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3-2-3 Hydrogeology
1. Characteristics of Existing Boreholes

The records on geoelectric prospecting survey point collected
from Ministry of Water Resources and Development Midlands/Masvingo
Office are approximately total 350. Out of 350, 287 contained data

on drilling. 31 dry boreholes wore included within 287 records.

The locations of borecholes drilled by:Ministry of Water Re-
sources and Development are shown in Fig. A.3-2-54. A swmmary of
borehole records per geological formation is given in Table A.3-2-10.
Characteristics of boreholes drilled by Ministry of Water Resources
and Developwent are shown based on the Data Sheets which are shown in

Table A.3-2-11 through 3-2-57.
{1) Distribution of Boreholes

The Boreholes drilled are distributed with specific character-
istics, as some arcas are densely covered and the other areas are
sparsely covered. The densely covered areas are found, for instance,
in southern part of Chilimanzi C.L., northern and southern part of
Chibi C.L., middle part of Matibi No.l C.L., and eastern part of
Chilimanzi C.L., western part of Runde C.L., middle part of Chibi
C.L., and northern to western part of Mbercngwa C.L. The sparsely
covered arcas mentioned abbve, seem to coincide with mainly Younger

Granites TFormation area.
(2) Depth of Borchole

The recommended maximum depth of Borehole by Ministry of Water
Resources and Development's Geophisical {G/P) survey is average 52m.
The shallower boreholes (less than 50m deep) were recommended in the
areas which consist of Younger Granites Foritation and Older Gneiss

Formations. And the deeper ones more than 50m were recommended in
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Great Dyke Formation, Limpopo mobil belt Formation and Basement

Schist Complex lormation.

tn practice the recommended depths corresponded well with tﬁe
actual depths. Brilled borcholes into the banded foliated Geniss
Formation are the shallowest (average 36.4m) of all. On the other
hand, the average depth of borehole is the Area of Basement Schist

Complex Formation is the deepest with 46.3m.

The average depth of all the boreholes drilled up to now in the
Project Area i1s 42.8m. The waximum and minimum are 76m and 21m re-
spectively. The boreholes were on an average lined for about 20m

by hlank steel casing and/or perforated steel casing.
H)Wawrlﬁml

The average of static water level (depth of water from ground
surtace before pumping test) of all the records is 12.6m. From the
viewpoint of geological Formations, the static water levels within
Younger Granitcs and Older Gneiss are slightly shallower than others.
The depth from the ground surface at which water was first encountered

during drilling was averaged at about I6m.
(i1} Yield

As regards yield of boreholes tested, the geological formations
are divided into two groups. The group which has little yield (approx.
3.5m3/hr) consists of Younger CGranites Formation, Banded Foliated
Gneiss Formation and Limpopo Mobil Belt Formation. The remaining
Formations such as Great Dyke, Tonalitic Gneiss and Basement Schist

Complex yiclded considerably large quantities {approx. 5.6m3/hr).
The average yield of all borcholes except mentioned "Dry' in the

Ministry of Water Resources and Development record, is 4.52m3/hr.

The value of specific yield show almost the same tendency as the yield
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itself, The value of 0.192m3/hr/m is the average Specific Yield in
the Project Arca. This value suggests that water level will drop at

least 5m to draw water of Im3/hr.



(iii) Drilling Time

The drilling records indicate that average time required for
completion of construction of each borehole is 19 days. The pumping
test is included in this time. Boreholes 1n Younger Granités
Formations took more days than in other Formations. The former
required 24 days (average) per borehole, and the latter were completed
in average 16 to 20 days. ’ Driliing speed
recorded is 2.67m average per day. The slowest is in Younger Granites
Formation with 2.04m per day and the fastest is in Basement Schist

Complex Formation with 3.26m per day.

2. Pumping Tests

Pumping tests were carried out for the existing boreholes to
clarify the characteristics of the groumdwatef aquifer in the Project
Area. Tests were carried out by pumping out water by the equipped
hand pump except one by an engine driven pump. Water volume pumped
out was measured and the water level fluotuation was measured by a

meter level meter during water lifting and recovery periods.

Pumping tests were carried out for such boreholes which permitted
insertion of water level meter through a gap or an opening at the
based of the hand pump without tampering or removal of any pump parts.

Ten such boreholes were found and tested.

The tested boreholes are presently being utilized for domestic
water extraction. Because of the constant use by the local villagers
the static water level could not be measured nor established. Test
measuring was also limited with respect to time, since it was not

permissible to make users walt for their water for too long a time.
The test results are summarized as follows.

Groundwater underlying in the Project Area seems to he mainly

fissure water and not seepage water which 1s controlled by Daroy's law.
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Caluculated values based on the groundwater theories are not so
applicable and their correspondences on each analysis between draw
down and recovery are poor. This fact means that it seems unreason-
able to adopt the seepage theory for the groundwater underlying in

this area.
Location of pumping tests and summarized results of pumping test

. are shown in Table A.5-2-58 and A.5-2-59. Data of each pumping test

are shown in Table A.3-2-60.through Table A.3-2-64.
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T = 1.31 x
Test
No.
1
2 1
3.
4 2
5
5 1
7 1
8 9
9 2
10 1.
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Fig, A3-2-54  B/H Loctation Drilled . by MWR&D
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Table A, 35-2-60

DATA SHEET

——m U

Test No. Locat. Mazorodze Sch Test No, 2 Locat. Rongogara D.5.C.
Grid Ref TN 433 535 ]Mﬁ* Grid Ref TP 070 173
___ Drawdoun .Lg,g,_BEEPYEIX i Drawdown Recovery
T Do o 1T D T D Q T D
é min m{ 8/ min min m min m L/ min mn mn
o _las | 6o o | az06 ) o | 650 | 75.0 | o [ 14.06
L 0.5 - - b 0.s g - 0.5 | 8.20 ) 0.5 12.00
o - . b arcee | 1| oeso | .| 1 | 0.2
i 2 - i - 2 41.87 2. 1150 2 9.28
SURE S 7 £ L 20 A DS VI VECN S 01 (N S D
I I 4 41.66 4 B0 <00 A N S~ N N N1
“_‘ 5 ].42.05 | - 5 41.55 s | 12,974 Cls | 816
6 I 6 41.45 | 6 | 1312 B | _ 6_ 7.99
A N 7 - 7o yo1%.27) & 7 7.85
s 1 - - 8 41.28 8 13.42 o 8 7.74
K . _ - 9 13.50 L= 9 _7.64
10 42.08 3.0 110 41,13 0 30 | 1356 | & & | 10 7.56
12 - - 12 40.98 12 13.67 E %’ 12 7.42
14 b - - 14 40.83 14 13.76 o~ ‘; 14 7.3
_ s i 42.07 2.4 15 - 15 - _é___r’j___ 15 -]
16 | - - 16 40.67 | 16 15.83 | < 5 | 16 7.22
s - - 15 40.54 | 18 15,87 | 2 v | 18 7.15 |
fo20 4208 - 20 40.38 | 20 13.02 | 8 = | 20 7.08
L oag - - 25 40.01 75 14.01 E "§ 25, 6.95
30 42.06 1.3 | 30 39.65 | 30 14.09 | 30 | 685
35 ; - - 35 39.27 || 35 14.07 2 3¢ 677
40 | 42.06 1.5 40 38.98 a0 14.15 - a0 _6.71
45 ] - 1 45 38.58 1| 45 14.21 o | as. e
_ 50 1 42.0s 1.1 50 38.24 § 5o 14.16 50 6,62
35 - _ =i 55 ;| 37.86 55 14.09 S5 .l T
60 | 42.08 i - | 6o . 57.48 § 60 | 1406 1 | 60 | _ 6.5
s | 4206 1.3 65 1 37.15 70 . 70 6.51
80 - 70 | 36.85 80 80 6.47
Y N N VS oo | | |0 | 6.
100 42.06 - 100 ) _
120 1 42,06 3 1.5 _ - U
Q= 1.2
T 5/2/83 BRetween 42 - 40 m, Sound of ° 7/2/85 Commenced at 13:00.
Water fallinp down.
® Pumped Water is muddy.

T; Time

D; Observed Water Depth

}; Discharge Rate
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Table A.3-2-61 DATA SHEET OF PUMPING TESTS
- T

chsi No, 3 Locat. Mukotesi  Sch Test No. 4 Locat. Upstream of Denga Dam
| Grid Ref TN 162 837 Grid Ref TN 277 751

_J Drawdown o : ~ Recovery Drawdown Recovery
I D T p | T D ﬂ
| mn] i /min’ min m min| - mi__ &/min min{ ____ m
L0 J1s74 | 1308 o 2230 | o | 812 | o | 846
0.5 - - 4 oes | o22.2) 0.s | 8.25 . So.s | 835
1 s - : 22.03 1| 8.3z | 12.0 1 | 8.3
2 16.29 - 2 21.71 o> | 8.39 b2 | B4

3 16.55 | - 3 21.38 3 | &4 3 §.22
4 ] 16.90 - 4 | 21.00 i | saz | 14 | 821

o |-17.26 | 12.0 . 20. 81 . 8. 44 c | -
6 | 1785 - 6 2057 | 5 | 8.45 6 | 819
71760 S s || s R B
8 17.88 | - g | 20.15 8 8. 44 s | 8.18
o lasm - 9 19.953 9 8.45 o -
30 18.29 - 1010 19.71 10 8.44 12.0 F 1 8.175
12 18.51 | - 12,251 19,29 12 8.45 | 12 -
14 1 18.95 ': - 14 18.97 | 14 . 14 e
15 B - 15 - 15 _8.46 |oas ] 8160
16 19.42 - 16 18.64 | 16 - 16 -

15 19.50 ! 1 yg 0o18.46 b o4g 8.47 e -
20 ¢ 19.80 0.7 1 2 18.30 | 20 | 8.44 | 12.0 | 4 816
25 20.55 - 25 17.58 25 8.42 a5 -

30 21.45 12.6 | 30 | 17.01 | 3o 8.4 | 12,0 | 4 8.145
35 21.80 - 350 | 16.40 7 4y - 35 "
a0 22003 10.2 0 a0 15.95 40 8.47 40 8.135
| a5 o232 - as L o15.62 | as - a5 -

50 12237 | 9.0l s0 . 15.25 || s 8. 46 50 8.13
[N__S_Sm [ 22.32 | - 55y il 55 - 55 C
| 60 | 2246 | 8.4 60 | boeo ] osae | 120 | g 1 -

L g0 pezss 67! , 75 8.47 | 15 8.26

.80 | 2.3 | 7.7 f 80 - -

80 i ______ o 3 90 B _8.74‘6 12.0 o i L

{100 ! \ 100 _ .

i 3

i i : e

. ;&2;9.3 20 - 80 |min) -
° 8/2/83 Commenced at 9:3{. ° 15/2/83 Commenced at 14:00.

T: Time D; Observed Water Depth Q: Discharge Rate
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~ Table A.3-2-62 DATA SHEET CF PUMPING TESTS

Test No.5 Locat. Mushava Clinic Test No. 6 Locat. 7Zifunzi Sch Near
Grid Ref TM 491 678 ) Grid Ref TN 694 073
Drawdown N Re covery Drawdown Recovery
T D Q T D T D Q T D
min mi R/min minl m min m L/ min min
.0 ] 27.87 4 145 0 24.87 o | (9.8 | - _{._0_._| 2585
.05 - 0.5} 24700 s L - | ] o5, S
1] 24.87 -1 24.53 ] 10.96 § 13.1 | 1 25,47
.2 | 24.88 il 2 24,25 2 i.e2 y 2. ] 25.07
3. | 24.87 - 3 24.00 5 | 12.57 | 1 3 24 71
4 - s 23.76 4 13.28 | 4| 24.730
5 | 24.87 4.1 5 23.54 5 | 15000 | 5 | 23.80
e |- - 23.34 | 6 | 14.58 | 6 25.33
A - 7 23.15 i 15. 30 15.0 7 22.85
8 B - 8 22.97 8 16.10 | g | 22.45
I - 9 22.80 9 16.74 9 22.00
|10} 24.87 2.1 10 22.61 i 10 (17.27 15.4 10 21.56
12 - - 12 2231 12 18.16 d. 12 20._70
14 - 14 22.01 14 18.98 ) 14 19.92
15 24.88 - 15 - s I I B -
16 - i - 16 21.72 16 19.82 13.6 16 19.17
" s - - 18 21.45 | g 2052 | | | 1847
20 24.87 - 20 21.19 | 20 21.06 | 13.0 | 20 17.82
25 24.87 2.5 | 25 20.62 a5 22,74 12.2 2 | 16.36
30 24.88 - o3 20.12 50 24.15 11.6 30 | 15.12
35 . - S 19.72 35 25.03 10.2 - 14,07
40 24.87 2.2 ap 1 19.39 F 4q 25.85 9.2 40 13.25
S TS T 45 I 19.12 4 a5 I B 45 | 12.56
_.50 ) 24T -} 5011885 5 50 RSN
55 L - .55} 18,62 55 g | s | 11.53
60 | 24.87 : 2.1, &0 | 18.40 I ¢p | S:g_z; 60. 11,22
; 1 TmTTTE T - - -
70 _ o : 70 5 =2 )
80 80 8 __ _ o
= E
_ 90 .. - SR SR S0 P NS Q=260 | ]
100 [ . | ] 100 E ? = ; -
('_’,‘,
;— Q=22 - - N
°16/2/83 Commenced at 10:30. ° 17/2/83 Commenced at 14:30.
6 ~ 7 Women were waiting the recovery,
when arrived the site.

T; Time D; Observed Water Depth Q; Discharge Rate
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Tgble AL3-2-63 DATA SHEET OF PUMPING TESTS

Test No. 7 Locat. Mandiva Sch Near Test No. . § Locat. Jaka Sch
Grid Ref TN 583 253 o Grid Ref TN 570 362
Drawdown Re covery Drawdown Recovery
T D Q T D T D Q T D
mnin m 2/ min min . m min m’ £/min min
o | 1177 0 | 12.54 0 | 13.96 | o | is.
0.5 - B | 0.5 - 0.5 | - 0.5 15.82
1 97 12.0 ] 12.41 1 14027 0 9.5 | 15,
2 12.04 I 12,30 | 2 | _14.40 | _ 2 . |_1s
3 1121 I - 12.27 3 .49 |15 15.54
4 iaza1z a4 12.20 4 14.58 6.0 4 15.46
s 11213 0 10.0 g 12.12 5| 1465 S 15.36
o6 2.4 o gL 6 12,07 0 6 1 14.76 6 15.26 |
7 11708 | 7 12.03 7 14. 81 6.0 7 15.18
8 1 12.20 8 11.98 8 14.90 [ 15.10
9 | 12.22 9 11.94 9 14.95 9 15.01
10§ 12.26 | 11.0 100 | 1190 10 15.05 6.3 10 14:92
1z | 2| 12 11.83 12 15.12 12 14.75
14 | 12.33 | 14 11,78 | 14 15. 33 6.3 ] 14 14.59
B C AT 15 - L 15
16 | 12.36 11.4 16 11.74 | 16 15.53 15 1445
18 12.42 18 11.70 18 15.58 6.0 | 18 14.35
20} 12.45 C11.8§ 20 11.68 | 20 15.63 5.6 | 20 14.20
25 P o12.49 10.5 | 25 11.665 25 15.77 5.6 | og 13.94
30 12.54 11.0 | 3¢ S 11.63 [ 3g 115.88 5.4 30 13.76
35 12.5% 10.8| 35 End | 5 15.91 5 o
40 | 12.54 11.2 | 40 40 15.93 5.6 | a0 15.
[ a5 jazss | om2loas 0 oas | 15.92 45 -
50 | 12.54 1.0} so | =g 15.95 5.6 | o 13,10
55 _! o - 55 ; f 55 - 55 -
60 | 12.54 ; 11.0| 60 | 60 15951 5.5 | gp _
70 _ ! 70 15.91 5.6
80 | 80 15.94 5.5 .
% v 90 (15.92 5 . .
[ 100 | Q= 11,0 : 100
® 21/2/83 Commenced at 15:00. ° 22/2/83 Commenced at 10:00.

T; Time D; Observed Water Depth Q; Discharge Rate
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Table A, 3-2-64

DATA SHEET OF PUMPING TESTS

Test No.9 Locat. Matedzi Sch Test No.l0 Locat., Mahombe Sch
Grid Ref TM 167 967 B Grid Ref TN 270 142
Drawdown Ji, Recovery Drawdown Recovery
T D | Q T D T D Q T D
i min I R/mjn min m min m £/min min m
L0 | 7.79 o .| 13.05 0 | 19.82 4} - L0 1 21,072
| ...0.5 - 0.5 oz 0.5 - - _0.5 21.77
1 8.13 | 15.0 ) 12.87 ] _20.05 8.6 | 1 21.65
2 8.3 | i 2 12.69 2 20,26 | - | 2 | 21.46
3 | s.as 3 12.52 3 20.46 - |3 o 21.21
4 o860 | 4 12.36 4 20.58 6.9 4 20.95
5 | 8.7 i 13.8 5 12.19 5 20.74 | - 5 20.7)
6 8.86 6 12,02 6 20.90 [ - 6 20.48
7 {89 | 7 11.86 | 7 21.00 - 7. 120.29
8 | 9.13 18.0 8 11.71 8 21.13 - 8 20.09
_ .8 9.34 9 11.58 9 21.22 6.9 9 19.92
10| 9.44 10 S 1b.47 4 10 21.28 . 10 19.77
12 9.68 16.4 | 12 11.29 § 49 21.36 - 12 19.50
14 _9.98 14 11.13 | 14 21.45 6.8 | 14 19.27
B CI T 15 s |- s -]
16 16.21 | 15.7| 16 10.97 | 16 21.59 - 16 19.08
18 10.33 18 10.80 1 g 21.64 - 18 18.92
20 1 o10.39 12,9 | 20 10.65 | 29 21.72{ 6.5 | 99 18.79
22 10.56 | 15.0 | 25 ©10.30 || 25 21. 86 6.0 | ocg 18.54
30 11.41 15.0 | 30 o 9.97h 30 | 21.91 6.1 | 5y 18.45
35 11.92 35 9.66 | =zt 21.90 - - 18. 40
40 - 2.35 15.2 1  ap P 9.38 || 4p 21.92 6.2 1 4o 18.37
45 12,71 | a5 ? - End g5 - - 45 _Eﬂg
50 1 12.92 14 6 i 50 ; 50 21.94 6.0 1 50 e
S5 b - 55 : 4 55 - - 55 _
_ 60 |_13.08; 15.0] 60 {60 2193 5.0 | gp 4
70 15.05 | 14.8 ' 20 21.92 6.2
i 80 13.07 14.9 80 21.93 6.0 ]
|90 13.05 15.0 - 90 .92 6.2
L 24 10,76 | 100 B
26§ 11.02 15.4 I
28 11.18 D
‘° 23/2/83 Commenced at 10:30. ° 24;2/83 Commenced at 14:00.

T: .Time

D; Observed Water Depth

3-150

Q; Discharge Rate



Li§ﬁ Qf Table

Table A.3-2.65

Table A.3-2-75
Table A.3-2-.706

Table A.3-2-79

[\

Table A.3-2-80

Table A.3-2-86

Table A.3-2-87

Table A, 3-2-92

Table A.3-2-93%

Table A.3-2-132

Table A.

List of Figure

3-2-133
Table A.3-2-144

Fig. A.3-2-
Fig., A.3-2-2

3-2-4  Water Quality

Description Page

Water Quality Tests in Field - ......... 3-157
Water Quality Tests in Field .-« ...... 3-167
List of Water Quality Tests by - 3-168
Zimbabwe

List of Water Quality Tests by --....... 3-171
Zimbabwe

Water Quality Tests in Laboratory - --- .. .. 3-172
by Zimbabwe

Water Quality Tests in Laboratory -« - -« ... 3-178
by Zimbabwe

Water Quality Tests in Laboratovy -« -« - - .. 3-179
by J.1.C.A.

Water Quality Tests in Laboratory - ----- 5-184
by J.I1.C.A.

Water Quality Analysis Repbrt by - 3-185
J.1.C.A.

Water Quality Analysis Report by « - - ... ... 5-224
J.I.CLA,

Water Analysis Report by Zimbabwe - ---... 5-225
Water Analysis Report by Zimbabwe ......... 3-270

Description

Keydiagram ............................ 3-158
Keydiagram - -- - .- .. ... ... ... ..., 3-156



3-2-4. Water Quality

The water quality analysis data (63 data) collected from
Masvingo office of Ministry of Water Resources and Development were
compiled for hexa diagramme, as shown Fig. 3-2-1 to Fig. 3-2-2,

The data indicate that dissolved salts such as NaCl and NallCO4 con-
tained in groundwater are gencrally increasing as it goes southwards

in Masvingo Province.
Meanwhile, few water samples from boreholes show valves of ac-
ceptable range with respect to maximum permissible level specified

by World Health Organization (refer to Table 3-2-5).

Numbers of acceptable water samples are:

Cibi C.L. — 14 samples out of 24 (58%)
Matibi No.l C.L. — 7 samples out of 22 (32%)
Maranda C.L. — Nil samples out of 17 ( 0%)

Some unsuitable water samples containing high rate of fluorides

and nitrates were found in the data.
(1) Key-diagram

The keyudiagram is one of the classification methods to clarify
chemical feature of water. This diagram indicates the percentages of
the dissolved cation and anion composition groups in water, i.e.,
(Ca2* + Mg2*) and (Na* + K') as cation and (80,27 +Cl7) and (C03%~ +HCO3™)
as anion. It does not indicate the absolute dissolved amount of these
ions. The chemical characteristics of the water can be determined by
the plotted position of each water sample. In general, water quality

is divided into five types.



1) Carbonate hardness type
Water plotted into this type is the com-
monest type of fresh water which comprises
mainly calcium bicarbonate and magnesium

bicarbonate.

2) Cafhonate Alkaly type

100%

Water of this type mainly consists of
sodium bicarbonate and pottasium bicarbonate and is soft water derived
from the water belonging to Carbonate hardness type through chemical

change.
3) Non-Carbonate hardness type

Main elements of this type of water are principally chloride and
sulfide. And a featurc of this water shows so-called permanent hard-

ness in its water quality.
4} Non-Carbonate Alkalij type

Water of this typc contains mainly alkali chloride and alkali sul fide.
To this typc of water belong the water mixed with sea water, fossil water

and water of volcanic origin.

5) The intermediate type
(2} Nexadiagram

The key-diagram of a water sample indicates relations between anions
and cations in qualitative terms or in percentage. On the other hand,
the Hexadiagram expresses the chemical compositions in both qualitative _.
and quantitative terms. The unit used is me/1 (milli-equivalents per
Iitter) and not mg/1 (milligrammes per litter). This system facilities
understanding of water compositions. To take an example, if a sample

contains 23.0 mg/l of Na and 35.5 mg/1 of Cl, it means the water contains



more Cl weiphtwise.

both become 0.100 me/l or of a same density.

When the same amounts are oxpressed in me/1, they

[t indicates that, in this

case, both Na and €} wmay have originated from the same saurce of Nall.

This is the advantage of me/1 over the mg/l cxpression.

By looking at

the Hexadiagram, one can casily distinguish whether the water is of NaCl-

type or Ca{HCO3),-type, ctc.

1

HCO3
SO[] P

30 20
| I T T

mi/1

Anion

Na*t
Ca2*
Mp? ™t
10 20 3
| 1 l t P
- ml/1
Cation
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