefore, the pumping test has some probiems tisted
below in terms of obtammg accurate aqunfer parameters

Yleld changes as time passes

Accuracy of measuring groundwater table i is low and some data gave obviously
unreasonable results _

Pumping time is short

Yield and therefore the groundwater flow velocity near the borehole is too large
for Darcy’s law to hold good.

Actual draw-down curves sometimes diverges from theoretical curve for the reasons
mentioned above, which cause efror in analysis.



3.3 Results of Analysis

Results of the analysis are attached in Appendix 1 and 2. These figures show that the

observed data someiimes diverges from the theoretical curves and the results ace not always

good. However, it is considered that the values order of these resulls may be auceplable
Breakdown of lithology analyzed si shown in Fxgure 3- I

Breakdown of Lithology Analyzeéd
Siadstone  Shk o,

. 1%
Quanzie
5%

I.a'niutou
Dolomie
B%

Schat
5%

Figure 3-1 Breakdown of Lithotogy Analyzed
3.3.1 Transimissivity |
Analysed result of tranéimissivity is shown in Table3-1 and Figure3-2.

Table 3-1 Transimissivity by Pumping Test Analysis

Lithology Data Medium "Range  (m2/day)

_ : _ Number (mzfday) Minimum : |- Maximum

Limestone & Dolomite .57 262 - | 000483 488 -

Schist _ . 80 | . 245 0324 - 682

Sand & Gravel .37 489 0.123 . Rire
Granite 81 1.87 000103 (- . 85
Sandstone, Conglomeralc Y S 43 1 00961 10,1
Quarizite 15 299 00143 334

Gneiss, Migmatile 257 1.02 "0.0731 ¢ 12.3 -
ArgillaccousRock | 4 147 0.564 4.26
Others* 3 101 | ons 545
A< Tolal > - 333 1.87 | 000103 -85

(MNotc) * Others include lgneous and the OIhcr metamorphic rocks

V.10
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3.3.2 Coelicient of Permeabili(y
Analysed result of coeficient of peemeability is s}iown in Table3-2 and Figure3-3.

Table 3-2 Coeficient of Permeablhty by Pumpmg Test Analysis

LuhoIOgy Data Medium . Range (m/dav)

- Number (mlday) Minimum . | - Maximom
Limestone & Dolomile . 56 -~ 0.096 0.000403 91.5
Schist _ 80 10027 | - 00062 14.2
Sand & Gravel 37. 6478 - |- 60132 10.8
Granite . 84 0.128 0.000129 22.1
Sandstone, Cenglomerate -1t 0.275 0.00356 188
Quarizile 15 0.161 - 0.0011 1.02
{ingiss, Migmalite 25 0.0606 0.00203 3.5
| Argillateous rock 4 0.107 . 0.0238 04713
Others® o 5 00401 | o00M 0.331
< Tolal > 323 - 0.13 0.000129 - 915

(Nole) * Olhers in¢lude Igneous and the other metamc)rphlc rocks
3.3.3 Specilic Yield
Analysed result of specific yield is sh_o'wn in Table’i-f} and Figure3-4.

Table 3-3 Specific Yleld by Pumpmg Test Anaiysls

Lithotogy Dala Medium Range
Number . Minimum Maximum

Limestone & Dolomite 45 0.030 781x10° | 0262 @
Schist - R . 0.030 7.03x10”7 0.254
Sand & Gravel .29 0016 | 346x10" 0.249
Granite 19 0.068 6.78x10” - 0.284
Sandstone, Conglomérate il 0.045 2,98x10° 0.263
Quartzite . 10 0.052 1.65x10° 0.257
Gneiss, Migmatite e 00412 { Ligx10° 0.172
Argillaceous. Rock 2. 0057 4.60x10° _ 00103
Others? . A 0018 o - . .

< Total > 233 0.0381 | 3.46x10" 0,281

(Notc) * Otheérs include Igncous and the othér metamorphic rocks

It should be noted that values of aquifer parameters shown in Table 3-2 to Table 3-4 may be
greater than the actual representative value for each rock type. Pumping test is carried out
for successful boreholes and unsuccessful boreholes are abandoned wathoul pumpmg test,
The greater the yxeld of a borehole, the higher the aquifer paramelers

Va12
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C[IA‘{’TER 4 GROUNDWATER PRODUCTION SURVEY BY DISTRICT

4.1 Purpose of Survey

The purpose of this survey is to obtain the number of boreholes and shallow wells by dlstncl.
The resmts of this survey give the information tisted below:

— Currerit groundwater preduction rate by dlSll'lCl especially in rural aréas. :
- Relative depth of groundwater lable Ratio of boreholes / shallow wells is closely
relatéd to this depth. e
— - Ratio of groundwater use / surface water use. Groundwater use is mverse!y related
10 surface watef use. -
— Distribution of aqunf‘ers for boreho!es and shallow wells

4.2 Survey Hem and Method

Surveéy Items are as t‘ollows

1) the number of exlstmg boreholes and shallow wells by d:stnct
2) Average yleld ofboreholes and shallow wells :

The me oritem 1

— The survey used the information published by DWA as a basis. This information

.. gives the total number of existing boreholes and shallow wells drilled between

- 1964 and 1985 by Province.

- — The number of boreholes and shallow wells drilled after 1986 by province was
estimated from the increase rate of béreholes and shallow wetls belween 1964 and
1985.

— The number of boreholes and shallow weils by provmce was dwnded into each
district based on the borchole data-base and investigation at each district office of
DWA. The number of townships, villages and population in each district have been
uhhzed as lmportant 1nformat|on for the e¢stimation.

Tilc method: for ltcm 2)

ks -The survey used the mformallon published by CMMU as a basw which gives the
current operation rate of boreholes and shallow wells in rural arcas.

— Average yield of borcholes was assumed to be Tm */day based on the capacity of a
handpump. On the other hand, average yield of shallow wells is assumed to be one
third of that of boreholes, which is based on experience and on the information
derived from the result of nation wide groundwater level observation.

- V-5



4.3 Survey Result

4.3.1 Number of Boreholes and Shallow Wells by District

(1) - Number of Boreholes

The number of existing boreho!es is shown in Table. 44 and Flgure 4-1. The results are
summarized as follows:

- Prownces aré divided into 3 groups in terms of the number of boreholes The first
group is Western(2,960), Lusaka(2,570), and Southern(1,490), the second group is
Central{870), Copperbelt(840) and Eastern(750), the third group is Northern{190),
Luapula(170) and Northwestera(190). :

— In Lusaka province, 87% of boreholes are concenlrated in the Lusaka Urban
District due to high demand for city water supply and the existence of superior
aquifers in the dotomite.

- Maay boreholes were drilled under NORAD's long term pmject Unconsotidated
sands of Kalahari formation in Western province made it easy to dn_ll them.

~ Southern province often suffered a shortage of water from drought and many
boreholes were drilled as a counter-measure by JICA etc.

~ Lusaka, Western and Southern provinceés are located in the southern part of
Zambia often and sufter a shortage of annual precupnauon Therefore, the number
of boreholes needed is greater than for other provmces :

~ On the contrary, there is heavy precipitation in the third group, Northemn, Luapula
and Northwestern provinces, and this results in fewer boreholés in these provinces.

~The second group, Central, Copperbelt and Eastem prownces is: lnlcrmedlate @
between the first and the third group. :

(2) The Number of Shallow \Vells

The number of existing shallow wells is shown in Table 4-1 and Flgure 4.1. The result 1
summarized as follows: :

~ Provinces are divided into 3 groups in terms of the number of shallow wells. The
first group is Eastern province(2,140), the second group is ‘Northern(1,080),
Luapula(1,100) and Western(1,020) and Southern(800), the third group is
Copperbelt{660), Centsal(600) and Lusaka(390). The number of shallow wells by
- province is closely related to average depth of groundwater table by provmce
— It is noted that there are many shaflow wells especially in Eastern province and
those provinces which have more shallow wells have fewer boreholes,

— The diffecence in the number of shallow wells among provinces is not so great as
that of boreholes. :

4.3.2 Rate and Ratio of Rural Water Supply
{1} Metod to Estimate Groundwater Supply Ratio In Rural Areas
Groundwater supply ratio has been estimated based on the investigation into number and . l

current yield of existing boreholes and shallow wells The groundwater supply ratio has
been estimated as follows: '
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Tablé 4-1 Number oderehoie.s and Shallow Wells

usaka = Coppet-belt

Cenfral

Nerth-
wetern

" Western' Southern - Luapuls

Northern
8B Borchole

Fig4-1 The Total Number of Existing Boreholes and Shallow Wells
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Province “Disinct - [Borehole  [shaliowwell Province [, . Distnel Horchole Ishallow well
fusaka Lusaka-Urban 2,230 20[Setthemn Livingstond 110
-fLusaka-Roral - 290 .80 Natawala 140 110
Luangwa 50 120] - Mazabuka 400 120
o otal - 2,570 - A00 Monze 220 130
Copperbelt . [Ndola-Urban 71 ' " |Choma 160 110
Ndola-Rural 190 660 Kalomo 170 190
Chililabombwe 50 " I8iavonga . 100 80
Chingola .60 Gwembe 120 S0
Mufulira 10 * |Sirrazéngwé 100 70
Katulushi .50 _ - JTotal . 1,520 840
Kitwe 50 Luapula Mansa 60 280
Luanshya 100 Nchelenge 40 260
_ [olal 870 660 Kawambwa ©30 250
Cenlral Kabwe-Utban 136 20 Mwense 40 200
Kabwe-Rural 390 150 Samfya 30 140
Mumbwa 120 140 o Tolal 200 1,130
Miushi - 169 140 [Northem Kasama 10 180
 [Serenje 90 110 Kapula -30 80
] Total 860 620 Mbala ; 20 120
Northwestem |Solwezi ~ 50 - 190 Mporokose - - ) 140
. -+ |Mwinilunga 20 . 180 Luivinga 20 S 10
Zambezi 30 170 Chitubi 0 100]
Kabompo - 20 160 Isoka 0l 0 90
- [Mfumbwe 10 - 100 + [Chinsali 200 . 160
Kasempa ] @ 150 Mpika 4D 1501
Lo Total 10 - 930 _ [Total ~ 240 1,130
- {Westen. Mornigu 370 . 200|Eastern [Chapata 23] 430
Lukulu 450 T 180 Chama 90 .- 220
Kalabo 480 160 Lundazi 30 370
Kaoma 450 160 Chadiza 100 350
Senanga 340 190 Katete - 100 -39
Sesheke 510 170 Petauke 180 410
Toall 3,000 3,060 . " {Total 780 2,170
S ~ [iotal 9,968 8,715
: Number of dorehole 2nd shallow well by Province
3000 — - _
2500
2000
1500
1000
sob
0.

" Fastern
0 Shallow welt
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Groundyyater supply ratio _ o |
= {Total current groundwater use m’lday) /(33.85 Vday x population)

33. SSIlcap /day is consumpllcn rate including 10% water loss rate in mral areas.

 Total current grgundwater ugg(m lday} '
-= ( Total number of boreholes + shatlow wells) x (Operation rate) X (Umt yield)

: ngrallgn rgtg

Operation rate has been assumed based on the results of i mvesugauons carried out by
CMMU. Borehole = 0.7, Shallow Well = 0.6

Unit Yield

Unit yields have been eslsmated as follows,

Borehole = 7.5 m/day x 0.8 = 6 m*/day '
' Shallow well = (Unit yield of borehiole) / 3 = 6 m’fday / 3=2 m*/day

Unit supply rate, 38.5V/cap./day is obtained from target supply rate of 35l/cap./day plus’
water loss rate of 3.5Vcap./day. Unit yleld of boreholes, 7. Sm"'fday, means standard yietd
from a handpump with 10 hours” operation a day, Fmally, 6m’/day was decided as unit yield
of boreholes on the assumption that handpumps are being operated at 80% of their standard
capacities. On the other hand, unit yield of shallow wells, 2m’/day, was decided on the
assumption that yield of shallow wells is almost one third of that of boreholes based on long
experience and field survey. '

(2)  Groundwater Supply Ratio in Rurat Areas : | g
Groundwater supply ratio in rural areas has been estimated as shown in Table 4-2 and

Figure 4-2 by province and Table 4-3 by district. Water supply in rural areas is summarized
as follows:

Table 4-2 Groundwater Supply Rate in Rural Areas

Number of Well Total Water Supply Ratio (%) -
Province Borchole | Shallow Yicld |Population| Ratioby | Ratioby Total
. Well { m’lday} _ | Borehole | shallow Well

Lusaka 2,570 400 | 1,872 157,633 24% | 8% - 31%
Copper-belt 870 660 |- 3,308 | 314891) 21% % | 2%
Central - 890 620 3,821 507,428]  16% 3% 20%
North-western 170 | - 950 1,83¢ | 333,233 6% % 14%
Western 3,000 1,060 13,703 - | 531,072} 61% | 6% | - 61%
Southera 1,520 810 | 7392 | 695,166] 24% | ' 4% | 28%
Luapula 200 1,130 2,161 | 4420340 % | 8% 13%
Northern 240 1,130 2,305 168161 4% 5% | 8%
Eastern . 780 2,170 5,845 883218 10% 8% 1%

“Total 10,210 | 8,960 42,198 | 46015521 18% 6% 24%
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bett westem f Ratio by Bocehole {3 Ratio by Shattow Well

Figure 4-2  Groundwater Sﬁpply’ Ratio inRural Areas

' Gr0und_\¢atet_ is the main reso_ufce\uSed for water supply'in‘ rural areas. Therefore, water |
- supply ratio in rural areas is proportional to the number of boreholes and shallow wells,

especially to that of boreholes. Average water supply ratio in the whole of Zambia is 24%.

Water supply ratios by provmce are, Western province 67%, Lusaka 31%, Copperbelt 27%

and Southern 28%, these provinces show higher supply ratio than the country average. On
the other hand, water supply ratios for, Central province 20%, Eastern 17%, Northwestern
14% and Luapula 13%, show lower ratios than the country average. Of course it is
considered that the shortage of groundwater has been made up for by using surface water in
those provinces where water supply ratio is tow. However, surface water is less vatuable
than groundwater in terms of drinking water in rural arcas because of unrehable quatity and
quanuty through out year.
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Table 4-3  Groundwater Su‘pp_ly Ratio in Rural Area

Botchale “Shatlow Well Total . Supply
_Province District | Total | Operating {¥ield (mdday)] Total | Operating [ YicldimIday [ Vield {m3 day)| Population] Rate(%)
Lusaka Lusaka-Uthan [} Or _ 0 -0 0 o
Lusaka-Rural 290 03 1,218] 260 271 S 17 1,530} 142993 24
Luangwa 50§ - 3s] - - diof i20] . - m 44 ) 14,530 62
: Total 340 238 1,428] 380 ~ 228 T 458 - 1,584] 157,633 31
Copperbelt. [Ndola-Urban] . = Ce . N
Mdola-Rural | - 190 133 08| 660 396 92| o ns| iszonf :
Chitilaboraby] . 50 38 219] - . 0 B 11 RN P A 1 43
Chingola® 60 42 352 e 0 52| mgr9] ;38
Mufulira L 49 291 0 0 23] 21,705 3
Kalulushi 50 33 U0 ¢ -0 o] e
Kitwe - 80 56 115 0 Q 336] o164 i3
Luanshva 100 70] . 420] _ 0 -0 42 23,7184 4%
Total 600 420 2,520] 660 396 192 3.312] 313,89 27
Central -~ fKabwe-Urban - j _ _
Kabwe-Rural]l 390 23 1e38]c 150 .90 o 180 1803]  193,767] . 20
Mumbuwa £20 g4 s04] 140 : 84 - 168 612§ 142,131 15
Mkushi 160 12 &12] 140 84 168 250] 100,662 22
|Serenje - 90 63, . A L0 & - 1 o %10] 93207 14
. Total 160 532 3,192] 540 k31 &18] - 3,840] 507,428]
Nocthwester{Sotwezs = {50 35 210] 190 YT 228 T3] ezl . 17
Mwinilunga 20 1 g4] 80| - iG8] - o e Cxeel Ts084) - 10
Zambezi 38 21 126 170 wz] . 204 16l 60625 14
Kabompo 20 4 © 84| 160 96 ' 192 orte)  48,192) s
Miumbwe 10 8] 42 100} 6o 2120 157 1_gus| oA
Kasempa 40 - - 28] e8] 130 . 9% 180 . -343] 3wt ox
) ATotal | 170] - - 119 - 43 950 510 “1,140; - £,854] 333234 - 14
Westemn Monzgu 8710 39 2,394] 200 120 - 240 2634] 105938) . &5
Lukulu 450 i t,800] 180 108 . 216 o 2106] 48,824 1z
“falabo 450 313 1a%0 160 - el iR 208 smas2] et
Kaoma | 450 - 38| - 1,890] 160 .96 9 2,082] 1d2,884] - s3]
_[Senanga . 401 - 3 2,28 190 na) 0 2z 2,495] 128,442 50
Sesheke 510 147 2,142] 1% 102 Sy 2348 s8] - 108
Total 970 2479 12,474] 1,060 636 ~ 1,272 13,748] 531,073} 67|
Southern  |Livingstone | 110 77| 48] 20 12 24 . 436 6077 208 o g
Namwala 140 98 588 130 65 132 7200 13,276 2§
Mazabuka 400 283] - 1480¢ 120 72 144 1,824] 112445 42
Monze 220 154 s21] 130 18 156 1,050] 108433 2%
Choma 160 12 &12] 110 66 kY] g04] 127,530 i1
Kalemo | 170 1i9 714 100 80/ 120 . B3| 152937 u
Siavonga 100 0 420] = 90 54 18] - - sz 223 50
Gwembe 120 84 s04] - 90 54 108 612] 33449 4
Sinazongwe | 100 7% am|l 70 12 g4 501 s3] B
1 Total 1,530) 1,064 6383|840 304 1,008 ~7,392] 695,166 28
Luapufz Mznsa ) 42 252|250 163 335 533 {03,445 is
Nchelenge 40 28 168 260 156 312 480 9561 13
Kawambwa | 30 21 126 250 150 300 v I TR 1 13 15
Mwense 40 23 C168] 200 120 240 408] 7166511 . 14
Samfya 30 2l 126] 140 g4 163 294F 94,768 g
Total 200) 140 8§40]1,130 673 1,356 2,1%6] 442,034 [E]
Northern |Kasama 70 13 2] 180 108 216 B BEEE [
Kaputa 30 21 126 80 48 96 47,057 i2
Mbata 20 M 1] 120 12 144 223] 121,167 5
Mporckoso 20 14 -g4] 140 84 168 15 47,687 14
Luwingu 20 14 1] 110 66 132 6] 62,035 9 .
Chilubi 0 0 o 100 & 120 120] - 38,503| 3
“flsoka 20 Y] g4 90 54 tos 192] 108,782 ]
Chinsali 20 14 g4] 160 96 192 6| mA50F 0 . 9
Mpika 40 28 C168] 150 90 180 348 94,175 0
Total 240 168 §.008] 1,130 6718] - L356 2,364] 736,876 8
Eastern Chipata 230 161 o686 430 238 . 516 14821 23o,059] . 16
Chama 90 63 1) 220 0 132 S8 - e asmsl M
Lundazi 80 56 33| 370 122 B F T 70| 166,012 12
Chadiza 100 70 40| 350 20 a0 - ss0] 60479 36 ei
Katete 100 70 420 390 234 468] - 88y 131303 - - 13
Petauké 180 £26 156] 410] 28 4920 e8] 238268 14
Total 780 346} T 3376 2yl . 1,302] T 7604 T 5.880] 883,218 17
Tolal . 7.580 3306 31 836] 8,860~ 306 10.632] ~ 42,463] 4,601,332 11
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" CHAPTER S IMFORMTION DERIVED FROM DATA-BASE
5.1 Lithology of Aquifer
(1) Lithplogy of Aquifer

Aqutfer lithology is shown in Table 5-1 and Figure 5-1. As shown in Table S-1, more than
60% of aquifers are composed of Limestone & Dolomite and Schist.

Table 5-1 Lithology of Aquifer
Main Aquifer Lithology Number of %
. Bérehole Data N
Limestone & Dolomite 1,261 32
- Schist 1,160 30
Sand & Gravel 479 12
Granile : 448 11
‘Sandston¢ s 178 5
Quarizile ] 176 -5
Gneiss 88 2
Shale, Mudstone, ete. 65 2
Otheis 038 1
< Tofal > 3,896
. -
B
I
5 20
X 10 l .
0 1 - o e, I .. ...... — ]
bmtstom Schist  Sand,  Granite Safﬂ Qurlzite  Gneiss  Shale  Odhers
- Gravel

_ Figure 5-1- * Lithology ofAQuifcr
(2) Litllﬁ-S_lféligfﬂphiC‘Uilit of Aquifer

Litho- élratig:réphicrl}nit of Aﬁuifer of existing boreholes are shown in Table 5-2 and Figure
5-2by hthology As shown in Table S 2 about 70 % of aquifers are composed of Katanga

Super Group
- ‘Table 5-2 Litho-stratigraphic Unit ol‘Aquifer :
Litho- - - § Numberof |- %bfallthc Lithe-- - | Numberof % of all the
stratigraphic " Borcliotes ‘Borcholes - | stratigraphic Borcholes " Bor¢holcs
Unit Unil
- Aluyvium 190 4 5 Muva A7 047
Kalahari 389 2.1 Basement 225 3.3
- Karroo . 6% A4 - Granile . . 469 100
Katanga 2914 68.1 < Tolal > 4264
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- Figure 5-2  Litho-stratigraphic Unit of Aquifer

Number of Borcholes

5.2 Hydraulic Characteristics of Aquifer
(1) Specific Capacity

Specific Capacily of existing boreholes are shawn in Table 5-3 and Figure 5-3 by Iithb!ogy
Specific capacity is a good mdlcator for the capacity of a borehole. From this point of view,
the ranking of capac:ty by rock type is given as follows:

1) Limestone & Do]onnte
2) Sand & Gravel

3) Sandstone

4) Quartzite

5) Schist

6) Granite and Gneiss

As shown in Table 5- 3 it is concluded that Limestone & Dolomite, and Sand & Grave! but
especially Limestone & Dolomite, form far superlor aquifers. compared with' other rock

types.

“Table 5-3 Specific Capacity

Lithology Data Medium ~ Range (mMday)

: Number (m2/day} - |  Minimum | Maximum

Limestone & Dolomite 1267 50.2 0016 7200

Schist 1160 42 0.061 - 92070

Sand & Gravel 419 - 259 0.027 1350

Granite - 448 5,7 0.001 1800
Sandsione, Conglomerate 1715 105 | oan | o 230
Quartzite 176 60 | 0147 3090
Gneiss, Migmatite - 88 23 0.219 468
Argillaceous.Rock 65 L9 0.032 . 332

Others* _ - 38 19 0.291 : | 318
<Total> . 4246 9.96 0.001 92070 -

(Notc} * Others inctude fgncous and the otlier melamorphié rocks -

(2) 'l‘ransmmissivity

Transmmissivity of existing boreholes anatyzed us:ng pump:mg test data are shown in Tablcz.
3-1 and Figure 3-1 by lithology. e _ ’ ' sg
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Fignﬂ; 5-3  Specific Ca.pa.ci(y by Li'(hology
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The approximate relationship between specific capacity and transmissivity is as foltows:

Specific Capacntr and Tra.nsnssnuty

1000 . Sy ey s = =
g 160 , -t - =ain
SRl =S Bl
g H : L5 mERNil u
& t : 3 5 s S Ee peec!
2. T a4 w—q : =
f‘ﬁ" 0.1 _*:F!iéu,g - l ‘ .-—ﬁ—iéi o =
0.0 === -ﬁ;;z%@%;? gosa ==
= == = |
N I 1]
0.001 ~— I T
0.t 1 10 S [ 1000 ‘ 10000

: Speclf:c Capacity(n2/day)
Figure S-4 Relatmnsh:p between Transmussmty and Speuf'c Cap*tcnty

Speciﬁc capacity (m *lday) = 'l‘ransr‘nis‘sivnly(mzlday)

The relation that specific capacuy is almost the same as lrans:msswlty is adopted to obtain
the general trend of transmissivities, The median value of spec&ﬁc capacities stored in Data- ‘@
base has been adopted as the representative value of transnnstny for each lithology. It is

better to use values shown in Table 5-4 as representative transimissivity than values shot.vn
in Table 3-1. :

Tabié 5-4 Transmmissivity {the same as specific capacity) .

Lithology Data Average . Range (m2/day)

: Number - {m2/day) Minimum Maximum
Limestone & Dolomite 1267 50.2 0.016 7200 -
Schist , 1160 : 4.2 0.061 0070
Sand & Gravel - 479 . 259 0.027 . L 1Es0
Granite 448 .57 0008 1800
Sandstone, Conglomerate 175 0.5 | 0.1l - 2130
Quarizie §76 - 6.0 0147 £ 3090
Gneiss, Mipmalile 83 2.3 0.219 468
Argillaceous.Rock 65 19 0.032 32
Otlicrst : 38 .19 0.291 378

< Total > 4216 996 : 0.001 _ 9070

(Note} ¥ Othess include Igacous and the other mcfambrphic rocks

(3) Coeficient of Permeahllst)’

Coeflicient of Permeabahty of existing boreholes are shown in Table 5- S and Fzgure 5 6 by
lithology. Coefficient of permeability was obtained as follows: _ ' Fg}
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Specific Capacity nnd ?eueabllily
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.
-

Fagure 5-5 Relauonshap between Permeablhty and Specifi¢ Capau{y
Coefficient of permeability (m/day)
= Transimissivity(m2/day) / [Borehole length(m) - Groundwater !cve! from surface:
before pumpmg test{m)]

It is better to use values shown in Table 5-5 as representative permeability than values
shown in Table 3-2.

Table 5-5 Ceelicient of Permeability

Lithology Dala Average . " Rangs (m/day)

L Number (nV/day) Minimum | Maximem’
Limestone & Dolomite 1,267 1.31 003022 356
Schist i.160 0.11 0.00069 436
Sand & Gravel - 479 0.68 0.00061 457 -
Granite L j 446 “ 015 . | 0000015 180 - .
Sandstone, Conglomerate 175 - 027 00017 39 ¢
Quartzite - . 176 - 0.16 0.0037 72
Gneiss, Migmatile ' 83 L 0.06 -0.0038 )
Argillaceous. Rock - hs - 0.05 0.00098 - .8 ]
Otheis*t B 0.05 - 0.00047 15

' < Fotal > ' - 4244 0.26 1.52x10° 436.1

(Notc) * Others include Igncous and the othér metamorphic «ocks
() spe’ciﬁc‘ Yield

~Specific Yields ot‘ ¢xisting borcholes have been obtained by pumping test analysis for nore
~ than 200 data sets. These result are shown in Table 3-3 and Figure 3-4, Relallonshlp
~ between specific yleld and specific capacity is shown i m Figure 5-7. Specific capacity does
- not appear (0 be related to specifie yleld a$ showa in Figure 5-7. Values of spcmﬁc yield
vaiy widely as shown in Figure 3-3. 1t is difficult to find a trend of specific yield by aquifer
and to decide ‘a representative specific yield for each aquifer from only the resulls of -
pumping test analysis. The following refation between specific yield and specific capacity
was proposed in “Groundwater Resouirces Inventory of Zamibia (1978, Chenov)”,
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Specific Yietd = 0.0934 x [Permeabitity (m/day)}*™

However, such a relation is not obvious from Figure 5-7.

Specific Capanly ind Spéclﬂc \'ield

Specific Yield

. Sp-e-cqf i¢ Capacity(m2/day)

wE o .
| " gn - .
o ¥ n - o
u "
.
s n
" 100 1000

10000

anu:‘c 5-7 Relationship berWeen Specilic Yield and Specflic Capacity

Representative value of specific yield as obtained from purping test analysis is’ 4%,
therefore, actual average specific ylelds may be around 4%. The specific yield of each

aquer has been assumed as shown in Table 5-6 ¢onsidering its permeability.

It is better to use values shown in Table 5-6 as represemath specific yueld lhan vélues
shown in Table 3-3. - ~

Table 5-6 Representative Value of Specili¢ Yield

_ Grade Specific Yicld Lithology Grade Specific Yield Lithology
Pénmeabitity o Limestone . . | Permeability . Graniie
High 5% | Dolomite Meodium Low 3% Schist
. _ ' “ Sand & Gravel L : Quartzite
Permeabilily . Permeability o Gneiss
Medium High 1% Sandstonc Low 2% Argillaceous Rocks
: Others
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5.3 Depth of Main Groundwater Supply -

(1} Depth from Surface of Main Supply

@

Depth from surface of main supply of emstmg borehotes are shown in Table 5-7 and Figure
5-8 by lithology. The depth is shallower in sand & gravel Howevcr there are litile
difterence among the other tithology.

* Table 5-7 Depth of Main Groundwater Supply

Lithology Dala - Average . Range{(G.Le=m) = Standard
Number | (G.L.-m) Minimum Maximum Dcviation -
Limestone & Dolomite 1321 286 .20 108.5 037
Schist . 176 |- 345 0.2 - . 9 0.44
Sand & Gravel 1108 He 0 4 114.0 L0535
Granite 427 ' 294 30 . 85.0 072
Sandstone, Conglomeratc 182 35.2 ) 110 129
Quarlzite : 186 ~ 333 20 91 117
Greiss. Migmalile 85 - 28.1 20 70 1.58
| Argillacoous.Rock -~ 44 336 ' 2.3 10 | 254
Others* 55 ©333 ' 10 70.1 . 233
< The whole > 4343 304 0.2 114 0.25

(Note) * Oihers include [gncéus and the other metamorphic rocks -

5.4 Thickness of Aquiler

(1} Depth of Upp'ef Limit of Main Aquifer -

' [)ep!h of upper limit of main aqu‘cr of existing boreholes are shown ‘in Table 5-8 and g

Figure 5-9 by tithology. The depth is shallower in sand & gravel. However, there are little
difference among the other lithology. The deplh is usualy less than 30m

Table 5-83 Depth 0!' U per Limit of Main Aqual‘er
Lithology Data - Medivm - | Rangé (G.L.-m)

_ " Number {G.L.-m) Minimum Ma\nnum
Limestonc & Dolomilc 1380 16.6 - LS 6.2
Schist 1249 210 03 . 166
Sand & Gravel 521 3.0 062 72.0
Granite : - 476 152 1.0 © 610
Sandstone, Conglomerate 193 §3.0 10 6.0 -
Quartzite - 193 . 20.0 _® 680
Gneiss. Migmatite 9] 19 20 650

< The whole > 4283 18.0 0.3 76.2

{2) Depth of Lower Limit of Main Aquifer
Depth of lower limit of main aquifer of existing boreholes are shown in Table 5-0 and

Figure 5-9 by lithology. Depth of lower limit of‘ main aquifer exists usualy about 10m above -
the bottom of Boreholes. :
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Table -9 Depth of Lower Limit of Main Aquifer

Lithology - Data = | - Avérage - Rangé (G.L.-m) | Siandard -

Numbes {(GL-m)} | Minimum Ma\lmum Deviation

Limestone & Dolomite 1381 . 183 1.8 108.0 A8
Schist ' _ 1248 1 - M5 40 1019 - 0.43

Sand & Gravel - 521 - 386 1 0 42 1 1233 104

Granile_ = 472 4L1 40 1100 .01
Sandstone, Conglomératc AW 457 100 110.0 il
Quartzite . 192 431 - | 90 - 91.5 124
Greiss. Migmatite . 9 412 .80 800 | - L69
< The whole > 4281 411 - 18 | 1233 026

(3) Thickness of Main Aquiler

Thickaess of main aquifer of existing boreholes are shown in Table 5-10 and anure 5-9 by
lithology. Thickness of main atluxfer is usualy less than 30m.

Table 5-10  Thickness of Maia Aquifér

Litholegy - Data Medivm _ Range ()

, R  Number ~(m) Minimum Maximum
Limestone & Daoloinite 1378 18.0 0.3 . 810
Schist .. . : 1258 1 - 194 05 B9
Sand & Gravel . 520 170 08 | 1093

.| Granite_ : 176 200 0.1 __85.0
Sandstone, Conglomerate 197 0 0.4 104.8
Quartzite 193 17.0 - 20 100
Gnéiss, Migmatile 91 -} 150 0.3 67.6

| Argillaceous Rock 46 15.5 .10 600 | @
Others* - ' 58 210 20 61.4
< The whole > 4288 21.2, Q.1 109.3

{Note) * Others include igncous and the othier metamorphic rocks
5.5 Depth of Layer Boundary and Lithology -
(1) Depth of Boundary of Layers

Aquifer are divided into sub-strata in the borehole records. Three or four strata division is
the most common, Figure 5-10 shows depth of lower timit from the first stratum to the
fourth stratum, The first stratum is considered to be usually composed of strongly
weathered rock. The strata underlying the first stratum are composed of fractured and fresh
rock.

(2} Lithology of Each Layer

Figure 5-10 shows lithology from the first stratum to the fourth stratum, As shown in
Fugure 5-10, the fisst stratum is usuatly composed of strongly weathered rock. This stratum

forms aquifer pmwdmg groundwaler to shallow wells and the thickness is usually less than
20m ,

V.32



@

<Depth of the First Layer>

LN AR e
4 >

¥ 9 0 0 1010
Depths (GL-m)

* <Depth of the Second Layer>

800 -
0 g
é00
5.
2o
2% S
0 | SR
'3 Begiei
i ¥ W ™ |_m'
Depth (GL-m}
© <Depthiof the Third Layer>

50{)-—-__

iRiKiR1 K.
-3 5 W™ . Hg .
- Depth {OL-m)

<Depth of the Fowrth Layer>
200 e S S

18z ]

’ A 1. I § ¥l -ﬂ.- 'S
1 0 30 n ) L O (1]
Depth {GL-m)

A

Lithology of vhe Find Layer

Oabers
100

Clay
4%

Limcstone
e

© Schist
4 Sail
$9%

Uthoﬁg_\' of the Second Layer

Onheras
18%
o Schist

G
Quamﬁ:é
5%
. Sod
L]
Graite
% ' 5 Limcstcoc
%
Litholegy of the Third Layeér
Otjers
) 4%
o “Sand -
. " .
: Quaﬂzi!“e" : Liméstone
5% I
Granite
9%
Schust
n%
tihology of the ¥ourth Layer
Ouhers
18%
Limestone
¥%
Griciss
%
uasite
"
Granite 1 Schist
1% p210

Figure 5-10.  Depth of Layer Boundary and Litliotogy



5.6 Groundwater Level of Borehote

(1) Depth from Surface at Which Water First Struck at Drilling'

Depth from surface at which water first struck at drilling is shown in Tabte $:11 and Flgure

5-11 by lithology. The deplh is approximately equal to boundary depth between strongly
weathered zone of rock angd fractured zone of rock.

Table 5-11° Depth from Surface at Which Water First Steuck at Drilling

Lithology " Data Average __Range (GL-m) -~ Standard

o Numbeér (GL.-m) - | - Mintmum Mmunum Dcﬂallon
Limestong & Dolomite 1,324 14.9 L5 CI62 0.27

Schist : 3,238 .19t . 0.3 . 685 0.32 -

Sand & Gravel 519 114 062 | 6065 048
Granite ’ i 15.4 0,25 - 58 043
Sandston¢, Conglomcrate 192 C 187 1.0 76 0.94
Quarlzite 192 18.3 e = 68 0.87
Gneiss, Migmatite 89 13.4 2.0 65.0 1.23
Argillaceous Rock 46 19.8 24 . 63 2.01
Others* - 58 199 3.0 650 © . 1.80
<Thewhele> - | = 4355 -~ 16.2 025 762 0.16

(Note) * Others include Igncous and the other metamorphic rocks
(2) Depth from Surface to Which Water Rises at Drilling

Depth from surface to which water rises at drilling are shown in Table $-12 and Figure 5-
12 by lithology. The groundwater table rises in a borehole up to near the static groundwater
level after the borehole has encountered fractures beanng sroundwater. '

Table 5-12  Depth from Surface to Which Water Ri,Ses at Drilling

Lithology - Data’ Average Range (GL.-m) . Standard

_ ' Number (G.L.-m} Minimum Maximum lealion
Limestone & Dolomite 1,298 - 93 02 |- 808 - 0.22
Schist - 1,183 11.8 03 s 0.27

Sand & Gravel 506 .93 0.1 64.7 . 044

Granite ' 436 27 - 015 - 70 | - 035
Sandstone, Conglomeratc 181 124 0.7 65 | . 0717
< The whole > 4,329 102 - 0.08 808 | 0.13
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(3) Depth of Water from Sirface before Pumping Test

Depth of groundwater from surface before pumping test is shown in Table 5-13 and Figure
5-13 by lithology. The depth is considered to be static groundwater level of boreholes. The
level of boreholes shown in Table 5-14 is almost the same as that of shallow wells.
Therefore, it may be concluded that the groundwater level in fractured zone of rock is
continuously linking 10 that of strongly weathered zone of rock.

Table 5-1_3 Depth of Water from Sirface before Pumping Test

Lithology Data . Mediom Range (G.L.-m) Standard

_ Number {G.L.-m) Minimum Maximum Deviation
-| Limestone & Dolomité 1,386 120 4.0 12.0 0.03
Schist - - 1,255 8.5 0.0 4838 0.25
Sand & Gravel 322 5.4 0.0 55.7 042
Granile - 476 64 00 79.0 . 0.37
Sandslone. Cong!omcralc 197 8.7 . 00 © 650 0.3
Quartzile 193 8.7 00 602 . 0.62
Gneiss, Mipmatile 91 8.3 0.08 40.0 T 0.72
Argillaccovs.Rock 46 84 13 40.1 1.217
Others* 58 98 - 0.1 358 .23
< The whole > - 4,601 7.1 0 79 0.12:

(Note) * Others inctude Igacous and the other mctamorphlc rocks

(4) Greatest Depth. to Which Water was Lowred at Pu mping Test

" Grealest depth to which water was lowered at pumping test are shown in Table 5-14 and

Figure 5-14 by lithology. From the difterence between the greatest groundwatér depth

lowered and the static groundwater level showa in Table 5-13,
pumping test is caleulated as follows;
- Average draw down at pumpmg test =

than the others.

30.7 (m) - 7. I(m) 23.6 (in) :
The draw down is larger in timestone and dolomite aquifers and smaller in schist aquifers

average draw down at

Table S-14  Greatest Depth to Which Water was Lowred at Pumping Test

Lithology . Data - Average Range (G.L-m) Standaed

- o Number (G.L. m) Minimum Maximum Deviation
Limestong & Dolomite 1,275 238 0.8 85 045
Schist 1,163 40.3 .5 91.0 049
Sand & Gravel 342 20.3 1.8 71.0 064

Granite 451 36.2 . 0461 80.0 0.78

Sandstone, Conglometalc 184 327 15 91 11.38
Quarizile : =115 -~ 360 10 320 K1
Gneiss. Migmatite - 89 - 359 9.5 75.0 1.6¢
Argillacéous Rock 40 30.7 50 58.6 2414
Others* 53 314 46 61.0 2.42
< The whole > 4,206 30.7 0.61 97.0 0.28

‘(Note) * Othcrs mc!udc Ignoous and the Othr nwmmorphic rocks
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5.7 Borehole Design

{1) Total Depth of Existing Borehole

Total depth of existing boreholes is shown in Table 5-15 and Figure 5-15 by lithology.
Average depth of existing boreholes is 52.6m with large variety of the values. The average
total depth by lithology has little difference among different lithology type. However, the
total depth of boreholes dritled in sandstone and conglomerate aquifers is smaller than
others.

Table 5-15  Total Depth of Existing Borehole

Lithology Dala Average S Range {m) : Standard
' : Number - (m) -~ Minimom | MaNimam Deviation
Limestone & Dolomite 1,386 52.3 12.5 1085 L. 0.37
Schist - - : 1,235 5.8 18.2 1220 | 041
| Sand & Gravel . S22 40,2 6.1 123.3 1.06
Granile . 476 52 L6 - 110 072
Sandstone, Conglomerate| 197 564 214 1199 - 1.26
Quarizite 193 544 10.3 1 106.7 ~ 'lig
Gneiss, Migmatite L9 50.6 188 80.0 156
ArgillaceousRock 1 . . 46 . 335 104 800 | o 2t6
Others* , 58 582 256 C045 2.14
< The whol¢ > 4,602 306 6. 1233 . 0.25

{Note) * Others include Igncous and the other metamorphic rocks

(2) Depth from Surface of Pump Intake at Pumping Test

Depth of punip intake from sucface at pumping test is shown in Table 5-16 and Figure 5-16
by lithology. It scems that well pumps are set usually 7m over borehole bottom at pumping
test. : '

_ Table 5-16 Depth from Surface of Pump Infake | . -
Lithology Dala Averape - Range {G.L-m), R Standard

Number (GL-m) | Minimum Maximum | Deviation
Limestone & Dolomite 1,343 430 2.5 850 L 034
Schist ' 1,234 43.4 2.8 1180 0,38
Sand & Gravel ‘ 181 40.8 15.0 106.0 117
Granite 457 - 44,7 2.7 105.0 0,67
Sandstone, Conglomerate 159 19.0 1.0 91.0 _ 1.3
Quatizite 189 472 9.0 100.0 114
Gnciss. Migmatite 87 438 39 715 | 164
Argillaccous Rock 44 429 - 28 67.0 2.31
Others* 57 18.0 S 11s 4.0 | 0 L%
< The whole> 4,105 45.4 2.5 g . 022

(Note)y * Others include Igneous and the other inctamorphic rocks
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(3) Diameter

Diameter of existing bor¢holes is shown in Table 5-17 and Figure 5-17 by lithology. From
the results, it is concluded that atmost 80% of drilling diameter of the existing boreholes is
150mm. - '

Tabié 5-17- Diamecter

Lithology Dala - Average . Range {mm) Standard

' Number (rm) Minimom | Maximam De¢viation
Limestoné & Dolomilg . 1358 150 S0 300 0.47
< The whole > - 4517 150 75 300 0.25

{(4) Length of Plain Part of Casing

~ Length of plain part of casing of existing boreholes is shown in Table 5-18 and Figure 5-18

by lithology. :
_Table 5-18  Length of Plain Part of Casing
Lithology Data Average - - Range {m) _ Standard -
Number {m) Minimum Maximum Deviation

Limestone & Dolomile. 1,358 9.0 03 50.0. .
Schist 1,226 2.2 07 59.8 -
Sand & Gravel : SI8 YR 10 63.3 -
Granile : 1 458 : 12.0 - .28 6723 .
Sandstone, Conglomerate C193 - 159 2.0 68.2 ..

" < The whole > 4,508 14 0.28 $3.2 -

(5) Length of?e'i‘forated'l’aft of Casing

Length of perforated part of casing of ekisling boreholes is shown in Table 5-19 and Figure
5-19 by lithotogy. From this result, it is concluded that screen part occupies almost 35% of
total length of boreholes.

Table 5-19  Length of perforated Part of Casing

Lithology " Data “Average | Range (m) - Standard
: ' "~ Number (m) Minimum §  Maximum Deviation
Liinestonc & Dolomite - 1,358 16.7 0.0 65.9 0.33
Sehist .- . . 1,226 204 0.0 79.0 . 036
Sand & Gravel 318 16.8 00 " 68.0 . 0.60 -
Granile - S ‘ 458 158 - 700 - 500 0.54
Sandstone, Conglomeiale C195 224 O} 0 -75.2 : N L
< Thewhale > - 4508 18.0 - 00 79.0 .19
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(6) Depth from Surface to Bottom of Casing

Depth from surface to bottom of casing of exlstmg bOreholes is'shown in Table 5-20 and
Figure 5-20 hy lithology. From this result, it is concluded that average length of open hole
part of emstmg boreholes is 21.5m and rock of ihls part is thought to be hard and does not
need any casing.

Table 5-20 - Depth from Surface to Bottom of Casing

Lithology Daia Average . Range (G.L-m) Standard
Number - | (GL.-m) - Minimum Masimum Deviation
Limestone & Dolomite 1352 26.6 - 0.6 - 80.5 0.38
Schist 1206 315 20 92.0 0.4t
Sand & Gravel _ 513 33.5 - 36 996 . 091
Granile . 456 28.7 1.5 80.6 0.65
Sandstone, Conglomerate 195 39.8 5.0 %0.9 121
< The whole > 4470 31.2 0.6 99.6 0.24

(7} Diameter of Unlined Portion of Borchale below Casing

Diameter of unlined pomon of borchole below Casmg of existing boreholes is shown in
Table 5-21 and Figure 5-21 by lithology. The diameter is almost the same as that of lined
portion, It seems that drilling diameter is usually 150mm from borehole top to bottom
except top soil part subject to collapse. :

T.able 521 Diameter of Unlined Partion of Barehole be_lbw Casing

Lithotogy Daia Avcrage Range (mm}) | Standard p
Number {mmn) Minimuim Maximum |~ Beviation 3«
< The whole > 4,337 : 150 43 300 .23
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Figure 5-20 Deépth from Surface to Bottom of casing by Lithelopy
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5.8 Yield of Borehole

(1) Yield at Pumpimg Test

Yield at pumpimg test of existing boreholes is shown in‘T_abl'é 5-22 and Figure 5‘-22._‘by
lithology. Limestone and dolomite aquifers show much higher yield than the others, and the
average yield is twice as large as the average yaeld of all aquifres.’ HoweVer ynelds vary

widely even within sams lithology type a$ shown in Figure 5-22 .

" Table 5-22 Yield at Pumpimg Test

Lithology . Daa . Mcdlum : , Rangs (I/se¢)
* Number {(Vsec) (nl’fd&)) Minimum Ma\lmum
Limestone & Dolomite 1,386 4.7 406 0 606
Schist 1,258 1.5 130 0 600
Sand & Gravel 522 1.5 130 -1 - 0 40.0
Granite 476 i.} 85 0 S 391
Sandstone, COnglomcmte 197 18 - 156 0 558
Quartzite : 193 16 138 ¢ 0 30 .
Gneiss, Migmatite 91 0.7 L 60 0.08 11.90.
Argiliaceous.Rock 46 15 130 .0 ' 40
Olhers* .58 28 M2 0.2 120
<Thewbole> - | 4601 20 | 7l I 2

{Note) * Others include Ignéous and lhc other melanorphic mcks

5.9 Quality of Water
(1) Quality of Water
Borehole water quality is as follows;

Table 5-23  Water Quality " (Data number =4,600)
Fresh Brackish Saline Odour Turbid
9981% _ 009% __002% 0% _ 0.05%

According to the data-base, borehole water quality is considered to be suitable for drinking.
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5.10 Purposé of Groundwater Usage

(1) Purpose of Groundwater Usage

Purpose of existing boreholes are shown in Table 5-24 and F:gure $-23 and 5-24 by

hlhology As shoivn in the Table and Figure, the purposes of groundwater usage is different
by provmce Purposes for irrigation, urban water supply and the others except rural water
supply is dominant in Lusaka and Copperbelt provinCes. On the othet hand, purpose for
rural water supply is much dominant in Western, Eastern Northern, Luapula Provinces.
Pueposes in Southern and Central Provinces ate internediate betwecn 2 groups mentioned
above.

V.50
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Table S-24  Purpose of Groundwater Usage

“Lusaka ~ Copperbelt . Central _

Purposc NW A Purpose . Number .% . P'UI])OS& Numixr % .
leeigation 976 {40.0 | Rural Watcr Supply | 123 }21.5 | trrigation 285 140.4
Live-stock 640 |26.2 | Urban Water Supply| 115 | 20.1 | Live-stock 203 |2838
Usban Water Supply | 535 {21.9 | Irigation | 113 | 19.8 | Rural Water Supply | 132 {187
Rural Water Supply | 117 { 4.8 ]Industrial ] 100 |17.5 | Urban Water Suppiy| 36 | 5.1
Industriat it1 { 45 |Live-stock 84 |14.7 }industrial . 31 ] 44
Commer-cial 57 { 2.3 | Commér<ial 35 | 6.1 fCommescial 19| 2.7
Fisherics .34 0.1 | Explo-ratéry 1 1 0.2 }Fisherics 0| 00
Obsgr-vation 3 | 0.1 | Fisterics 0 1 00 JExplo-ratery 0| 00
Exploratory . k] 0.0 | Observation 0 | 0.0 }Obseevation | o] oo
Total -] 2443 : 571 ” T 706
Northwestéen . Waestern Southern :

Parpose Bumber | 64 | . Purpose Bumber] 87 _Purpose Number ] o7,
Rural Water Supply | 45 [80.4 | Rural Water Supply | 394 [98.5 | Rural Water Supply | 366 |39.1
Live-stock : 6 |10.7 | Urban Water Supply; -5 | 1.3 |Irngation 262|280
Irsigation 5 | 8.9 |Industriat 0 | 03 JLive-stock 247 [26.4
Urban Waler Supply 0 | 0.0 |Irtrigation 0| 0.0 | Industrial 4] 36
Fisheries | 6| 0.0 |Live-steck . 0 | 0.0 JUrban Watet Supply| 25 | 2.7

~ Industrial 0 | 0.0 |Fisheries 0 | 00 | Commer-cial 2102
Cominet-cial 0 | 0.0 | Commer-ciat 0 | 00 |Fisheriecs 1{ 01
* Explo-ratory 0 | 0.0 | Explo-ratory . 0 | 0.0 | Explo-ratory 0] 00
Obsenvalion 0 | 0.0 ]| Observation 0 | 0.0 ] Observation 0} 00
Total 56 399 o 937
Luapula - Nothéra : Eastern o
. Pumpése Nm‘flbcl’ % B PUprSC Number | 0f Purpése . Bumber | . o2
Rural Water Supply | 42 [79.2 | Rural Water Supply | 66 |61.7 | Rural Wates Supply | 203 |57.2
Industrial ' 5 | 9.4 |Irrigation 18 |16.8 JLlivestock - | 63 [17.7
Urban Water Supply | - 4 | 7.5 | Live-sicck - -1 15 | 140 }irrigation 6l.|17.2
Irrigation 2 | 3.8 | Urban Water Supply]- 6 | 5.6 | Urban Water Supply|. 21 | 5.9
Live-steck 0 | 0.0 | Fisherics - 1| 0.9 |Industrial 41
Fisheriés 0 | 0.0 | Industrial 1 | 09 | Commer<ial . 3oy
Commér-cial 0 | 0.0 | Commer<ial 0 | 0.0 |Fisheries . 0] 00
~ Explo-ratory 0 | 0.0 | Explo-ratory 0 | 0.0 |Explo-ratory o) o0
"Observation 0 | 6.0 | Obscrvation 0 | 0.0 ] Observation 0] 00
- Tolal - 33 ' 107] 355
The Whole Country
PUIPGSC Murbee | of
Irrigation : 1528 |30.37
 Rural Water Supply § 754| 26.8
‘Commercial 1732 2.1
Live-stock 1270] 0.5
Urban Water Supply 5| 05
Fisheries 289 0.1
Explo-ratory 1201 00
Industrial 2| o0
Obseovation 31" 0.0
total 3703
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CHAPTER6 RECOMMENDATION.
6.1 Effective Use of Borehole Data-Base

The eﬂ‘ec’t_ive_use of borehole data-base is'd_esifable for future groundwater development.
The advantages of using the data-base are as follows; :

1) It is casy 1o retrieve information about aquifers and existing boreholes near new
groundwater development sités. From this, the planning of new boreholes,
expected yield, fength, casing program, etc., are easily carried out according to
information derived from the data-base. Borehole data necessary for users are
instantly found and printed out. The computer data-base has greatly-reduced the
time for searching out borehole data.,.

2) Statisticat information on aquifers hydrogeology and borcholes capac:ty by district
or province are easily obtained from the data-base. These inforntation is useful not
only for actual groundwater devélopment. planning but also for scientific

- hydrogealogical study aiming at making clear characteristics of aquifers throughout
Zambia.

6.2 Execution of Adequate Pamping Test
6.2.1 Execution of Step Draw-down Test
Step draw-down test is carried out to determine safe yield of a borehote. Step draw-down

test is defined as a pumping test to observe draw-downs of borehole with different yields.
Safe yield of a borehole is determined as shown in Figure 6-1.

If'pumping rate exceeds safe yield, rock fragments enter into the borehole and are deposited
on the bottom. f the worst comes to the worst, the wall of borehole and ground surface
may collapse. Other than these phenomena, the efticiency of pumping ratio may be reduced

g -.l‘.
é L Safe Yield = QL x (0.7 - 0.8)
§ . e"’ o .
e QL= An intersecling point of two
I .o : | lines as showa in Figure6-1.

QL —+ Log(Yicld)

 Figure 6-1 Concept of Step Draw-down Test
inverse proportion to the pumping rate leading to uneconomical condition. These
phenomcna mentioned above occur especially in borehotes equipped with power pumps. On
the other hand, such the cases occur rarely in boreholes equipped with hand pumps, because

 yield of handpump is low. However, proper yields of such boreholes with hand pumps atso
- should be determined in the case of future exchange from hand pump to power pump for
- rural water supply. : _
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6.2.2 P?()‘pcr Pumping Test for Aquifer Constants

It is necessary to oblain aquifer hydraulic ¢onstants: preasely for plannmg large scale
groundwater development. For this purpose, execution of § proper pumping test is necessary.
As a malter of course, pumping tests are always ¢arried out aﬂer completion of boreholes,
but those tests are not carried out in an appropnate method in terms of tesnng the aquifer
and obtain the aquifer constants. Important points in execuuon 0(‘ a pumpmg test for that
purpose are as follows: :

1) To drill observation boreholes and to observe groundwater Ievel ﬂuctuauon in the
observation boreholes dunng pumping test.

2) To keep yield of pumpmg well constant. : '

3) Before the pumpmg test, a'stepped draw-doiva test should be carned out to decide
‘the appropnate pumping rate for aquifer constants:

V.44

s,
!‘ st



. Appendix 2. Result of Pumping Test Analysts

*“Appendix 1 List of Purmping Test Analysis Resul

VAppl




Appendix 1
Appendix 2

APPENDICES

List of Pumping Test Analysis Result.......................
Result of Pumping Test Analysis ... S






Appendix 1 {1)

List of Pumping Test Analysis Result {1)

- Yacabu Method

Final Value

Borehole Liihp!og_\' Theis Method Recurery Method

Numiber Tkl sl st x| 171 x5
1690 [Dotomite 0.878] 0.025] 0.101] 0871 0025] 01 veve] 0.2 0816] vo23| 0.to)
1934(B) |Dotomire ‘ 1042 0.095] L042] G095

LS8 |Dolomite : 5.87] L96| 387 1.96]-
2390-1 ootomite | 346| 9.099) 0.103] 54531 9091] 023} ) o | 36.38] 6.063} v.118
2623C  [utonie 297 LML B3| 28.0] Het] 6E-0s| 957] 137 22.22| 3.173}:5E-05
26260 [outomite . | 1.329) 0.063] BE-08] * 1.33| 0.063] SE-08| 0.392] 0.043] L84 0.036] BE-08
2630A  IDutomite 11.32] 0.9431 0.012] 1118 0931 0.013| 9.585] 0.799| 10.69| 0.891] V.613
1630 Limwestone 14 0023 1417 0023 '
2198 [timestone _ | 1| o272l njo2n

1692 [Limestoce 121} 233} 3E207] 137} 2.64| 2E-08 86] 1.657{2E-07
2670-1 {Limesone . | 0.383] 0.015] 0.036] 0.381] 0.015 0.035| 0.231}] 0.009] 0.332] 0.013] 0.036
26711 [Limesone - | 2.287] 0.127] 0.022] 2.345] 0.13} 0.022| 1.099] 0.061] 191 0.t06| 0022
2625-1 - fLimestone . | 0.16] 0.003| 0.02t] 0.158] 0.005| 0.019| 0.129| 0.003| 0.149| 0.005| 0.02
2015 |Limesteas’ . 25[ 13] 261 13

2012 |Limkstone 105 0.553} 0.006] 10.5] 0.554| 0.006]  3.75| 0.197] 825 0.435] 0.006
2013 |Limestone 7.65| 0.219] 0.004}  7.8| 0223} 0.003| ' 3.57 0.102} 6.24] 0.181} 0.004
CH}  [Limestonc E 3.514) 0227) 3.514) 0.227

MW - [Liasone : . 9.35 134 933 133
2669-1 [Limetene | 0.379] 0.025] 0.048| 0.379] 0.025| 0.048| 0.354 0.024 0.371| 0.025| 0.048
2668-1 Linwstene | 1.057) 0.151] 0.001| 1.059] 0.151| 0.001| 0.628| 0.09| 0.9t5} 0.131] 0.00}
2637 |unwstone | 2.736] 03917 0.01] 2.725| 0.389| 0.011] 1.087| 0.155 2.183| 0.312( 0.011
MAK13 |Limestone : ' | 23806 0.476] 2386 0.476]
LUSCILO |Limeston _ . Bib 263F 134 263)
LUSC13 [Limestons 733|  147] 00351 7300  1d46] 0.057 187.7] 97.67} 0.056
LUSC16 Jimestooe N - 122] 407 22| 407
2663 flimestone | 0.729] 0017} 0.03] 0.718] 0.017|  0.03| 0.9:8| 0.022| 0.792 0.019] 0.03
21473 [Limetone . | 0.113] 0.089] 0,063 0.111] 0.019] 0.06} 0.214] 0.036| 0.t46| 0.024[ 0.061
LEG  [imeswoe | 0.097] 0011} 0.01] 0.097| v.01t| 0.009] 0.034| 0.004] 0.076] 0.008| 0.01
1839 |umetone | 1| 0.018] 0.278] 0.987| 6.017| 0.247] 0.655] 0.012| 0.881] C.015] 0.263
1375 uimestone . | 4.23] 0.113] 0.026] - 4.23} 0.112{ 0.025] - 1.74] 0.046] 347 0.09] 0.025
236C  |umsone | 167) 101] 0.032| 168] 112] 0033 202] 193] 121.3] 8083} 0.033
2601 [rimestons 184} - 16.7] 0.003| ~ 483 16.7] 0004 3227 1113} 0.003
15321 fuimesone - | 112) 0023} 0.077f - 1.13] 0024| 0071|074 v.015] 0.997| 0021} 0071
3667 |timetens | 1.335] 0.334] 16-04] © 1.34] 0.335) 1804} 136 0.34] £345] 0.336] 1E-04
263117 fuimenene | 83977 028] 0011} 83 0277] oot} 7.6 0.253] 8.097| 027 001
2135B  |istens - 2.1] 0038|0033 f'2.u? 0058} 0.037] 0.956] 0.027] L709| 0.047] G036
Tios7 frinsstons 088 0.039] 0.881) 0.059
118891 . |Limetone : .

1720 Jiostons - | 27.e2] w9s2f 22.62] 0.952
2615-1 [Limestoos eos| oaes|sens] ] b of ol 2E03
22282 |Limatons < | T262] 0.036] 262 vos6]
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Appendix 2 (2)  List of Pumping Test Analysis Result (2)

Barchole| Lithology Theis Mcthod Yacobu Mcthod JRecovery Method| Final Value -
Number Jdrtdi kb s rte i os il ik i s
{2605C - flimesone 153 227) 0077] 4.26{ 2.33] 0.091] 189 0997 336 1.782{ o084
26078 [Limetne | 218} -007] 0.037] 207 00671 0.039] 2.3t vos1] 2.253) 0073 w38
26084 limewae | 0936 0.078] 0.015] 0.933] v.078! 0.011] 0.739] 0.063| 08761 0073 LIS
2614A  |Limstone 774 129) 025 763t 123! 0122 easy te2| 78] 1197|0124
1662 |uieetene | 13| 0.034 0064 15| 0.033] 0088] 0 1760 004] 15871 0.036! 0.159
19482 [timestone . , 3 I :
2088 |Linwestone - 0.307[ 0,307} 0,085 0.186! 0.186] 0.186] 0.136! 0.043]
22861 [timetene | 0.007| 1E04  0.01] 0.007{ 1E03] 001 0.003! 1E-04] - 0.0
J2162-1 |Limestone : : 75521 5.394] 75521 ssu|

3003 . imetcne | 0.706] 0.023) 0.125] 0.726] 0.025! 0.128]  0.5] vote] 0.613] v02t| 0.127
26781 |Limewene | 0.076] 0.002| 0.024} 0.109] 0.003] 0.015] " 0.23] 0.007| 0.138] 0.004] 0.019

1630 [Limestonc 158} 0.075] 0.067 "3.64] 0.076} 0.069] 1.46| 0.024]  3.56{ 0.658] 0.068
2228-1 [Limestone - | 0.172{ '0.004| 0.043{ 0.164] 0.003] 0.048] 0.207] 0.004| 0.151{ 0.004] 0.048
MB-14 fschisz : * | 2084 0.at] 2084 o011 :

1429 s | 1 ] esel] o.o1] 0.561] oot

1670 schist 0.231] 0.019| 0.008| 0.247| 0.021] 0.006| 0.505| 0.042| 0.328] 0.027] 0.007
2037 [sena 44| 062 0.139] 43.9] 0.618! 054| 346| 0.487[ 10.83] 0.575) 0.157

2205 [sohia 0.374[ 0.019] 0.236| 037| 0.019] 0.252| 0.403| 002| 0.382] 0.019] 0253 -
2204 s o -] 0.217] 0.009 0.127| 0.208| 0.008] 0.125( 0,123} 0.005| 0.183] ‘0.007] 0.126]° @
2555 [schia ' o : |oes2f | es2| s

2147 s - | 0114 0.019] 0.059] 0183} 0.019] 0039] 022} 0.037| 0.149| 0.025] v.0s9

2136 . [schit 196) © 13] 0.004] 197} 131 oo0s| | 131 8.7 0.004
2012 fshia 707 0372 0.168} 6.99{ 0.368| 0.171] * 1.08{ 0.215| 6.047| 0.318] 0.17|
1648 s | 2.22] 0089 0.038] 215! 0086 0.01] 1.98 0.079] 2.117| 0.083] 0.039
8832 fskia | - e -

1428 lshia s 3] o114 1£-08] 0.779] 0.022| 0.779 0.022| TE-06

1412 [sehia 1.87 0.069] 0.153] 186 0.069; 0.155) 2.3} 0.085| 201] v.074| 0155

2603 [sia 1.65| 0.165] JE-03| " 1.66| 0.166] 4E01 1.103| - 0.11] 4E-04

1748 - |suhiat 0.219] 0.007] 0.048| 0.224| 0.008] 0.039 0.186] 0.007} 0.213| 0.007 0.043

1728 |sehin 1227 0.123] 0223 122] 0122} 0.222| 1.23] 0.123) 1.236] 0.123] 0223

1679 [sehin 1278 0.035| 0.203] 1.245] 0.034 0.208| 0.275] 0.007] 0.933( 0.025} 0306

1633 [schia 0104 0007 0.013] v.io3 0.007| 0013| 0.376] vo24] 0195} 0.042} 0013

2627 [schia 70.24] 30.32| 0.017] 70.42] 30397 0017 23.32| 9.924] 35.331 23.54] 0.017
KBOS  [shia S | 6| 0383 306l 0383
KB02  [schia 1.86] 0.932] 0.253] 174 08720 0255 139] 0913| ‘183 0.916] 0.251

CH2  lsaia | - | S e o8] 197t e

MW2  [schia o ] 38| 0.282] 5.08) 0282
MWO3 s | 307 2051 0469 30.5; 203 0169} 232 155 28131 (877 0169
MWO4  |schia 443 02277 0.003] - 446! 0.228! v.o0d] 304} 0.135] 3983} 0.203} 0.004 ’Z
2638 [snin 2.462| 03081 0.076] 2.469| 0.309] 0.079] 6.235] 0.779| 3.722] 0.d6s| 0077
2640 |senie | 2.548] 0.182] 0.015] 2.562] 0.183) ovtd] 2.663) c0.19] 2.591{ 0.185] 0014
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Appendix 1 (3)  List of Puniping Test Analysis Result (3)

Borchole} Lithology Theis Mcthod Yacobu Method [Recovery Method " Final Value
'} Number T'i k'5| s { T kl s ;T;i U I N I I s
LUSC3 [schia b o8a5) 034 2606 8.46] 034} 2E06] 3.4 0142|657 0.2741 2E-06
LUSCI12 [sehist B : : 0.5447 0136} 0.544] 0.136)
2634 s | 34.89] 2.052! 0.001] 3488} 2052] G001 23.261 1.363] 0001
2635 |schis 0.253} 0.013! 0002| 0.253] 0013} vov2 vsv2] 003 0366! o8] D2
ENS s 329) 33 voss| 3ss] sl oossf 0 ] 2sa7) 2303 von
LNG Schiva 2280 20.7] 0.025] 2314 21 0023 1717 136] 2100 89 0.024
2273 s | 4020 134 ooos| so4] 1350 0003 2021 0672] 336] L121] 000
KALO2 |schist . o N 3.46) 0.089] 3.46f 0.089

282 s | 0.369] 0.048) 0.103] 0339] 004} a1} 0.243] 0.027} 0.107]
2127 Jsawe . | 0.293) 0029 0.036] 0.293| 0.029] 0.036| 0.231] 0.023] 0.272{ 0.027 0.036
KALOL [sctia o : . 236 047 236) 07|
2660-3 fsahin - | 167] 0032} 0.028] 1.62] 003t} 0036) - . | - | 1.097] 0.021] 0032
2619 lschia ' = | vss| 0.313] 188 0.313
[cHs o2 [seie -~V 12.44] 6.222| 0.015] 12.33] 6.266; 003 8.325) 4.163| 0.0t
2070 |sehist b g _ 1 0687] 0031 0687 0031}
351 |sehia | 19.1] 0.616| Doss| 1908 0.615| 0.058( 3.673 0.118] 13.951 0.45] 0.056

|2235 Schist 6.0_'7 0.23%] 0.03] 6058 0.233] 0.03] 5798 0223} 3958 0.229; 0.03
1957-1 schist A ' |- _ :
2148-1  |schia : . : - . 0.466| 0.058] 0.466{ 0.058 -

2612A  Ischist L 1.95 0.061 0.025 .96 ¢.061] 0.027 1.2_3 (}.0; 1.73 Q.(}S-l 0.026

2617C Jsan | 229} 0.104) 0001 2.31] 0.105] 0001|141} 0.065( 2.013| 0.09¢f 0.001
26188 s | 386] 0.482| 0.003) 3.82| 0477) 0.003 3.63] 0453 3.27{ 0471 0.003
2622-C [sehia 24] 0369] 0031] 7.4} 0.568] 003] 604 0.464] 6.947} 0.534] 0.031
2165 [sbim - O 23.6) 0653| 23.6| 0655
1937 |satia R 0.644] 0.043| 0644 0.043]
1889 fshie | 128] 0.031] 0.203] 1:28] 0.03] 021f 0.363| 0.009] 0.974] 0023} 0.207
846 [schia ¢ _ P , 1.56] 013 36 o.13

1609 she | : 0.218| 0.003| 0.218 v.003

1660 fsehin 3.58] 0.073] 0.169] 3:28f voe7p 049 403) 0082 3.63; 0074 018
1238 fswia | 236) 0.103] 0.012] 236 0.106] 0.013] 2.57] @115 2437 0.109] 0013
1964-1 [schiss S B - _ .
dasog dsww o | 471] 227 0.206] 4721 228 02| o 33 st o2
1993 ilseie o | tespos43] 0021f 11761 08a] 002t] 13.38] 0.956} 12317 0.88) 0.021
2950 |schin o : . 1 19067 3.465] 19.06] 3.163

097 dsew | | 0.681| 0.10] vesi| 0114

1365 s | 236] 0.139) 00t6| 2.34] 38| 00d8] 3.24) 0a9e] 2.647) 0.156| 0.047
1368 s : b ] a7 oot var7] vont

1351 fsie | 288 doow] v2ea] 286] il 0257] “34s) 0.033] 3083) wa17] 023
113 s | b b o o asp o2l 21s) nas)
2628 fsonin | | | 0.257] 0.061] 01| 0.124 0.038f 0.124] 0031 6024
1578 lsie | 103] 02170 0.4] 999} v208] o1y 113 0235] 10.56] 022} v.1ug
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Appendix 1 (4)

List of Pumping Test Analysis Result (4)

Borchole] Lithology Theis Method ‘Yacobu Mcthod [Récovery Method Final Value
Number T x sl el sl x V1.0 s
MUMO3 [sehia ' ' | 0787} 0.262] 0287} 0.262
MB093 |schise 136 0136 0.035) 132} 0.132} 6038 ‘0.71] 601 1.13] 0.113] vo3?
MBO94 [schis 2.63( 0.106[ 2.65] 0.106
MBOOI  [schie | | 691| 0432 691 0.432

2783 |fschig 3.69 0.184] 003] 3.73| 0.187] 003 2473} 0.124] 003
1755 Jschia 0.295) 0.015/ 0.002| 0.306] 0.016] 0.002| 0:218] 0.013| v.283] 0.013] .02
2310 fsonia 18.8] 0.437{ 8E-07| 19.1] 0.433] 6E07| . | 12631 0.301| 7E-07
KBOJ  [schist 1.3] 6.4 0012| 117) 6.63] 02| 28 139 w6l 4887 0012
MUMO7 {sahvist ' 10.3} 0.278| 10.3| 0.278]
2638-1 |Gravel 7829] 1.957} 4E-06] 2.803] 0.701] 2.803] 0.701| 2E-06
LNI3  [Grava 2.88] 0303} 0.002] 287) 0302} 0.002] ‘1.44] 0.152] 2.397| 0.252| 0.002
1466 lGravel 1.91] 0.045) 0.16] 1.89] 0.043 0.165| :1.08] 0.025] 1.637| 0.038] 0.163
2765 |sand 21.87| 9.288] 0.05s| 27264 9.212{ 0056] | | 18| 6.167] 0058
2154 [sans 0.463| 0.092| 3E-04} 0.123| 0.025] 0:123[ 0.025] 26-0%
7128 fsand 22.5| 1607} 7E-41] 7.96t] 0.569] 7.961| 0.569] 3E-11
2078 |sana 143 roz| eocosf 143} 1.02) e0us] 162] 1.16] 14.93] 1.067] 0.003
271 |saa 0.61[ 0.022] 0.079} 0581 0.021| 0.079] 0.841] 003} 0.677| 0.024| 0079
1608 < |[sa0d 9.19| 0.224) 007 9.22| 0.225) 0.075] '6.66| 0.163} 8.357] 0.204] 0.073
1607 [sand 0.14| 0.003{ 002 0.14] 0.003) 0.0t7| 0.152| 0.003] 0.143] 0.003| 0019
1902 [sans : o : : Li2| 0.043] 1.12] 0043 -
2203 |[sama 232 78] 5E-04) 2470 19| 26-04] 10.4] 0.799] 1593 1.393) $E-04
2205 |sand 0.437| 0.022] 0.252f 0.426] 0.021| 0.246] 0.419| 0.021| 0427 0021} 0.249
1601 Sand ’ o :
2629C  |[$and 41.79] 1.493] 3E-06] 17.23| 0.574] 17.23] 0.574] 2E-06
2059 |sand 3.0 0343] 0.043] 2.75] 0.305) o.074) 245| 0.272| 2.77] 0307 0.059
2636 |[sand 4.545| 0.303] SE-05| 4.535] 0.302 SE-03] 3.365| 0.224 4.148] 0.276| 5E-05
2018 |sand 0.303| 0.t34] 0.196] 0.406] 0.135] a.201] 0.27] 0.09] 0.199
1737 |song 134 439 eo1l 133 4m| ool 99| 250 1123 - 02{ o001
3097 |sand 1.76] 0.386 0.132 1.56] 0.52| 0.206] 0.981] 0.327| 1433 0.478| 0.169
3052 fsand 61.87( 5.406| 9E-08] 7.333| 0.611] 7.333} 6.611| 3E-08
3051 s 1.233] 0457 1233} 0457]
2972 |sand 0.532| 0.133] 0225} 0.531] 0.133] 0232 | 35} 0.089) 0.229
2162 sag | ntes| o0d] 1iss| o4 :
1934 |sand 1L027[ 0043 1.127] 0045

1964 {sund 1.76] 0.041] .76} 0.031

(268 fsand : | 1sz6| o.168| 4880 0a68|
£305(A) {sand 9.993| 0.833] v.oos] (004 0.837] aove| 6.677| 0.557| 0.006
2263 |sans i 5] ool td] 838 oas| 917 7.06| 1066] 821 vas|
MAKIS |Sand & Gravl 1379.5] 94.87| 0.039] $337[ t034] 4337 1084] 02
2015 |sand & Gravel : S { : | R
26107 lsaseGava|  19] 238) 0019 (1920 24] ow17] 239 299] 207 ‘259 vousl
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Appendix 1 (5)  List of Pumping Test Analysis Result (5)

Theis Methed

Borchote] Lithology Yacobu Method [Recovery Method Final Valu
Number| Tl x| s |1l x| s T x| T k 5
W1IA  [sad& Geaves| 0.728] 0.014] 0.176] 0.726] v.0t4] o7t 0.639] voi2| V.698] 0e13] 074
1710 - |Ssnd& Graval _ | | o2a9) 779 2491 7797
B |sedcaval 47.5] 0 164 0016] 12.7] 165 0.016 31731 1097} 0.016
1720 |ssd & cravar] 72.98] 2.317] 0.002] 72.7] 2.307| 0.003] - 25 0862 36.89] 1.962] 0.002
1613 [Granite 38.4| 0.662| 0.176] 383| V.66}| 0.163 25.57 0441 0.17
2013 Joraite 8.021 '0.229] 0,003} 818! 0.231] 0002} 399} 0.114] 6.73{ 0.192] 0.002
1742 [Granite 1.13] 0.564 0.023]  1.13] 0.567] 0.0220 113] 0.363] 1 1.13] 0563} 0.022
11647 |Granine 0.619] 0.031] 0.058] -0.62| 0.031] 0.055| 0.327] 0.016] 0.522| 0.026 0.057
1762 lGronite 0228 0.008 0.044| 0.227| 0.008] V.0AL| 0.255| 0.009| 0.237| C.0OY| 0.042
KBO3 . [Graite o 89| 319 829 319
2633-1 |Granite - 346 304 0.9 345 34| 674 444 304 3783) 3.44) 0.1%2
2294 - |Granite 0393 0.131} 0.109| 0.397| 0.132} 0.095| 0377 0.126] 0389 v.13| 0.102
219 [Granie 2.01] 0223 0059} 1.99| 0.221{- 0.06 1.333| 0.148} - 0.06
1691 |Granite | 348t an| 3] e32f
2867 |Granae 0873 - 0.04| 0.15| 0.:835] 004} 0.139 0.576] 0.027{ 0.153
KSMO8 [Granite - 3.559| 0.297} 0.009| 3.58 0.298; 0.009] 2.38| 0.198] 0.009
1601  |Granite N . S 7.24] 0.3} 724 013

2269 |Granhe 28.22| 2.315] 0.123] 28.73) 2.357] 0.123] 18.98} '1.557| 0.123
1916}  |Granite

20481 [Granite - SR - -

2613A ¢ [Granite 23| 0.056] 0.029]. 23} 6.056| 0031] 121 003} 1.937] 0.047] 003
2665B © YGranite 0.313] 0.157] 0.02] 0313} 0.157| 0.018] 0.474| 0.237| 0.367| 0.183| 0.019
1610 : [omnre | 0.302| 0.009] 0.03| 0.301| 0.009| 0.028] 0.388] 0.012| 0331 0.01] 0.029
3086 |Granite 20.7| 0.863| 0.036] 19| 0.792| 0.066 | 13.23] 0352 0.031
2268 - [Granite 18] 0.3930 0.196! 1.47] 0.391] o.164]  1.57] 0.523] 1307 6.436] 018
12601 : {Granze 0.352{ 00241 0037 0.308) 0.02] 0.052 | 0218 o013 0.044
25221 |Geanite 1.12] 002 o] L12] 002] 0147 147| 0.026] 1.237] 0.022{ 0.144
2074 |Gramite 3.128| '1.564| 0.061| 3.126| 1.563| 0.061] | 2.085] 1.042] 0.061
2022 |Granite £202{ 0.425] 1262} 0.425 :
1932 |Granne - . 15.64] 1.955| 1563 Lyss|
1754 owmte - | 30.02] 1.396] 0061] 31.51] 1.616) voea} | | 2088] 1o71] 0063
1989 |owme. . | 97.42] 4238 0019| 91.87] 4125 0.08] 62.62| 2.723] 84.97] 3.694] 0.079
1878 |cranite 1.359] 0.726] 0.155] '1.347] 0.725) 0.156] 4032] 0.674] 4.249| 0.708] 0.156
1882 . [Granite ' 7.452{ 0.932] 7.452| 0.932 :
1791 ¢ |Graaite C13s) 5] 13.5) 451

230 | Granite 2.12] 0096 2.12} 0.096
2769 [Granite U B R 6,95 0451 6.95] 0451 _
2813 .]cmnm- 3850 0.193) 0.095)  3.84| 0.192] 0.09] 278! 0.389] 5.157| 0.258] 0.092
2139 |Grinite | | | eeol 239 6e9) 257
2733 |Granite 064} 0.016] ‘06| 0.016

2308 | |Granite . " 1.49] 0.063] -1.49] 0.063
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Appendix 1{6)  List of Pumping Test Analysis Result (6)

Lithology

- Yacobu Method

Rccoﬁr"\' Method

Borehole Theis Mcthod ~ Finat Value -
Number T Pkl s | T k[ s ] kL T1ik | s:
2307 |Granite 0.428] 0.014} 0.007] 0427( 0014] 0.007] 0.2971 ‘0.01| 0381 0013 v.0O7
2262 - |Grarite | | 133 0092|133 o0s2]
2246 |Granie 692 533| 0039 676] 32| 0057 362| 0.219| t631] 3.603] b5
2309 |onnie 165 0309] 0.085) 4.64] 0309 0.083] 1.37] 0092 3.35] 0.2371 o8y
2161 |Granite 240 0985 o1 242| 0987 0.423] 209] 08352] 2307 098] 0.147
2139 [Granite 09717 0.039] 0.977] 0039
3134 |Oranite = _ 184 092 184 092

2949 [Grenite 0.286] 003} 0.28] 0.251] 0.026] 0.288] 0.373] 0.039] 0.301| 0.031| 0281
1859 |Granie 0.198| 0.009] 0.334 0.198] 0.009} 0.103 0.377] 0.016) 0.258 0.011] 6.119
1793 |Granitc : 1.68) 0.023] 1.68] 0.023

1794 |Granite - 3.13] 0.313) 3.13] 0313

1523 |Granite 10.1] 0.259) 0.013| 102} 0.262{ 6.012] '5.36] 0.137| £.553 0.219] 0.012
1490 |Granite 0.473) 0.015| 0.475} 0.015]
477 |Granite 0.251) 0.011| 0.251] 0011

1456 |cranie 0.479; 0.038| 0.479} 0.038]
1479 lGranite 0.698| 0.013| 0.698] 0.013

1475 |Gramie 0.236[ 0.004] 0.236| 0.004

2052 . |Gramie S 2491 0.228) 2.49] 0.225

3002 . [Granie 185 231 185 2.31

2266 ' |Granite 9.86| 0.448] 0.005| 10} 0.455| 0.003] 1038| 04891 10.22] 0.464] 0.005
1862 |Granite 3] 0.116] 0.002| - 2.98f 0.115| 0.002] 158 0.06t} 2.52] 0.097| 0.002
1856 |Granite ' 0.208] . 0.014] 0.208] 0.014

1325 |Gramie 7.65] 0.183} 0.093| - 7.44f 0.178[ 0108 - 5.03f 0.12] 0.099
1804 |Granite 0.648) 0.023} 0.094| 0.567] 0.02| 0.098| 0.404{ o.014| 054 0019 0.09
1809  |Granite 1.127] 0.063| 0.248| 1.136f 0.063| 0.24] 1.013] 0.056] 1.092} 0.061] 0.241
1334 |Granite 148] 0.185)  0.03] 1.43] 0.179| 0.035| 1.22] 0.152| 1377} 0.172] 0.032
1294 - |Granite : 366 0.178] 3.66) 0.178 :
1327 |Granite 1461 1.06] 0.07] 4471 1Lo6| oo | 2977} 0.707] 0.068
1326 |Granitc 5 0.933( 0.067| 0.933} 0067
1272 . |Granite 144 0.086 1.44] 0.086

1275 [Granite 0.604] 0.027] 0.604] 0.027

2200 |Granite 2188 0.075| 23| 0073
1753 |Gronite 362) L6359 1037 0.582] 113 0512 o008
1338 |Gronite 0.569] 0.078] 0.369| 0078] -
1296 |Gronite L0 een] L oods|
(297 |Gronite : 0489} 0.035] 0.489| v.0I5|
1948 [Gronite 602 20t 0093 608] 203] vots| 143 048] 4.587] 1508 0043
2931 [Geanite 3861 0.115] 00391 3.86| 0.11s] 0.056{ - 1.54) 0.046] 3.087] 0.092] 0.058
MBLI7 |Geanite 90 5| o0 9ig| sl 001s] . 17| 0.946] 66.27) 3.682 0.015
SER03  [Granite 0.001| 1E-04| 7605} 0.001| 26-04] 78-08] 0.001| 1E-04] 0.001 A1-04( 7E:05
1866 |Granite 103} 0.102] 0.254] 1.06| 0.102} 0.241] 0.706] 0.068] 0.939] ©.091] 0.248
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Appendix 1 (7)

List of Pumping Test Analysis Result (7)

. Yacobu Method

S VL App.T

Botchole Lil'_l'mlogy ~ Theis Method Recovery Melhod Final Valug'
Nuraber Tkl s |t x s Ttk ]| Tl x|
1726 |Granite 0.873} 0,097} 0.139| 0.924] 0.103] 0.116] V498! 0.035] 0.763] @.085} 0.128
2 Granite o 693 033 693 ‘033 -
1647(A) |Granite ¢.582] 0.029) 0.067] 0.582) v.029| 0.058| v.3i44] 0.017] 0303] vo2st vo62|
246 [sandacne |- 382 0.153] 0037 3.61] 0.144) 00s2| 2.07] 0083 3.167] 0.127] €05
2135 [santasne - | 1.98] 0.055) 0051 '1.95| voss} vs2) 116| 0.032] 1.697] 0.047) 0051
2017 [Sanddene 11} 0366 0.004) 11,5 0.332] o.ov2| 225 0075} 8.23] V274 0003
1773 {sandsone -~ | 152 0.371] 0.009] 15.2] 037] vz 10.13] 0.247] 0.01
2749-1 [sandaene - | 179 0.198[ 0.092] 1.83] 0.204] 0.086 1.207] 0.134] 0.089
MG [sandwone - | 11.28] 28.24f 0:022| 11.25| 28012f 0022 7.31] 18.38| 0.022
2231 [sandwont | 0.098) 001f 0053 0.19 0.019; 0.038 : 0.096] 0.01] 0.043
1305(A) fsendtone | 9.537] 0.795] 001t| 9.528] 0.794] ocot| 72.836) 0.635) 2974] 0.748] 0.0
26158 sondone | ©5.37| 107) 0.008] 547] 1.09| 0005 206} 0.412] 43| 0.857) 0.0
1937 s;.mm;_ 36871 0.176| 0.265| 3.72] 0.177 0.261 : 2.469} 0.118| 0.263
212 |quewie .| 4601} 0.307 0.039| 4.505| 0.3} 0.049] 5.406| 036 4.837] 0.322| v.o
LS-2 . |qustsite _ ‘ '7.23| 0831 7.23] 03831 .
1823 |ouartsite 0.021| 4E-04] 0.018] 0.022| JE-04| 0.016 ' 0.014| 36-04| 0.017
1950 |ouatsite - . | 2371 0215} 237| o213}
1988 [owrwite - | LA} 0222 0.248] L1 0.223) 0265 108! 0215] 11| 022 0257
2289 |Quartite 0.467] 0.013] 0.065 0.433[ 0.012] 0058} 0.469} 0.013] 0.456] 0.012{ 0.061
1566 - |Quarzite - 5.95] 0.i39} 0076} 5.93| 0.138] 0.176] 2.54] 0.059| 4.807] 0.112| 0.176}
2203 |Quuite 13.7| 3.36| 26-08] 43.6] 3.36| 2E-08] 12.8) 0.987| 33.37| 2.569| 2E-08
1667  |Quartcite 0.356] 0.03| 0.011] 0.298| 0.025| 0.015| 0.391] 0.033| 0318 0.029 0.013
1666  lQuatzite o N 2.06] 0.229] 2.06| 0.229

1665 JQuarzite | _ L | 15| 0269] 10| 0269;
1653 lQuirizite 6.53] 0.126] 0.076] 6.53| 0.126] 0.081] 563} 0.108] 6.223] 0.42| 0078
2937 Quarizite N I ‘ ot 4571 0.117] 4.57) 0.117
2630 |Quoruite 291 0.121] 0.07¢] 2911 0.21] 0.073] 3.16! 0.132] 2,993} 0.125] 0.072
2617 |Gneis 0.106| 0.003| 0.01 0.097] 0.003| .0.01] 0.152] 0.603] 0.118] 0.003[ 0.0
1916 |oasis - | 0.307} 0.015( 0.172] 0.308] 0,045} 0.173[ 0:361] 0.052] 0.323) V.O47] 0.473
1917 |omis o o 42| 03d6) 0 42| 0.346)
2158 |catis 2.56] o088} 0008} 2:38] 0.089] 0.007] i8] 0.e31] 2.107| 0073} 0.008
1880 |oneis 8.37] 19.47) 0.025] 8419} 19.55| 0.027 5.596| 13.02] 0.026
1450 lonis 3.79| v.087| 0.017] 3.74] 0.086| 0.017 | 251] voss] o
1487 {Goeis o ' _ 0.598] v.os6| 0.398] 0066

2140 - [casis 126 0354] 009 125] 0351) ooa3] (18] 033 12.3] 0.345] 0.4
{4787 o 7150 0.4 o036l 78| o131t 0.034] 442] vs7| 62sf 0123 0.033
1476 |Gasiss ' o 111 o02| o181 o002

1489 |Gocis _ 0.353( o11] 0353 voll

1524 [Gocie ol o0 o] o 0 of 1.24] 0083 1.24] 0.084
1860 |Gneiss 1 o3 oote] 0.73] 0046

1483 [Gwis 1,17} 0.063| 0.034] 1.17] 0.065] 0.056] 0.716! 0.039} 1.019] 0.056] 0.055




Appendix 1 (8)  List of Pumping Test Analysis Result (8) -

Lithology

Borchole Theis Method _Yacobu Method jiRecoveny Method Final Valtoe -
Number Tii'k' - § T l k| o5 T: k- 'T‘_l‘k' s
1526 |Goeiss 0.086] 0.006) 0.068] 0.088] 0.006| ©.033] 0.035] v.o0t| o7 0.005] 0.061
1593 |oois : ' 0493 007 0493} 007
1359 |Griciss Ls6) 472 w6l 472

1557 |Gneiss 0.303] 0.061} 0.303! 0061

1555 [aneiss (15321 00638 1.32) 0.063
1350 [Gneiss 1.24] 0,052 0.049] '1.23] 0.051) 0.05] 0.88; 0.037] 1117} 0.047] 0.049
1352 {Greiss 0.976] 0.019] 0.009] 0.984] 0.019| 0.009] 0.343} 0.007| 0.768] 0.013| 0.009
1348 |oneiss 0.553} 0.019; 0.154] 0.531] 0.018] 0.16] 0489 0.017] 0.321| 0018 v.157
MBO03 [Gaciss 2.947| 0.133} 0.087| 2.912| 0.132] 0.092| 3447 0201 3425} 0.156| ‘v.09
MBI2  |Gneiss 3144} 0.126] 1E-06] 3.172] 0.127) 1E-06| 0.351| 0.014] 2.222] 0.089| 1E-06
MBI3  [Gocis 0.706| 0.041{ 0.064| 6.711) v.oH] 0.061| 0504 0.032] 0.64] 001 D062
3048 [otay ‘ : 0.563| 0.113| 0.564} 0.113

2214 oy 1.26] 0.424] 426] 0474 :
1731 sitstone 0.962| 0.021] 0.072] 6.971| 0.022] 0.069] " 1.13! 0.025] 1021 G231 007
1731 [sittstone 0.929| 0.021} 0.071] 0946 0.021] 007 134 003} 1.072{ 0.024] 007
1731 |sifstone 0.962| 0.021] 0.072] 0.971} 0.022] 0.068] 1.13] 0.025! 1021] 0.023] 007
1731 [sihstone 0.929] 0.021] 0.071] 0.946 0021} 007 134 003§ 1.072{ 0.024] 0.7
1842 [tgwous Rock ' | o.1es| 00231 v.a1s| 0023

1843 Jigneous Reck 0.762| 0.04] 0.762| 0.04
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Appendix 2 (1) Explanation of Analyzed Figures
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Appendix 2(2)  Result of Pumping Test Analysis
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