





























































































































































































































that water passes across the faults.
6.3. Spring Classification

Several authors have proposed different types of classifications for gravity
springs. The springs in the study area may be classified in the following manner.
These classifications are based on discharge data for the year 1978/79, which is the
only available data for the springs. However, the classification based on these data
give a reasonably accurate result since the recharge conditions of that years are
similar to the other years. An interview with local residents implies that there is very

little variability in the discharge rate of the springs from year to year.

A. Meinzer Index: Springs which refer to their discharge variability by using
the Meinzer index R expressed in %.

R= 100 * (a-b)

c
Where a: The maximum discharge per unit time.
b: the minimum discharge per unit time.

c: The mean discharge per unit time.

By means of this method it is possible to classify the springs as follows;
-Constant Springs when R is less than 25%.
-Subvariable springs when R is greater than 25% and less than
100%.

-Variable springs when R is Greater than 100%.

As far as Arbaminch Springs are concerned, the maximum discharge is 250
I/s, the minimum discharge is 140 I/s and the mean discharge is 185 I/s.
R=100 * (a-b)
c

R= 100" (250 1/s-140 I/s)
185 I/s
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R=59.32%.

Therefore the springs are classified as subvariable springs.

B. Spring Classification based on mean discharge.
The following table (Table 13) shows Meinzer's classification of springs

based on the mean discharge.

Magnitude(order) Discharge
1st >10 m%/s
2nd 1-10 m%/s
3rd 0.1-1m’s
4th 10-100 I/s
5th 1-10 /s

6th 0.1-1 /s
7th 10-100 ml/s
8th <10 ml/s

Table 13: Meinzer's Spring Classification based on Discharge

Since the mean discharge of the springs is 185 I/s, the springs are classified

as 3rd order springs.

6.4. Spring Hydrogeology

In order to characterize the importance of a spring, its regimen has to be
known. Arbaminch springs' regimen is expressed by plotting discharge vs time in
figure 23. From the rainfall-discharge graph it is possible to see the time lag
between the rainfall and corresponding discharges. The time lag is dependent on the
geological features and the hydraulic characteristics of the soils or rocks which

constitute the hydrogeological basin.
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Figure 23: Arbaminch Springs: Discharge vs. Rainfall Relationship
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Considering figure 24, the discharge - time graph, the sub-arch A-B
corresponds to a period of high discharge, due to high rainfall rates, which reaches

the maximum value after a certain time lag.

The sub-arch B-C characterizes the spring's discharge behavior during a
period of rainfall recession. Two possibilities may then occur; the springs' discharge
increases according to the curve C-D, or the springs' discharge decreases following

the curve C-G.

The last sub-arch C-G (or generally B-G) corresponds to the "not influenced
regimen of the springs". Such a curve is called the springs' recession curve. The

recession curve of a spring may be analytically expressed by the following equation;

Q, =Q,e™ (6.1)

Where:
Q, - any discharge value on the recession curve,
Q, - initial discharge value at t=t,
e - basis of Neperien log,

o - recession coefficient.

The coefficient o, which is given from the geometrical point of view by the
subtangent to the curve at any point, is constant for each representative curve. It
gives at the same time the shape of the curve on which the more or less stable

regimen of the springs depends.

Let us consider equation 6.1 and figure 24. It is possible to calculate the
recession coefficient a by taking two points from the springs' recession curve.
At time t=0, discharge Q = 243 I/s and at time t = 50 days , the discharge Q =170
I/s.

Then; Q,=Q, e (6.2) and



Discharge - L/s

Figure 24: Hydrograph of Arbaminch Springs

260
240 |
220 —
200 L—
180 -
160 -
140 |

120 -

100
80
60

40

20 +

Recession curve

Time - months

7



Therefore;

Q,=Q, e™ (6.4)
Gl Qo g -atl

Using the Arbaminch springs' data and the above equation the following o

value is obtained: 0.00714/day or 8.26 x 10 1/s.

Therefore the equation of the curve for "the not-influenced regimen" is
g, = 243g826" 10-8t (6.5)

where t = seconds

Qt=1I/s

The discharge- time relationship for the "not influenced" regimen is also shown
in figure 24. From this curve it is possible to see the discharge at any time t. For the
not-influenced regimen, it is possible to forcast the discharge of the springs at any
time t. So, for instance, with the help of this curve, one can predict the time at which
the discharge will be less than the minimum needed for the population in case of lack

of rainfall.

As time t approaches infinity the discharge Q approaches zero. But for small
amounts of discharge it is possible to see the relationship. For Q= 10 I/s, t = 446.85
days; forQ =11I/s,t=769.34 days and for Q = 0.1 I/s, t = 1091.8 days.

In order to determine the discharge behavior of a spring, the hydraulic volume
of the hydrogeological basin which instant by instant feeds the same spring has to
be evaluated. The following continuity equation is valid for ground water reservoirs

as the hydrogeological basin:
Q. dt - Qdt = dV e (6.6)

Where
Q.- the inflow rate (rainfall) during the time interval dt.

Q.- The outflow rate (discharge) during the same time interval dt.
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dV- the infinitesimal volume variation during dt in to the ground

water reservoir.

During the not influenced regimen the inflow rate Qa is zero; then the above

equation becomes:

-Q,dt = dV (6.7)

then Q, = Q, = Qe

Solving the above equation results the following relationship:

a=Q, ==> vt=Q/a (6.8)
Vi
vt=0.12x 10° Qt

where Qt = I/s, and vt =

For instance, at a discharge of 200 I/s , the volume of the hydrogeological basin

which feeds the springs is equal to 2.42 * 10 ° 1 or 2.42 * 10 * m®.

From the above result, Q, being equal, the recession coefficient a is inversely
proportional to the volume V,. For such a very small o, we have a great volume of

water with a high yield capacity of the spring.

6.5 Water Quality

6.5.1. Introduction

The quality of water that we ingest as well as the quality of the water in our
lakes, streams, rivers, and oceans is a critical parameter in determining the overall
quality of our lives. Water quality is determined by the solutes and the gases

dissolved in the water , as well as the matter suspended in and floating on the water.
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Water quality is a consequence of the natural physical and chemical state of the
water as well as any alteration that may have occurred as a consequence of human
activity. The suitability of water for a particular purpose is determined by the water

quality.

Water naturally contains a number of different dissolved inorganic
constituents. The major cations are calcium, magnesium, sodium and potassium; the
major anions are chloride, sulfate, carbonate, and silica. Because water is such a
powerful solvent, it contains some measure of dissolved constituent even in a pristine
environments. The type and amount of these constituents determine the suitability
of water for drinking, for industrial, or agricultural use. Ground water, by virtue of long
residence time in contact with geologic material, generally contains higher
concentration of dissolved solids than surface water. Some important factors
contributing to the quality/chemistry of ground water are:

1- the mineral composition of aquifer rocks

2- the general hydrogeologic parameters of the area

3. the potential for ground water mixing and for the occurrence of

interactive geochemical reactions.

4. the activities of men relative to recycling capacity of the aquifers.

6.5.2. Water chemistry of the Arbaminch Springs.

Generally, springs develop when ground water reaches the earth surface. So
the chemical composition of springs is related to the soluble products of the host

rock, weathering and decomposition, and changes with respect to time and space.

The following chemical analysis data is a result of the data from twelve towns
water supply project, Arbaminch, May 1983. 15 samples were analyzed from the
springs from 1976 to 1977 but the chemistry of the springs was done only on 9
samples. Of the nine samples, 8 samples were analyzed by the central laboratories

and one was done by the Ministry of Mines.



All the analyses show that the natural temperature of the spring water is 22°C.
The analyses showed that the spring water is colorless, odorless, tasteless and clear.
The pH of the springs ranges from 7.0 to 7.75. Generally the pH range of most
natural waters is between 6 and 8, and hence the pH of the springs is within

expected limits.
Another basic measure of water quality is the total dissolved solids (TDS),
which is the total amount of solids that remain when a water sample is evaporated

to dryness. Table 14 gives a classification of water based on Total Dissolved Solids.

Table 14: Classification of water based on Total Dissolved Solids ( Fetter, 1988)

Class TDS (mg/L)
Fresh 0-1000
Brackish 1000 - 10000
Saline 10000 - 100000
Brine > 100000

The TDS of the springs range from 200 - 289 mg/ L. So according to the
classification, the water from the springs is categorized as fresh water. This value of

TDS is a result of the interaction between rocks and water.
The hardness of the spring water as CaC0, ranges from 110- 125 mg/l.
According to the classification of water based on hardness (Seyer and McCerty,

1967) ( table 15) it is moderately hard water.

Table 15: Hardness Classification of water

Water class Hardness, mg/L as CaCQ0,
Soft 0-75
Moderately Hard 75-150
Hard 150 - 300
Very Hard over 300



Based on the chemistry of the major cations and anions , the piper diagram
for the springs has been plotted ( Figure 25). Hydrochemical classification using the
piper diagram shows that the spring water is of bicarbonate type. Of the 9 samples,
2 samples are alkaline (sodium) Bicarbonate type , 3 samples are Calcium
bicarbonate type and the rest are alkaline- Calcium bicarbonate type. The
bicarbonate concentration in igneous rocks could be accounted for the dissociation
of the water under the presence of CO,, but Cl -, and SP?* are not significant
constituent in igneous rocks and there is no interaction as ground water moves along

flow paths in these rocks.

Generally, iron and manganese are not present in the sample. But the SiO,
content ranges from 40 - 45 mg/L. This value is higher compared to the medium
value of silica, for ground water. Crystalline SiO, is the major constituent of many
igneous rocks. This amount of dissolved silica observed in this spring water may be

from the chemical break down of the silicate minerals in the process of weathering.

Bacteriological analyses in the year 1977 reveled that total coliform bacteria
were present in the springs. Another bacteriological test was also performed by the
author in 1996 and all total coliform bacteria tests were positive. This might be
explained by poor sanitation in the Secha town, where human wastes may easily
percolate into the springs. This is also witnessed by the relatively high content of

nitrates.

The total coliform bacteria ( common species and Escherichia coliform ) occur
in great amounts in the intestinal tracts of warm blooded animals, and the presence
of these in water is generally considered as evidence of fecal pollution. The coliform

bacteria are not themselves directly harmful, but their presence is considered

suggestive of the presence of other species that are pathogenic.

6.5.3. Relation of Water Quality to Use.

An immediate purpose of the study of the quality of water is to determine if the
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Figure 25: Piper Diagram for Arbaminch Springs



water is adequate for various use purposes. Accordingly, the subject of water
analysis interpretation must often include some consideration of standards and
tolerances that have been established for water that is to be used for various
purposes. Standards for water to be used for drinking and other domestic purposes
have been established in many countries. Published literature contains tolerance
levels and related data for the constituents of water to be used in agriculture,

industry, for propagation of fish and for a number of other specific purposes.

Requirements for water that is to be used as a public supply generally are
more restrictive than those that would be applied to water for farm supply or industrial

use.

1. Domestic Uses

Besides being chemically safe for human consumption, water to be used in the
home should be free of undesirable properties such as color or turbidity and should

have no unpleasant taste or odor. Harmful microorganisms should be absent.

According to the standards for drinking water by the World Health Organization
(WHO, Table 16) the spring water is safe to drink. However, the presence of total
coliform Bacteria requires chlorination of the water before being used as drinking

water..
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Table 16: World Health Organization International Drinking Water Standards.

Characteristics Limit of general Allowable Limit
acceptability (mg/l) (mgl/l)
Total solids 500 1500
Color (pH) 5 50
Turbidity 5 29
Chloride 200 600
Iron 0.3 1
Manganese 0.1 0.5
Copper 1 1.6
Zinc 5 15
Calcium 75 200
Magnesium 50 150
Mg and Na sulfate 500 1000
Nitrate (as NO,) 45 -
Phenols 0.001 0.002
Synthetic detergents 0.5 1
(ABS)
Carbon-chloroform 0.2 0.5
extract
pH 7-8

2. Agricultural Use

The chemical quality of the water is an important factor to be considered in
evaluating its usefulness for irrigation. Factors of chemical composition that need to
be considered include the total concentration of dissolved matter in the water, the
concentration of certain potential toxic constituents, and the relative proportions of
some of the constituent present. According to the water quality standards for

agriculture there is no restriction to use.
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While a high salt concentration in water leads to the formation of saline soil,
a high sodium leads to development of alkaline soil. USDA has defined an alkaline
soil having a pH of 8.5 or more with a Na-saturation of 15% or more. An alkaline soil
has an unfavorable structure, puddles easily and restricts the aeration. Further, the
high Sodium saturation directly causes Calcium deficiency. Irrigation water with a low

sodium absorption (SAR) is desirable. SAR is defined as :

Na*
SAR = \cCa"+Mg™/2

where the concentrations are expressed in meq/L
The sodium percentage is calculated as:

Na+ K
Na% = Ca+ Mg+ Na+K

Where all ionic concentrations are expressed in meg/L.

The electrical conductivity results have been calculated from the Total Dissolved
Solids by conversion, where 1 meg/| of cations equals 100 EC x 10° uS/cm and 1
mg/L is equal to 1.56 EC x 10° uS/L. According to Todd, 1959, for most water the EC
ranges from 100 - 5000 pS/cm at 25° C.

As shown in table 17, the SAR value of the springs ranges from 0.495 to
2.93; which is "excellent” water according to the quality classification of irrigation
water (Table 18) and ranges from "excellent" to "good" with regard to the salinity

hazard classification (Table 18).

The classification based on electrical conductance and soluble sodium
percentage by Wilcox (1955) was also performed. Based on the Wilcox diagram

(Figure 26), the class of water ranges from good to permissible.
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Table 17: The value of SAR, % Na and Electrical conductivity for nine samples in
the Arbaminch spring water.

Sample No SAR % Na | EC*10°
1 0.495 20.36 276
2 0.71 25.71 320
3 0.74 23.69 336
4 0.68 2423 293
D 1.06 42.97 211
6 0.81 28.75 339
7 1.41 40.76 370
8 2.93 61.32 470
9 0.87 32.54 317

Table 18: Quality classification of irrigation water (USDA)

water class Salinity hazard Alkali hazard
EC ohms/cm SAR
Excellent <250 up to 10
Good 250-750 10-18
Medium 750-2250 18-26
Bad 2250-4000 >26
Very bad >4000

Concentration of certain specific elements such as Boron and Lithium are toxic
to plants. But the concentration of these elements are insignificant in the spring
water and hence toxicity is not a problem to the quality of water in the area.
Generally, the spring water chemistry confirms with the International standards of

water for agriculture.
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3. Industrial Use

The quality requirements for industrial water supplies range widely, and almost
every industrial application has its own standards. For some uses such single-pass
condensing of steam or for cooling or for concentrating ores, chemical quality is not
particularly critical and almost any water may be used. At the opposite extreme, water
approaching or equaling the quality of distilled water is required for processes such
as the manufacture of high-grade paper or pharmaceutical, where impurities in the

water would seriously affect the quality of the product.
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CHAPTER SEVEN
CONCLUSION AND RECOMMENDATION

The Kulfo River Basin having an area of 439 km?., constitute a part of the rift floor
and the western escarpment. More than 85% of the basin is covered by Oligocene

basalt and the rest is by Quaternary volcanics and Alluvium.

Considering three meteorological stations at Arbaminch, Chencha, and Gerese
towns, Thiessen polygon methods were employed to calculate the weighted mean
rainfall depth and the Potential Evapotranspiration over the basin (upper or Kulfo Sub-
basin). The calculated mean annual rainfall is 1232 mm and the actual
evapotranspiration is 941 mm. In principle the difference between rainfall and actual
evapotranspiration is the surplus water which is divided into runoff and infiltration. But
the measured amount of runoff depth (362 mm) is greater than the calculated surplus
water, which is 291 mm and hence it is not possible to determine how much water is
infiltrated in to the ground. This might be due to the fact that ground water may be
imported from other basin or in other word the ground water basin is wider than the
surface water basin. The other reason may be the information from meteorological and
hydrological stations (for runoff) are incorrect. Therefore further study is recommended
to know exactly the ground water basin boundary. This study may also give a clue as to

the size of the recharge area of the springs.

The aquifer classification in the basin are based on topography, rock type and
structure. The different rock units in the area have their own typical characteristics to

groundwater occurrence. the sediments being the main aquifers in the study area.

Taking into consideration the discharge value of the Arbaminch springs in 1979,
the springs hydrogeology (including spring classification) was computed. The Arbaminch

springs, which are fault springs, have third order magnitude. From the spring
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hydrograph it is possible to find the spring recession curve and the recession constant
for the not-influenced regimen. Therefore the equation for the "not-influenced" regimen

for the Arbaminch springs is Q, = 2438267108

where Q, is discharge at any time tin I/s and

tis timein s.

Generally this equation is the general hydrological equation for Arbaminch
springs. Thus, using this equation it is possible to obtain the discharge of the springs at

any time in case there is no rainfall after the end of the rainy season.

The hydraulic volume V, of the hydrogeological basin which instant by instant
feeds the springs has been also evaluated.
V=042 " 1%,
Where Vtis in land Qtis in I/s. This is used to determine the discharge behavior
of the springs. Thus, for such a small amount of recession constant, there is a great

volume of water with a high yield capacity of the springs.

The chemistry of the spring water is good for drinking purposes, except the
presence of total coliform bacteria. This is caused by the seepage of human wastes in
to the spring from the upper town of Arbaminch (Secha). In general, poor sewage
system are practiced in the town. An interview made with local people revealed that
there is almost no lined concrete waste disposal ( especially for human wastes ) sites
in the town. So it is recommended to build a lined waste site not to pollute the spring

water.

Considering the quality of water to agricultural use, it is classified as good to
permissible class. But the quantity of the water may restrict the use of it to a large-scale
agriculture. As far as industry is concerned , almost every type of industries have their

own standards. And the quantity is also questionable.
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Electric power is necessary to pipe water from the springs to town. During interruptions
of power, no water is available from the springs. So people suffer periodic water
shortages during power outages. Therefore, further study is recommended to re-

designing the water supply system using local aquifer conditions.
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APPENDIX 1. MONTHLY RAINFALL AT ARBAMINCH STATION

YEAR JAN

1987
1988
1989
1990
1991
1992
1993
1994

13.2
38.7
39.8
24.6
72.4
12.8
178
0.3

FEB
10.1
29.5
82.8
107.4
453
18.1
120.8
4.1

MAR
65.3
327
49.9
64.5
79.3
27.1
34.4
36.4

APR MAY

139.4
217.5
163
106.6
52
164.8
94.8
183.9

163.2
134.1
114.5
104

130.3
140.2
198.2
164.6

JUN
-99
68.1
48.5
255
85.1
1319
52.6
9.9

JUL
18.4
97.7
64.3
30.6
30.7
32

3.1

72.1

AUG
6.8
98.7
71
52.5
30.8
42.8
24.6
82.9

SEP
52.6
116.8
50.1
28.6
81.6
132.2
314
29.7

87

OCT
92.4
167.4
161.5
27.6
49.1
172.7
113.1
70.3

NOV
44.9
38.4
85.5
25
g
59.6
18.2
59.6

DEC
17.4
243
94.7
25.4
14.6
293
1.2
18.8

No.Mths
11
12
12

12
12
12
12

12



APPENDIX 2. MONTHLY RAIN FALL AT CHENCHA STATION

YEARJAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC No.Mths
1953 99 99 99 99 99 1279 129.1 1354 826 168.5 -99 96.1 6
1954 0 8 99 2012 129 |8 31 389 602 1749 99 -9 9
1955 99 99 99 99 99 471 634 1912 1963 206 557 449 7
1956 659 -99 -99 296 1264 48.6 999 171.2 130.5 2678 13 16.5 10
1957 84 93.1 1939 203.8 1959141 129.1 91.2 1179 221.1 41.8 39.1 12
1958 969 1229 -99 -99 61.7 313.6 190.2 1509 180.7 2219 -99 348 9
1959 23 1024 -99 3129 3719/-99 99 -9 99 99 27 535 6
1960 114 -99 1232 3852 1804527 -99 99 -99 1144 70.1 1157 8
1961 -99 43 1852 99 -9 99 99 99 99 99 99 99 2
1972 -99 21.1 69.1 220.7 155.7|70.7 103.5 1173 124.2 133.8 96.8 243 11
1973 313 3786 2.5 135.6 286.4| 140.5 204 135.7 204.6 2372 492 2 12
1974 4.8 333 293.7 29 220.8 663 1412 104.6 1084 1463 359 202 12
1975 5.1 3.l 70.3 311.8 1395 107.8 1192 1574 989 1509 82 116 12
1976 102 147 764 187 175.6/ 99.7 187.1 117.5 59 126.1 46.5 8.3 12
1977 110.6 31.6 70.5 1165 177.4 879 1042 812 724 2334 372 145 12
1978 0 170.1 493 56.8 66.6 612 2164 1448 93.6 1343 60.1 30.8 12
1979 188.2 144 132.7 102.5 172.1 129.7 1539 61 1542 1874 22.1 288 12
1980 20.5 30.7 51.6 259 274.1 81 648 84.1 110.6 75.6 755 2 12
1981 0.5 543 215.6 1884 1314 39.1 1829 569 1359 1362 739 1.5 12
1982 72 99 99 -9 99 99 99 99 99 99 99 .99 |
1987 42.8 58.1 118.2 2004 179.1 95.5 1325 115 1206 172.7 50.1 32 12
1988 99 99 99 99 99 99 99 99 99 .99 99 30,6 1
1989 545 763 2052 1633 163.3| 129.6 191.5 944 2143 167.5 1445 2228 12
1990 0.2 262.1 157 202.8 2693 56.1 100 133.3 61.8 734 1362 309 12
1991 0 131.5 1383 60 75.6 | 201.9 1282 67.8 546.1 28.7 365 0 12
1992 -99 43 378 263 762 318 -99 99 99 99 99 .99 5
1994 -99 99 99 .99 61 111.6 124.6 203.2 126.7 150 1033 132 8
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1995

APPENDIX 3. MONTHLY RAINFALL AT GERESE STATION

0

YEAR JAN

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

-99
0
22.1
7.5
81
22
45.7
0
2444
0

0

67.8

FEB
-99
25.7
24.7
21.3
-99
-99
56.9
-99
140.6
10.5
98

204.3 286.6 270.6 71.6

MAR APR
-99  -99
128.8 292.5
-99 2498
-99 3778
233 1143
329.9 2763
54.1 1426
97.1 250
343 238
356.4 638
291 1131

MAY JUN

426.1
403.7
-99

477.6
2929
166.9
337.9
160.4
380.8
459.1
388.4

60.7
340.7
-99
235.3
63.6
145.5
213.3
348.8
168.5
303.9
-99

99

JUL
201.2
0

-99
473.4
228.7
1372
239.3
188.6
2184
384.7
-99

-99

AUG
128.5
3.7
-99
268.2
#H.a
52
190.7
143.8
231.9
155.1
-99

SEP

171
261
174
360
260
120
177
264

.6
2
)
A

ol
.6
o3

64.1

160
-99

9

89

WL
-99
224

59.9
456.6
114.1
191
-99
145.7
124.1
-99

NOV

41
216
58.1
F9.1
180
54.2
-99
127.4
117.4

DEC

85.8
15.9
159
182.6
8.5
11.8
-99
16
9.8
-99

No.Mths
7
12
6
11
11
11
12
8
12
12
5



APPENDIX 4. MEAN MONTHLY TEMPERATURE AT ARBA MINCH STATION

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC No.Mths
1987 243 253 26 244 235 99 241 243 251 241 24 246 11

1988 259 26,7 274 252 235 |23 22 223 231 232 226 226 12

1989 23.1 241 255 23.7 23.1 |23.1 221 234 236 231 232 237 12

1990 232 25.1 248 239 23.7 235 232 236 247 246 247 241 12

1991 25 258 261 250 2435 |23.7 22 2377 238 243 244 239 12

1992 251 267 279 256 238 (233 229 23 23.7 22,6 226 237 12

1993 234 229 239 252 234|225 232 234 -99 -9 99 221 9

1994 243 259 268 248 23.1 |228 223 228 251 24 236 229 12

1995 -99 252 99 99 99 |99 -9 99 99 99 99 99 1
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APPENDIX 5. MEAN DAILY TEMPERATURE OF CHENCHA STATION

YEAR JAN

1953
1954
1955
1956
1957
1958
1959
1960
1961
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

-99

15.4
-09

-99

18.6
17.6
17.6
-99

-99

-99

14.5
144
14.3
13.9
13.9
13.9
13.7
14.8
15.7
15.8

FEB MAR
99  -99
153 -99
-99  -99
-99 99
19.1 172
16 -99
15 -99
-99 99
172 174
4.1 14.7
162 174
15 135
157 159
15 14.8
142 15.1
144 146
14 13.6
154 16
162 15
-99  -99

APR

-99
11.7
-99
-99
-99
-99
-99
17.3
-99
13.5
16.5
14.3
14.6
14.3
15.1
14.8
14
15.4
15,3
-99

MAY

-99
11.3
-99
-99
-99
16.9
-99
16
-99
139
14.6
135
14.3
13.8
14.6
14.7
14.1
14
14.7
-99

JUN

152
-99
17
-99
17.6
13.8
-99
15.2
-99
12.%
13:2
13.3
12.8
13
14.2
13.4
14
13
3.3

-99

JUL

12
-99
12.3
-99
157
121
-99
-99
-99
12.5
138
13
12.4
13.4
14.8
13.3
14
12.6
12.3
-99

AUG SEP OCT

12.8
8
12.2
-99
13.6
12.2
-99
09
-99
12.8
12.9
12.7
12.9
13:1
143
14.6
12.4
12.9
12.F
-99

14.7
-09
-99
-99
15.6
-99
-99
-99
-99
13.8
13.6

~

13
13.9
13.3
14.3
14
13.7
14.1
13.4
-99

91

15.5
1.2
-99
-99
16.4
-99
-99
16.5
-99
14.2
13.6
13.6
13.9
139
14.8
14
14.1
14.2
14.6
-99

NOV

153
-99
-99
16.7
18.7
-99
-99
16
-99
13.8
14
13.6
13.2
14
14
13.8
14.2
14.5
14.9

DEC

14.4
-99
-99
18
18.7
17
-99
16.4
-99
14.5
13.6
14.1
14
14.1
14.1
13.7
14.2
15
15
-99

No.Mths

Sy o~ = o L

11
12
12
12
12
12
12
12
12
12
1



APPENDIX 6. MEANMONTHLY TEMPERATURE AT GERESE STATION

YEAR JAN

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

-99
17F
17.9
18.5
18.3
17
17.5
18.8
16.1
18.7
17.3

FEB
-99
17.6
18.2
20.8
-99
-99
18.1
-99
16.5
18.9
18.2

MAR
-99
17.1
-99
-99
15.8
16.2
18.3
18.3
17.9
17.7
16.4

-99 - not measured

APR
-99
l6.1
16.7
17.5
159
17
18.2
17.3
17.6
15.4
15.3

MAY
15.4
16.2
-99
16
15.5
15.6
15:6
16.1
15.6
14.8
15.4

JUN
13.3
14.2
-99
1535
15.1
16
153
134
16.3
15.1
-99

JUL
13.9
17
-99
15
15.1
15:9
14.6
15.8
16.5
152
-99

AUG
15.1
17.3
-99
133
15.6
15.6
15.1
15.9
15.9
15.9
-99

SEP
15.4
15.4
17.2
133
15
15.5
14.9
15
16.4
15.9
-99
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OCT
-99
15.9
-99
16
15.4
15.9
16.1
-99
16.5
16.4
-99

NOV
16.3
17.4
17.2
19
16.5
16.4
16.9
-99
17.4
15.8
-99

DEC
16.8
17.8
17.8
17.8
16.1
16.8
17.9
-99
it
16.5
-99

No.Mths
g
12
6
11
11
11
12
8
12
12
5



APPENDIX 7. KULFO RIVER MONTHLY RUNOFF IN MILLION CUBIC METER

YEAR
1980
1981
1982
1983
1984
1985
1986
1987

4.4

29
3.67
5.98

3.5
2.48
7.5

JAN
3.64
2.65
3.73
2.22
2.6
2
2.92
2.13

FEB MAR APR MAY JUN JUL
3.31 151 28.43 11.98 10.09 8.97
531 1538 1443 7.45 144 156
48 13.22 20.84 17.76 12.93 13.63
5.5 18.95 13.87 14.27 14.61 14.44
3.09 5.12 15.38 15.76 7.65 8.81
1.5 17.27 31.4 15.87 14.54 13.92
444 13.84 20.52 24.11 14.59 12.83
14.29 28.29 41 10.5 5.18 9.81

AUG SEP OCT NOV
11.44 11.25 6.55 4.43
225 145 586 4.86
14.86 22.1 12.02 8.61
15.07 19.38 12.56 4.36
15.38 13.85 7 6

14.49 16.62 7.29 5.19
20.81 18.16 10.06 12.69
289 135 5 9

DEC TOTAL
119.49
124.69
148.17
144.21
103.64
143.59
157.45
152.09



APPENDIX 8. Drawdown Data for AWTI well No. 4

Time after Water Drawdown (m)
pumping (min) level(m)

1 24.33 0.49

2 24.39 0.55

3 24.41 0.57

4 24.43 0.59

5 24.44 0.6

6 24.445 0.605

7 24.45 0.61

8 24.455 0.615

9 24.455 0.615
10 24.46 0.62
12 24.465 0.625
14 24.47 0.63
16 24475 0.635
18 24.48 0.64
20 24.485 0.645
25 24.5 0.66
30 24.5 0.66
40 24.505 0.665
50 24.51 0.67
60 24.515 0.675
90 24.525 0.685
120 24.53 0.69
180 24.55 0.71
240 24.56 0.72
300 24.565 0.725
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360 24.57 0.73
420 24.575 0.735
480 24.58 0.74
540 24.58 0.74
600 24.585 0.745
660 24.59 .78
720 24.59 0.75
780 24.59 0.75
900 24.6 0.76
1020 24.605 0.765
1140 | 24.61 0.77
1260 | 24.62 0.78
1380 | 24.62 0.78
1500 | 24.625 0.785
1680 24.625 0.785
1860 24.63 0.79
2040 24.63 0.79
2220 24.635 0.795
2460 24.635 0.795
2700 24.64 0.8
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APPENDIX 9. Arbaminch spring Resalt of water analysis (SOURCE Arbaminch Water supply Project 1983)
Cataions and and anaions

Analysed by
Year
Ammonia
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminium
Chlorides
Nitrites
Nitrates
Fluorides
Bicarbonates
Carbonates
Silcon
Sulfates
Phosphate

EIGS
1976

-

2
1

7 7 % W —
jatgyaH

(5]

0.4
171
Nd
49
4

1976
0.8
18
1.4
27
13
Nil
Nil

Nil
Nil
6.7
Nil
195.2
Nil
40.8
Nil

1976
1.24
19
1.7
27
13.6
Nil
Nil

Nil
Nil
32
2.1
1952
Nil
23

Nil

CENTRAL LABORATORY

1976 | 1977 1977 1977 1977 1977
nil 0.33 nil Nil 1.6 Nil

1636/ 18.8° 199 338 639 2.1

Trace| 1.6 L.81 0.7 1.7 1.7

28.1 | 7.9 273 305 265 313
9.7 0.4 11.9 7.8 5.8 7.8

0.5 Nil  Nil 0.05 Nil Nil

Nil Nil Nil Nil  Nil

0.03 Nil

17,7 | 11 10.6 Nil T Tel

0.13 1 0.06 0.02 0.02 0.02 Nil

Trace  Nil 1.6 1 Nil 1.9

0.3 2.2 0.5 0.73  Trace Nil

183 | 170.8 177 219.6 183 183
Nil | Nil  Nil Nil Nil  Nil

60 39.8 285 45 40 60

Nil 72 Nil Nil 72.8 Nil

Nil 0.2  Nil Nil
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