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An intensive small scale reservoir construction campaign has been carried out by the regional
state of Tigray in order to supplement the rain-fed subsistence agriculture in the region, through a
regional commission (Commission for Sustainable Agricultural and Environmental
Rehabilitation of Tigray (Co-SAERT)), established in 1994. This commission planned to
construct 500 reservoirs, each of them with a capacity in the order of 1 million m3, in ten years.
Today only about 70 reservoirs have been built throughout Tigray (Fig. 1).
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Figure 1. Concentration of small-scale reservoirs south of Mekelle, to the S and SE of Amba
Aradom mountain. Area covered is approx. 100 km® and reservoirs are indicated by red circles;
the zoom shows Gumselasa reservoir (Source: Google Earth, visited March 15, 2009).

However, most of these micro-dams did not meet the intended goal of supporting rain-fed
agriculture through small scale irrigation schemes. Only a few reservoirs can hold sufficient
water for irrigation in the planned areas. In 2002, the initiative was evaluated to be ‘failed’ by the
responsible authorities and thus the program was interrupted. Though many problems could be
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cited for the ‘failure’ of the program, the main problem is known to be reservoir leakage. But
information collected from the field show that new springs originated downstream of some
micro-dams some time after the construction. Other springs did start to flow more powerful
and/or during a longer period of the year. Also in few cases, inhabitants witnessed that the
groundwater table in the valleys downstream of dams did rise after reservoir construction.
Hence, overall the construction of these small reservoirs is thought to have supplemented the
groundwater recharge in the basin, although the exact magnitude is not known.

Although the water level in the reservoirs varies between the wet and dry seasons, it can be
safely assumed that the local groundwater level is close to the same level as the reservoirs.
Hence, the levels of 37 reservoirs have been inventoried. The inventory was carried out during
the dry period and the GPS position and approximate elevation of the surface of the standing
water was recorded. Two of these reservoirs have been studied more in detail using diver
(automatic data loggers) installations and nearby groundwater wells were sampled for
hydrochemical interpretation. The intention is to understand the interaction of the reservoirs and
groundwater using water level and hydrochemical measurements both on the reservoirs and the
well. Tsinkanet reservoir and two nearby hand-dug wells were investigated from June 1 to
November 30, 2006 (Fig. 2). The graphs show that the reservoir level rises to full capacity after a
single high rainfall event during the year and that such events are closely linked to the rainy
season. During the dry season, sporadic rainfalls do not produce the same effect. This is probably
due to dry soils which enhance infiltration in the ground and inhibit large surface run-off. The
same is true for the first rainfall events in the wet season, and only when soils become
sufficiently moist, rainfalls produced sufficient runoff to fill the reservoir. Afterwards from
October to March, the water level in the reservoir decreases again, due to lack of rainfall,
irrigation, and evaporation.
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Figure 2. Groundwater and surface water level measurement in the Tsinkanet reservoir and
two nearby hand dug wells and precipitation (June 1 to November 30, 2006).
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The evolution of the water levels in the wells is somewhat different than the water level of the
reservoir. The water level in the wells, especially in well 2, fluctuates while the level of the
reservoir is more constant (Fig. 2). This points out that at least part of the groundwater reaching
the wells is coming from another source than the reservoir. Hence, this can only be recharge
from precipitation in the vicinity of the wells. In addition, it is observed that at the end of the
rainy season the water level in the wells decreases long before that of the reservoir, which
indicates that groundwater is flowing out to other areas, most likely along the river valley
downstream of the reservoir, which is observed to flow most of the year.

The data also show that the groundwater fluctuations are larger and the response to rainfall is
faster in well 2 than in well 1. This can possibly be related to soil texture in the vicinity of the
wells. Well 2 (twice as far from the reservoir than well 1) is located beneath sandy soils which
have a high rate of percolation, while well 1 is located beneath clay or silty clay soils which are
less pervious. The possible seepage from the reservoir to the wells through fractures observed
around the reservoir is not supported by the measurements. It has been observed that
groundwater levels in the area reach the surface towards the end of the rainy season, while the
reservoir becomes full much earlier. Moreover, the groundwater levels in the wells continue to
decline after the end of the rainy season while the reservoir level remains constant for months.
This observation, together with the fact that the wells are shallow (3 to 4 m), leads to the
conclusion that the wells are tapping a perched groundwater layer recharged locally by
precipitation. Hence, there is no interaction between the wells and the reservoir in the Tsinkanet
area.

Water samples collected from the reservoir and the nearby wells to investigate the
hydrochemical relationship show the major ion composition (Table 1), both for the Tsinkaniet
and the Rubafeleg reservoirs (located some 20 km to the ESE, on the Atsbi Horst).

Table 1. Major chemical composition of reservoir and groundwater samples from the
Rubafeleg and Tsinkanet sites.

Tsinkanet Rubafeleg
Parameter Well Lake Well Lake
pH 7.2 7.4 7.4 75
EC (uS/cm) 202 250 454 181
Na (mg/l) 13.65 9.9 17.38 5.92
K (mg/l) 151 3.75 0.46 1.66
Ca (mg/l) 23.28 26.8 63.83 26.5
Mg (mg/l) 6.08 9.45 10.45 5.38
Fe (mg/l) 0.29 0.21 0.18 0.11
Mn (mg/I) 0 0.01 0 0.01
NH, (mg/l) 0.36 0.21 0 0.17
Zn (mg/l) 0.02 0.02 0 0.01
Cl (mg/l) 8.39 13.92 17.89 7.95
SO4 (mgl/l) 14.82 33.11 21.63 9.28
NO;z (mg/l) 0.94 0.38 12 0.2
NO, (mg/l) 0.02 0.14 0.02 0.02
HCO; (mg/l) 95.16 128  230.58 99.43
PO, (mg/l) 0.03 2.89 2.89 2.89
Si (mg/l) 8.03 <7 11.74 <7
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The first apparent difference between water samples from the two sites is that the concentration
of most major ions (electrical conductivity (EC), HCO'3, Ca**, Mg, CI', and SO?}) is higher for
samples from Rubafeleg than those from Tsinkanet. Possible reasons for these differences could
be related to geological characteristics of the catchments and the wells, and the groundwater
residence time. The geology of the Rubafeleg catchment is mainly weathered and fractured
metavolcanic and metavolcanoclastics which favors increased concentration of dissolved ions in
the groundwater and to some extent in the surface runoff. Moreover, the Rubafeleg reservoir is
continuously fed by base flow from the perennial main stream. Hence, surface runoff and base
flow from the catchment to the reservoir brings relatively higher concentration of dissolved ions.
On the other hand, the groundwater sample was taken from a borehole of about 50 m deep.
Considering the low hydraulic conductivity of the metamorphic rock, groundwater at this depth
is likely to have relatively higher residence time in the aquifer which results in higher
concentration of dissolved ions. On the contrary, the geology of Tsinkanet catchment is
dominantly sandstone which has high hydraulic conductivity and less potential to supply
dissolved ions. Hence, low concentration of dissolved ions is observed in both the groundwater
and the lake, compared to that of Rubafeleg.

Groundwater at Tsinkanet was sampled from about a ca. 4 m deep hand dug well in a sandstone
aquifer. The concentration of dissolved ions for the groundwater is found to be less than that of
the lake water. This is mainly because of the silica dominated sandstone aquifer (Enticho
Sandstone) has low potential to supply dissolved ions, and its high hydraulic conductivity which
decreases the residence time of groundwater. The higher concentration of dissolved ions in the
lake water compared to the groundwater at Tsinkanet could either be because of the small
exposures of metavolcanic rocks upstream, higher evaporation rate of the lake water, domestic
effluents from the Senkata town which is located at the upstream part of the catchment, or due to
combination of the three. It is also possible that aquatic organisms have contributed to the
concentration of dissolved ions in the lake.

Although climatic differences could play a role in the chemical composition of groundwater,
because of the diluting effect of groundwater recharge, such effect is not observed in this case.
Tsinkanet lake is at an elevation of about 2300 m a.s.l. with an average annual precipitation of
714 mm, while Rubafeleg is located at about 2700 m a.s.l. with an average annual precipitation
of 672 mm.

The very low concentration of phosphate in groundwater compared to the lake water at Tsinkanet
indicates that groundwater recharge is very local with less accumulation of ions from fertilizers
and animal feedlots, while the lake receives these ions from all over the catchment through
surface runoff. It is also possible that phosphate is supplied through domestic wastes from
Senkata town, which joins the lake water.

Overall, surface and groundwater in the Tsinkanet area are more similar to each other than those
of the Rubafeleg area. It is also worth noting that the concentration of most of the chemical
parameters in the Tsinkanet area are higher for the lake water than for the groundwater (Figure
4), which usually is the reverse for most natural conditions. Moreover, one can conclude that all
waters are rather recent, because they are dominated by HCOj3 and Ca.

Besides the absence, for Tsinkaniet, of a relation between reservoir and wells, we conclude that
the reservoir is not loosing much water to the subsurface, but some water is leaking through the
dam and its basement, and flows to the main river channel.
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