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editorial

Editorial

Dear Readers,

Wa_te_r is a finite resource that needs to be utilized and developed in an
efficient and environmentally sound manner. The limited nature of fresh
water on one hand and increasing need for water as the result of popula-

tio_q grgvvth on the other hand call for sustainability considerations during
utilization of water.

Arba Minch University has been organizing annual symposia since 1996
on “Sustainable Water Resources Development”. The ideas has been to
create a forum for water and related professionals, practitioners in the
water sector, actors from GOs and NGOs to come together and present
new results or ideas from the research or practice. The proceedings of
reviewed and presented papers have been published and distributed to
different institutions, organizations and professionals in the country and
abroad.

This proceeding (volume 9) contains papers that were presented in the 9"
cycle of the symposium which was held on December 12-13, 2005. There
are 21 papers focusing on broad categories of Soil and Water conserva-
tion, Hydrology and Water resources, Hydraulics, Hydropower and reser-
voir, Water supply and environment.

We believe that the proceeding with the results and issues discussed in
the papers is a valuable reference resource for professionals operating in
the water and water related sectors. Hence the copies are made available
to the users free of charge.

The editorial board thanks all contributors and the GTZ (German Technical
Cooperation) for sponsoring the symposium and publication of the pro-

ceeding.

Dr. Mekonen Ayana
Editor-in-Chief
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Welcoming address

Welcoming Address For the gt Symposium on
“ Sustainable Water Resources Development,”
December 12-1 3/ 2005

Arbaminch
Distinguished guests

| adies and Gentlemen: Dr. Mekonen Ayana
Resarche & Publication Co-ordinator

organizing committee and on my own p
Sustainable Water resources Development.

Ladies and Gentlemen:

Water is needed in all aspects of life. Throu

b . - ghout history, secure access to water has been
essential to socioeconomic development a 4

nd the stability of cultures and civilization.

For some of.us W_ho have access to water, water may be considered as infinite resources that
can be obtained inexpensively. Utilizat

Indeed, the finite nature of fresh water resources on one
tion growth on the other hand makes water a critical natural resource that needs to be exam-
ined in the context of population growth. As populatio

: : ) : n increases, the average amount of
fresh water per capital available declines. This causes water stress and outright scarcity and
results in conflicts.

hand and rapid increase in popula-

The technological capacities of human beings to capture and store fresh water have in-

creased throughout the history. However, we have to realize that no technology can signifi-
cantly expand the basic resource.

The continuous depletion and degradation of water resources combined with grater demand
for more water are factors that make the sustainability-issue very important. Only water re-
sources systems that are managed to satisfy the changing demands placed on them, now
and in the future, without degradation, can be called sustainable. Development can be evalu-
ated as sustainable if “it meets the needs of the present without compromising the ability of
future generation to meet their own needs.”

This is the problem facing our generation, living in and contributing to an environment which
Is seriously affected by soil erosion and sedimentation, declining soil fertility, deforestation
and desertification, population pressure and subsequently destructed ecosystem etc.

The fact that we are now not able to feed ourselves can be the driving force that may initiates
us to aggressively utilize the resources available to bring about food self sufficiency and food
security. Our challenge today is therefore, to establish our priorities more adequately and
implement available technologies that should improve our efforts to use the resources more
efficiently to bring about socioeconomic development by averting critical consequences due
to waste, mismanagement and overuse of the resources.

Water 9(1) December 2005
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Welcoming address

Dear participants,

Arba Minch University is organizing symposium on sustainable water resources development
consistently for the last consecutive 8 years. The sole objective of these Symposia is to pro-
vide to professionals in the water and related natural resources and environmental sectors
from all over the country and abroad, a platform in which they can communicate, present
research papers and new products, discuss ideas, share experiences and exchange informa-
tion on specific topics related to sustainable water resources development.

The Research and Publication Office has been publishing the proceedings of the symposia
and distributing them to different Universities, Research Institutions, and Organizations.

About 4000 copies of proceedings from the past eight symposia have been published and
distributed.

This symposium is the 9" in series. There were about 38 papers submitted to the organizing !

committee out of which 24 papers are selected and ready to be presented here. The papers
can be broadly categorized under

Soil and Water conservation

3 papers
Hydrology and Water resources 7 papers
Hydraulics, Hydropower and reservoir 5 papers
Water supply and environment 4 papers
Irrigation and Drainage 5 papers

Once again, on behalf of organizing committee | would like to thank all researches in general
who have responded to our call by submitting their paper on time and those who have per-
sonally appeared to present their papers in particular.

| also would like to express by sincerely thanks to GTZ for sponsoring the symposium.

Now, may I request Dr. Nigatu Chaffo, the acting president of the university to give his open-

ing speech and thereby formally open the 9" symposium on sustainable water resources
development.

| thank you all for your attention and wish you a fruitful symposium and a comfortable stay for
our guests in Arba Minch.

Thank you

6 water 9(1) December 2005
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Opening Address

Opening Address For the 9" Symposium on

“ Sustainable Water Resources Development,”
December 12-1 3/ 2005

Arbaminch _
DiStI‘ngU"Shed Guests Dr. Engineer Nigatu Chaffo

Dear participants
Ladies and gentlemen

On behalf of Arba Mich University and my own behalf, I am feeling delighted to have this

opportunity to make an opening speech and welcome you to the 9* cvcle symposium on
sﬁgtafnab/e Water Resources Development. i 4 ymp

At this juncture, | would like to pay tribute to the organizing committee who made their best
efforts for the mater/alfzat{on of this symposium. And, | would also like to extend my sincere
appreciation to the contributors and participants for your interest to attend this vital and
timely symposium.

Ethiopia is well known for its huge amount of water resources potential. However, the spatial
and temporal variations in its distribution as well as the limited human, financial and techno-
logical capacities are the main bottlenecks that are hindering the effective utilization of water.
As the result, the contribution of water resource to the socioeconomic development of the
country is indeed very low.

The Water Technology Institute of Arba Minch University is significantly contributing to the
human resources development in the water sector. On top of this, the university is organizing
the symposia on Sustainable Water Resources Development since 1996 without interruption.
The symposium is meant to reflect the concern and contribution of the Arba Minch University
for sustainable development and management of natural resources in general and water re-
sources in particular.

The University is very much delighted and honoured to host this event and express its willing-
ness and commitment to work in collaboration with all actors to address and ensure the
sustainability of development activities in the water and related fields.

It is my strong belief that this symposium provides an essential forum in which a multitude
issues on water resources are analyzed, discussed and share among professionals.

Ladies and gentlemen, _ ‘ _
| have been informed that many papers addressing the issue of sustainable water resources

development have been selected and ready for presentation. .

| sincerely hope that the two days symposium will provide good opportunity to ajl of you to
share ideas, experiences, discuss on research papers to be presented and identify possible
solutions to research and development oriented activities.

I wish all the participants a successful and pleasant stay in Arba Minch.

Finally, | would like to thank GTZ for sponsoring this symposium.

With these brief remarks, | now declare that the 9" Symposium on Sustainable Water Re-

sources Development is officially opened.
Thank you.

water 9(1) December 2005 ' 7
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Farmers Perception of Soil Erosion and
Adoption of Introduced Soil and Water

Conservation Measures in the Dengelie
Catchment, The Gamo Gofa High Lands,

Ethiopia

Yechalesaw Kebede Arba Minch Universip,
PO.Box 21, Arbaminch, Ethiopia

Abstract

factors militating against farmers adopt-
holds in Dengelie catchment, Gamo Gofa
1 and focus group discussion were em-

This paper surveys the level of farmers perception of soil erosion and the
ing SWC measures on farm lands based on a survey of 105 sampled house
Zone,SNNPR.Tothis,structured questionnaires, field observation and informa : '
ployed to generate the data. The results indicate that, farmers perceived and ranked soil C_I‘OSIOH' as the first top
problem in the Dengelie Catchment.As to the potential constraints affecting farmers adoption of mtroduced SWC
measures on their farm land, farmers small land holding size was ranked first, followed by inappropnatgness of the
conservation structures during ploughing.Shortage of labor, subsistence farming, the problem of termites, lack of
adequate technical assistance and advice and farmers lack of awareness of the problem of soil erosion were ranked

from third to seventh respectively. the perception item ranked at the seventh level i.e lack of awareness of the -

problem of soil erosion has indicated and served as an indirect measure of the level of farmers perception soil erosion
as a problem. There fore, Identifying farmers’ level of perception of soil erosion and the constraints influencing their
adoption of introduced SWC measures is vital for the formulation of erosion control measures and strategies accord-

ing to management choices.

KEY WORDS: Erosion; perception; Adaption, Soil and Water conservation, Ethiopia

Introduction

In Ethiopia, under conditions of
Ppeasant subsistence agriculture in both
the densely populated highlands and
sparsely settled lowland areas, survival
is solely linked to the exploitation of
the land-based resources (Azene,
1997).However, these resources are ex-
ploited beyond their capacity to regen-
erate it self (Daniel, 1988).This has re-
sulted in decline of productivity and
consequently the low level of agricul-
tural production in general and the cur-
rent food insecurity in particular
(Wolde Amlak, 2002).

Soil erosion by water takes the
lead among the dozens of problems the
Ethiopian rural sector is facing. The
problem is more serious in most of the
highland areas of the country
abovel500 m.a.m.s. (Azene, 1997).
According to the Ethiopian Highland
Reclamation study (ECA/ FAQ, 1986),
about half of the highland areas (about
27 million ha) is seriously eroded.

Other estimates also show that about
1900 million tones of soil are being
eroded annually on the high lands,
which is equivalent to 35 tones/ ha in a
year. This supports the study of Ayanou
(1996) that, almost 75 percent of the
Ethiopian high lands need conservation
measure of one sort or another, if they
are to support sustained cultivation.
Although massive soil and water
conservation measures have been going
on over the years by various agencies,
the outcome of the conservation prac-
tices has failed to bring higher produc-
tivity on sustainable basis and improve
the economic status of the farmers
These tremendous efforts were not
able to attain the objectives anticipated
(Yohannes, 2000). Numbers of interre-
lated factors definitely have their re-
spective shares. The conservation strat-
egies have disregarded the local level
biophysical factors and socio- eco-
nomic requirements of the farmers. The
farmers themselves have, in the past
simply not been consulted about their

Gener ated by CantScanner fromintsig.com

knowledge and understanding of the
processes of erosion. Both traditional
technologies and social organizations
have usually been ignored and solu-
tions have been imposed from above
(Herweg, 1992).

Similarly, Belay (1998) pointes out
that the conservation measures in the
country failed to be accepted by the us-
ers of the land, because the conserva-
tion measures were introduced prior to
intensive understanding of the existing
realities of the local environment. The
existing realities such as the farmers
perception of the basic problems of soil
erosion, the socio- economic priorities
and their effects on farmers’ adoption
of the introduced SWC measures have
not been taken as a major factor in de-
signing and implementing the conser-
valion strategies.

The main objective of this paper was
to assess the level of farmers’ perception
of soil erosion and factors affecting the
adoption of the introduced structural
conservation measures in the Dengelie

water 9(1) December 2005
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catchment. The specific objectives were
to: (1) examine the ie_vcl /r.ank of
farmers perception of soil erosion as a
problem (2) identify the causes and
consequences of soil erosion according
(o farmers perception, and ( 3)
investigate the farmers level of
perception regarding the potential
factors militating farmers adoption of
the introduced SWC measures in the
Dengelie catchment.

Data And Methods

The relevant data for this study
were collected through structured
qucslionnaires, field observation and
group discussion. Firstly, 105 farmers
were randomly selected from three lo-
cally identified ‘Gotes’ Dercba, Digo
Chelbe and Wontona, and were inter-
viewed between April and May 2003
using the structured questionnaires
comprising of both close and open
ended questions. The close ended ques-
tions have a Likert — type scale where
jitems were designed to assess farmers’
perceptions regarding soil erosion, and
potential constraints in decision of the
farmers in adopting the introduced
SWC measures in Dengelie catchment.
Respondents were also encouraged to
give supplementary points on each
item. Secondly discussions were held
with different groups of people, 3-5
farmers selected from each village, and
key informants. Farmers were allowed
to comment on various issues focusing
on the items designed to rank and deter-

i

Fig 1.Discussion with different groups of people in the Dengelie catchment
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mine their Perception of sofj erosion
and the potentig| constraints of farm-
ers’ adoption of the introduced soil and
waler conservation measures. In addi-
l{on tq the formally Structured  ques-
tionnaire Survey, informal discussions
were also held with some farmers to
generate additional information on the
1ssues. covered by the structured
questionnaire.Direct observation was
also conducted to crosscheck obsery-
able issues. Lastly, the data generated
by the structured questionnaire was
analyzed using frequencies and de-
seriptive procedures of {he SPSS re-
lease 10(Bryman  and Cramer
2001).The qualitative data generated
by informal discussions with different
groups of the local people were used to
substantiate the quantitative results
from the structured questionnaire,

Study Area: The Dengele
Catchment

Dengelie catchment lies at 6° 36° N
to 6°48' N latitude and 37°36’ to 379
40’ E longitude. In administrative
terms, it is located in Boreda woreda
(district), Gamo Gofa zone, Southern
Nations, Nationalitics and people re-
gional state (Figure 1). The catchment
is located at about 487 Kms South west
of Addis Ababa, and 14 Kms NNW of
Zefeni town, the center of the woreda
in the Gamo high lands and forms part
of the south western highlands of
Ethiopia. Having an area of 360 ha (3.

60 Km?) 1128 people, 553 males and
575 females that constitute 49% and
51% respectively inhabit the catch-
ment. Based on the projection made by
taking into account the national growth
rate of 2.9% per year, the total popula-
tion of the study area was estimated at
1501 in 2004. According to CSA, the
average family size in 1994 was be-
tween 5 and 6 persons. However, the
survey of 105 sample house holds indi-
cated that the total number of family
members ranged from 3 to 10 with an
average family size of 7 persons per
household.

In terms of topography, the catch-
ment is characterized by diverse condi-
tions. Elevation ranges from 1720 m to
2280 m a.m.s.l, and slopes range from
nearly flat(< 2 percent ) to steep (> 25
percent ) (Yechale,2003).According to
the simplified traditional agroclimatic
classification system, which considers
only average temperature and altitudi-
nal range, the catchment lies within the
Woine Dega ( sub humid ) Zone and the
climatic condition is generally sub hu-
mid. As measured at Gununo research
station ( 6 © 6’ and 37 °39’ E, and an
clevation of between 1980 and
2100m),the mean annual temperature is
19.5 % with a range from 18.3°c in July
and August to 21.3°_in March, and
mean annual rain fall is 1330 mm .
More than 50 percent of the total rain
falls in the four months of June to Sep-
tember (locally known as Kiremt
season).The dry months are November
to February / Locally Known as bega
season ),when less than 13 percent of
the annual total rainfall occurs. The
farming system is a typical mixed crop
~livestock system that is carried out on
a subsistence scale. Land and Live-
stock are the main sources of livelihood
of the farmers. Livestock provide the
draught power and household member
the labor that is needed for the farming
operation. It is dominated by rain fed
crops cultivated by traditional produc-
tion techniques, traditional oxen plow
and manually operated hand tools. As
the land use estimates made by the
woreda agricultural office shows both
annual and perennial crops are grown
which totally account for more than
half of the total area of the catchment
(Table 1).
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Tuble 1. Area under major land use categorics

Land use Total Percent of
arca(ha) total area
cultivated land 203.16 56.43
-annual crops 1938 53.33
-perennial crops 9.36 26
Forest cover 7.12 1.98
Grazing land 30.20 8.39
Currently un cultivable 59.76 16.6
Currently un productive 3420 9.5
Others(including home stead) | 25.56 7.1
Total area 360.0 100

(Source, Woreda Agricultural OfTice, 2003)

Fig 2 Location map of the study area

From Table - 1 The land use of the
study area is dominated by primary land
use types like agriculture and grazing.

Results and Discussion

Farmers Perception of Soil Erosion
The relevance of conservation mea-
sures to a farming system depends in

part, on how farmers and other per-
ceive erosion problem and its conse-
quences (Morgan, 1995).In Dengelie
catchment, as indicated in table 2, soil
erosion was perceived by many of the
respondents as the major problem ad-
versely affecting the productivity of the
farming system. And thus, it was
ranked first, followed by food shortage,

Table 2, Means and Standard Deviations by Rank Regarding the Severity of
Selected Items in affecting the productivity of the farming system (According

to Farmers Pcrception).

Item Mean* Std.Deviation | Rank
Soil erosion 2.8095 .52064 1
Food shortage 2.7619 .58051 2
Landholding size and 2.7143 61573 3
fragmentation
Price of Fertilizer 2.6857 64023 4
Oxen 2.6762 .64294 3
Shortage of Fuel wood and | 2.6571 66258 6
constructon
Road problem 2.6000 .68781 1
Lack of Farm implements 2.6000 .68781 8
Lack of credit 2.6000 70165 9
Land tenure and awnership | 2.0381 83117 10
(Source Field survey, 2003) N =10 “scale  3=highly severe ~ 2=severe  1=least severe

10
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perhaps, it was perceived as resulted
from soil erosion.

Though, it was perceived and
ranked as the first major problem, there
werc differences among farmers in un-
derstanding the level of erosion, The
finding under table 2 has shown that
more than' 70 % of the respondents per-
ceived soil erosion as a very sever and
sever problem affecting (heir crop-
lands. About 15.2% of the respondents
under stood soil erosion as minor prob-
lem while 7.6% reported no problem of
soil erosion and about 6% of ¢ them
were not certain about the problem of
soil erosion.

Similarly, the survey or discussions
have revealed that many farmers in the
study area have awareness about the
principal causes and consequences of
soil erosion. About 51% of the respon-
dents pointed out deforestation as the
major cause of soil erosion followed by
over cultivation 27.6 %, whereas high
rainfall, topography/ slope, and over-
population were rated by 9.5, 7.6 and
4.8 percent of respondents respectively
(Table 4). It is only few respondents’
rccognize population pressure as one
of the causes of soil erosion. This may
be because many farmers in the catch-
ment do not consider having large fam-
ily size as a problem. How ever it was
learnt that in the study area there is high
population pressure that has given rise
to the fragmentation of farmers land
holding size into small uneconomic
parcel size.

Regarding the consequences of soil
erosion, more than half of the
interviewees further pointed out that,
the depth of the soil have decreased,
and the top soil covering the plough has
changed from time to time. They also
emphasized that the fertility of their
plots has declined, reflected on the
lowering of the quantity of crop pro-
duction from year to year.

Although fanmers® awareness of
the uses of artificial fertilizers to soil
fertility is very high, they have shown
their reluctancy to take a loan to buy
fertilizer because they fear that the
variable situation could worsen their
livelihood if they had to repay a loan
in addition to struggling to survive in
the after math of a poor crop. Farmers
further explained that since the price
for grain is low,particularily during the

water 9(1) December 2005
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Table 3. Farmer's perception of level

of soi - . )
Level of soll Nn.nfrttpondentgf -%M"_" their plots basic problem; it is not unwise to say
. 42 B that the introduced SWC measures are
v- (4 —-\— A § .. @
5:3,:“ ' 1 B not taken as the major farming activity
Minor 16 ?;; by farmers of the study arca.
No problem 8 76 The result from the interview has
?g:afemm ?05 57 shown that, adoption rate and perfor-
\ :
(Source, qum%(;\ mance of promoted technologies has

Tuble 4.The main causes of erosion
(according 1o farmers)

Causes of No. of %ﬁ
Erosion Respondents

Deforestation 53 505
Over cultivation 29 76

high rain 10 95
fall/intensity

Topography 8 7o
Pogulu(ion growth | 5 28

Toal | 105 T00.00

(Source field survey, 2003)

harvesting time, the up side benefits
from investment/application of fertil-
izer are more than off set by the down
side risks of losing the investment as ¢
result of unforeseen hazards such ag
drought, erosion, and others. Land ten-
ure and owner ship was perceived sig-
nificantly less than other problems. It
was also learnt from discussions held
with farmers, land tenure and owner
ship is not under stood as a major prob-
lem by many farmers as compared to
other items. Although most of the re-
spondents felt secured under the exist-
ing land tenure system, there were few
farmers who rented land, particularly
the new house holds regard insecure
tenure as a constraint, and making them
reluctant to manage the land, which in
turn affected their production.

Finally, the findings under table 2,
and the responses from the discussions
could be an indicator validating the
farmers’ previous ranking of soil ero-
sion as the major problem in the study
area. Probably, this has enabled them to
develop their own techniques of soil
and water conservation measures that
are agronomic and structural origin.
These practices have been used to con-
trol soil erosion and maintain and im-
prove the fertility status of the soil. As
checked during the field survey, among
the indigenous practices of soil conser-
vation, crop rotation mixed cropping
and traditional stone terraces were
commonly observed in many areas of
the catchment. And, a good number of

Water 9(1) December 2005

@scussants repeatedly chose
tional coping mMechanisms partjc
the agronomic methods as the m
fective and (he cheapest mana
Practice. And thus, many fa
ported that the indigenous co
measures are their preferences as op-
Posed to the introduceq ones.

Adoption of Introdyced Structural
Conservation Measures

_In Dengelie Catchment, although
vanous structural soil ang water con-
servation measures were introduced in
1999 on Food for Work (FFW), and
large sum of money was spent in the
form of grain €very year by the govern-
ment, their effectiveness was not ap-
preciated by many farmers. And, it ap-

peared that the introduced soi] and wa-
ter conserv

tradi-
ularly
ost ef-
gement
rmers re-
servation

ation measures were not
widely practiced on individual farms.
Rather, the implementation was often
regarded by the local people merely as
a way {0 obtain food for survival. As
the limited information from informal
interview has indicated that majority of
the farmers in the Dengelie catchment
participated in the soil and water con-
servation against their will. There fore,
as compared to the proportion of farm-
ers who perceived soil erosion as the

been very low. A number of potential
constraints to farmers’ adoption of
modern SWC measures were ranked by
farmers on the level of their impacts /
influences. As can be seen from table 5,
lack of awareness of the problems of
soil erosion was understood and per-
ceived by farmers at the seventh level.
It was not emphasized and ranked at the
higher level showing that farmers un-
derstood it as a less potential constraint
in influencing the farmers’ adoption of
SWC measures at the farm level. Thus,
it is less important to provide explana-
tion to the disinterest shown by most of
the farmers to wards the adoption of in-
troduced SWC activities. On the other
hand, Small land holding size and inap-
propriateness of conservation struc-
tures during cultivation were leveled as
the first and second major potential de-
ters of adoption in their respective
ranks. According to the accounts of lo-
cal farmers, almost all farmers in the
Dengelie catchment held a small size of
cultivable land, and they feared that
large proportion of their plots would be
taken by the conservation structures as
the bunds and terraces would occupy
large area leading to further reduction
in the size of cultivable plot.

As learnt from discussions with the
Development agents and farmers, due

Table 5.Mean and Standard Deviations by Rank regarding the impact level of selected

Factors/Items Rank | N Mean | St.Dev
of
mean
Small land holding size 1 102 | 4.0686 | 1.2285
Inappropriateness of conservation 2 105 | 3.9905 | 1.1477
structures. during cultivation
Shortage of labor 3 105 | 38667 | 1.2095
Subsistence farming/lack of 4 105 | 3.7810 | 1.2324
tesources
The problem of termites/herbs 5 105 | 37714 | 1.3746
Inefficient and inadequate advice | 6 104 | 3.7692 | 13527
Lack of awareness of the problem .| 7 105 | 3.0571 | 1.4860
of soil erosion '
Total 731 | 37565 | 1.3255
(Source: field survey, 0037/04) “Scale S=very high polential consiramnt

+=High potential constraint 3=average potential

I=very low potential
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to the small land holding size the
houscholds were unable to produce
enough grain to meet the requirement
of their family consumption. And,
nearly all farm produce as well as any
non-farm income obtained was devoted
to food. The households do not have
enough income to support and sustain a
reasonable standard of living. There is
no surplus for investment and input
purchase. Cost is often beyond the
reach of many farmers of the study
area. More over, they do not have ac-
cess to appropriate tools and farm
power.

It is true that most of the SWC
measures are labor intensive, which re-
quired large human labor. Contrary to
the large family size in the study area,
farmers have reported the problem of
labor shortage particularly during the
cropping seasons. As under stood from
focus group discussion with the farm-
ers, shortage of labor was not only as-
sociated with the physical presence, but
also lack of decision. Many of the
young people in the area have not
shown willingness to invest their labor
in agricultural activities, like soil con-
servation or soil fertility management
process as a result of their involvement
in school and off farm activities such as
petty trade and weaving. Since the farm
sizes are small, they prefer to work off
the farm. The wives and husband, as
well as small children are the only ones
managing the small farms.

Farmers also questioned as to what
would be the benefit if a conservation
measure, that required intensive labor
force is practiced on this small land
size. Soil and water conservation mea-
sures, particularly the physical struc-
tures, require a huge amount of labor
with long term economic returns. The
absence of immediate economic re-
turns from conservation activities has
certainly affected farmers’ conserva-
tion decision. And, as a resull, many
farmers were reluctant to construct the
conservation structures on their farms.
In rare cases they ploughed the bunds
before stabilized consequently expos-
ing their plots to erosion. Farmers also
argue that due to the shorter distances
between bunds, it is in convenient to
cross wise plough, particularly with
oxen driven ploughs. Thus, many farm-
ers have not shown any interest (0
maintain the conservation structures.
That is why farmers might have ranked
it as the second important constraint in
adopting the introduced SWC practices
on their plots.

During the field survey it was ob-
served that although a considerable
length of bunds has been constructed,
only few of the constructed bunds
seemed to have effectively contributed
to soil stability in many arcas in the
catchment. They were not well main-
tained and efficiently constructed. This
might be due to a number of factors. As
pointed out by the Development Agent,
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Fig 3, Soil bund failed to meet

.

the exact lay of the land, the quality of
the soil, the degree of erosion hazard
and other accompanying attributes
where  not  assessed  before
construction.Similarily he added that,
the development agents are not well
trained to give adequate and efficient
advisory service to the
farmers.Woresning  this  condition,
there were only two development
agents serving for more than four
catchments including the study area.
They also stressed that the pivotal role
of farmers in the sustainability of struc-
tures was exempted by the concerned
officers and the planning was under-
taken by the woreda agricultural offic-
ers without the consent of farmers at all
stages.

The other issue the farmers re-
ported was the fear of the habitation of
termites in the conservation structures
and the growing of herbs on the struc-
tures. During discussions, this problem
was also under stood as a cause for
some of the farmers to reject the con-
servation structures.Consequently,
these short comings were causes [or the
lack of farmers’ adoption of introduced
SWC structures in general and mainte-
nance of structures in particular.

Conclusion

It is generally accepted that, the
success of any soil conservation prac-
tice depends on the farmers’ accep-
tance, which depends on the suitability

s

their purposes. the Dengelie catchment
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of the newly introduced cqllscwatiop
5 to the agroccoloogical condi-
SChem‘Z its effectiveness in tackling the
e It is also important to under-
mblerc. neéds perceived by the farm-
sumdnld knowledge of their socio eco-
[i;snf‘ic conditions. As the first ﬁndi11g
of this paper hgs shown, many falmer.s
- the Dengelic catchment have their
" splions about the problem of
own perceplic A
soil erosion, 1ts cagses and effects. As
the farmers perception lcvcjl has shgwn,
among the different attributes listed
soil erosion was ranked a? the ﬁrst ma-
jor problem. Altlwough, soil erosion was
orceived as a major pr()bICIn, there
were sort of differences in understand-
ing its level. But, more lhqn 70 percent
of the respondents perceive soil ero-
sion as a more severe and seve_rc prob-
jem in affecting their productivity. As
{o the causes, about 50.5 percent of the
respondents pointed out deforestation
followed by over cultivation (27.6%),
where as high rain fall, topography/
slope and over population were identi-
fied as the causes of erosion by 9.5, 7.6
and 4.8 percent of respondents respee-
tively. Similarly, they were also aware
of the consequences of erosion at dif-
ferent levels and thus above 75 percent
of the respondents believe that reduc-
tion in the productivity of plots is due
to erosion. Pertaining to the potential
constraints influencing farmers’ adop-
tion of introduced conservation mea-
sures, farmers ranked out the different
items according to their perception.
And thus, among the different con-
straints, small land holding size and in-
appropriateness of conservation struc-
tures during cultivation were ranked as
the first and second potential con-
straints influencing farmers’ adoption
of introduced SWC measures at the
farm level. Lack of awareness of the
problem of soil erosion was ranked at
the seventh level in influencing farm-
ers’ conservation decision.

There fore, it is important to iden-
tify the existing realities such as the
socio- economic priorities and percep-
tion of the basic problems of soil ero-
sion and their cumulative adverse ef-
fects on farmers’ adoption of the intro-
duced SWC measures in the designing
and implementation of the new/intro-
duced SWC measures. The problems

water 9(1) December 2005

should be clearly identified in such a
way that, farmers iy the Dengelie
catchment wouylqd Practice in true sense

to reduce soil erog;
S10n and manage thej
plots. K
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Abstract

geneous regions based on statistical parameters of the sjte
fication is useful in determining the best fit paren¢
atistical manipulation that has been useq

Blue Nile River Basin has been delineated into five homo :
data. (A.Sine, Semu.A, Sileshi B., 2004). Such method of idlentl'
distribution for the purpose of flood frequency analysis which involves st
during the regionalization of homogeneous regions.

For the identified homogeneous regions four different best fitted distribution types and robust parameter estima-

tion methods were selected to fit the standardized flow data for various return period. Generalized logistic type of
distribution is found to be the best fitting distribution for region one and region fOl-ll'. Whereas, log Pearso_n I for
region two, log normal for region three, and generalized extreme value for region' hve_arc selcctcd. for fitting ﬂ.ood
quantiles. For all distributions type probability weighted moment parameter cshmatmfl mel!lod is more efficient
except for log Pearson 111, in which method of ordinary moment is preferred. Based on .thls,'rcglonal flood I:I‘qu:lency
curves are developed for all regions using standardized flow data for the purpose of estimating flood quantiles in the

ungauged catchments of the basin.

1. Introduction

1.1. Background

Flood frequency analysis provides
vital information for design and eco-
nomic appraisal of a variety of engi-
neering and water resources planning
and devclopment projects. Frequency
analysis of flood is a very active area of
investigation in statistical hydrology.
Various distributions, methods of esti-
mation of parameters, problems rclated
to regionalization and other related top-
ics are being investigated. The analysis
involves estimation of a flood magni-
tude corresponding to a required return
period or probability of exceedance.

The primary objective of frequency
analysis is to relate the magnitude of
extreme events to their frequency of
occurrence through the use of probabil-
ity distributions (Chow et al., 1988).
Data observed over an extended period
oftime in ariver system are analyzed in
frequency analysis. The data are as-
sumed to be independent and identi-
cally distributed. The flood data are
considered to be stochastic and may
even be assumed to be space and time
independent.  Further, it is assumed
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that the flood have not been affected by
natural or man-made changes in the hy-
drological regime in the system. (Rao,
2000)

The use of regional information to
estimate flood magnitudes at sites with
little or no observed data has become
increasingly important because many
projects which require design flood in-
formation are located in areas where
observed flood data arc cither missing
or inadequate.

1.2. Description of Study Area

The Blue Nile (Abbay) River Basin
is located in the western part of Ethio-
pia, between

70 45’ and 120 45°N, and 340 05’
and 39045°E as shown in Fig 1. The
study area covers about 192,953 square
kilometer with total perimeter of 2440
km. It accounts for alnost 17.1% of
Lthiopia’s land area and about 50% of
its total average)annual runoff.

The chimate of Abbay basin is
dominated by an altitude ranging from
590 meters to morc than 4000 meters.
The influence of this factor delermines
the rich variety of local climates rang-
ing from hot to desert-like climate

along the Sudan boarder, to temperate
on the high plateau, and cold on the
mountain peaks. The annual rainfall
varies between about 800mm to 2,220
mm with a mean of about 1420mm.
(Master Plan of BNRB — Main Report)

2. Methodology and Procedure

2.1. Methodology and procedure
The best method used for selection
of best fit distribution is identification
of hydrological homogencous regions.
Regionalization based on statistical pa-
rameters is principally suitable to iden-
tify a single common parent distribu-
tion for a single region which also in-
volves statistical analysis. Index flood
method, which comprises the observed
flow data at the region were pooled to
provide a more precise estimate of
standardized statistical parameters, is
used in the selection procedure. Gener-
ally the study involves the following
procedures:
» Collection of hydrological and me-
teorological data, topographical map
and digitized and regionalized map of
the basin.
» Checking of data for consistency

water 9(1) December 2005
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Fig 1. Map of the Ethiopian’s River Basins with the study basin

and independence s

» Computation of stalistical param-
cters of selected stations within the ba-
sin o

% Selection of the best fit distribution
model using LMRD (L-Moment Ratio
Diagram) _

% Development of regional flood fre-
quency curve for all homogencous re-
gion

% Verification of measured flow data
with the theoretical data which is de-
rived from the regional curve

2.2. Source and Availability of Data

Time series data and topographical
map of the area is used for this study.
From time series data, peak series flow
data is the most important one for fit-
ting the historical data with the various
distribution models. From 78 hydro-
logical gauging stations in average of
25 years of flow data were collected
from the Ministry of Water Resource.
The digitized maps of the basin and
map of the delineated homogeneous re-
gions (A.Sine, 2004 page ...) map were
also used to find the average statistical
parameter of the stations in fitting the
model.

2.3. Literature Review

Many flood frequency distributions
have been suggested for modeling
flood flows, but none has been ac-
cepted universally. Cunnane (1989) has
listed the commonly used type of statis-
tical distributions in FFA. Choice of
distribution for AM series has received
wide spread attention. The choice of
distribution is influenced by many fac-

Water 9(1) December 2005

tors, such as methods of discrimination
between distributions, methods of estj-
mation parameters, the availability of
data, etc, Generally, there is no general
global agreement as to a preferable
technique of model choice and no
single one distribution accepted univer-

sally. For example,
A

# Log Pearson type III distribution
was recommended by U.S, Water Re-
source council (1967) for USA

> General Extreme Value (GEV) dis-
tribution was recommended by the
Natural Environmental Research coun-
cil. (NERC, 1975) for UK. and Ire-
land.

» Pearson type 111 was sclected by the
institute of Engineers in Australia etc.

In general the chosen distribution
should be (Cunnane, 1989) widely ac-
cepted, Simple and convenient to ap-
ply, Consistent, flexible or robust (low
sensibility to outliers, theoretically well
based (established) and Documented in
the Guide (WMO) or else where.

The importance of homogeneity for
flood frequency analysis has been dem-
onstrated by Hosking et al (1985),
Wiltshire (1986). Homogeneity im-
plies that regions having similar flood
generating mechanisms which can be
identified from statistical parameters of
historical data. A more specific defini-
tion of a homogeneous region is that
region which consists of sites having
the same standardized frequency distri-
butional form and parameters. Such a
region must be geographically continu-
ous and it forms a basic unit for carry-
ing out regional frequency analysis.

In regional flood frequency analy-
sis (RFFA), the established curve of
flood variate versus retum period can
be used for estimating flood quantiles
at any site within the region. For
ungauged sites, RFFA involves the
analysis of flood records of all gauged
sites in the region, summarizing each
record by few representative statistical
values calculated from it and then find-
ing a relation ship among these statistic
values and measurable catchment char-
acteristics. This will help to express
the ungauged flood variate in terms of
the gauged flood variate (Cunnane,
1985a).

3. Selection of Parameter
Estimation & Distribution Models

3.1. Distribution Models

For fitting flood series, many distri-
bution models are available: (Cunnane,
1989)
i- Normal and Related distributions
(Hazen, 1914)

- Normal distribution

- Log normal two parameters distri-
bution

- Log normal three parameters dis-
tribution
ii- The Gamma family

- Exponential distribution

- Two parameter Gamma distribu-
tion (Moran, 1957)

- Pearson Il distribution (Foster,
1924)

- Log Pearson IlI
(USWRC, 1967)
iii- Extreme Value distribution

distribution
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- Generalized extreme value distri-
bution (Jenkinson, 1955)

- Extreme value type 1 distribution
(Gumbel, 1941)

- Extreme value type [T distribution
(Gumbel, 1941)

- Extreme value type | distribution
(Jenkinson, 1969)

- Weibull distribution
Good Ridge, 1976)
iv- Wake-by distributions (Houghton,
1978 a)

- Five — Parameters Wake by distri-
bution

- Four — Parameters Wake by distri-
bution

- Generalized Pareto distribution,
v- Logistic distribution

- Log logistic
(Ahmad et. al. 1988)

- Generalized logistic distribution
(Ahmad, 1988)

( Wuand

distribution

3.2. Parameter estimation methods

Numerous parameter estimation
procedures have been proposed and
studied in order to investigate their per-
formance for various distributions
(GUO, 1990). These include

I. Method of Moments (MOM)

Itis one of the most commonly used
methods of estimating parameters of a
probability distribution. The estimates
of the paramcters of a probability dis-
tribution function are obtained by
equating the moments of the sample
with the moments of the probability
distribution function. It provides
simple calculations, but higher order
moment estimates are biased (Wallis,
et. al. 1974). Parameter estimation by
MOM is known to be biased and inefli-

cient especially with three parameter

distributions.
II. Method of Maximum Likelihood
(MLM)

Estimation by the Maximum Likeli-
hood (ML) method involves the choice
of parameter estimates that produce a
maximum probability of occurrence of
the observations. The parameter esti-
mates that maximize the likelihood
function are computed by partial differ-
entiation with respect to each param-
eters and setting these partial deriva-
tives equal to zero and finally solve the
resulting set of equations simulta-
neously. The equations are usually
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complex that can only be solved by nu-
merical techniques. Asa result of this
difficulty, the solution set may not
properly found. (Roa & Hamcd,"lOOO)
I11. Method of probability weighted
Moments (PWM). ) '
Parameter estimates are obtained in
this method, as in the case of MOM, by
equating moments of the distributions
with the corresponding sample mo-
ments of observed data. For a distribu-
tion with k parameters, the first k
sample moments are st equal to the
corresponding  population  moments.
The resulting equations are then solved
simultancously for the unknown pa-
rameters. Parameter estimation by
PWM, which is relatively new, is as
easy to apply as ordinary moments
(MOM), is usually unbiased and is al-
most as eflicient as ML.  Indeed in
small samples PWM may be as effi-
cient as ML. With a suitable choice of
distribution PWM estimation also con-
tributes to robustness and is attractive
from that point of view. Another attrac-
tion of the PWM method is that it can
be easily used in regional estimation
schemes. (Roa & Hamed, 2000)

3.3. Selection of Parameter
Estimation Methods

The selection of a distribution for
flood frequency analysis goes hand in
hand with the selection of the method
of parameter estimation. Parameters
estimated by any of the above methods
are subjected to sampling errors. While
a method may be efficient for one dis-
tribution it is not necessarily efficient
for other distributions.

There fore, to select the most ro-
bust flood estimation procedure

- Descriptive ability tests and

- Predictive ability tests have to be
applied.

4. Analysis and Result

4.1. Test for Independence and
Stationarity

It is usually assumed that all the
peak magnitudes in the AM series are
mutually independent in the statistical
sense. This assumption is usually justi-
fied. For preliminary statistical analy-
sis, the available flow data from 78 sta-
tions were checked for the existence of
dependence and persistence property
with annual maximum series using

T

a) Wald - Wolfowitz (W - W) teg

b) Lag-one serial correlation coefy;
cient test. i

Out of the analyzed data, 7 Station
were found to be dependent using W-\;
test and 7 stations were correlageg Us.
ing serial correlation test: out OfWhich
5 stations were common to both tests

For the dependent or correlateg
tions, the data were corrected usin
double mass curve analysis with the
neighboring stations.  For the ¢,
rected flow data the above testg Were
repeated which shows that three .
tions (113014, 113017 and 116005) re.
main persistent and dependent. Ag 5
result these stations were rejected frop,
further analysis.

Flood frequency analysis is one of
the investigations of extreme events, In
any time series data, outliers may or may
not exist. These outliers may come due
to personal error during recording and
inadequacy of measuring device or re-
ally due to very extreme condition of
natural phenomenon that is important
information for flood frequency analy-
sis. There fore, unless the source of the
outliers clearly identified, it is difficult
to remove outliers completely from
analysis. Outliers can be excluded from
the estimation procedurc only ifit is cer-
tain that AM flood can be adequately
modeled by a single known distribu-
tional form. (Cunnane, 1989)

As a result outliers test was not
done in this study. However, to avoid
the effect of outliers an efficient
method of parameter estimation like
PWM was used. Even if retained in
analysis, outliers have only a small ef-
fect if an efficient method of parameter

estimation (ML or PWM) is used.
(Cunnane, 1989)

4.2. Distribution Models

The distribution models that have
been used in this study were recom-
mended by WMO for AM flow data se-
ries. (Cunnane, 1989)

These are:- Normal distribution
(N), Two parameter Lognormal distri-
bution (LN2), Three parameter Log-
normal distribution (LN 3), Exponen-
tial distribution (EXP), Two parameter
Gamma distribution (Gam 2), Pearson
I distribution (P-III), Log Pearson III
distribution (LP-1IT), Generalized Ex-
treme value distribution (GEV), Ex-
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treme value Type | distribution (EV1),
Five parameters Wake by distribution
(WAK 5), Four parameters Wake by
distribution (WAK 4), Gencralized
Pareto distribution (GPar), Log Logis-
tic distribution (LLg) and Generalized
Logistic distribution (GLg). The math-
ematical expressions for the distribu-
tions are shown on the table 1.

4.3. Use of L — Moment Ratio
Diagrams

L-Moment ratio diagrams, LC_(t.)
versus LC, (t,), were used to identify ap-
propriate distribution to fit measured
flow serics ol a particular station. For a
given region, the sample L —moment ra-
tios, t, and t,, for each station as well as
their regional average were plotted on
the L — moment ratio diagram. The best
parent distribution is the one that the av-
erage value of the point (t,, t,) of all sta-
tions within the region gets close to it.

As mentioned before, it was shown
by Hosking (1990) that conventional
moment ratio diagram, C_and C, values,
from several samples drawn for difTer-
ent distributions lic close to a single line
on the graph and overlap each other of-
fering litle hope of identifying the
population distribution. In contrast, the
sample L — moment ratios plot as fairly
well separated groups and permit better
discrimination between the distribu-
tions. Thus, the identification of a parent
distribution could be achieved much
more easily by using L-moment ratio
diagrams than conventional MRD,, es-
pecially for skewed distribution.

Table 2: Selected candidate distributions for the homogeneous, regions in BNRB
- \ Averageregiomal | Selected candidate
‘| Regon | Lwomenis ¢, t, t) | dshibutien

[ Regimane [ (015,008,016) | GLogmeog mnml

[ Regimtwo [ (026,024,015) | Gunma/P-OyIP-mM
‘| Regimttree [ (038,030,0.19) | Logmommal

| Regimfowr [ (037,041,033) | GLogistic /GEV

[ Regimftre [ (0.56,063,049) [ G Lt-glsulc IGEV

| simieasaimmisnziczaan:

4.4, Result of Identifying the
Underlying Distribution

The obtained LMRD, for all re-
gions of each station and r(.gmndl aver-
age are shown in figure 2. Accordingly,
the most possible underlying candidate
distributions are summarized on the
table 2.

4.5 Parameter Estimation Methods

After a distribution or a number of
distributions are selected to fit the data,
their parameters were estimated with dif-
ferent methods. The three parameter esti-
mation methods used for evaluation arc;

Method of moment (MOM)

Method of maximum likelihood

(ML) and

Method of probability weighted

moments (PWM)

For the candidate distributions, as
chosen above, thirteen Distribution /
Method of Estimation (Denoted as D/
E) procedures were used in this re-
search. These are:

GLg /MOM, GLg / PWM, LN /
MOM, LN / ML, LN / PWM, Gam?2 /
MOM, Gam2 / ML, Gam2 / PWM, P

Table 3: Candidate distributions with
adopted methods of Parameter
estimation

Liethod of estmanan

Candidae
Drwbwins [ pqop [‘—'_"'"—| PWM
e et (e 4-"'-— - | x
[ X A B
Gumd X x | X
pm ¥ . X
1P X & | X
GEV X s st

[11/MOM, P 111/ PWM, LP [1I /MOM,
LP Il / PWM, GEV / MOM, GEV /
PWM.

For Generalized Logistic, General
Extreme Value, Pearson 11T and Log -
Pearson III distributions, ML param-
cter estimation method are not selected
because during the computation of the
parameters the solution set did not di-
verge (o real number. Of course thisis a
typical problem of ML method as men-
tioned in chapter three.

4. 6. Quantile Estimation and
Confidence Intervals
After the parameters of a distribu-
tion are cstimated, quantile estimates
(Q,) which correspond to different re-

LMoment Rado Dlagram vr Rglanalizd calong

LMoment Rado Diagram tr Rglonaliznd chianc
[}
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= pcriodS may be computed. The re-
:Srﬂ period is related to the probability

{non — exceedance (F) by the relation.
0

where F=F (Q.I? is lhe'probability
of having a flood of magnitude Q.I or
smaller. The problem thus reduces to
evaluating Q, or smal.ler. Thuj probllcm
(hus reduces O cvaluating Q'r fora given
value of F. Chow (196_4) proposed a
gcncral form for calculating Q as

5 Ul % K S, e (42

Where, K, = frequency _ factor
which is a function of return period and
paramelers of the distribution

U Mg = Moments of the distri-

pution which can be calculated by us-
ing the estimated parameters.

"It is clear that a point estimate of a
certain quantile corresponding to a re-
turn period may be of no real signifi-
cance unless there is an indication of
the accuracy of the estimate. Standard
error of estimate S, which is defined as
(Cunnane, 1989)

s=JE(0, - E 6,)7 - @3

The standard error of estimate ac-
counts for the error due to small
samples, but not the error due to the
choice of in appropnate distribution.
The standard error of estimate depends
in general on the method of parameter
estimation.

Consequently ecach method gives a
difference standard error of estimate. The
most efticient method is that which gives
the smallest standard error of estimate.

4.7, Selection of the Most Robust ..

Flood Estimation Procedure

Descriptive ability and predictive
ability tests have to be applied for
evaluating the above 13 D/E proce-
dures and come up with the most robust
flood frequency model for each region.

Descriptive Ability Test
One of the recent techniques, which
are introduced under descriptive ability
test, is goodness of fit measure. For the
already identified regions, goodness —
of — fit measure (2) helps to test

whether a given distribution fits the
data acceptably or not.
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For a chosen disln’bution, th

Z dist _

i N € goodness of fit measure Z4* is defined as:
T q4 — t i + ﬂ d
— 1Tt B,

- SPIE S O — 4.4)

\thm, T df.\l‘1

L-Kurtosis is value of (he distribution (according to Hosking 1990))

r, = rerac - - ;
L Theaverage L—mes\alucoomrxned from the available stations data within the region.
O 4 =Standard deviation of 4 Which is obtained by repeated simulation
of

a homogeneous region w
record lengths the same as t}

ﬂq :biGS Of )74

The steps involved in a goodness of fit test are:
I. Consider a distribution

ith the distribution under test and sites having flood
hose of the observed.

2. Fi T - -
2. Fiteach distribution to the group average L-moments / and ! 5. Denote

the L — Kurtosis of the fitted distribution by o

Where -

L, and L1 are as defined in chapter 4.
N = number of sites in a region
n. = record length at site i
3. Fit the considered distribution to the group average L — moments

4. Simulate a large number N, ., (500) of regions from the fitted distribution.
For the m™ simulated region calculate the regional average L-skew ness

"y and L - Kutrosis I L

1. Calculate the bias and standard deviation of f , Using

F- 7))

N

’V‘v!m ul

siml
0.5
o, =| N,,-1)"

siml

- Nsiml ﬂ 24 (4.8)

A small value of Z . implies that the considered distribution can be accepteq as
the true underlying frequency distribution for the region. According to Hosking
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and Wallis (1993) if

| 7 dist l < 1.64, The distribution

is acceptable.

Predictive Ability Test

Predictive ability tests investigate
how well a distribution and its associ-
ated method of parameter estimation
can estimate the Q — T relation ship or
the frequency of future events when the
population distribution is not identical
1o that of the proposed distribution.

The indicators which are used o
test the predictive ability property of a
distribution — method of parameter cs-
timation (D/E) procedure are:

Bizm(%)= z [ Qr - QTJ

=r

x 100 4.9)

Standard  error

(S (%) =
Q,

x 100 (4.10)

mm(%)—lz—(gr—(;rg—r)l— x 100 (4.11)

Where, Q + = Population value of
standardized flood.

Qr = Estimated value of standard-

ized flood Quintile

The selected D/E procedures are
used and sample sizes of 10, 30 and 50
are generated for unit mean and the
computed weighted average values of
Cv and Cs of each region in selecting a
robust D/E procedure.

For a given parent distribution,
sample size and return period, the
simulation procedure comprises the
following.

a) From regional statistics, estimate
the parameters and then calculate the
true flood quantile.

b) Generate a sample size of n from
an assumed parent distribution

c) Fit each of D/E procedures to the

synthetic data and estimate quantiles

d) Repeat steps a and b 1000 times
to arrive at 1000 quantile estimates of

e) Estimate sampling distribution of
values obtained in step C.
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Table 4. Selected of distributions for the regions

in BNRB using - Goodpesg of fit
i 1Crre
rieasyy,

Candidate Goodness of fit :
Region distrildicns Measure (2°") | Reman, a
LN 001 T T
(ne Glg 0102 Desirabls
Gamna 0059
Do P-IN/LP-IO 0059 o e
[ Ttree [ LW [ 00002 R
—
GlLg 000l | Desirable
Four GEV N po3
GLlg 0 0032
Five GEV 00030 Desirble
oo o e e e A P R Y B R R A A -

Table 5. Selected D/E procedures for the regions in BNRB by Comparison of

measured quantiles with the simulated one

| _ Selected Procedure
Regitn Distriladicntype Parameter |

| estimaticnmethod

[ Ome [ oLg | One

| Two | LemI 1| Two

| Three R LH i Three

| Four | GLg [ Fowr :

| Free | GEV | g

f) Apply the respective formula for
cach test (bias, se, rmse) to get their val-
ues for the considered D/E procedure,
return period (T) and sample size (n).

The procedures giving the least esti-
mator values are thus considered in the
selection of the most robust flood esti-

mation procedure for a given regjon.
However, due to time constraint and
difficulty of writing programs which
generate the synthetic data for different
distributions, in place of predictive abil-
ity test, the following tests were used for
selection of D/E procedure in addition

Regional Flood Frequency Curves for regionsin Abbay basn
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Fre

4.8. Result for Selection of
Parameter Estimation Method
I) Goodness of fit Measure
The results are obtained for good-
ness of fit on table 4.

[ oLgsPwnt |[ GEV/PWM |

[ Twro [ Twee

[ Lp- IIIrMOM i LN/3LM

[Regem | One
[D/E [ oLg/Fwna

Table 7: Selected D/E p: ‘ocedures for BNRB regions based on SEE

Methodof

R Distribadion . .
* @ 1 iR to description ability test. (1) Comparison of simulated
Regonl [ G Logiaic [ »wm Comparison of simulated quantiles  quantiles with measured flow
| ::",m; : i"‘ e : SO using different D/E procedure with the In this case, the simulated quantiles
gon 0g Narmm 1 PV . y: ¢ 4 ¢
[Fegmt (5 Tpa v actual ﬂ09d quantiles. . 0f" eacfh region using the candidate dis-
Rgm 3 [ Bwems vike | PWH Selection of the most efficient tributions with the selected D/E proce-

Table 4.6: Recommended D/E
procedures for BNRB regions

.
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method that gives the smallest standard
error of estimate (Cunnane, 1989)
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dure has been compared with the actual
flow of each station within that region.
This method was used in identifying

21




the most robust procedure to determine
the fMlood frequency curve of the sta-
tions. Accordingly, the resulls were
drawn out in table 5.

IIT)  Smallest standard error of es-
timate (SEE)

The standard errors of the candidate
distribution for different return period
were computed to select the best D/ E
procedure which have smaller value,
The result is shown in the table 6.SEE

Based on the the table 6 SEE result,
the distributions have been selected for
the regions in BNRB in table 7.

4.9. Derivation of Regional
Frequency Curve for the
Homogeneous Regions

According to the results obtained
above, the following distributions were
found to be the best procedure for de-
scribing the AM flood series and for
predicting acceptable flood estimates
for the five regions.

Finally for cach region, the regional
flood frequency curves were developed
for standardized flood variate of different
retum periods as shown in Figure 3.

5.Conclusion and

Recommendation

5.1.Conclusion

The L — Moment ratio diagram pro-
vides a practical method to identify the
underlying distribution for a given re-
gion. The use of the L — Moment ratio
diagram is very convenient in that one
can compare the fit of several distribu-
tions using are superior to conventional
moment ratios because the former are
functions of probability weighted mo-
ments and less biased than ordinary
moments.

DifTerent tests were applied to se-
lect the most robust parameter estima-
tion method. From the result, PWM
were found to be the vigorous method
for estimation of parameter for all re-
gions except region 2 by MOM
method. For all regions, five regional
frequency curves were determined with
the standardized flow series, which is
important to estimate the quantiles of
ungauged regions within that region af-
ter estimating the mean flood from
catchment characteristics by develop-
ing regression model.

22

5.2. Recommendation

PWM parameter estimation method
is found to be the most efTicient method
for majority of distributions used in
Blue Nile River Basin. In region two,
some of the observed flow data are out
of the confidence interval limits for
higher return period. This shows that
the parameter estimation method,
MOM, is not efficient in the prescnce
of outliers.
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Tomato Yield Response to Watering
pepth and Interval

Field experiments were carried out at the ex
1996/97, 1998/99 and 2001/02 cool cropping seaso
Awash Valley to establish irrigation scheduling f

expcr

of tomato (592.15 mm) was cestimated using Penman-Monthieth, Wj
60 mm depth of water application and 14 days interval at 100 mm d
ments could range between 926.8 and 1176.8 mm. These irrigation r
tion of tomato under the climatic condition of Middle Awash Valle

Introduction

Tomato is one of the most important
high value crops of Ethiopia. In the
Awash valley, it is raised by small farm-
ers and large-scale plantation for mar-
keting and processing, respectively. In
the Middle Awash valley, although cot-
ton is the main sole crop grown by state
farms, tomato is also an important veg-
etable crop cultivated by private farm-
ers. The region has got excellent poten-
tial for large-scale farming. However,
productivity of the farming communi-
ties largely depends on efficient use of
water and proper irrigation scheduling
techniques.

The importance of proper irrigation
practices for optimum crop production
needs no emphasis. Water should be
applied to the crop in the correct
amount at the proper time to obtain op-
timum yield. Both under and over irri-
gation practices would affect crop
yvield. Improper irrigation management
practices not only waste water re-
sources but also decrease the crop
yield.

Optimal production of tomato
could be achieved with proper irriga-
tion scheduling in which the amount
and interval of irrigation is determined.
Climate is the major variables that gov-
ern the timing and amount of irrigation.
Therefore, it is very important to de-
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iment consisted five levels of irrigation intervals 5,7
depths (50, 60, 75, 100 and 125 rflm) as sub plot. The 25 tre
tions. The response of tomato yield to irrigation depth an
highest yield of 462.5 q/h_a was obtained for irrigation sc
much yield differences with five days interval, The irriga
resulted in higher water use efficiency (4.9 g/lt) and this
and 14 days interval with 60 and 100 mm depth of water,

Abstract

or an o

Y.

velop irrigation scheduling under the
prevailing climatic condition. Numer-
ous studies have been reported in the
past on the development and tech-
niques of irrigation scheduling under
different climate and management
practices (Jensen et al., 1970; Singh,
1987; Wanjura et al., 1990; Fapohunda,
1992; Singh and Mohan, 1994; Imtiyaz
etal. 1995; Mgadla et al., 1995; Imtiyaz
et al., 1996; Steele et al., 1997).

A tomato plant is deep rooted and
requires deeply wetted soil. Moisture
deficits adversely affect growth and
yield. Small and frequent irrigations
also assure good germination and early
development.

The objective of this study was to
determine optimum irrigation interval
and watering depth for an optimum
yield and water use efficiency of to-
mato crop.

Materials and Methods

Field experiment was conducted for
three years to determine watering depth
and interval for tomato at Werer Agri-
cultural Research Center. The soil of
the study area is brown alluvial soil
having sandy-clay-loam to silty-clay
loam texture. Soil physical and chemi-
cal properties show that they have no
apparent constraints to crop produc-
tion. Basic infiltration rate ranged from

Tilahun Hordofa, Schimeles A., Moltot
Z., Lijalem Z., Melkassa ARC

perimental farm of Werer Agricultural Research Center during
" on alluvial soil (sandy-clay-loam to silty-clay loam) of Middle
ptimum yield and water use efficiency tomato crop. The
» 10,12 and 14 days) as main plot and five levels of watering
atments were laid out in a split-plot design in four replica-
d interval was significant only for irrigation interval. The
heduled at ten days interval that has shown practically no
tion applied at ten days interval with 50 mm depth of water
was not significantly different than irrigation applied at 10
» respectively. The average seasonal crop water requirement
th irrigation regime of ten days interval at 50 and
epth of water, the seasonal net irrigation require-
egimes seem to be optimum for sustained produc-

10 to 15 mm hr' whilst Ece and pH are
in the range of 1.1 to 1.4 dS m™' and 8.0
to 8.2, respectively. The climate of the
area is characterized as hot and dry dur-
ing main cropping season of May to
July and mild cool during second crop-
ping season of September to February.

Tomato variety marglobe was
seeded during 1996/97, 1998/99 and
2001/02 cool cropping season in mid
August on nursery and transplanted to
field plots of 4 by 4 m size. Transplant-
ing time adopted in the area was mid
September. The seedlings were trans-
planted on ridges of 80 cm at a spacing
of 40 cm between plants.

The treatments consisting five lev-
els of irrigation intervals, viz., 5, 7, 10,
12 and 14 days as main plot and five
levels of watering depths, viz., 50, 60,
75, 100 and 125 mm as sub plot, were
arranged in 4 replicates in split-plot de-
sign.

Four common irrigations of 50 mm
were given to each treatment at five
days interval before commencing the
differential irrigation to insure plant es-
tablishment.

Quantities of irrigation water to be
applied to each treatment-plot were
predetermined and Parshal flume de-
vice was used for supplying the prede-
termined amount of irrigation water.
All cultural practices other than treat-
ment variables were the standard prac-
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tices recommended for the area. Plot to

plot yield data was collected for final
analysis,

Results and Discussion

Yield result of tomato from
three years combined analysis is given
in Table 1. The response of tomato
yield to irrigation depth and interval
was significant only for irrigation inter-
val. The amount and interaction were
found to be statistically not significant.
Yields obtained at the different levels
of irrigation interval and depth during
the study period of 1996/7, 1998/9 and
2001/02 are given in Table 2 and 3. Ex-
cept during 2001/02 iTrigation interval
has shown significant yicld differences
while watering depth has shown sig-
nificant yield differences only during
1996/7.

The three years combined analysis
has shown highly significant (P<0.01)
yield difference for the different inter-
vals of irrigation, Five, seven and ten
days intervals were superior to 12 and
14 days intervals. The maximum yield
0f 462.5 g/ha was obtained at ten days
interval that has shown practically no
much yield differences with five days
interval. A twelve days irrigation inter-
val has given the lowest yield of 365.1
g/ha.

Yield of tomato has shown no sig-
nificant difference for the different lev-
els of amount. While the mean yield of
tomato for the experiment was 430. 1 q/
ha, maximum and minimum yield of
452.6 and 386.5 q/ha was obtained at
100 and 75 mm of irmigation water ap-
plication, respectively.

The yield difference obtained for
the different levels of irrigation interval
and amount interaction was not signifi-
cant. However irrigation application at
12 days interval with an amount of 60,
75 and 100 mm and 14 days interval
with an amount of 75 mm seem to be
inferior particularly to five days inter-
val with an amount of 50 mm. The five,

seven and ten days irrigation interval in
combination with all amounts seem to
yield better compared to that of 12 days
interval combined with all amounts and
14 days interval combined with
amounts of 50 and 100 mm. The high-
est yield of 539.9 g/ha was obtained for
an irrigation interval of five days and
50 mm of water application. Irrigation
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given at seven and ten days interval
with an amount of 100 and 125 mm, re-
spectively, gave better and comparable
to the highest yield. :

In 1996/7, 50, 100 and 125 mm of
irrigation were superior to 75 mm of ir-
rigation and 5, 7 and 10 days irrigation
interval are superior to 12 and 14 days
irigation interval. Irrigation applica-
tion of 50 mm at 5 days interval gave
the highest yield whilst 100 mm at 5
and 7 days interval and 60 mm at 10
days interval gave better yield than any
other treatments.

In 1998/9, 7 days interval was supe-
rior to 12 and 14 days interval while 5
and 10 days interval were superior to
12 days interval. Irrigation application
of 60mm at S days interval gave the
highest yield whilst 75Smm at 5 days in-
terval and 50, 60 and 100mm at 7 days
interval gave better yield than any other
treatments

During 2001/02, 14 days interval
gave the highest mean yield and 50 mm
ofirrigation application gave the high-
est mean yield. The highest tomato
yield was obtained from an irrigation
application of 60 mm at 5 days interval.

Water use efficiency (WUE) has
been computed as the ratio between the
yield obtained per hectare and the wa-
ter applied. WUE has been obtained
from three years combined yield data.
The number of irrigations, the (otal
amount of water applied after trans-
planting and water use efficiency is
given in Table 4. The amount of water
applied for the season ranged from 450
mm to 3125 mm. The rainfal] during
the same season varied from 47 10 110
mm. Water use efficiency has been cal-
culated for the treatments having yields
above grand mean yield. The highest
water use efficiency of 4.9 g/lt. has

Table 1. Effect of irrigation interval and dep

been obtained for jry rati
ten days interval wig, 50 mn?DDlied al
water which was noy
ferent than irrigation
14 days interval wigy g and | N ang
depth of water, TeSpectively, . Mm
applied at five and seven days ; Latj,

with the amounts of 5 and g Meryy,
waler, Tespectively, were also _eem 0
be better in terms of oy, yield andm ly
ter use efficiency, Irrigation appl; Va.
S days interval with 100 gy o
gave the lowest water yse effici e
1.7 g/lt.

Irrigation application of
mm depth of water at § days Mieryg
gave consistently better yield jp the
thrée years, study. Ne\'crlllclcss, im-g&
tion application of 50 and 6 mm acpth
of watering at 10 days interva| can be
considered best optimum irmigation re,
gime when considering yield and Water
use cfficiency.

. ¢
mgniﬁc;imr;h of
applieq aty dif.

50 ang 60

The crop water requirement of to.
mato  calculated  using Penman.
Monthieth method was 592,15 mm,
With irrigation regime of ten daysinger.
val at 50 and 60 mm depth of water ap-
plication and 14 days interval at 100
mm depth of water, the seasana] net jr-
rigation requirements could range be-
tween 926.8 and 1176.8 mm. These ir-
rigation regimes seem to be optimum
for sustainable production of tomato
under the climatic condition of Middle
Awash Valley. The number of irrigation
at 10 and 14 days irrigation interyal
were 13 and 9, respectively,

Conclusion and

recommendation

In this study, irrigation interval did
not differ significantly in one out of
three year’s seasons whilst depth of

th of water application on yield of

fomato (q/ha)
| Amount Mean
i (mm) Interval ( Days) (Amounty

5 7 10 12 14 .
! - LSD  Interval Amount Interaction
50 5399 |423.0 4532 {2062 3064 (419 5 %- (qrha) 41.2 NS NS
60 4698 |473.0 |a43 [3577 ‘4108 |aa1o 1 %-(g/ha) 55.3 NS NS
; S. E-(q/ha) 14.4 167374
75 421,2 403.3 297 13185 3539 £B5

100 lagB1 [s2.3 |a29 |wss assy laszs

CH-(%) 259 302

125 4242 14518 |5024 |3234 3764 (@75

| Mean 14622 [4833  |®25 |51 4023 01

[ (Interval
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ino did not differ significantly in
IS ,cof three seasons. The interac-
t?vo g::wceﬂ interval and depth of wa-
tion were not significantly different
Fer;?lgmrec seasons. Optimum con‘lbina-
- of irrigation regimes were irriga-
t!Ons- lied at 10 days interval with 50
tlo%?&m depth of watering. Second
orSt optimum combination of irrigation
E:gime was irrigation applied at 14
days interval with 100 mm depth of

waltcr.

Table 2. Effect of irrigation amount on
tomato yield

Ipmouni Amount- mean tomato

w Yeld@hd
| 199877 1059 |200102
) 7545™ |[120.4" lan7*
L
‘€0 7510" [1843" |swo3*
e
75 g229 " 1728* |34
l100 g35.0™ [181.1* |se15*
125 7605" 1677 |3a54"

Numbers carrying the same letter are not
significantly different at 5 % level.

Table 3. Effect of irrigation interval
on tomato yield

rlnterval Interval - mean tomato yield (q/ha)
i 1985/7 10038 |200102
©@as)
's ~8513*  |1778* [es7.6"
7. 81" |1ese* |40t
10 8218* 120" |=83.7*%
2 586.0"° 121° |s7e.2*
14 847.9° 1576 |a01.3*

Numbers carrying the same letter are not
significantly different at 5 % level.
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Table 4. Eﬁecl

of irrigation interval and depth of water application on water use

efficiency
P
| IMerval | Amourt [ Number [Totalimigaton] vield |Water me
| (D ays) | (mm) o (mm)y (q/ha) | efficiency
: | irrigation (g't)
P50 25 15268 58 |35
5 |60 25 17768 a8 |28
LI 25 2151.8 421.2
N R T 2776 8 ae61 |17
[125 25 39138 4242
7 50 18 1176.8 423.9
? €0 18 1356 8 4720 |35
75 18 1626.8 408.3
z [100 18 2076.8 5203 |25
! [25 Ts 2526.8 4518 |18
10 50 13 9268 9532 |48
‘ 60 13 1056.8 443 |47
i 75 13 1251.8 4297
i 100 13 15768 g |27
| 1125 13 12018 5024 |28
11‘2*0‘_%_‘,52_» K 826.8 388.2
.f o 1 jems sz |
{ 175 11 1101.8 319.5
! 1100 11 1378.8 368.8
S - 1651.8 c<A N
14 |50 9 7288 R
| len 9 816.8 419.6
75 o a51.8 353.0
. 100 9 1176.8 ae57 |40
| 1126 |8 14901.8 3781 |
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Mapping of Subsurface Features Relateg
to Groundwater Occurrences (Geophysicy
Case Studies from Somali and Tigrai

Regions)

This paper deals with the results of resistivity surveys in R
Ethiopia) conducted for groundwater explorations.

are attributed to dry sand, silt and

19-48 at places up to 72 W-
and delineated as the most

suitable environment for
m) resting on the basement is m
exploitation of groundwater, wh
confirmed the occurrence of gr

Introduction

The entire rural community of
Ethiopia gets drinking water from
hand-dug wells and nearby ponds,
streams and/or rivers. But cities like
Addis Ababa, Mckele, Bahar Dar,
Nazareth, Awassa, Dire Dawa, Dessie,
Harar, Jijiga and many others are
heavily dependent upon groundwater
to meet their municipal and industrial
water  supply needs. Fortunately,
groundwater resources and distribu-
tions are always related to certain fa-
vorable lithologies and/or structures,
such as basins, local depressions as
well as voids and openings in rocks
(faults, fracture patterns, joints,
beddings and conlacts) that act as
places for water storage or channels of
circulations. Of course, due to salinity
and other quality problems, water oc-
curred in'the’ subsurface may not al-
ways be  suitable for domestic,
irfigational or jndustrial purposes.
" In any, case to satisfy the
community’s water demand utilization
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oundwater storage. The substratum,
05 W-m) than the overlying satur

m, resistivity variations is inte
favorable for groundwater
limestone bed (with a thickness of 40-100 meters),

Dr. Getnet Mewa, Geolog

ical Sm'vey of

E’/H.G[)l'a, P.O.Box 21643, A.A, E.rhiop,'a

Abstract

of appropriate exploration techniques
enabling delineation of sujtable geo-
logical features, where groundwater
occurs remains to be the primary objec-
tive of hydrogeology. Experiences
gained so far witness that geophysical
methods play a decisive role in identi-
fying locations of such features, define
their size and infer the groundwater
qualities (salinity). The advantages of

_probing several thousands of meters

into the earth at a least expense without
affecting the ground so that the envi-
ronmental remains safe also makes
geophysical techniques the preferred
and appropriate tool for groundwater
exploration in different geological situ-
ations.

Therefore, among the gcophysical
techniques, the electrical resistivity
method was implemented in two sepa-
rate sites, Raya Valley and Horakelifo,
situated in northern and eastern Ethio-
pia respectively. In Raya Valley the
electrical sounding (VES) was carried
out following the route between
Alamata and Mohoni townships

aya Valley (northern Ethiopia) and Horakelifo
The surveys carried out in Raya Valley have delineateq
geoelectric layers. The upper three thin layers, with 5-7 meters cumulative thickness and 139-155 W-m resisti

sandy clay responses. The third and fourth layers, with thickness variation
90 meters and resistivities of 12-38 W-m

classified as the promising one for gr
basalt, shows resistivities higher (47-1
Horafelifo up to eight geoelectric laye

which fulfils the quality of
pore fluid accumulation by the upper sandy
apped in the depth range of 350-800
ich may be stored in this unit, will be
oundwater in both are
borehole data (acquired in the vicinity of Alamata to
ducted during the fieldwork revealed good similarities.

(eastery,
up to six
Vil‘ies,
of 1.

» are interpreted as effects of a saturated coarse sand/sandy-gravel bed anq
represented by fractured and Wwea
ated layer.Based on resistivity survey data g¢
I's are differentiated. Among these the layer with 40-100 meters thickness ang
rpreted to be the response of a coarse sand/sandy gravel peg
occurrence. This unit is underlain by a resistive (276-680 W-m)
an impermeable horizon and Creating
gravel bed. Another conductive layer (27-56 W.
meters. But due to its great depth of occurrence,
expensive. Boreholes information received later
as in the suggested depth ranges. Particularly, comparisons of
wn) with resistivity survey results from Raya Valley that con-

thereq

(39%30°- 39950 longitude and 12°17'-
12° 50N latitude). Meanwhile, the
Horakelifo site is situated in Jijiga
Zone (Somali Region) about 32 km
southeast of Kebrebeyah town with
nearly 8 km offset from the Jijiga-
Degahabour road. The coordinates
bounding the survey site are 295440F—
295597 E and 974937N-975242 N.
The Raya valley and Horakelifo
survey sites are found at an altitude of
about 1330 and 1400-1700 meters
above sea level respectively. Thus, both
areas have fairly flat topography and
mostly covered by sand and silt. As the
sediment cover in both cases is thick,
there is no any better means of acquir-
ing subsurface information that assist
the groundwater exploration endeavors
other than the geophysical methods.
Conducting drilling without consider-
ing subsurface data could bring about
negative consequences as it bears high
degree of risk in terms of exploration
cost. From the point of these views, re-
sistivity surveys were conducted with
ultimate targets of understanding the
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a) Raya Valley;

subsurface geology and locate suitable
test bore holes sites verifying whether
water is available or not in a reasonable
depth range and also infer its useful-
ness for drinking purposes.

Objectives

With the above general consider-
ations, the resistivity surveys in Raya
Valley and Horakelifo sites were under-
taken to meet the following specific
objectives:

Determine  thicknesses and
resistivities of the sedimentary units
comprising the geologic sections and
delineate those possibly related to
groundwater.

- Map structurally disturbed zones,
which may serve as conduits for
groundwater to flow into or out of the
aquifers;

Based on results of resistivity data
analyses, locating suitable sites for test
borehole and estimating the degree of
salinity of the anticipated subsurface
fluid were also parts of the survey ob-
jectives.

Survey Methodology

In both areas the Schlumberger
configuration was used. In Raya valley
220 km long profile was surveyed with
VES stations separations from 1500 to
5000 meters. The maximum spread of
the depth probes was AB/2=500
meters. Meanwhile, VES stations at

water 9(1) December 2005
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Figure 1. Location map of the survey areas

Horakelifo were located at 200-250
meters gap. Measurements were con-
ducted along two, nearly perpendicu-
larly aligned, short profiles using a
maxiunum spacing of AB/2=1500
meters. The equipment system con-
sisted of a 3KW Time/Frequency Do-
main transmitter and IPR-10A Time
Domain IP/Resistivity receiver. To
minimize resistivity variations that may
arise due to anisotropic characters of
the subsurface units, the alignment of
electrodes’ spreads along each profile
was maintained as similar as possible.

Results revealed different kinds of
VES curves that indicated variations of
layers numbers and their physical char-
acteristics. Interpretation of VES
curves was initially done by curve-
matching techniques using two- and
three- layers master curves. Initial
model parameters (depth/thickness and
resistivities) obtained by such methods
were then improved through iterative
processes of curve generation and fit-
ting using computer-assisted programs.
Finally, the results are displayed as
geoelectric sections, from which prob-
able targets of groundwater occur-
rences can be differentiated.

Results And Discussions

Raya Valley

The electrical resistivity survey was
carried out to delineate probable zones
of saturation (aquifers) within the sedi-

MESIPTR IR | |,
E an s 3 g s k|
LA % torsmesia ey she

: ,‘:‘ o

b) Horakelifo.

mentary column, determine their exten-
sions and also delineate structurally
weak zones, which may serve as con-
duits for groundwater to flow into or
out of the aquifers. The total length of
the profile was 23 km and along it VES
points were located at an interval vary-
ing from 2 to 3.5 km. The maximum
spread of the current electrodes was
AB/2=500 meters.

Based on resistivity contrasts and
significance of layers for groundwater
storage, the whole section is classified
into three distinct groups of geoelectric
layers. The first group includes the up-
per thin {ayers with resistivities of 139-
155 W-m and total thickness 5-7
meters. Due to slight variations of com-
positions, grain sizes and moisture con-
tents of the sand, silt and sandy clay
horizons, such minor fluctuations of
resistivities could be observed. The
second group comprises the intermedi-
ate two layers whose total thickness
varies from 10 meters around Huda-
Hula Ridge (V-6 and V-7) to 90 meters
around Alamata (V-2). This group is
characterized by comparatively low
resistivities (12 - 38 W-m). Lithologi-
cally, these low responses are attributed
to saturated coarse sand - sandy-gravel
beds. The third group represents the
bottom layer, which is characterized by
values ranging between 47 and 105 W-
m. It interpreted to be due to a relatively
hard formation, which is slightly frac-
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tured and weathered basaltic b(:dr.OCk-f
seological point ©
From the hydrogeolog "
view, the laycrs classified in the %LLC;l;d
group and imerprclcd as co.lrsc,l S oy
and sandy gr:m:l responses arc the
varable ones for water storage- MC"“"
while, the underlying rcsishvc_ forma-
tion (slightly weathered basaltic rock)
serves as an impcnncable bed prevent-
ing the percolation of pore fluids frm?
the overlying aquifer. These gcophyg-
cal results were later compared with
borchole data. Accordingly, at borchole
drilled very close 1o the V-1 (at the
porehole drilled for the Alamata water
supply) the water table lies at a depth of
96 meters, whereas the resistivity data
indicates a depth of about 85 meters,
which shows only a +3 % difference.
Figure 3. Geoclectric section of the
Were Abaye survey site (Raya Valley).
It must be noted that at V-3 the re-
sistivity values are low (4-9 W-m) com-
pared to those at the neighboring sta-
tions. At a depth of 100 meters, which
is the top of the hard impermeable bed,

the resistivity values are in the range of

18-28 W-m only. These low responses
indicate the conductive nature of the
subsurface. During the ficld study vari-
ous hand-dug wells were obscrved
around V-3 and in this particular local-
ity due to its green naturc serves as a
grazing land. Besides, domestic ani-
mals were seen eating not only the
grass, but sometimes the soil too.These
facts are indications of shallow ground-
water, which may be saline to some ex-
tent. Hence the significance difference
of resistivity values observed at V-3 for
all layer the subsurface through which
slightly saline water moves upward.

el

1340

Elevation (a.m a.I)
(meters)

1340y

1300 |

Horakelifo Area
The sounding curves from this area
: . . but a systcmallc
are of different types: oy
= | . of high and low resistiv
interchanging ol hig )
: alnes | bscrvcd, As Lo the data,
ity values 1s 008 VS pdlbts
the subsurface features ‘ﬂt : I]’ Lof
V-1 and V-2 slightly differ from l;d ;
V.3 and V-4. Al V-1 ﬂﬁd V-2 siX
gcoclcctric Jayers arc idcnuﬁcdlm(fjc;l,i;
ing the substratun. Bul.ul V-3 an ‘
one additional layer, with apparcm re-
sistivity values relatively higher t]}an
the immediate overlying or undc.rlymg
units (figure 2a), 15 delineated in the
depth range of 60-120 meters. Gcnz?r-
ally, the upper thin layers, with
resistivities ranging from 17 to 58 W-
m, have cumulative thickness of 2-14
meters. Among these, the second layer
is relatively conductive (17 W-m) and
3-4 melers thickness at stations V-3 and
V-5. This low response may be duc to
slightly increased moisture content. A
relatively thin Jayer of 0.2-2.3 mectlers
thickness and 24-409 W-m resistivity is
identified in the depth range of 3-3.5
meters. During the course of field sur-
vey hand-dug wells, with depth of
about 2.6-3.0 meters were observed,
from which the local people are secn
fetching water for domeslic purposcs
and also animal drinking. Therefore, it
is possible to conclude that water 1s as-
sociated with the second low resistivity
bed, whereas the third resistive layer
acts as an impermeable bed and taps the
shallow water exploited by the local
community.
The fourth layer shows resistivities
ranging from | to 15 W-m and its thick-
ness varyies from 13 meters (at station

LEGEND
[ 7] sity sand

7] Coarse sand with bouiders m Weathersd basalt

$5id Coarse sand /sand gravel

V-2) to 50 meters (at stationg Vi
V-4). These tesponses, which, ,
tected throughout the line, i = :
uted to a stratum of sandy clay Cs‘tﬂb.
sition with considerable mOiSturem
tent. Underlying it, but only a¢ Slal?o 3
V-3 and V-4, a layer with high Fosl lqns
ity and thickness ranges (11510 18 ;nv.
m and 50-80 meters respective] W
mapped. This response is a“ribulgd is
dry sand. o
The layer underlying the above-(jg
cussed ones is characterized b-
resistivities 19-48 W-m, at places up
72 W-m, and thickness range of |000
245 meters. Its minimum thickness i
inferred around station V-1 and e
maximum at V-3. This low resistivity i
interpreted due to saturated coarse sang
with gravel and hence suggested to be
the favorable horizon for water storage,
From the anomalies’ amplitude the
fluid pores do not seem to be saline and
{hus suitable for human and animal life,
A strong resistive layer, with values
ranging from 276 to 680 W-m and
thickness varying from nearly 40
meters at station V-1 to 100 meters
around station V-2 is delincated below
{he saturated coarse sand/sandy gravel
bed. This enhanced response is inter-
preted to be due to a limestone bed.
This resistive bed fulfils the condi-
tion of a stable acquiclude that prevents
further percolation of pore fluids from
the overlying sandy gravel bed. At sta-
tion V-1 the top of this resistive bed oc-
curs at a depth range 150-190 meters,
whereas at station V-2 it lies at a depth
of about 360 melers. However, the bot-
tom of this resistive layer and the oc-
currence of other layers identified at

and

" Va8

N
34 -
"-__.a-"‘-),."

Fractured zone

(51 ) Formation resistivity
V.2 VES stations

Scale
™
mny rm—

e 1 2 3 4 §
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Figure 2. Generalized geoelectric section along the Alamata-Kukufiu traverse (Raya Valley)
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Figure 3. Geoelectric section of the Were Abaye survey site (Raya Valley).
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coarse sand bed to accumulate suffi-
cient fluid in free spaces. However,
even if groundwater would be discov-
ered associated with this bed, the great
depth of occurrence will make the ex-
ploitation very expensive and hence
does not attracts much.

Conclusions

Survey results from both areas de-
lineated target with groundwater poten-
tials. In all cases such targets are char-
acterized by moderately low apparent
resistivity value (<30-40W-m) are at-
tributed to layers of coarse sand/sandy
gravel compositions. The depth
groundwater of occurrences extends to
100-120 meters at Raya valley, 70 to
230 meters at Horakelifo. The ampli-
tudes of resistivity anomalies suggest

NE
2DES4 E9TH042 N 2MITEI EATEZZI M

LI2END
E Sty amed
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Sandy chay

8 ) omea
B

4 EZ] timostonn

-
Q
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(meters)

)

o

Depth from the ground surface

R

g

M0

(@)

stations V-1, V-2 and V-5 is not con-
firmed by this data. But a general pic-
ture about the geologic section of the
area 1s acquired from stations V-2 and
V-5. At stations, where the lower satu-
rated bed and the basecment are not
mapped, it may be necessary to try to
map using a wider electrodes’ spread
with more powerful equipment.

From the depth ranges of 300-400
meters up to 800-1000 meters a layer
with a resistivity range of 28-98 W-m
and thickness of ~500-550 meters is
mapped. This relatively low resistive
formation is interpreted to be a re-
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sponse of coarse sand with rock frag-
ments. At stations V-2 and V-5 the
depth to the bottom of this layer is esti-
mated to be about 900-930 and 780-
820 meters respectively (figure 2a). It
is inferred that this low resistive and
thick bed is the second aquifer, whose
groundwater potential may be con-
trolled by the regional trend of the un-
derlying high resistive (1635 and 2018
¢U W-m) formation interpreted as a
basement response (figure 2b). The re-
sistivity responses indicate the moder-
ately massive nature of the basement
top and hence allow the overlying

Gener ated by CantScanner fromintsig.com
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Figure 2. Representative geoelectric sections along two survey lines of the Horakelifo site.

that the salinity of the groundwater it
low, and therefore suitably used for
drinking and other purposes. However,
at Raya Valley around V-4 and V-5 the
salinity may be relatively enhanced due
to where the fractured character of the
bottom layer which could bring saline
solution from depth. Besides, at
Horakelifo another probable aquifer
zone sandwiched from top by lime-
stone from bottom by the basement.
But its depth doesn’t make the explora-
tion, and more than this the exploita-
tion, very expensive.
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Preliminary Rainfall and Stream |=|0w

Analysis prior to Water Resource

planning study

i ies is of paramount jm
L inf: tream flow time series is :
liminary analysis of rainfall and s ] iy
la:r:itn]umstudr; Spcr)r’nan Rank Order Correlation (S‘ROC) _and "“;dml;n[:"c(ﬁo S:
lz:nd ran!:iomne;s of rainfall and stream flow data series, which couE" e S
ituation i hio
flow, which would contribute for the recurrent drought situation in

rainfall at Addis Ababa, the monthly

rainfall at DeberZeit and Melkassa
Kunure and Melka Hombole is trend free, showing thnt. lhc_.dalta c.m;l(lll!)
process with no effort to remove the trend. Most of the historical rainfa a
study were random which confirmed the recurrent erra

2003, Addis 4. Ethj

Abstarct

Key words: Rainfall, Stream flow, Ethiopia, Trend, randomness test

Introduction

Rainfall and stream flows are the
main components of hydrologic cycle
and are the major input of water re-
Sources. Water is indispensable re-
source to life and development in all
parts of the world. The amount and dis-
tribution of rainfall holds the key for
Success of Agricultural production.
Most statistical analyses of hydrologi-
cal time series data ai (he usual time
scale encountered in water resources
planning studies are based on a set of
fundamental assumptions i.e., the se-
ries is trend-free, random and consti-
tutes a stochastic process whose ran-
dom component follows the appropri-
ate probability distribution function.

The study was carried out at the up-
per basin of Awash River in Ethiopia
comprising  the section  of the
catchments from (he headwaters 1o
Koka reservoir (Fig.1). The altitude
ranges from 3000 m (o 1800 m above

rainfa]] OVEr  the
catchments js 850 mm and
ter of the Awash River j
Howcver, the erratjc distri
rainfall in the absence of

ing and supplementary irrigation
schemes €Xposes the areq tq severe
drought. Since rainfa]| distributiop and
river flows vary greatly through time

downstream
the headwa-
$ 1216 mm.
bution of this
Wwater harvest.
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and space, it is imperative to analyze
the rainfall pattern over a long period,
which would help in water resource
planning study.

Twenty years active weekly rainfall
data of Addis Ababa, 41 and 23 years
monthly rainfall data of Debre Zeit and
Melkassa respectively and 33 and 31
years stream flow data of Awash River
recorded at Melka Kunure ang Melka
Hombole gauging sites respectively
have been used for the preliminary test
of rainfall and stream flow data for de-

tecting the existence of trend and ran-
domness.

Trend Test of time series

The Sperman Rank Order Correla-
tion (SROC) nonparametric test, as i
Was presented by McGhee (1985) and
performed by Adeloye and Montaser;
(2002) was used to investigate the eX-
istence and long term trend of the rain-
fall and stream flow data. The stepwise
procedure is as follgws,
The data series Yi, i= 1,

: 2,3, n, are ob-
served in time i:

1. Ranks (Ryi) were assigned to Yi,

such that the largest Yi had Ryi=1 and
the least Yj haq a rank

=n. In a data

EE——
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3. The coefTicient of tre
computed using follow: ™« Was
tion. OVing equy,
n 2
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Where, n is the Sample sjze

The student’s

tdistribyy on w
degrees of freed

ith n?
om was taken

e S atest
statistics to test the nujy hypothesis
(Ho) that the time Series hag pq trend

n-2

\\_

V1,2
3

4. The critica] values of the t-distri-
ion for {he chosen significance
level, £ =50, significance level, andn-
2 degrees of freedom was obtained
from the standard table,

5. The critical region of the test sta-

tistic was, Reject Ho if't > oasn, OF
L TN a-2 TOT atwo tailed test.

! = r,

but

Rainfall

The historical rainfall data of Addis
Ababa, Debre Zeit and Melkassa were
evaluated for their trend freeness with
t-test hypothesis in which the ngll hY;
pothesis (Ho) is that the time series h;xe
no trend. It means that reject Ho, 1f1< -
calculated value t >t ort¢

0.025, 0-2 of
y N degrees
se, at n-2

tn_m‘ a2 OT Otherwise,

5
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freedom and 5 % level of significance

for two 1ail test. The tabulated values

L)

are
i1 3 = +2.0231 and

=
* o052 =+2.080at 18, 39 and

2] degrees of freedom for rainfall of
Addis Ababa, Debre Ze}t and Melkassa
respectively. As shown in Table | and?.

{he results indicated that a!l the posi-
;ive values of calculated ‘t’ is less than
the corresponding critical tabulated
values of 2.101, 2.0231 and 2.080 and
all the negative calculated ‘t’ values are
greater than that of tabulated values of -
2.101, -2.0231 and -2.080 for the ob-
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served rainfall data of Addis Ababa,
Debre Zeit and Melkassa respectively,
This indicates that the nuJ| hypotheses
is not rejected and the observed histori-
cal rainfall time series of the corre-
sponding sites is trend free implying
that “there is no statistical evidence of'a

long-term trend” in al| the rainfall
records,

Stream flow

The calculated * t* values for trend
test of Awash River flow at Melka
Kunture and Melka Hombole gauging
sites are shown in Table 3 and 4 respec-
tively. The critical tabulated values of
‘t’ for the respective gauging sites are

g
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|

\
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|

A
!
S
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+¢ =+2.0399 and

= 70.025,31

= 1 hy-
* 1y 035,99 =T 2.045. The null hy

pothesis (Ho) is that the time scrigs has
no trend, meaning that reject Ho, if the
calculated value t_ > t g ., OF L <~
tozs ag OF Otherwise, at n-2'degrees of
freedom and 5 % level of significance
for two tail test. The calculated * t’ val-
ues for total and mean flow of Awash
River at Melka Kunutre and total a}nd
mean flows at Melka Hombole gauging
stations respectively are compared with
the critical tabulated ‘t’ values. The re-
sults indicated that all the positive cal-
culated ‘t” values of observed historical
data of total and mean flow of Awash

ETUDY
AREA

31



River recorded at Melka Kuntre and
Melka Hombole gauging stations are
less than 2.0399 and 2.045 and the
negative calculated ‘" values are
ereater than -2.0399 and -2.045 re-
spectively. This shows that the null hy-
pothesis is not rejected implying that
the observed historical river flow data
is trend free and “‘there is no statistical
evidence of a long-term trend” in all the
stream flow events.

Adeloye and Montasen (2002) testi-
fied that a stream flow data with the
presence of trend would complicate any
subsequent analysis, which could be dif-
ficult for stochastic modeling of the time
series. Therefore, it could be concluded
that the historical rainfall and stream
flow time senies, which were tested for
their trend freeness under this study,
could be directly used for any stochastic
modeling process with no further effort
to remove the trend.

Randomness test

The nonparametric run test was
used to test the data series for random-
ness as it was described by McGhee
(1985), Agarwal (1988) and adapted by
Adeloye and Montaseri (2002). The
objective is to test whether the data se-
ries Yi,i=1, 2, 3, ...n, is random based
on the runs of the data with respect to
the median of the observation. The
stepwise procedure is as follows,

1. The median of monthly and
weekly observations of rainfall data
was determined. This was done by sort-
ing the sample in an ascending order of
magnitude such thatY, <Y, < ... <

Y,. Then for an integer k, such thatn =
2k (even) or n = 2k + 1 (odd), the

sample median denoted by was

estimated as follows:

2. The data item, which exceeds the
median, was named as letter S as a suc-
cess case and the data item, which does
not exceed the median, was examined
as a failure case denoted by the letter F.
Cases that are exactly equal to the me-
dian were excluded.

.
s
05

Jorn = & + 1

+F';:H} Jorn = X

3. The number of success and fail-

2 d
ure were counted and denoted by n, an

n, respectively.

" 4. The total numb
counted from the data sct an
by R. i

5. The test statistic W
using the following equation.

er of runs werc
d denoted

as computed
2n iy

R A, —+1
nl + 1'22

i 2nny (annz -n - ”2)

A A

6. The null hypothesis (Ho) i.c. the
sequence of Ss and Fs is random was re-
jected for the standard distobution Z<-Z
ous OF Z > Z, . at 5% significant levels.

Rainfall

The historical rainfall time series
was evaluated for their randomness with
‘Z’ hypothesis test statistic for weckly
rainfall of Addis Ababa, monthly rain-
fall of Debre Zeit and Melkassa. The
null hypothesis (Ho) taken for the test
was that the time series is random. It
means that reject Ho, if the calculated
‘Z’ values i.e. Zc > Z s OF Ze <-Z, 42s OT
otherwise. The calculated standard nor-
mal variate (Z) value was tested at 5 %
significance level for two-tailed test
with that of the tabulated value i.c.

+ Zyoas =+ 1.96. Table | and 2 in-

dicated that the Z value 2.297 during
week 11 is greater than tabulated ‘Z’
value of 1.96 and ‘Z’ value of -2.297 in
week 30 is less than —1.96 in the case of
Addis Ababa rainfall and —-2.1847 is less
than -1.96 in October rainfall of
Melkassa. This shows that the null hy-
pothesis is rejected implying that the
rainfall time series during these two
weeks and in the month of October is
not random. While during the other peri-
ods, all the positive calculated ‘Z’ values
is less than 1.96 and the negative calcu-
lated values of ‘Z’ is less than —1.96 in-
dicating that the null hypothesis is ac-
cepted implying that “there is statistical
evidence of randommness” in weekly and
monthly rainfall data series of Addis
Ababa, Debre Zeit and Melkassa except
the 11" week (Marchl2-18) and 30"
week (July 23-29) of Addis Ababa and
October rainfall of Melkassa in which

-

there is no statistical evidep,
4 ¢ Ofr
domness in the data, an.

Stream flow

The historical river flow tine
of Awash River at Melka Kuny,
Melka Hombole gauging siteg
tested for their randomness taki
null hypothesis (Ho) as of the
flow time series is random, |t
that reject Ho, if the calculated ‘2’ vq
uesi.e. Z >Zy, 0rZe < “Zy g OF Oth-
erwise. The calculated standard norm;
variate (Z) value was tested at 5 o sig-
nificance level for two-tailed tegt With
that of the tabulated valye

+ Zprs 1960

Seﬁes
Te ang

\’Vere
Ng the
Strea,
lneans

ie,

As shown in Table 3 and 4, (he re-
sult indicated that all the positive cajey,.
lated ‘Z’ values are less than the tap,,.
lated ‘Z’ value of 1.96 and all the Nega.
tive calculated ‘Z’ values are greatey
than tabulated ‘Z’ value of -1.96 except
February mean monthly discharge a¢
Melka Kunture where, ‘Z’ value is .
2.156 and total flow and mean monthly
discharge of January at Melka
Hombole where, ‘Z values are -3.345
which are less than —1.96. This shows
that the null hypotheses is accepted im-
plying that “there is statistical evidence
of randomness” in all the observed
stream flow data of Awash River re-
corded at Melka Kunture and Melka
Hombole gauging sites except mean
discharge in February at Melka Kunure
and total flow and mean discharge in
January at Melka Hombole in which
there is no statistical evidence of ran-
domness in the data. .

Salas, (1993) and Locks et al.,
(1981) justifies that the outcome of
non-randomness implies that there is
persistence in the series, which could
be modeled using one of the many
available time series models such as the
autoregressive or the Auto Regressive
Moving Average (ARMA) model. On
the other hand, Chow, (1964) testified
that the observed values in a purely ran-
dom time series imply that the series
fluctuates erratically about some mean
value. From this it could be concluded
that the outcome of the randomness of
the historical rainfall and stream flow
time series of this study confirmed the
recurrent erratic pattern of hydrological
time series of the study area.
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Tablel. Trend and Randomness test Jor wee

kly rainfall data of Addis Ababa

Week  tvalues | Zvalues Result Week  tvaluss — Zvalies Result
No. No.
07449 -0.450 trerd-fiee & randorm 25 0. free & rardom
?g 04394 | -0.450 trerd-fiee & randem 26 -0 %"1;‘21% é 23 geenng-free & random
1 0.6867 2297 trend-fiee, not rardom 27 -0.884 0.919 trend-free & random
12 05255 | -1.318 trerd-fice & random 2 10814 040 trend-free & random
12 20757 0.000 trerd-fiee & random, 29 -0.3796 0.919 trend-free & random
14 09616 -0919 trerd-fiee & random 30 03973 -2297 | trendfree, rot random
15 0.8983 0.000 trerd-fiee & random 31 12144 -1378 trend-free & random
16 09513 0.000 trerd-fice & randor 32 -13306 1.378 trend free & random’
17 0.5533 -1.378 trerd-fiee & random 33 -0.1085 0.000 trend-free & random
12 03908 0.919 trerd-fiee & random 34 0.22% -1378 trend-free & randorn
19 05255 | -0.40 trerd-fire & random 35 0.0255 -0.460 trend-free & random
20 1.136 0.000 trerd-fiee & random 36 0.780 0.919 trend-free & random
21 0.5238 0.000 trerd-fiee & randorg 37 1.0043 0.919 trend-free & random
5 -1.0169 0.000 trerd-free & random 38 0.1213 -0.460 trend-free & random
23 01468 | -0.460 trerd-fiee & random 39 06453  .1838 trendfree & random
24 -10797 | -0919 trerd-fiee & random 40 0412 0919 trend free & random
Table 2. Trend and Randomness test Jor monthly rainfall of Debre Zeit and Melkassa
IVbnth Debre Zeit IVElkassa
t Z Result t Z Result
January | -0.6000 Terd-free 047 0.4369 Trendfree and random
February | 0.2930 1.6018 Trend-free and random 0.89 1310 Trend-free and random
March -0.3518 19220 | Trend-free and randam -0.26 0.8739 Trend-free and random
Ayl 05205 | -12815 | Trendfree and random 0.04 1.7477 Trend-free and random
Vay -1.6200 | -0.3204 | Trendfree andrandom | 144 08739 Trend-free and random
June -1.6578 [ -1.2815 | Trend-free and random -055 04359 Trend-free and random
Tulyr -1.0721 -09611 Trend-free andrandam | -1 65 0.0000 Trend free and random
August 1.1947 -0.6407 Trend-free and random | -1 04 0.4369 Trend-free and mndom
September | 0.9754 0.0000 Trend-free and random 0.15 1.7477 Trend-free and random
Cctober -0.8598 | -0.6407 | Trendfree and random | -004  -21847 | Trend-fiee but not random
November | 0.6807 Trerd-free 0.59 : Trend free
Decervber | 19638 Trend free 0.88 -0.4369 Trend-free and random
Table 3. Trend and randomness test Jor total and mean flow of Awash River at Melka kunture
Ivibnth Total flow (IVICIV]) Vean monthlydischarge (craecs)
t Z Result t Z Result
January 0.164 | -035%  Trend-free and randam 0.164 0.359 Trend-fiee ard random
February | 1.553 | -1.438  Trend-free andrandom | 1 93 2.156 Trend-fiee not random
March 0.162 [ 0359  Trendfree andrandom | 0172 0.359 Trend-fiee ard random
April 0652 | 0.359  Trend-free andrandom | 065 0359 Trend-fiee ard random
IVhy -0099 [ 0359  Trendfree andrandom | -0.179 0359 Trend-fiee ard random
June 0473 1 -0719  Trendfree andrandom | -0.656 -1.078 Trend-fiee ard random
Julyy 1915 | 0359  Trendfree andrandom | 1.915 0359 Trend-fiee ard random
August 0924 | 1438  Trendfree andrandom | 0924 1438 Trend-fiee ard random
Septercber | 0.791 | 0.719  Trend-free and random 0.424 0.000 Trend-fiee ard random
Cetober 12825 [ 0000 Trendfree andrandom | 1.825 0.000 Trend-fiee ard random
Moverber | 1316 | -1078  Trend-free andrandom | 1.316 -1.078 Trend-fiee and random
December | 1763 | -1.0%8 Trend free andrandom | 1.762 -1.078
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e

an flow f Awash River at Melka Hombole
) 1 ﬂ”d mei -
IL’S’jb’ jota

Table 4. Trend and randomness

IVEan Imllﬂdydﬁm

|
5) }
7 Reslt |
Total flow (MCI) i 5 Trerd-fres nog I ‘
Vbnth | 7 . fggsrgtt random | 1 é‘gé g %?13 Trerd-free ang rm
] 1141|336 Tendfrend /W0 1 g B | 078 Terdfree g,
F&l;l 7| 0549 | -148  Trendree and l.D’ 1 49 T rd-free and rgy, "
;ﬂ;ut}a? 1023 | 0743 Treng-?’?z and randora U.lég 097 Trerd-free and rmllgnn
Apnl 0.139 | 1.4%6 Trel:d-fi:e andrandora | 0.5 A _1' 115 Trerd-free gy
May | 0596 | 0372 Trer dfiee andrandom | -0 '851 14%  Trrd-fiee andm‘
Jue | 0858 | 1115 Tendfee cdrcion | 098 Toab and rap
July 111 | 1.486 ?E;d:ﬁee and random 3.261 0.000 Trerd-free i g
August | 0022 | 0743 mnd.free and random 05 | 000 Trerd-free and yap g
September | 0554 | 0000 Tre sdfiee andrandam | 073 ) OO Trerd-fiee angp X
e | D405 G0, e A free andendar | e Tierd-fiee angy o0
l&mgyﬂgz; -[?15525 {gﬁ %gilld:free andrandom | 0136 | -1. \ﬂdﬁm
B } — i 2.Prentice-Ha
lusi for agricultural devclopment planning  Analysis, 102 Prentice-Hall, g,
Conclusion

The historical rainfall of Addis
Ababa, Debre Zeit and Melkassa and

and enhancing possible inlen'cnllo'rlls
i
to alleviate poverty and food insecurity

New Jerscy, USA,

Elewoog Clify
Salas, J.D. (1993) * Ang|

¥Sis and oo

. delip
. of hydrologic time series”, [p. handbogy, of 4p,
in the nation. plied hydroloﬁ l(]cc::. hnyJE_ Maidme, Bk,
/ - v at Melka Kunture . 19. McGraw-Hill, New York, s s
A:ali:l 11;“/:{:) ﬂg::leagauging sites were Notations:
an Clka m

evaluated for their trend freeness with
t-test hypothesis and are trend frce-. It
could be concluded that the historical

The following notations are used in
this paper

MacGhee, J.W( 1985), lnlroductory Statis.
tics. West publishing Co, New York

s USA,
rainfall and stream flow time series SROC] ' Sperman Rank Order
could be directly used for any stochas-  Correlation g
tic modeling process with no further ef- EARO = Ethiopian P
fort to remove the trend. Moreover, the  Agricultural Research Orgamz"a
time series resulted in purely random  Ho = Null hypothesis
implying that the series fluctuates er- )705 = Sample median
ratically about some mean value. From ’
this it could be concluded that the out. N Success
come of the randomness of the histori-  F Failure
cal rainfall and stream flow time series R Runs
of this study confirmed the recurrent n, number of su.ccess
erratic pattern of hydrological time se- n, number of failure
ties of the study area in Ethiopia. z = Standard normal

. variate
Recommendation: ARMA = Auto Regressive
Moving Average
1. The historical rainfal] time series

of Addis Ababa, Debre Zeit and
Melkassa and Awash River flow at
Melka Kunture and Melka Hombole
gauging sites are trend free 50 as it jg
easy for developing stochastic mode-
ing of the time series in the agricultura]
development Planning process.

' 2. The randomnegg of the historica|
rainfall and Stream flow time series of
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Evaluation of Selecteq Hydropower

Potential Sites (A Case Study of Abbay
River Basin, Ethiopia)

Dereje Tadesse, Dr. Semu A., Arba Minch
University PO.Box 21, Arba Minch, Ethiopia,

Ple runoff water from streams of Ethiopia permits to exploit a huge
eved that the country endowed with huge amount of hydropower

. : . ducted on the sector along with other water resource development,
most of the studies are not satisfactory. There s 5 discrepancy on varjous documents and reports on the magnitude of

the available hydropower P('N(‘ﬂli.ﬂl as well the number of the Potential sites. So as to minimize the information gap
topographical and hydr?loglcal site evaluation for the selected hydropower potential sites have been carried out, for
129 possible potentials sites which are identified by WAPCOS in 1990. The desk study site evaluation gets 29.45% of
it not feasible and there are 91 possible sites, The total theoretical potential of Abbay River Basin according to
WAPCSO is 13854MW, however, these 91Hp sites gives 12148MW.

For convenience of discussion, these 91 possible hydropower potential sites are categorized and mapped on the
GIS environment, in addition the potential of the sub-basin are assessed. Dabus sub-basin stands first among the 16

sub-basins by 13 hydropower potential sites and these sites give 3524MW. Similar studies can be conducted for other
major drainage basin of the country to know the potential of the

amount of hydropower energy. Through it is belj
otential, and also various studies have been cop

1.Introduction

Sustainable energy development is
essential and necessity for socioeco-
nomic development of a country. Satis-
fying the energy needs of the popula-
tion through sustainable energy based
approach helps to avoid deforestation
and improvement of living standard in
developing countries.

In the recent times, the non-renew-
able and exhaustible sources of energy
are getting depleted at a very fast rate,
which has focused attention to the non-
exhaustible and renewable sources of

country.

energy. Hydropower is one of the most
common renewable sources, abun-
dantly available in the hilly region pro-
vided that there is adequate rainfall that
could form rainfall,

Ethiopia has significant water re-
sources, which can be appropriately
utilized to enhance the socio-economic
development of its people [MoWR,
2002]. Based on topography, Ethiopia
is subdivided into twelve major drain-
age basins. Among these, Abbay River
Basin (ARB) is onc of the major and
largest river basins and it is sub-divided
in to 16 sub-basins. ARB is by many

L
A P

K B

criteria the most important river basin.
The hydrology of the river basin is
dominated by river Abbay which rises
in the centre of the catchments and de-
velops its course in a clock wise spiral

2, Description of the Study Area

The study area, Abbay River Basin
(ARB), which is found in the north-
west part of Ethiopia, between 745’
and 12°45°N, and 34°05’ and 39"45’E
[Awulachew 2000]. This river basin is,
by most criteria, the most important
river basin in Ethiopia. It covers about

Abbay River Basin

Figure 2.1 Map showing location of the study area
(Africa, Ethiopian and Abbay River Basin & sub-basins)
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L .a:
of [Ethiopid s la al’bn
43.11% ofits {otal average anr'mul ruu‘
offof the country; an 5% of itS pop

ge ofnnnual run-

17.58%

lation. It has an averas
ofT of about 52.60 billio
The location of the ba ins s
are 111t constitutes 16

cluding the argest lake 10 E
annual rainfall varies
goomm to 2,2
1420mm. Th

basin 1S 18.5"C with minimum a0
maximum average daily temperaturc
j1.4°c and 25.5"C respectivcly
[ARBIDMPP, 1999].

3. Objective of the Study and

Methodology

The main objective of this study is
to evaluate the selected sites, identify
the problem and also assemble & pres
pare an accurate gco-rcfercnced source
of data for the poxenlial site of Abbay
River Basin and Jocating the sites 0P a
map.
The selection of hydrop
ial site is governed by
the area, hydrology of the catchments,
geological condition, and distance from
the grid system etc. It is the net sum ©

all these componel
deciding the potentia
economical feasibility.

The methods used include data col-
Jection from institutions such as Minis-
try of Water Resourc¢, Ethiopian Map-
ping Authority, EEPCo, and etc; desk
study to review previous studies, data
lysis of collected in-
arious tools such as
s and GIS to obtain
ameters

ower poten-

1ts which helps us L0
| of the site and its

processing & ana
formation using v
statistical package
hydrological and physical par
and spatial information. The data col-
lected, computed and analyzed are used
to identify the possible potential sites.

4. The Data

Data used in this study include
monthly stream flow data of 90 stream
gam'xging stations found in the basin for
estimation of the dependable flow for
power production. 50% dependable
flow is employed for storage type hydro-
power plant and 90% dependable flow
for runoff river type hydropower plant

The other important data even fc;r
hydrology studies are the topographic

36

the topography of

(¥
he ar ’
mapoft -
lic head of the 1y ¥ e .
i m g 1
tc'mmMrin briio:le . dra ge basn;ss :‘Iz
ues _ e
N}d fi ed and fe e
e lop and strea™ (terns @
as s s
sured-
5. Eval ation of ected
Hydropower otential Site
i LvdropoWer
g ystemall®

ographical ':!COlng“l
- ms of the arca-

tudies
and water drain'txgc pat h dm]o(,ical
For lopogmphw' an | \,h;cas
valuation there vere data Wi .
| e aluation the available
he 1:2000000

. he €0 nd
fidc';:g lup \% :;cliablc result SO that
the geclogica
conducted-
The site v ion pcrl'ormcd for
jentified by
1990. Most of the possiblc
hydropower polcnlial sites which ar¢
mentioned on other documents and re-
ports do not have the description oﬁl}c
sites rather on ically avail-
able power and possible po-
tential sites except for WAPCOS and
the ARBIDMPP reports. Because of
the above mentioned reasom, the other
documents arc not cvaluated, and the
casc of ARBIDMPP {he document did
not assess all possible polcnlial sites in
the basin in addition there are potential
sites which are similar sit¢ description
with WAPCOS.

Evaluation Result

91
Hgdro|ogca”3 notfeasible

O Do notlie on the river at all

6. Site Evaluation Criterj,

The gcncral criteria emplo
the evaluation of the selecte dy}‘:d for
power polemial sites are listed b 0-

1. As far as possible, ham?k’\v;.
available head on the site Oplim‘-Ss th
naximize the use of the availab) al|
There should be also ad equate heag,
charge on the site for the develg C dis.
dropower Ped by,

2. For storage type hydropow,
velopment the submergence and er de.
gurface ared should be minimUm‘Vater
row gorge arcas are advamagemlss nar.
3. In case there is a confluen
two rivers in the selected reach thce of
should be Jocated on down Sl‘r cae site
the confluence point to take the adm' of
tageous of the flow of both rivers i

4. The site should be easily ac
sible, accessibility from the view, oes-
of transportation point

5. Distance from the load cep
(National grid system) 0

Any combination of head and flo
can be used to develop a hy drOpoweW
and more emphasis is given for mesr,
{wo main factors. Moreover, i fhydme
powet is 0 be generated from dam wa-
ter then selecting suitable dam sites re:
quires careful  consideration  of
economy, ¢maller length of the dam
will result lesser the cost from dam fill
of view. Hence, the site has to be

point
here the river valley has the

the one W
neck formation.

25

B Topographica”y notfeasible

a Fossible sites

Figure i
igures 7.1 Evaluation of the sites result
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7. Evaluation Result Discussion

With the above sile evaluation ap-
proach in mind, the following problems
are identified.

The site may not lic on the river i.¢.
it lays on a bare land, such as site AB =
13 & AB —48. Even though most of the
selected hydropower potential sites
needs co-ordinate adjustment, these
sites did not lie on a river at all after co-
ordinate adjustment even.

The sites lie on a small (flash) fiver,
which emerges or originate from moun-
tainous area, in such cases there is no
sufTicient amount discharge to generate
power. Hence, the stream will dry when
the rain die away.

The site lie on a plain area and diffi-
cult to get the suggested head around.
The inappropriateness of the topo-
graphic feature of the area did not allow
suggesting hydropower development

The down stream site affects the up
stream  site, site submergence. There
are feasible hydropower potential sites
topographical and hydrological; how-
ever the down stream site has an effect
on the up stream site by submerging it.
:?:::al:i?,f::i zn;cus] are lefi as it is for

¢ other site.
- 2\‘:: g«;\:ltil:u qnl rcs}ult is discussed
first one site wgh'mhcf '(l,u-r o =
second sites whil(?h fz a'lls h)’dmlogfcak
third sites which don'iul' ke
1e on the river at

all and ﬁnally sites which are feasible
(shown in the figure 7.1),
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g. Evaluation Result
tes have been cvah;—
ted which is identified _by \VAPC?;;
2;990 in ARB. The majority of the sit
(64.84%) have potential Cﬂpﬂc:}[lcs
arez'ncr than 10MW, but If:ss 'mn
200MW (Figure 8.1). Thcf following
charts describe the result of the evalua-

tion in difTerent categories. The capaci-

nd available power potential gf
so presented in

A total of 129si

ties a -
each sub-basin are al

summarized form. _
The analysis of site ¢valuation re-

sults 91 possib!c hydropower po_tenhal
sites thought out the 16 sub-basin and
these sites are located on the Abbay
River Basin map. The hydropower po-
tential sites mapping will facilitate to
discover the distribution of the site in
the basin. The following map showing
the possible hydropower potential sites
of the Abbay River Basin.

8. Conclusion and

Recommendations

- The topographical and hydrologi-
cal evaluation lowers the selected sites
(129) by about 29.45% to 91 potential
sites

* The total theoretical potential of
ARB according to WAPCSO,1990 is
13854MW however, the 91HP sites
gives 12148MW

+ Site evaluation based on geology
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Ahstract
A gully experiences a dynamic chap

. 8¢ in length, width
tion. A total of 448 cross sections on 139 gullies were jnyest

Shewa in Ethiopia. A gully head s usually having a very;
were derived for calculating the volume of soil to b
| surface area of the sloped gully head. The volume of soj] removed while shapi
: a calibrated box. The surface areas of the sloped gully heads w € shaping the
{ and computed values showed strong correlatj
| section at an enlargement stage was inves

and depth from the time o
igated in the region betwe
cal wall, Assuming this ge
€ removed whije sloping a gull

fits appearance till its stabiliza-
en Ambo and Guder in Western
ometry of gully head, equations
y head at a given angle, and the

with the values calculated for the Perimete
linear relationships were justified by plotting
the realistic shape of a gully at enlargement¢ st
be used in gully reclamation work tq determ
cost of materials (e.g. stones, bricks, fertilizers,
slope. Soil conservation planners, extension w

control measures.

Key words: gully control plan, perimeter of

surface area of sloped gully head.

1. Introduction

Tremendous quantities of soil are
splashed into the air by the kinetic en-
ergy of raindrops (Schwab, et al, 1971
and 1993). The soil particles detached
by raindrops are removed in a uniform
thin layer from sloping land resulting
sheet or overland flow occurring in thin
layers. The overland flows concentrate
to form micro-channels or streamlets
called rills. Several rills join together to
produce greater channel called gully
(Smith and Wischmeier, 1957; Mitchell
and Bubenzer, 1980; Wischmeier and
Smith, 1978). A gully is a steep-sided
eroding watercourse, which is sub-
Jected to intermittent flood. It is more
common in semi-arid climates with in-
fertile soils and sparse vegetation (Piest
et al, 1975; Faber and Imeson, 1982;
Nicklin, et al, 1986). In the develop-
ment of a gully four stages are gener-
ally recognized, namely channel ero-
sion, enlargement, healing and, stabili-
zation stages (Bennett, 1957; Hudson,
1976). Gullies are classified as V- and
U-shaped based on cross sectional
shape and as ditch and waterfall types
based on the activities of erosion
(Bennett, 1957; Kirkby and Morgan,
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gully Ccross-section,

1980). If the upper horizon of a soil is
easily erodible than the lower horizon,
a V-shaped gully is formed. If the upper
and lower horizons are somewhat
equally erodible, as in sandy loam soils
or alluvial soils, a U-shaped gully is
formed. The ditch type gets water on all
sides and grows in length, width and
depth. The waterfal] gradually extends
upslope the gully. Its height of vertical
drop increases as the water cuts deeper.

Gully erosion control plan includes
recording the possible causes of gully
formation, prevention of gully by
avoiding those possible causes, treat-
ment of the watershed, diversion of
runoff from gully head using diversion
ditch, covering the gully head with pro-
tective materials after sloping it, and
revegetation of the gully proper with
the help of combination of engineering
(such as check dams) and biological
(such as vegetative cover) control mea-
sures. Volume of soil to be removed
while shaping gully head, the surface
area of the shaped gully head, and sur-
face area of the side slope of a gully
should be accurately estimated for
proper design of gully erosion control
measures. The objective of this study is
to investigate appropriate mathematical

rface area of a gully for estimating the amount and

(-]

d the labour cost required for covering the gully side
se the derived equations for planning gully erosion

sloping gully head, surface area of gully side slopes,

expressions of the above-mentioned
parameters for optimum gully erosion
control plan. With these objectives in
mind, comprehensive investigations
were carried out on 448 gully cross sec-
tions of 139 gullies in the region be-
tween Ambo and Guder in Ethiopia.
This region lies 125 km west of Addis

Ababa. The long-term annual rainfall is
1100 mm.

2, Materials and Methods

2.1. Head Cut Control Plan

A waterfall gully head needs to be
sloped at a certain angle (approxi-
mately 450) and then be covered with
stone riprap or other protective materi-
als. If the vertical wall of a gully is
sloped at an angle q, the cross sectional
area (A) of a triangle ABO (Fig. ) is:

A=Yd2tanq (¢))]

The average width (w) of a gully
head is the average value of the bottom
width (b) and the top width (t). There-
fore, the volume of the soil to be re-
moved while sloping a vertical-walled

gully head at an angle q is:

=Asw= 1 42 ok L 9

V=AW 74 tan9(2) 24 G+Hua
@
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Fig. 1 Gully head with a vertical wall

A shaped gully head looks like a tra-
pezium with top width (t), bottom
width (b) and a length (L). The length
(L) can be computed as follows (Fig.
1):

L=dlcos q (3)
The surface area (A) ofa gully head

that is going 1o be covered with stones
is:

S+t d b+?
AL -—)
¢ 2 ) cosa( 2 )

The volume of soj] that was re-
moved during shaping the gully head
Was measured using a wooden box of
dimension 0.4 wide, 0.5 m deep and
1'm long. The box was calibrated for
volumes 0.05,0.1, 0. 15,and 0.2 m3 by
Marking on the vertica] wall of the box.
The dimensions of the sloped gully
heads were measured. Their surface ar-
€as were determined with the help of
millimetre papers. Using Eq. (2), vol-
ume of the soil 1o be removed while
shaping the gully head at 450 were cal-
culated for gullies having active head
ward erosion (Table 1). Surface areas
of sloped 8ully heads were also calcy-
lated using Eq.(4) (Table 1),

of each Cross section were recordeqd,

40

All the 448 gully cross sections
were not used in the analyses of the pe-
rimeter, because gullies at the stage of
channel erosion are not yet large
enough to represent the actual geo-
metrical shape for caleulating the pe-
rimeter and gullies at healing and stabi-
lization stages do not usually need con-
trol measures. A gully at an enlarge-
ment stage represents a typical geo-
metrical shape of a gully needing con-
trol measure. Therefore, only the cross
sections at the enlargement stages were
used for the analyses of (he perimeter.
Thus, 53 gully cross-sections  were
analysed. It should be noted that a gully
could have two or more development
stages along its length.

The perimeters of (he considered
Cross-sections were measured by di-
rectly putting a measuring tape on the
side slope of the gully. The perimeters
of triangular, trapezoidal and parabolic
Cross sections of channels are calcu-
lated as (Schwab, ef. al,, 1993):

S+t d b+
ATl -—
2 Cos & 2 (5)
By =b+,/(z-b)2 +44° o
2
Pp =t+8i
3t o)
Where P p im-

fied through compari

parison of measured
and calculateq values,
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3. Resyjtg ang p;

3.1 Gully Heagq

e Measyreg
greater thyp the ¢y
most al| the Cases (T,
capse of the fact that
SOil increageg on |gg,
the tota] Vvalue of the \
by the calcu]ated on -m,easured
tor of 1,05 g oblained 3
of the ca]culated valye

approximately the mea: Y 105
Pearson’g coeffy u

foe,
ligy,
Teq "aluegwex

ll.l b llc'd

Icig
caleulated gpg me:;uori;“"elatioﬁ fe
0.9613 for Vol Al Vo
the area.s indicating Slrop, : 0‘9909 foe
"l“he derived €quatiop can% COrrelatian
timate the Volume of (‘fused g,
while shaping gully heago.
the shapeqd gully heaq
with Preventive Materiy)g F
fomlalion, the ¢cog ;
rials for Control)j
be determineq.

3.2 Perimete, of a Gy
Sectiop

The. Perimeterg of the trig
lrapezmda] and Parabolje cro Sl
tions were caleulateq ing e " s
and 7 Tespectively, i Which L
sured perimeters mostly lie .
calculated Perimeters of
and the trapezium (Table 4
Pearson’s correlation ¢,
tween the calculateq and
values were 0.9921 .997

lly Crog,

correlations, anq Figs.2,3and4 Justify
that the actual perimeter of 3 gully lies
between that of 5 triangle and a trape-
zium. Therefore, the realistic perimeter
¢an be assumeq to be the average of
€qns. (5) and (6) as follows:

1 2
P= 5(\#2 +4d2 44 (tr—b)2 +4d%)

(8)
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Table 2. Perimeters of gullies ar enlargey
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Note. b = pottom width; d = depth; ¢ = top width; Pm

computed perimeter; an

= measured Perimefter; Pc=
d IdN = Identification number of Gully cross section.
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parabolic gully cross section

Multiplication of the perimeter of a
gully by its length gives the surface
area of the gully side slopes. Knowing
the gully side slope area enables us to
estimate the amount of seeds or seed-
ling required to cover the side slope
and the required manpower,

4. Conclusion

The wall of a waterfall gully head
can be assumed to be vertical. The de-
rived equations give better estimation
of the number of labour power and
amount of material required in shaping
and covering gully heads. The calcu-
lated volume of soil 10 be removed
while shaping the gully head should be
multiplied by a loosening factor of 1.05
to get the measured volume. The actual
perimeter of a gully cross section at an
enlargement stage is the average of
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those of a triangle and a trapezium im-
plying its shape to be between the two
geometric figures. The multiplication
of the actual perimeter by the length of
a gully gives the actual side slope sur-
face area of the gully. The computed
surface areas are helpful in calculating
the total material and labour cost for
covering gully side slopes with plants
or other protective materials if unit
prices of materials, daily labour cost
per person and daily work performance
in m2 per person are known. The de-
rived equation is helpful for the design
of gully reclamation works.
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Situatim_lal !-\ssessment of Water Supply
and Sanitation in Konso Special District:

Special Attention tg Environmental
Aspects.

Muluken Hailu, Arba Minch University.

Abstract

Recently a change in strategy was introduced through d
o : ema ’ icipati i
solution for achieving sustainable rura| wasr g nd led user’s participation as a solution for long term

ment as the main feedback, for Planning
This paper discussed the proportion of
level of user’s involvement in the mana
employed for data collection were hous
laboratory and sanitary survey methods,
percent) and sanitation access rate (11.0 percent) are th
percent respectively. Other useful performance indicato
usage rates; water quality and quantity of water used w
cal, environmental, social, institutional and financial as

Introduction

Water supply and sanitation (WSS)
in both rural communities and large ur-
ban centers has received much atten-
tion during the last two decades, but it
is only recently that attention has fo-
cused on finding ways of improving the
relatively poor levels of service found
in rural areas. There is therefore great
* demand from technical, social, and
public health professionals and na-
tional policy makers to develop assess-
ment sustainability status of rural water
supplies so as the issues be better un-
derstood, documented, and tested. The
sustainable  technological options,
management arrangements involving
various stake holders, appropriate pro-
fessional support to local operators,
and improving cost recovery by aggre-
gating demand has been applied since
the mid 90’s, whether these are prop-
erly implemented and managed are not
well understood. However, at present
various project managers are still often
developing solutions without using the
expenience of others, often repeating
the same execution with out perceiving
the failure,

From Supply Driven to Demand
Responsive Approach
The traditional approach of service
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rural water systems that funct

gement of rural water facilities jn
¢ to house survey,

and sani
process and to recommend a

The main resu

delivery is a top down, supply driven
approach. It is aiming to solve the sec-
tor problem by building more concrete,
pipes and taps. The need and prefer-
ence of the community on activities
such as design, appraisal and construc-
tion are centrally decided by govern-
ment officials who have little or no
contact with the community while most
project activities such as cost recovery
operation and maintenance responsibil-
ity, and control and asset ownership are
poorly defined and communicated with
users. Thus the potential benefits from
the sector are far from reaching and

_water systems used in appropriately or

remain unused at all and significant
numbers of supplies were not main-
tained for long period of time. The idea
that communities should operate and
maintain water supply systems them
selves came partly from an erosion of
belief in the idea that central govern-
ments were any good at supplying
things for their populations, and partly
from the positive belief that communi-
ties have the skills and motivation to
meet their own essential needs.

Institutional Perspectives
To supply adequate and safe water

and proper sanitation different coun-
tries have tried out different manage-

tation services. On account to the need for situational assess-
ny intervention strategy this study is designed.
ion, the coverage rate, utilization rate, and the
Konso Special District. The methodologies
focus group discussion and water quality analysis through
Its of this study the coverage rates for water supply (14.8
€ same to the countries coverage rates 14 percent and 13
rs are the convenience of the water system; functioning and
erc looked to reestablish future strategies to integrate techni-
pects to improve sustainability of the projects.

ment practices, so as to utilize the
scarce financial, human, water and
other resources.

The most preferred institutional
set up is the one the properly address
the following key issues.

- water recourse allocation and man-
agement

- integration of water supply, sanitation
and hygiene promotion

- financial management, investment
planning and tariff setting

- the simulation of private sector as
partner

- the aspects of legal frame work on or-
ganizational autonomy, transparency,
and accountability

- decentralization of responsibilities

- the availability and practice of know
how transfer (or human resources de-
velopment), and

- the efficiency of management to op-
eration and maintenance (o & m).

In developing countries failure to
achieve to work on proper institutional
options at all level can result lack of
clear direction and vision at all level,
lack of motivated trained staff, frag-
mented and overlapping of duties, lack
of legislative procedures and regula-
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tions on operation and mainlcr_umcc,
management and cost recovery issues
and inefective utilization of budgets.

Different countries have tried dif-
ferent strategies to allocate the scarce
resources 10 keep demand of the
people. Many countries have had insti-
tutional reforms, so they assessed poli-
cies and strategies led organizational
restructuring to make the water and
sanitation sector decentralized more
demand - responsive.

Financial Aspects

A financially sustainable project is
a project /program where the benefi-
ciary pays back all the expenses of
capital and operational costs. Although
it is common to hear sayings as “water
is a gift of God; Water 1s a “human
right” or “don’t tax cleanliness” water
supplies costs money, especially when
there exist some additional works such
as treatment, pumping or piping of wa-
ter. Sanitation improvement is not dif-
ferent from water, thus the construction
of pit latrnes or sewers all costs
money. In many countries government
and community attitudes are changing
and beneficiary of water and sanitation
services are paying for services they
have got. In Ethiopian, water supply
projects are requesting about 10 per-
cent of capital costs and all (he costs of
operating the systems. The remaining
source of funds includes government
budget, foreign leans, and institutional

- lenders and subsides from urban Sys-
tems.

Technical aspects

Technical issues are aj aspects of
technological options, the design and
construction of water supply and sanj-
tation facilities (technical standards),

and the operation and main

tenance cri-
teria.

A sustainable technology choice a]-
Ways consider the techpical skills
needed with in or outside the commuy-
nity, the compatibility to the communj-
ties preference and expectations, com.
parative advantages such ag Cost easy
availability of Spare part, extension cg.
pacity etc. Commonly low Cost tech-
nologies are preferred but it has to be
appropriate, that is, it has to fulfill cri-

teria of water quality, quantity apq

serve in a reliable way for the design
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life of the water supply S)_fSlCm. An-
other most important aspect in lh‘c tech-
nology choice is stundurdxzahofl of
technologies at national or reglonal
level so as to improve the qgahly of
consternation, and more cfﬁcngnl op-
cration and maintenance service re-
quests. Standardization in rul(l:r water
supply system means — to limit the
number of pipe size or to malfc the
choice for a hand pump with in the
range of two or three and village level
operation and maintenance can be pos-
sible.

Environmental Aspects

The environmental aspect ad-
dresses the quality and quantity of wa-
ter available for public consumption.
WHO guidelines state that, drinking-
water must not contain waterborne
pathogens, more specifically, the
coliform indicator bacteria (E. coli or
thermotolerant coliforms) should not
be present in 100 ml samples of drink-
ing-water at any time, for any type of
water supply, treated or untreated,
piped or unpiped (WHO 1984). In
laboratory analysis if guideline values
are exceeded, immediate investigative
action must be taken, including repeat
testing, and thorough inspection of the
treatment plant and its operation, the
raw water source, and general hygiene
of the water distribution system. In ru-
ral areas guidelines for water quality
are difficult to achieve for reasons of
technological choices, construction
quality, skills of local operators, and
the community in general. In rural ar-
cas, the per capita quantity of water
consumption recommended by WHO is
15 -20 liters per capita per day but for
various reasons it is rarely reached.
The main purposes ofassessing the
ation of water supply and sanitation
are, to offer planners ang policy makers
in water supply with real pictures of the
function management ang usage of -
ra_l water services, 1o develop commu-
nity oriented insight among technica]

situ

: , Water quality and
quantity for myrg) Wwater points,

Wlﬁthudnlogv

This study wyg cars .
special distrieg With i Outip
Nations-Nalionalities the So
(SNNP) Region, South Eyp,.
special district g divideé
farmer associations,
Fasha, Kolme,
Gumayde. The Present gy, N
ducted from Decempe, ta Ay vas
invest.igate functioning Utilizag;
Quantity of water used, th, ah e,
water, technica] aspects, COSl‘Iuah of
mechanisms g Commyp;
management of the areg, Reley, aseq
were collected by the fouow‘am datg
methods, 8 foy

- House to house Surve

* Direct observation to
water supply projects and

* Focus group discussion
community memberg (elder]
other water users and

committee members),

Laboratory analysig for
quality testing using the MPN (
probable method)

Results

The result of the Tesearch jg pre

sented as Summary of the infommtion
collected in table 1,2,3

Uth,
. '€
Opla‘ Oiles
1 N
namep. '© fiye
Goe amely Ve
d\’vada, Dllr al‘al‘

¢ Val‘iOl]g

to Se]ected
Y$ "VO

) en,
Mainly the Watey

Discussion

The necessity of assessing of
sustainability in rural water supplies
and sanitation is Primarily useful to for-
mulate new or remake existing project
rules and the organizational frame
work that can be used to rural water
supplies. To assess sustainability quali-
tative and quantitative data from vari-
Ous communities were collected and
Presented in the result part; in this sec-
tion technical, environmental, financial
and institutional factors are as§essed
independently and jointly on their role
10 sustainability.

Technical aspects

Technical aspects can be looked "T
decisions in design (tedmomglca_
choice and level of services) and ?g:s
struction quality that are most obvl

5
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Table 3. Assessment result on accessibility of the water supplies, existence of
active village water committee, trained operator and maintenance staff, and
village level tariff collection.
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*Based on the WHO definition of accessibility that limits the distance for rural seftings with in one

Kilometer of walking distance
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determinants of water systems reliabil-

ity. High technological contents and

better service levels, although highly

preferred create dependency to the re-

ceiver community. Low cost techno-

logical solutions on the other hand have

difficulty to fulfill the needed guide-

line, such as inaccessible water supply

points, reduced water quality, and fluc-

tuating water quantity that is insuffi-

cient to satisfy the demand. Accessibil-

ity is defined by WHO as the percent-

age of population that has a recogniz-

able water supply system with in one

kilometer from the house hold. In this

case as prescnted on table 3, twenty
percent of the protected spring water
supplies are sited in rugged areas that
are not accessible to children or the
house wife. Besides the majority of the
protected springs lack continuity to
provide water for year long and the wa-
ter quality show frequent deterioration
in physical or bacteriological risk.
These springs have design, construc-
tion or operational problems one or
more the following are identified in this
survey: problem to allow water to flow
out freely all the time to enter a reser-
voir or drain, access to contamination
(e.g. from open defecation, latrines,
cattle-gathering places, from surface
run off, etc.), accumulation of silt, and
leaks in the protective seal. Therefore
for each protected springs by identify-
ing their problems specific actions
should be planned, these might be
changing of the sites, making surface
drains, the animal-proof fence and
gate, repairing spring boxes, piping and
valves; or checking water quality. Hand
pump fitted shallow wells are function-
ing at 67 percent that is four out of six
assessed have water on the tap. Al-
though the hand pumps have better
reachable distances (that is 43 percent)
than the protected springs, some tech-
nical activities are remaining to make
them technological homogeneous
(standardization), reliable, accessible
and to limit the number of users to the
available resources. The motorized (en-
gine) pumped water supplies selected
for this study are found at Gersale,
Arfayde, Fasha and Lulte villeges of
farmer cooperatives. The Gersale and
Arfayde water supplies are functional
while the others were non functional
for more than two years, The problems
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of these systems are identified by re-
gional water bureau as the blocking of
the main pipes by inserted stones. But
there are disagreement between the
community and implementing agency
Water Construction Authority for tak-
ing the accountability to the failure. In
any way the failure of the project after
huge capital investment to system in-
stallation and construction of distribu-
tion system lie with approach to project
processing that has to be responsive to
the demands or give the chance for ne-
gotiation on all stages of the project so
as to provide responsibility to all stake-
holders.

Environmental Aspects

As to WHO water quality guide-
lines, drinking-water must not contain
E. coli or thermotolerant coliforms in
100 ml samples of drinking-water at
any time, for any type of water supply,
treated or untreated, piped or unpiped.
The results on table 2 indicate that, ex-
cept three water points others fail to
fulfill the set guideline both bacterio-
logical analysis and sanitary survey
method. In the remaining contamina-
tion of water points are identified
which can be due to entrance of buck-
ets and other water containers and even
people in to spring box, existence of la-
trine or other sources of pollution with
in 10 meters, cracks in the concrete,
lack of diversion ditch above the
spring, lack of a surface water diver-
sion ditch above the spring box, and
poor drainage causing stagnant water
around the water point. In order to
achieve the recommended guideline for
water quality actions must be targeted
to improve technological choices, stan-
dard construction quality, training of
local operators and the community in
general on issues of protecting water
sources and proper storage of water at
home.

In rural areas, daily per capita con-
sumption for personal and domestic
purposes recommended by WHO is 15
-20 liters per capita per day. The per
capita quantity of water consumption
assessed in this study was 5.47 liters
per day per capita which far below the
recommended rate. The present finding
is lower than the water consumption
rates reviewed by Gebre Amanueal
Teka (1993), he has indicated average

46

sof11.5Land 7L for a village in
Wellega and a peasant produccrs: (_:oolp—
eratives in Gonder Region respectively.
In comparison to the WHO re(j,on?-
mended amount, lower volume of wa-
ter found in this study can be du_c to
lack of proper sitting of water points,
the water points are not avallu-blc_ I.'or
long period of hours, lack of reliability
to water points and the lack of aware-
ness towards the constructed water
points. The possible actions lha.l can be
taken include hygienc education and
promotion on the projects for users to
participate in design, construction and
management of projects.

Financial Aspects

rate

The main failure to the supply
driven approach is financial insufli-
ciency that has caused delay to demand
in operation and maintenance anc.i‘m
provide the service to communities
lacking the services. The Ministry of
Water Resources as a rule follows a
strategy of charging the users to pay
ten pereent of the capital costs of the
project and the full expenditure of op-
crational and maintenance costs. Usu-
ally the users pay the former by provid-
ing free labour and provision of con-
struction material and a flat charging is
arranged to cover the expenditure for
later stage of the project. In this study
all the visited water points have re-
ported the participation of their com-
munities’ interims of free labour and
provision of construction materials. In
addition four of the eleven water points
have arranged tarifT collection methods
such as money per service provided,
monthly flat tanfT collection or fund
raising when breakdown time. The set-
ting of an affordable but realistic tarifT’
structure is the key feature of a demand
responsive approach. Micheal (1994)
has reported various forms of cost re-
covery practices of rural Ethiopia, as to
his report the tariff for motorized water
supplies was sct at one birr (10 US
cents) per 1000 litres and for
handpump the tariffis 25 cents (2.5US
cents) per house hold per month. Those
relevant government bodies at all level
have to arrange for mechanisms to fi-
nancial self sufficiency and follow the
proper implementation of demand — Jed
approach by changing the perception of
water users on the purposes and ways

of collecting money, Sine
ingness is related to sy
provided services, (he

Cuser,

Sy
Sracliol [0 :IL
I . cost Teg he
plan may require new SUsta: Ty
projects. In such caseg clear r‘annable

responsibility should pe addre lnancia|
agreement should be reacheg 8seq ang
ofinitial payment ang the copy Costg
nancial autonomy of the proie:tme i
cost technologies (such aq S'malsl- Loy,
protected springs) may be 5 Heg Scale
low income communiieg bu ﬂable lo
tems may not be Sustainable € 5ys.

Institutional Perspectiygg

?nsl‘imtional aSpects refer (o gy,
gunlzauonal__arrungenwms made 1 or-
prove waler supply, '?aﬁﬁalion ;T :
commu.mly participation ang ]‘Ygiel:ld
promotion componcnts, Wwhich ine
cludes legal policies, OTganizatign,,
management an.d financial Tesources 1,
s_ysl_cms. execution, operation apg con-
tinuity in rura.l areas. Although these
sector responsibilities are combineg in
cities and urban areas by Water Supply
fmd Sewerage authority, the activities
in rural areas are fragmented there fore
the water supplies activitjes are, the
mandate of Rural Water Supply Divi-
sion with in the Ministry of Water Re-
sources Commission, while sanitation
and hygiene promotion is the authorj-
zation of Ministry of Health. To under-
stand the institutional functions of rural
water and sanitation sector require go-
ing through the organizational arrange-
ments and functions at national, re-
gional, district and community level.
Thus at national level the ministry of
Water Resources as legislative body
functions in review and approval of
policies and long-term activities. The
Regional Water Bureau functions in the
preparation of detailed planning, allo-
cation of regional resources, design
and construction of facilities, monitor-
ing , supervision and support Ofl?cal
authorities, human resources traing
and operation and maintenance back-
up activities. At district level the Orgai
nization is limited to water desk 1evé
with in the district administration Ofﬁc"f
(recently it is transferred to Rural D:h
velopment Coordination Office) “o]n'
activities responsible to d€§1gﬂ’ cces
struction, operation and malﬂte"anro,
of small scale water supplics 2 d &ip
viding training of *“‘wat- san ROl
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{ees and water point operators. In the
past two dccades: thgrc was some efTort
to expand organizational arrangements
to community level by organizing the
users as cooperatives 10 involve in
planning and management of their wa-
ter systems. As (o the discussion made
with section heads in the regional water
pureau, district water desk stafT, mem-
bers of the water committec and some
community members the partnership
approach although a more effective so-
lution, is still at infancy in practice.
Commonly communities are called to
give free labour, they are requested to
provide land and other construction
materials. But the users of the projects
can participate in enormous activities
in all stage of the water and sanitation
project phases. As presented by Whyte
(1986) the users can participate in plan-
ning phase activities such as communi-
ties can be request to make decisions
on the geographical scope of the
project, integration among projects, sit-
ing of facilities, type and design of
equipment, testing of equipment, level
of service, selection of water source,
additional facilities (for watering
cattle, laundry, etc.), financing water
charges and timing of fetching for wa-
ter. In addition to the above mentioned
decisions that agencies are making with
the users, there are crucial aspects of
the project that will be covered in an
agreement or legal contract so as to de-
fine responsibilities, community pow-
ers and authority, to limit misunder-
standings, to recognize value of com-
munity participation, to bind parties
contractually (including penalties for
failure to fulfill agreement) and to ac-
commodate turnover of project person-
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nel. The adjustment of suitable legal
contract between different parties and
consideration of this as a necessary
project rule still not performed in all
communities. In only quarter of the
communities have taken the planning
phase responsibilitics such as, commu-
nity information motivation, collection
of local materials, voluntary labour,
safe storage of materials and equip-
ment, acquisition of land and organiza-
tion of ceremonies during planning
phase, identification of problems, se-
lection of community members for spe-
cial tasks and trainings, data collection,
and data evaluation. In all communities
vital planning phases such as participa-
tion in planning, fund collection, sign-
ing of contracts, communication of
progress to the people, and negotia-
tions concerning rights of way are not
well addressed.

In the operation and maintenance
stage communities responsibilities in-
cluding reporting periodically to
agency, reporting urgent problems im-
mediately, arranging collection of wa-
ter charges and other payments, keep-
ing accounts, paying loans and other fi-
nancial dues, signing individual con-
tracts, developing and applying regula-
tions, organizing general meetings for
elections, public reports, etc., paying
home visits to non-payers, and other
problem households, dealing with
user’s complaints, keeping minutes of
committee meetings, keeping archives
(log book), organizing demonstrations
and official visits, selecting and ap-
pointing operators and other staff, del-
egating responsibilities to operators,
supervising operators and organizing
community contributions for upgrad-

Gener ated by CantScanner fromintsig.com

ing, extension and repair of facilities.
(Whyte, 1986). In considering systhn
reliability, factors such as ownership
and control by local water committee
for systems, proper adjustment of the
operation and maintenance tasks, and
collection of water charges are imple-
mented only to water points at
Geresale, Arfayde, and to some extent
Fuchucha and Kashale areas. In these
systems water — sanitation committee
are active hence the day to day opera-
tion of systems, required maintenance
tasks, health education and commumni-
cation issues, and financial handling
systems are well going. In the above
mentioned projects a fruitful partner-
ship approach were established be-
tween district water desks, a non-gov-
ernmental Agency- Farm Africa and the
respective Water-Sanitation Committee
are in close contact to achieve the
needed partnership. Thus the water
services in these communities are more
reliable, that is, functional, providing
the required quantity by the community
although are not utilized as to the WHO
guidelines interims of quantity and
quality water. In water systems at
Busso, Gewada, and Bide are not ac-
cessible and providing services much
below the expectations of the commu-
nities. The utilization survey at village
Bide 3.4 per cent and water quality sur-
vey result for Gocha, Gewada, and
Bide can confirm the fact.

The higher level of usage that is
32.77 percent might be due to variable
factors including high demand for wa-
ter, high level of awareness, the incon-
veniences of alternative water sources,
etc.
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and sanitation §
eas were assume i
than the nationa
ally the access 12

sides commumlics with well

project approache§ th
technological choices
sponsive participalo

tively have high coverage rate, greater
utilization rate and better water con-
sumption than those that arc fqrmed up
by the traditional supply driven ap-

proach (table 4)-
Conclusion and

Hecommendaﬁn

. The coverage rate for access to
rural areas were

lower than the
lly the ac-

water services of the
assumed in this study as
national coverage rate, actua
cess rate is not di fferent.

. Sustainable technological choices
and demand reSponsive paﬁicipawly
projects arc compamtively have high
coverage rate, greater utilization rate
and better water consumption than the
traditional centralized planning.

. Planning low-cost and unaccept-
able technological options such as sea-
sonal, inaccessible and unmanaggable
protected springs should be discour-
aged for water quality and reliability
reasons.

- In order to achieve the recom-
mended guideline for water quality ac-
tions must be targeted to improve tech-
I{Ological choices, standard construc-
tion quality, training of beneficiaries in
the ways of protecting water sources
and proper storage of water at home.

. Thfz rc?cently published policy has
clear'ly indicated the direction for com-
munity empowerment and “People-
centered” or “Demand-led” strategy as
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district !

ersonnel on social marketing and»par-

ticipatory techniques whiF}? can bring 2
change in system reliability and 1m-
provement in coverage and usage. Ex-

and ©
ies (CSpCCially the non
y Farm Africa) that
edirect the ¢stab-
to have demand

differcnt agenc
govemmental agenc
make every effort o
lished water projects
responsive participatory projects.

. Available funds should be
searched from all stakeholders to build
sustainable water supply and sanitation
facilities, rather than planning Jow-cost
and unacceptable technologies.

- Despite the fact that the demand
responsive approach is more time and
money requiring, the advantages that it
build capacity to community members,
the easiness to reach more communi-
ties, and the achievement of sustaining
established facilities are more valuable.
Thus planners, engineers and other
workers need to be trained with de-
mand responsive participatory ~ ap-
proach.

+ All the visited water points have
fepoftffd the participation of their com-
mum.tl_es’ interims of free labour and
g:)?::::rnoﬁlf construction materials,

y half of these continue
pay for sustaining the facilities.

Recommendationg

- In order to have a better 1
{he impact of demand ICSPOTC.ME o
roach on coverage rate, “liliZa?ve )
and better water consumption 10n rg,
are assesscd in this study, laras
assessments have to be I"Okedge
. Methods should be dEVei
make demand Tesponsive aoped fo
more cfficient in time and m0n£5roach
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phytoplank_ton Biomass in relation to
water quality in Lakes Abaya and

Chamo, Ethiopia

This report presents results of algal biomass ang
onths, which i§ Part of the year round project, The rep
putrient availability and water transparency. The limiti
& 1.00mgl" and 0.15-1.10, whereas the algal biomass
Abaya and Chamo, respectively. The average Lake’s w
Lake Chamo. It shows that, for Lake Abaya,
project is running until the end of year 2006 5

1. Introduction

The water quality of a water body
affects the abundance, biomass, spe-
cies composition, productivity and
physiological condition of aquatic or-
ganisms. Therefore, a good quality of
water is demanding for species to flour-
ishin an ecosystem. Three methods are
under use for the assessment of water
quality: physical, chemical and biologi-
cal.

Biological methods give compara-
tive advantages over the other two for
its low cost, ease with which it is con-
ducted, etc. According to APHA et.al.,
2000 the common biological methods
used for assessing water quality in-
clude the collection, counting and iden-
tification of aquatic organisms; biom-
ass measurement; measurements of
metabolic rate; etc. The information
gathered may help to identify the na-
ture, extent and biological effects of
pollution; document short- and long-
term variability in water quality; corre-
late the biological mass or composition
with water chemistry or condition; etc.

In this study, algal biomass is used
as reference parameter. Most algae,
particularly, planktonic algae have long

been used as indicator of water quality. -

Thus, the objective of the present study
was, to investigate the temporal varia-
tions in the biomass of phytoplankton
in relation to some physico-chemical
variables in Lakes Abaya, and Chamo
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Abstract:

and predict its relation to aquatic pro-
ductivity,

2. The Study Area

The two study lakes Lake Abaya
and Lake Chamo are the most southern
lakes found aroud Arba Minch town.
The region around these lakes is char-
acterized by moist sub-humid climate
with an annual rainfall of about 900mm
(Yosef Tekle-Giorgis, 2002). The re-
gion experiences alternating dry and
Wet seasons, with the dry period being
between November and February and
peak rainfalls occurring during April
and May and again during October and
November.
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physico-chemical parameters analyzed during the last six
ortreveals the two study lakes’ algal biomass is related to the
ng nutrient is found to be NO,-N. NO,-N was varied from 0.18
varied from 0-10.2 mgChlm and 86-101 mgChlm™ for Lake
ater transparency was 14.5¢cm for Lake Abaya and 27.8cm for
the low water transparency is attributable to low algal biomass. The
nd more information is expected by then.

Lake Abaya (fig. 1), is located be-
tween latitudes 6°02° and 6°35°N, and
longitudes of 37°40" and 37°5’E in the
Southern Ethiopia, east of Arba Minch
town. The lake has surface area of
1,160 km?, which is the second largest
lake (next to Lake Tana) in Ethiopia.

Lake Abaya is the first largest of the
Ethiopian rift valley lakes, with maxi-
mum depth of 13m and length of 60 km
at elevation of 1169 m as.l. Lake
Abaya receives inflow from a number
of large rivers (such as river Bilate) and
it overflows to lake Chamo during the
high water periods.

Lake Chamo (Fig.1) is a tectonic
southernmost lake of the Ethiopian Rift
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Fig. I Map of lakes Chamo and Abaya
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3. Materials and Methods

col-
Surface water samples \\lirrt]ty “
|akes regu
Jected from the two iy
(rom the feeder rivers occasmnally

e
situ measurements W ere done for som

arency
ters: Lake Water transp
s oo Secchi disc. Sur-

was estimated using
nd pH were
e water lempemture a
o ial pH

measured With a poran:s dig:
meter. Alkalinity was deten'nmcd by ti-
tration with standard HCL. Electrical
conductivity was determined in lab.
with conductivity meter. Phytoplankton
biomass was estimated as Chlorophyll
a concentration based on the mono-
chromatic method (Lorenz, 1967, as
outlined in Wetzel and Likens 2000).
Various chemical parameters were
analyzed by using Hack spectropho-
tometer 2000. Samples filtered through
glass fiber filters (GF/C) were used for
the analyses of chemical parameters
except alkalinity, total phosphate and
total solids.

4, Results and Discussion

4.1. Physico-Chemical features
Some physical characteristics of the
two study lakes and the feeder rivers
measured over the study period are
given in table 1. The mean surface wa-
ter temperature is 32.8°C for Lake
Abaya and 29.5°C for Lake Chamo.
Lake’s transparency is very low for
Lake Abaya (14. Sem), owing to its high
turbidity that might have resulted from
lCurhbxd feeder rivers. In the case of
amo, it has relatively hip
(mean='>8cm) Yy higher value
Table 1 also presents
the a
chemical featureg of Lakes n%g:tifcel
over the study period, Total Solids (TS)
\l/:r;;d from 751- -850mg/L and 1298
m ]
YL for Lakes Abaya ang

Chamo, res
pectivel 4
value for Lake ChafnoThe high T§

958-1200 and 13
76-197 i
lake Abaya angd Cha; 5 st
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with higher values for Lake Chamo.
Total alkalinity (in mgl’ 1) is also rela-
tively higher for Lake Chamo, which is
closer to the earlier studies (e.g. Eliza-
beth Kebede ef al. 1994 and Zinabu .
Gebre Mariam ef al. 2002) for lake
Chamo.

Table 2 and Fig.2 presents concen-
tration of inorganic nutrients measured
over the study period. Nitrate levels re-
corded in this study are much greater
than those reported for lake Chamo
even by Lhe author of this paper and

others (e.g. Amha Belay and Wood,
1982 217-445 ig I). Nltme-mlrogen
concentrations were usually foung out
to be zero although low concentartion
(< 10 ig I') was reported Jast year,
Similarly low concentrations of Titrite
(2 -18ig I'") were recorded in 1979, for
L. Chamo by Amha Belay and Wood
(1982). The concentrations of nitrite-N
were always much lower than those of
nitrate-N and Ammomum-mtmﬂen as
they usually are in African Jakes
(Talling and Talling, 1965; Girma

Rl Co'm‘m" ation of inor ganic nutrients recorded over the srudy pertoa’
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Fig. 3 Algal biomass in relation lo rainfall

Tilahun, 1988). Ammonium-nitrogen
ranged from about 0.13-0.5 mg I and
0.05-0.8 mg I' in Lkae Abaya and
Chamo, respectively. Surface concen-
trations of ammonium-nitrogen in lakes
are often temporarily raised following
the collapse of algal blooms and during
increased circulation (Kalff, 2002).

4.2, Phytoplankton biomass

Phytoplankton biomass estimated
as chlorophyll a concentration exhib-
ited temporal changes (see Fig.-3) with
larger value corresponding to high rain-
fall data. Phytoplankton biomass var-
1ed from 86 to 101 (mean=75.7) mg m
for lake Chamo and from 0 to 10.2
(mean=4.4) mg m~ for lake Abaya. The
average standing crop recorded for
Lake Chamo in this study is larger than
the previous study of this author but
still comparable to those reported for
lakes Abaya and Chamo (Amha Belay
and Wood, 1982), Lake Abijata (Wood
et al,, 1978) and Lake Ziway (Amha
Belay and Wood, 1984). The reason for
the increased value could be the in-
creased rainfall in this period.

water 9(1) December 2005

5. Conclusions and

Recommendations

The lakes inorganic nutrient con-
centration is increased. This mj ght have
resulted from inflow of flood-driven
materials from the surroundings.
Therefore, the disposal of untreated
wastes and application of fertilizers
and other chemicals need to be
checked. To establish the exact level of
walter quality, further repeated and ex-
tended study is demanding.

This project is running until the end
of year 2006 and more information is
expected by then.
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Study on Hytllrau
Some Irrigation Canal

Sugar Estate
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hours to reach to some sugarcf und to be 40 % for 500 m long tertiary i d’ischargcs in the secondary supp
The average seepage !Oss v;:S_ :har es in canals of the same cntegory. lies the flow variation was betweer
s 3 Mgh vanaho'ﬂ(‘;b :-veen 55 1and 182 s, while for tertla;y fiu(i;p En
to have varied be . . . ed duri
:’GC?I;: U:]‘} tge discharges were quite lower than what it \:lﬂs ;n:veans o
that th(-mgh the design flow in tertiary canals was 75 Us, t e;r rent; it varied from a minimum of 10 ¢o 21§
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mity of canal dimensions in all the canal systems. In al
and across different canals. Therefore in order to esta
effect uniform water distribution to the irrigated fields,
of water to the canals should be emphasized in the wa
requires due attention through improved conveyance o

Key words: Hydraulic performance, Discharge,

1. Introduction

Long-term success of irrigated agri-
culture depends primarily on how wa-
ter resourses are utilized 1o bring the
desired crop yield at acceptable cost of
production. Efficient use of water ap-
plication is becoming more ang more
essential as an increase of costs of ap-
plication and increase in water require-
ments for the world’s rapidly expand-
ing population (Humbert, 1968).

In many irigation Projects only 4¢
% of the water delivered at the source
finally reaches the field (FAQ, 1971).
By the same Teport application eff;.
ciency of most of the irrigation meth-
ods is generally around 60 v, and this js

her reduced due to water convey-
ance and distribution losses.

In Ethiopia, irrigated Sugarcane de-
velopment wag commenced in 1950
at Wonji /Shoa Sugar Estate, Currently,
the Estate cultivates aboyt 7020 ha of

52

sugarcane (together with out grower
farms). The Estate is using water
pumped from Awash River at a design
pumping capacity of 55 mYs
(Muckerji, 2001). The pumps run con-
tinuously to store water in Teservoirs
spread at different locations in the Es-
tate. The flow of Awash River is regy-
lated by the release from the upstream
Koka dam. Thus, the availability of wa-
ter to the Sugar Estate depen
leases from the dam,

Water applicatiop is being effected

through a serjes of earthen canals, res-
ervoirs, distributjon boxes, “malangs .
(earthen cang)g of 75 s
which ryp across the fj

ds on re-

om the water sup-

I the canals the bed width was quite varying both alon
ater along and across the can
the uniformity of canal dimensions,
ter conveyance system. Reducing the high seepag
firrigation water at Wonji/Shoa Sugar Estate,
Seepage, Canal dimensions

blish a uniform flow of w

0 unifgr.
£ a cany)
als anq to
bed slopes, ang delive

e loss alg,

plicd directly from the
from the TeServoirs.
row method of wy

used in the Estate. The furrow lengthg
are short with 32, 48 and 64 m, while
the original furrow slope is 0.05.0.1 v
and the furrow spacing is 1.45 .
Sugarcane fields are identified by
Arabic Numerals gg field 1, 2, 3, etc,

The field numbers are given from

North to South and West to East direc-
tions. Most of th

¢ fields have a more or
less square shape (500 m by 500 m),
thus one ficld hag about 25 ha area.
Studies conducted in water man-
agement across the Ethiopian Sugar Es-
tates indicated that there is inefficient
Water management that there are losses
of water ip application and conveyance
Systems (Rahmeto Anito, 1998; Habib
Dilsebo, 2001 2002; 2004 and
Megersa Olumana, 2004). In the stud-
1es it was indicated that there are inac-
curacy of furrow levelling, water appli-

PUmps as we|| 5
Block endeq fur-
ter application is
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cation (timing and amount), absence of
flow measuring mechanisms in canals,
siltation of reservoirs & canals and
seepage through canals. Consequently,
in view of the above facts this study was
conducted at Wonji/Shoa Sugar Estate
with the following major objective:

- To examine the hydraulic charac-
teristics of canals (secondary & tertiary
supply canals, malangs and furrows).

2. Materials and Methods

2.1. Description of the Study Area

Wonji/Shoa Sugar Estate is located
at about 100 km distance on the Addis
Ababa — Djibouti main road and 10 km
to the South of Nazareth town,

The Estate has an elevation, latitude
and longitude of 1540 m, 8° 31' North
and 39° 12' East, respectively. The
mean annual maximum and minimum

water 9(1) December 2005
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Fig. 1. Wonji/Shoa Sugar Estate Concession Map

temperatures are 27.6 and 15.2 °C, re-
spectively. The Estate receives an aver-
age rainfall of 831.2 mm (Wonji Re-
search Station).

This study was conducted on four
canal systems; namely, secondary sup-
Ply, tertiary supply, malangs (field sup-
ply canals) and furrows of Wonji/Shoa
Sugar Estate sugarcane plantation,

2.2. Field Data Collection
2.2.1. Hydraulic Measurement of Canals
The water velocity in a secondary
supply canal was measured using float
method in five canals. Two points were
marked along the bank of a straight
length of channel, in which a floating
material was allowed to float on the ad-
vancing water surface. The float was set
in the middle of the canal. 150 m long
straight reach of a canal was divided into
I5 segments of each 10 m length.

The time taken by the float material
was measured in the field from which
the water surface velocity was esti-
mated. The trial was repeated 5 times at
cach canal. The average water velocity
was estimated to 85 percent of the sur-
face water velocity as outlined in Arora
(2002).

The cross- sectional area was found
to be a more or less trapezoidal in
shape. Thus trapezoidal formula was
used to calculate (he wetted cross- sec-
tional area. Flow in the secondary sup-
ply canals were then estimated using
continuity equation:

QA v ennaidirniditin (2.1)
Where:

Q =Discharge (m’s)

A = Canal cross- sectional area (m?)
V = Velocity of flow (m/s)

The following hydraulic measure-
ments were taken:

- Wetted flow dimensions (bed
width, depth of flow and top width) of
secondary canals at 15 cross sections of
five canals at 15, 75 and 135 m distance
from distributaries.

- Discharges in tertiary canals in 7
fields, done 24 times, using 15 cm
throat  width  Parshall flume
(Suryavansh et al, 1989).

- Individual furrow discharges on
11 fields at three furrows per field us-
ing a 7.5 cm throat width Parshall
flume.

- Furrow slopes at four furrows for
220 m length each.

- Furrow dimensions for 32 cross
sections (at 5, 25 and 45 m distance)
along a furrow and 2 furrows per field
at six fields.

- Bed widths of tertiary canals and
malangs at 5, 105, 205, 305,405 and
505 m along a length from the road cul-
vert and from tertiary canals, respec-
tively. Each canal dimension was mea-
sured at 36 cross sections at six fields.

2.2.2. Seepage Measurement

Seepage of tertiary canals was mea-
sured using inflow-outflow discharge
method. 15 discharge measurements
were carried out at two sections located
ata distance of 100 - 450 m. The differ-
ence in discharges of the two sections
was determined. The amount of water
lost was then changed to seepage loss
for 500 m long tertiary canal.
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side that they are pr €
maximum surface water velocity was

0.45 and the minimum was 0.13 m/s.
The variation in flow velocity was at-
tributable partly to the non-uniform ca-
nal cross section. Furthermore, the sur-
face velocity is expected to vary be-
cause of some water waves. Thus, to
maintain a uniform flow velocities in

Table 3.1: Discharges of secondary
supplies adjoining different fields

] || Discharge [l/s]i
(e
=
= |

cross-sectien 2
tes. Thus, canal
be made as :
formity of water flow1

uniform as p

nal d ensions
al, the €2 ssible-
l: c:::: a5 unifor™ ﬂf Oc .ed from
8 e K d 13V
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t on the proba . ;  ations. L g
;lsl discharge in the (ertiary canals velocity V‘.mdl::)rrllsidemble variation of
B There 15 asured at
; : : «anals as M€
3. Resalts and Discussion e bed width 0 €47 e same. The
. i Canals different Sec:;&idth was 84 cm and the
3.1. Secondary SlfPPlg’( ater in the maximum D¢ 4 cm. ON the other
verage velocty 81 W' 55, minimi T of 54, 49 and 69 cI
secondary capals Was ©° 2 = o hand, bed W! 25 and 135 M
11 m/s as estimated from - .g at 15, 75 an 3

(lzwzel cinnglso /l\ccording {0 Arora (2002) “l’el'e (;blsael::ndary canal, respectively
. ) the lower 2 ong it canal

such velocities ar¢ ‘°“ar;5, e The (Table 32 A M7 uniform canel
one to siltation. fTects the flow velocl

cross sections should
ossible for uni-

n canals.

3.2. Tertiary Supply Canals

Tertiary supply cana
nly designed to
charge of 75 I/s. However, it was found
from 24 measurements conducted in 7
canals that there is quite much disparity
of the canal flow as opposed to the de-
sign flow.

The maximum discharge in the ter-
tiary canal is 46.6 I/s, while the mini-
mum is 10.4 I/s (Table 3.3). Individual
figures indicated a maximum discharge
of 58.3 I/s and a minimum of 10 I/s.
Because of high discharge varation

Is were prima-

convey a design dis-

Table 3.2: Bed width of secondary supply canals as measured from different

dis(qr_tn::q JSfrom canal inlet

[Field no

als at ;

54

| Bed width {cm]ofsecond e
¢ ] can
| different distance from th?ycanal

R A AN BRI Sy

i[92

B LE

55

Table 3.3: Tertiary canal dfs(‘hgr
measured in different fields o f er- as
Shoa Sugar Cane Plantation "

[Tl nusber | Humberel [T

:[ i nmv_x.iﬂmuu dise "T:I,:r-.
;r‘ 50 3 ”""‘-;g-.—ri' '
[ S
—wE T T e T T

:[ RRPRE PR 104 ™
o G

r . 5 [ WET~
| [ EE—
} 13 1 4

1 T S T 137

| P e —
’,[ Total 24 I"*\\
— ———
water distribution among fields i

3 ga.

tion speed and ultimately sugare
yields are expected to vary anm b
fields. While the average canal gn
charge is 30 I/s, a frequency apg N
carried out on discharges indicateq {}?IS
there is no probability of obtzu'nim,at
canal discharge of 75 I/s and abow:b !
Measurements conducted at djfre
ent sections of a tertiary canal indicate;
that there is a significant bed width
variation along the canal and acros
different canals. In this regard, 5 bej
width was found to be 2 times larger at
two different sections of about 100 anq
200 m distance between them at field
212 and 21, respectively (Table 3 4)S
T.he non- uniform canal bed width n;a :
give a uniform discharge in the canal){
but the flow depth variation affects wa.
ter distribution in the canal. -
The ranges of canal bed widths are
30, 11, 12, 49, 17, 53 cm for fields
2.12,61,15.215,178/179 and 21, respec-
tively. With regard to bed widths across
the canals the minimum of 30 cm was
fou_nd while the maximum was 79 cm
which is 2.5 times more than the smallestj

3.3. Infield Water Supply Canals
(Malangs)

The plaximum discharge in the
rlvgrlflngs llS 21.8 I/s and the minimum is
s while is 15
(Table 3.5) the average is 15.4 Is

Discharge variation in malangs
causes a reduced irrigation speed. This
1s because 15 Vs discharge can irrigate
::iy 5 to 6 furrows at a time at 2.7 /s of
i rage furrow discharge. This in tum

hects the cost of irrigation labourers,
:;'1 0 could have irrigated more had
ere been more water in the malangs
than 15 1/s,
There is also bed width variation of
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Tuble 3.4: Tertiary canal bed widths

at different lengths alo

nga canal

ﬁrl Bfidg;v:i;h:o[;dn}]r:;teniary canals at different distance = :

[ 5m [ 105m [ 205m [305m [ 405w [So8m [Averags

—r [ [0 [ S % [ e

—%1 | 47 [ 3 [ 38 Lo T a s

s 12 12 | » |3 |5 | 5| s

s [ Lo [ 8 [@ % = s

779 [ 49 [ %6 [ 35 [ a4 [0 s2 | 46
—1 | 101 [ 76 [ 48

T R .

Tuble 3.5: Average malang discharges
at different S .
Malang

i 0
l’ﬁm’ discharge [/ 5)

[14.4
Fgg:::::::[IQJ

[213  [1041
[s1_ [145
(71

[188

e [18 |
(28 [179
[13 [148

(17 1117 ;
[92 [218

malangs both along a malang and be-
tween different malangs. The ranges in
bed widths are 17, 14, 17,23, 50 and 10
cm at fields 212, 61, 15, 215, 178/179,
and 21, respectively. The minimum bed
width is 33 cm at field 15 and the maxi-
mum is 57.5 cm at field 21 (Table 3.6).

The extremely low discharges in
malangs cause an excessive delay in ir-
rigation interval. One field is on aver-
age 25 ha (500 m* 500 m); accordingly,
the average malang distance is SO0 or
250 m sometimes. However, a canal of
15.41/s average discharge can only irri-
gate 6 furrows for about an hour at 2.7
Is of average furrow discharge. In 9

Table 3.6: Bed widths of malangs along its length

!10urs of daily irrigation it is possible to
irrigate only 54 furrows of 48 m furrow
length. Thus, it takes about 6.4 days to
irrigate one “shulk*(a plot of land,
which is irrigated by one malang).
Therefore it takes about 2 months to ir-
rigate one field of 25 ha area against 20
days of average irrigation interval.
Accordingly, on average of 9
months of irrigation the cane will be ir-
rigated only 4 to 5 times per year. This
result is in agreement with Booker
Tate’s (2003) argument that there are
only 4 watering per year against the re-
quired 8- 12 watering. The balance was
supplemented from the high water table
of sugarcane ficlds. Sometimes, the
water must travel up to 3 hours to fields
at the furthest location from reservoirs
(about 3 km) before getting into the
field, which further reduced the ap-
proximate 9 hours of irrigation to 6.

3.4. Furrows

One of the basic requirements in
distribution of water along furrows is
the furrow cross section. In furrow irri-
gation method infiltration of water in
the furrow takes place both laterally
and vertically, which makes the method
dependent on furrow dimensions for
water absorption. Consequently, the
larger the furrow dimensions the larger

T RSO e

[ Fields

Malang bed widths (cm) at different distance from !
tertiarycanal[m] - i
| . 5m [105m [ 205m [305m | 405m | S05m |
[| 212 | 51 [ 60 [ 59 .88 [ a8 [
[ 61 52 [ 4 [ 41 [ 38 [ 42 [ a1 |
| 15 30 | 3¢ | 3 | so | a2 | 33 |
215 | 32 [ 35 | 4 [ 45 [ 55 -
(17871779 " 52 [ 85 [ 20 | 40 C70 [ - 1
A s [ e [ - [ - [ - [ -
water 9(1) December 2005
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the surface area a furrow will have to
absorb more water and otherwise.

The minimum and maximum bed
widths are 20 and 55 cm at fields 215
and 21, respectively. However, the
widths are found to be mostly between
530 and 40 cm.

The minimum and maximum top
width was found to be 55 and 114 cm at
field 215 and 212, respectively. On th_e
other hand, the flow depth was min!-
mum (14 c¢cm) at field 215 and maxi-
mum (34 cm) at field 212 as indicated
in Table 3.7.

The water applied to the furrows is
sometimes unable to reach the furrow
end on slope related problems. Thus,
under such a situation the irrigators will
be forced to flood the field or bring the
water in opposite direction i.e., to bring
water from the furrow end.

There is a non-uniform furrow dis-
charge in almost all furrows considered
in this experiment. An average inflow
rate of 2.4 I/s was obtained at 59 fur-
rows. Furthermore, significant varna-
tion was observed in flow rates across
the furrows. A minimum inflow rate of
1.5 and a maximum of 3.2 I/s were
measured (Table 3.8).

Furrow slopes were found to range
between 0.05 to 0.17 %. The values are
acceptable as the design slopes are 0.05
to 0.1 %. But there are undulations of
the field, which hampered free water
advancement along the furrows.

3.5. Flow Condition in Canals and
Furrows

A reasonable variation in discharge
is expected because of seepage in un-
lined channels, thus there are associ-
ated top width and flow depth varia-
tions. However, it was found a consid-
erable bed width variation, which is not
function of the discharge. Hence, the
flow in the canals does not represent
uniform flow conditions.

The causes of non-uniformity are
the canal bed and side slopes, canal di-
mensions and unregulated releases of
water from distributaries to the canals.
All the causes can be improved, if not
removed, if proper caution is taken dur-
ing engineering works of land levelling
(keeping of uniform furrow slopes), ca-
nal alignment (maintaining uniform
bed and side slopes), desiltation of ca-
nals (maintaining uniform canal dimen-
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Table 3.8: Average furrow discharges
measured al d fferem f elds at WSSE

F‘xeld
No

Furrow dxscharge

W g
f_70 i —
31 | 2 5 1
213 [ 18
51 | , 2 9

15
71 ‘ﬁ., 21
[ 26
.. 25
L
sl
|

#

21 g
17‘7 32
17 2.4

sions and bed slopes) and water appli-
cations (proper estimation of applica-
tion depth, discharge and, cutoff time).

56

3.6. Waterlogging
It was found in this study that the

average water velocity for secondary
supply canal was 0.3 m/s, which is too
Jow. Under such low flow velocities
water seeps along the canal banks. The
problem is observed in many fields dur-
ing field visits. The seepage created
shallow water table as recorded in a
number of observation wells installed
in the Estate. It was also reported that
the average ground water table at Wonji
is only 0.94 m below the ground sur-
face (Habib, 2002) By the same report,
shallow sugarcane root depth was
found where there is a shallow water
table.

Discharge measurements  con-
ducted along tertiary canals indicated
that there is an average seepage loss of
about 40 % for 500 m long tertiary ca-
nals. Thus, it appears that the water
table development is directly caused by
seepage of water due to poor convey-

ance of irrigation canals a4 alsg
age from reserv oirs. er\

4. Summary and c°nclus' i

The following points are ¢

rized as salient findings of the 5 mma
1. Secondary & tertiary g,

nals and malang bed Widths 4,

uniform both along and aCTOSS the

nals. The same non- uniform;

observed in furrow LmSS*Sec“Ons W,

2. The secondary & tertia s
malang and furrow discharges oy :als
uniform across the canalg, Furt Urthe
more, the discharges in all {he ; er.
were too low to adequatdy and time §
effect the irrigation water apPhtatlo
There was no probability of Obtainy,
the design flow of 75 /s in tertiary ¢,
nals.

3. The flow velocities in the Sog.
ondary supply canals were fouy, d 1
have been 0.3 m/s on average such fhy
it will take up to 3 hrs for the water
reach to the furthest field (3 km) from
the reservoir. Further, a 0.3 m/s s
found to cause siltation in the canals
and seepage all along its path, The
seepage amount was found 40 % fo,
500 m long tertiary canal. This is very
high figure.

4. The furrow slope ranged from
0.05 to 0.17 %, which is acceptable in
furrow irrigation.

Y

5. Recommendations

Based on the results obtained from
this experiment the following recom-
mendations are forwarded.

1. For uniform water flow param-
eters in the malangs, tertiary & second-
ary canals, canal cross- sections and
bed slopes should be made uniform.
Besides, the canal dimensions should
be surveyed and maintained precisely
after every harvesting and at the annual
canal maintenance program. Flows
should be regulated when released 0
the canal systems.

2. There is high water table in the
estate, which results in ill effects of
waterlogging. The high water table
condition arising from seepage of irri-

ed
gation water needs to be alle:vmtce
through  appropriate conveyan
mechamsms

low
3. Poor conveyance system and

water 9(1) Decembe’ 9005
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water velocities in the ca.n.als‘should .bc
o proved by canal rehabilitation -(mam-
(aining discharggs and cross-se.cuons of
canals uniformity) and .redemgn pro-
ams of canal CTOSS-SCC.(lonS as per the
rcquiremcnl of water delivery.
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Regional Moisture Availability Analysis
for SNNP Region,Ethiopia

. T eed especial tre
Sustainable food production needs identifying areas that n I

Abstract

Habetamu Itefa, Di: Mekop,

n4.,
Arba Minch University

atment in relation with the Matupy,
a

: : to differentiate the most g .
phenomena such as variation of climatic elements. The identification may help Uscept;

sctur its and thus to
area from the less susceptible area with respect to monst.me defici ter that has (o be supplemented by Yo
the deficiency of moisture helps to quantify the magmtgdc of’w—a e rainfall runoff, spring and so on. Soj)
utilization of the near by available water resource like rivers, lakes,

manage accordingly. Identifje

aﬁ(ln by
Moisty,

, aves. The Hargreaves moisture availahjj;
: . 3 e ati veloped by Hargre it
status has been determined using empirical relations de P

dev -egion and classify the entire ye
index wass used to determine the moisture availability index of'ihc SNE:)S:SE:J to zone I, Zone 11, Zone I11
different moisture zones. As per the classification the SNNP _chm:l IStCmOistur(: deficient.

Where the zone I is the most moisture deficient and zone 1V is the leas

Introduction

The availability of water to plants is
undoubtedly the most important aspect
of agricultural food production. Hence
Prior to Planning water resource devel-
opment project for agriculture purpose
the extent of supply (availability) and
demand (requirement) should be ana-
lyzed. The feasibility and sustainability
of the projects depends on how reliable
supply from sources (rainfall, runofT,
rivers, and ground water) is and how it
can best be managed to satisfy the de-
mand. Itis after ward that the feasibility
of implementation of the project can be
decided beside the consideration of
other technical aspects.

rainfall. Penman Montheith and
Thomthwaite formulae are seleclcc! to
compute the potential evapotranspira-
tion of the stations with their available
meteorological data. ‘

The Penman Monteith method 1s
selected as it is the method by which
the evapotranspiration of the reference
surface (ETo) can be unambiguousily
determined, and it provides also consis-
tent ETo values in all regions and cli-
mates (FAO ,1998).

Ma .
A T i R §)

&+ p(1+0.33u,)

Eloa

gion i ¢,
’ ZOnc v

T = mean daily air temperatyre at 2m,
height [°c]
U, = wind speed at 2m height (ms)
Cropwat 5.7 soft ware that wa de.
veloped by FAO were used tq deter-
mine the ETo by using goveming clj.
matic parameters such as average ter.
perature, wind speed, sunshine hours
and relative humidity and 8eographic
location. Since no sufficient data could
be available in most of the stations, the
potential evaptranspiration for all the
stations in the region can not be com-
puted. Hence Stations with complete
meteorological data - such as Arba

Table I ETo Penman Montheith (em/month)

ati()n of

Objective
: AMinch | Jimma | Gore AMariam | N.Borena

The objective of the study was to
analyze the regional moisture availabil- Jan 1452 96 99 _ 12 147
ity and characterize the entire SNNP Feb 16.05 105 105 129 165
region in to different moisture zones. M _— - 1.4 26 147

2 ;

Meteorological data such as rain- A BE 14.31 111 1.4 12 1.7
fall, relative humidity, wind speed, sun- May 13.83 10.8 10.2 10.8 105
shine hours, and temperature and sta-
tion geographic locations were col- June 13.35 99 8.4 96 9.9
lected from different data providers. As Jul 12.09 g3 = 93 g
it is usual to most of Ethiopian stations, - - =
there were a lot of missing data in all | AUY 13.32 8.3 12 10.2 10.2
n_1ete9rologjcal parameters. For lh.e.es- Sep 15.18 10.2 84 8.4 114
timation of the missing data empirical
relation, regression analysis or average | Qct 13.56 93 9.3 10.5 10.5
method was used based on recommen-
dation from literatures. The moisture Nov 13.02 96 956 10.2 12 —
availability dwas z;na?/Tcd from hthe Dec 138 93 g3 99 135
evaporative demand of the atmosphere
(evapotranspiration) and the available _M__LBQ_BL_ 120.3 117.9 126.4 1446
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Figure I PET temperature calibration curves

Table 2 MAI determined from Hargreaves equation

STo [ Statmname | 759%DP [ PET

T [Amaam (7683 [1ims |
7 [Afal  [8454  [12&

El (& Kele | 8363 [1a:25 |
& [Argacha | 1186  [12254 |

5 [Abaminh  [7569 [1T784 |
6 [Aela  [Ums [ 12m7
7 [Awassa [ 8208  [1335 063 |
(g [Biae  [8281  [16717 | 050 |
@ [Bodity [nss [ | 095
[0 [Bum {8142 13493 0.

|11 | Dilla | 1187.1 | 1325 |

(12 [FGemet  [11&  [11409 | 102
(13 [Giddle  [772  [15088 : 051
[1¢ [Hossaima | 10586 [ 11042 | 095 |
(15 [M.abaya  [5544  [[1780.5 | 031 |
16 [Sodo [ 9611  [[12227 | 079
(17 [vChefe  [11884 [ 11616 | 079 |
(18 [Y.hlem  [11207 | 101180 | 111 |
19 [Jimma [ 1308 || 86669 | 154
|20 [Gae [ 1700

|21 [Masha [ 183211

Minch, Jimma, Gore, and Negele
Borena were used to evaluate ETo. The
remaining stations are having only tem-
perature data. The computed potential
Evepotranspiration  using  Penman
Montheith method is shown in table 1
The results of reference evapo-
transpiration in table | and mean
monthly temperature of the same sta-

Water 9(1) December 2005
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tions were used to develop temperature
based equation(figure 1).This equation
was then used to estimate evapotrans-
piration for those stations where only
temperature records area available.The
results are given in table 2.

PET,= 0.0784T>* —2.3T +25.76

Thomthwaite (1948) derived an
equation to be used under the condition
of limited water availability. This equa-
tion produces monthly estimates of ET.

ET= CH*T% iiiiiiiiieinnnene [2]

Where
ET = potential evapotranspiration (cm)
C= coefficient which is the function of
the location of the station
T = mean monthly temperature in °c
a=an exponent and can be estimated as

a=( 675410 I- (77.1*10)* I+ 0.0179*1 +
0892 soveemssvssssssmsssasssenen (2b)

Where T, is the mean temperature
of the j» month.

Assuming each month has 30days
Equation 2 can be simplified as

a
PET =162 *(]_OZJ
 F ] 2E]

As it can be seen from the figure 1
the temperature based equation shows
results that have similar trend as that of
Thomthwaite which has also tempera-
ture as only meteorological parameter
influencing ET.

Hence the PET value determined
using the formula developed by relat-
ing the temperature element and with
PET value obtained by Penman
Montheith method is considered for
further analysis.

Design rainfall

In the region a total of 24 stations
having 24 years of annual record
(1981-2004) have been considered in
the analysis.

The probability of occurrence P (%)
for each observation has been calcu-
lated by Weibull plotting position for-
mula

M
P%) = ——*100
(*0) 721 100 3]

P =probability in % of the observa-
tion of the rank m

M = the rank of the observation
N = total number of observations used

Based on the long term precipita-
tion data 75% dependable rainfall was
determined.

As per Hargreaves (1974) sugges-
tion moisture availability index (MAI)
can be used to group climatic regions.
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MALI is the relative measure of the ad-

equacy of precipitation in supply of

moisture requirement. It is expressed as
J=12

I= 2 @i
M it (1)
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MAI =moisture availability index
PD= Dependable rainfa]l
PET =Potential evapotranspiration.
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Hargreaves proposed the follow;

§ i Ng
climatic regions based on MA]. ?

[WAIH) [ Classes |
033 | Verydeficent
| 3467 | Moderately defict
|[68100_[ Some what defigeni-
107133 [Adequate
[>13% [Excessve

Regional classification

The Entire region is classified in to
three moisture Zones based on their
moisture availability index and being
accompanied with governing param-
eter like land use where the moisture
zones are taken as Zonel, Zone2,
Zone3.

Conclusion and Discussions

From Figure it can be seen that
the PET value has shown more varia-
tion than the dependable rainfall. This
shows that there exists a greater varia-
tion of the evaporative demand of the
atmosphere within the region. In zone
and zone 11 moisture zone the rainfall is
seen to be less variable among the sta-
tions when compared to stations in
zone Il moisture zone. This has gen-
eral implication of less magnitude and
less variation of rainfall in the most de-
ficient moisture zones.

Based on the results computed on
figure 4 significantly more than 50% of
the region falls in moisture deficient
zone. Although the degree varies, all
areas with MAI less than 100% can bé
considered deficient zone. The south
eastern part of the region around Lot
Kamba, M.Abaya, A.Minch, Gato, and

water 9(1) December 9005
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TS At

come part of westemn region

arc S‘d Tepi fall in very moisture defi-
al'()‘-"

icnllzorr]l:(;islurc deficiency is very sig-
' Tl‘?l in the east, south east, south
.uﬁc@ h western part where as less
aﬂq >0U‘ Jeficiency can be observed at
noisturé and north western part of the

i, T
e |()n— L N ‘
hqraClC”ZCd by high PET value and
Cll¢ 2
Jower raint

The amount of rcquircc‘l supplcmen~
¢ for crop production in the re-
.ot be the same every where in
gion Cf’i(m The amount of water needed
the rc](gi bc'mmlyzcd in relation with re-
L ¢ moisture zones.

{al watc

Spcc(iv
Recommendation

Further study and analysis need to
be added with respect to dilTercm Sea-
sons with explicit consideration for dry
and wet seasons.
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A proposal for ide
degradation after sed

This paper provides an introductory connotatio
effects of the floc particles on water body and a proposal fo
lated sediments. As the suspended sediment parti
composite mixture of inorganic matters, organic or micr
terial population and water in trapping, the mixing of water
in the direction of evolution of these micro-systems. The qu
physical, chemical and biological functions of the entities.
literatures/findings; and the proposal for future resc
researchers can prompt to the analyses for water qua

Key words — flocculated sediment, river water, wat

Introduction

Increased sediment yields from
river basins resulting from catchment
disturbance and land use change have
been increasingly recognized as a ma-
Jjor environmental problem in many ar-
eas of the world (Walling, 1997).
Abernethy (1990) suggests that the an-
nual sediment yields of many rivers in
developing countries can be expected
to double over a period of 20 years in
response to population growth and as-
sociated land use change. Eckholm
(1976) contended that “excess sedi-
ment is the major form of human-in-
duced water pollution”. The sediment
particles, especially in suspension,
come in contact with other aquatic ele-
ments in the river. Peart (1997) exam-
ined that the higher suspended sedi-
ment concentrations downstream at
‘Kam Tin’ River of Hong Kong were
because of the disposal of domestic,
agricultural and industrial waste in the
river; similarly, the occurrence of
higher suspended sediment levels in
the Lam Tsuen River were due to im-
pact by conservation activity. Sharma
(1997) also observed that the aquatic
sedimentation phenomenon in arid re-
gion too is greatly influenced by land
disturbance due to overgrazing. There-
fore, the resulting increased sediment
loads in a complex mixing environment
of the water body can give rise to im-
portant practical and economic prob-
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ntifying river-water
iment flocculation
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Abstract

n of suspend
ride

cle cannot ;
obial community,

arch is produced
lity assessment {1
er degradation,

lems in terms of degradation of reser-
voir and impairment of irrigation
schemes, water treatment facilities (cf.
Clark et al., 1985), etc. )

The amount of suspended sedi-
ments in river-water depends upon the
diffusion, transport and aggradations
characteristics of the individual par-
ticle and its morphological behavior.
The general inference of the quality of
the aquatic system is that more is the
mixing of suspended sediment particles
with other constituent clements in the
water body, more will be the degrada-
tion of the river water. The degradation
is termed in a sense that the water qual-
ity will be poor in the sense the aquatic
system is affected by bacteriological,
chemical, biological and physical pro-
cesses, and it will affect the surround-
ing environment. Therefore, the hydro-
logical events happening in the river
basin have a dominating role in altering
the quality of river waler.

The traditional definition of sedi-
ment particles in suspension is the
holding up of small segments of the
particles, transported by moving water,
by turbulent upward eddies. It implies
that sediment particles are individual
entities with no other function to be
eroded, transported and settled within
aquatic systems as individual non-co-
hesive particles (Droppo, 2003). In
today’s multi-disciplinary approach to
ecosystem assessment, such a physi-
cally-based definition no longer repre-

ed sediment in flocculation, information’s o E
ntifying the quality of river-water affected by f1,

be considered as an individual absolute particle, p Cey.,
extra-cellular polymeric fibrils dye
with sediment particles in river system should be
ality of the aquatic systf-am is t!xerefore dependent
The present discussion is carried out based on g;
S— from the concept enumerated here
om this new approach.

elmive

ut ag,
o bac.
Viewed
on th

Tfereng
M. The

EPS fibril, microbial community

sents the significance of gy
sediment within the environmen
physical, chemical and biologjcy] as g
erator of aquatic systemg (Cli;‘;1 0((11.
2002). Flocs have been shown 1o beot;] ’
dominant mode transport withjp, ane
aquatic system that carries 3 Signiﬁcani
proportion  of  cohesive sediment
(Petticrew & Droppo, 2000), The floc-
culation significantly alters the river
water characteristics due to the cumuyla.
th‘eﬂccts: of a change in the effective
particle size, density, porosity and
shape over that of primary particle ( Li
& Ganczarczyk, 1987; Ongley ez al
1992; Philips & Walling, 1995; Nicha.
las & Walling, 1996). The sediment
particle in suspension may be, there-
fore, termed as flocculated sediment,
and the discussion on the bio-effects of
the particles on river water will be in-
tended to the flocculation nature only
of the particle.

In the present paper, a general dis-
cussion is carried out on how does the
sediment structure — its compositional
matrix and the morphological charac-
teristics such as size, porosity, density
etc., influence the aquatic system.
Leppard (1985) and Decho (1990) re-
mark that while flocs can function as
individual micro-ecosystems, they
have also been shown to have an ability
to regulate the surrounding water qual-
ity. However, no experiments for iden-
tifying their relative influences are be-
ing conducted in the present report, and
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pence mo analytical results could be
roduced here. It is hoped that the
resent discussion and the proposal
submitted herewith will provide a new
thought to the researchers to observe
and quantify the phenomenal change in
{he aquatic system, specially the river
water, due to presence of flocculated
sediment.
[dentifying flocculated sediment
Droppo (2001) defines floc as an
«individual ~micro-ecosystem  repre-
sented s @ composile particle com-
poscd of a matrix of water, inorganic
and organic (viable and non-viable)
particles, with autonomous and interac-
tive physical, chemical and biological
functions or behaviors operating within

the floc matrix”, Atypical floc structure

15 composed of some sub-flocs made
up 'of thousands of other individual
grains of different sizes (Fig. 1). When
suspended sediment is viewed as being
composed of such ‘micro-ecosystem’
lher_x the interpretation of the suspcnde(i
sediment and the role it plays within the
water body changes.

‘ Therefore, the suspended sediment
I flocculation will behave in the
aquatic system differently than the pri-
mary absolute particle because of sig-
nificant differences in size, surface
area, density, porosity, shape and set-
tling velocity. To understand and mea-
sure the sediment mixing in the water
body, suspended sediment must be

Fig. 2. Micrograph of a typical floc showing various interactions
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viewed and interpreted based on its
natural flocculated state and not as ab-
solute (primary) particles. Petticrew &
Droppo (2000) remarked that floccula-
tion of cohesive sediment is a universal
phenomenon, and the floc is the domi-
nant mode of sediment transport for
rivers with a significant cohesive sedi-
ment load. The process of flocculation
is the only phenomenon that can ex-
plain the presence of the cohesive par-
ticles on the flowing environment.

In flowing water, the suspended
load will consist of much larger par-
ticles than the colloidal size, and the
size of particles in suspension is gov-
emed by the intensity of turbulent mix-
ing. The movement of even the very
fine particles in flowing fluid is domi-
nated by turbulent agitation. But when
such fine particles come, for example,
into a lake, the settling may be counter-
acted by large- and small-scale thermal
motion. The large-scale motions are
caused by thermal convection. In the
small scale, the liquid molecules are in
a state of continuous agitation caused
by their thermal energy. The thermal
energy is also transmitted to the solid
parlicles and the resulting motion is
known as the Brownian movement. It is
important for particle sizes to be below
1m. The particles may also have clectri-
cal charges. If the particles have the
same charge, they repel each other and
thus counteract sedimentation. How-
ever, if an additional agent causes the
particles to lose their charges then by
mutual attraction of mass they will tend
to join together and thus form larger
particles or flocs and these settle out
more rapidly. For example, kaolin clays
consist of hydrous silicates of alu-
minium having a calcium-magnesium
base. The particles have like electric
charge in fresh water and repel each
other. But if these are carried into any
water body having dissolved salts, then
they come into water containing salt
concentration. The sodium ions of the
chlorides are exchanged with the cal-
cium and magnesium ions from the par-
ticles. The particles lose their charges,
attract one another and form flocs (cf.
Raudkivi, 1967).

The individual inorganic grains
which make up the floc are on average
approximately 5 mm in diameter with a
corresponding Stokes” settling velocity
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_Table-1: Characleristics o_ﬁcgnsliluen_l“’ﬂ,’,‘\","@Ofﬂocw

lared sedintents and their effects on water body

S Directions for
Constituents of Characteristics ™ { Effacts onwater bogy | Iwedimfions
Socculated sediments e e daﬁéﬂ{tﬂw 1. studyof )
— —— ——— ; [Electrochemical flocc :
* | Inorganuc particles Negatrve charge } duparaic) — effects on ] e]yactmch.emlcal
5 . . gﬁorg%m | flecculation
: [Drveme structue || Electockerical effects 2 studyof flac density
; High densit [Tncreases floc dersity - effects an j
i ghdensity | midrgofvatr | 3 studycfbacterg)
: e e e, bacterial || grovih and contarirag, |
£ Nutriert/ contarunant ; iﬂlﬁﬁoﬁms 1| effectson waterbody |
source LM T s
: e ient/ cortanir mdadsorp’am, ;
R Large surface area F,Ilf;in Fglthansport,-- effects | i
: | onmixing of water 4EF ﬁ_\\:
e — ical flocculation (flac || 1. studyof ]
Mqubmlcqnlgnmuty' Negatrve charge } E}Eﬁgggm)_eﬁ”ectsm | electrochernical
organic particles | midrgofvatr flocculation
4 [ Attachnert | iﬁgé%mw“emm cm || 2 studyef floc density
[Towdensity || Floc hydodymamic edwstion | 3 studyofbasteris = |
: | process ] %OWWJCMMmtm
5 e —n | effects on water bod
g [ Fibril production [ Defail on ext descrigion. 1} &K Yo
(o suface ama || Nulrient cortarvanand acbarpfion, || 4 StUdyon vater trappirg |
i : {| trapping of water, -- contamunart i
g || trarspart, -- effects on mixirg of
[ Microbil EPS forls | 3D derse retwork [ 3-D dense netwark l]‘:ﬁg‘/}d ;
[Bochent [ Afbchwent | Seseatir o |
; [Lowdensity |Lowdensity ! 2 studyof floc density
& [ Carge swface ension | Large swfacetension | 3. S;u&ya%bacteﬁal
N o e T rvn g0 contarmiration
g | Large swfacearea | Large suficeams effectson waterbody |
e | A studyon vater trapyirg |
i Floc vores [ Maawo pares [ Floc hyrodyramie charge — | L studyon charactoristios
§ Flostores i | biclogical remoral, - | of floc yores |
| trersformation of conterninants |
E Micro pors | Trapping of water-- effects on i
: ; | bio-chemical and diffusion
i [ Pores within pores | Trapping of vater-- effetson =~ | {
i bio-ckemical and diffision | i
D, BT | | O
Water | Free water '| Floc hydrodyramic change -- | L. studyof water
i| effect on mixing of water, -- | chamcteristics such as
e | CONMAMINAMMiXING || cohesimardadlesion |
| Bound water || Effects on bio-clerical and &
. | diffionprocess
| Lowdensity ‘ Floc hydrodyramic reduction
| process ) sl

of 0.02 mm s' (Droppo, 2003). As
flocs become smaller, they approach
the particle size of the constituent par-
ticles and as such Stokes’ law would
represent the movement function of the
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particle inside water body. But, for
large floc particle, Droppo (2001) re-
marked that Stokes’ law will give erro-
neous values for particle movement
due to the floc structure. Therefore, the

size and shape of the flocculated sedi-
ment will affect the mixing phenomena
in water column and thus the quality of
the river water.

When floc size increases, the num-
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per of contacts bel\vc_en ‘paf'ticlcs in-
creases and .lhe.porosny is InCreased,
put the density 1s decreaseq. Fig, 2 il.
Justrates the waler trapping copge.
uences inside the small pores devel-

Materialg,
s Cner .
€alS for biglogier; MNIENts 3

. 0gic !
actions ang Srowth, cp

unit of (gm); o 2
Volutiop,

is the variance
The bacteriy

la :
floc dey Y the major tole in Where 42 _ : ;
oped within (e 190 due 1o the secre. - velop the s mixing, A g, 7 = 28mt s the time
tjon of extracellular polymeric fipyig nature, gyp, PS are oy Sticky in ~ (Sec) of entry o ;
(EPS) by the bacterial population of e Nl =

njection of sediment

2

b

flocs. vi Leppard (1997), states (y

chanical drag on the floc (Masliyah &

laden

Water i
g ticles (orpan;e su(;t_l addflional par — ’ §m s e ma
(he average diameter of an EPS fibril i inlo the floc an Inorganic) entering  Jiffusivity of sediment flow mixture in
4-20 nm, and therefore, fmch Pore will  fagier settling ;]rta'trllx forming larger Square  cpy Per  sec;  and
have a high surface tension for the re- are very ﬁnepand]cfes The Epg fibrils g
tention of water. Large macro pores are etworks withiy, the floc (]l‘i,nSe Porous
possible wnhmlar_ge Open mal")_‘ flocs, cilitate further nutrient. gse wilin.  dins ofn ?p.herc, being the distance
with the effect of increased settling ve.  pan adsorption (furthe ;n contami- fTO{n the origin. The concentration wil]
locity due to the movement of free Wa- source) due (0 their | Cr bacterial fopd  be jn gm/m’ .
ter through the floc pores reducing me- arge surface areq

the trane: " Determine probable number (by

. . ra : :

Polikar, 1980). So, this water holding e, e pari o mens (s
f the micro contituents will Suspension and in

properly (}) : ) > -

influence the sediment movement anq Proposal tf::::ior;ature) in each sediment concen-

er quality. ;
the wat;rr qts ofyﬂocculate d sed; .The P_rOposal presented to deter- The concentration of flocculated
The effec " "Ment  mine the riyer Water degradation due to ~ sediments obtained as count per cubic
on water body floceulated sedimeny is as follows:
The mixing of suspended sediments

in the water column is greatly influ-
enced by floc structure. A floc, accorg-

ing to Droppo (2001), can be derived of

four different structural components,

B _grizp '%rgfarg’& particles, biota and
} bioorg

anic particles with an EPS sub.-
class, pore structure and water. The
charactenstics of the above compo-
nents and their behavioral effects are
summarized in Table. The informations
are gathered from Droppo (2003);
Droppo (2001); Phillips and Walling
(1995); Nicholas and Walling (1996);
Ongley et al. (1992); Walker and Bob
(2001). The descriptions in the Table I,
simply, demonstrate the complex link
between the physical, chemical and
biological structures (gross and fine

" Determine Suspended sediment
concentration (gm m~) in each column
of water and then that corresponding to
total volume of the particular river

- Determine Suspended sediment
concentration by the following formuyla
atdifferent reaches of the river for vari-
ous hydrological events in the contrib-
uting watersheds, but at 4 gap of time,
and analyze the concentration phenom-
ena in three-dimensional pattern to
know the concentration profile in the
aquatic system

The sediment concentration in
three-  dimensional  diffusion case

2
M r
Clx,y,23t)= —2 —exp| - T

metre will be compared with the con-
centration obtained from equation (1).

* Determine probable amount of in-
organic particles, organic particles,
EPS fibrils, water content etc., in each
flocculated sediment particle

- Derive probable cohesive nature
of “contaminants” in each coustituent
such as inorganic particle, organic par-
ticle, EPS fibril, water content etc., and
‘probable’ growth and decay of con-
taminants due to numerous reactions

- Calculate total contamination ej-
ther in volume orin weight basis for the

river, and analyze it with the concen-
tration count,

Inference

3 2 . : .
. hro 20 As the flocculated sediment is a mi-
scale) of a floc, and the outward ph).’Sl- (‘ ) cro-¢cnsystem consisting of 3 tumber
cal, chemical and biological behavior. of components in the auiic Enviro:
The characteristics of the sediment- (Csanady, 1973) . et it s et infloensce e nrhe
components elaborate the influencing (1) with ing bl dy and in affecting the
attern of floc building and subsequent tetaty i phgsissl, chentteal sl K
lr)nixin 1 in the aquatic S;ystem. The pos- Mz=Mo= [ [ [0,y zt)dedpdz Ty:z::; wap S yThercfore the bio-effects
‘t;l E’ﬂ. % fec n. the siver gys Bl . t . .be studied ’keeping in con-
Sible effects on water in - on water can
tem by the suspended sediments can be sideration of the above nature and char-
studied in the direction as stated in the @)

Table 1.

From the discussion, it can be re-
marked that the flocs are continuously
interacting with their environment, as
the medium in which they are trans-
ported provides the flocs with building

Water 9(1) December 2005

where M, = M“. is the mstanta;
neous point source (i.c., total mass o
substance being introduced instanta-
neously into the aqueous medium), in

acteristics of different constituents of
the said particles.
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participatory Gully Stabijizagiop o
Temporary Structures Combined \:::::Igl |
grasses at Gare Area, Weste,

gthiopia

Loss
for abou
coun“')' w

t .
tion 1

Introduction

Loss of arable land due to soil ero-
sion is a widespread phenomenon in
Ethiopian highlands, which accounts for
about 45% of the country’s total land
arca (SCRP, 1991). Ethiopia has been
described as one of the most serious soil
crpsion area in the world (Blaikie, 1985)
with national estimated average soil loss
of 42Uhalyr (Hurni, 1989). It can be
¢ven higher on steep slopes with a soil
loss rate greater than 300t/ha/yr
(USAID, 2000). The study area is also
found in the highlands of the country
thrc soil crosion is a serious problem.
H'gh human and livestock population,
intense rainfall, continuous cultivation,
Overgrazing and deforestation also char-
dcterize the area. Farmers in the area
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of arable land due to soil erosion is a wiges
t 45% of the country’s total land area. T
here soil erosion is a serious problem, 4
cultivation, overgrazing and deforestation also ch
veness of tcmpor.ary‘structures‘and multipurpose grass

n gully stabilization and to increase their awareness
The trial was conducted on two gullies at Gare Arera, Th
second double fencc. wooden check dam (DWCD). Fou
izanioids and Pennisetum purpreum were planted at th
Iheir resistant for free grazing were monitored. The am
sediment concentration of run-off leaving the check dams w

The result of this study revealed thar Eleusine sp has the
orazing: Vetiveria zizanioids and Pennisetum purpreum have an
;s Pennisetum schimperi has 69.5%. Besides this, Eleusine sp
average volume of soil deposited in loose rock check dam (LR
check-dam was 4.45m’/check dam. This means, the average
compared to the loose rock check dam. This is due to the dif

The average sediment concentration of the run of le
6.64g/l and 12.64g/1 respectively. Whereas the average s
that is located between the two gullies, is 29.15g/1. This shows LRCD reduces the
71% while the DWCD reduce the sediment concentration by (soil loss) 56%
effective than the DWCD in reducing sediment concentration (soil loss). Howe
DWCD because of two reasons. The first reason is that the construction of DWCD
while the second reason is that the availability of stone in the study area is limited.

N Shewa,

Zenebe Admassy Holeta Agriculnyra;
research Center. P.O.Box 2003, 4. 4.

Abstracts

Pread phenomenop i,
'e study area, Gare Ar
igh human apg livesto
aracterize the area, Tp

ount of sojl

cultivate all of their lands regardless of
its suitability and capability and hence
there is severe soil erosion particularly
gully incision. Gullies in the area dissect
farmlands, roads and grazing lands and
thereby void these lands and interfere
farm operations.

The mechanics of gully erosion can
be reduced to two main processes:
Down cutting and head cutting. Down
cutting of the gully bottom leads to
gully deepening and widening while
head cutting extends the channel in to
ungullied headwater areas and increase
the stream net and its density by devel-
oping tributaries. Thus effective gully
control must stabilize both the channel
gradient and channel head cuts. The
most commonly applied engineering
measure is the check dam. Forces act-
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the hi_ghlands of Ethiopia,
cara, is also found jpn
.ck Population,
1S study w.
e's for gully stabilization,
in the importance of soil
e first gully received Loose
T grasses: Pennisetum schi
e beginning of the main raj
deposited by the check dam was measured and
s measured using hydrometer.

highest average survival rate (94.5%) and resistant to free
average survival rate of 82% and 84.5%, respectively where
and Pennisetum schimperi are resistant for free grazing. The
CD) was 1.69m?/check dam where as in double fence wooden
soil deposited is higher in double fence wooden check dam as
ference in the dimension of the two gullies.

aving loose rock and double fence wooden check dam are
ediment concentration of the run-off from untr

which accounts
the highlands of the
intense rainfall, continuous
as targeted to evaluate the effec-
and to develop farmers’ participa-
and water conservation measures.
-rock check dam (LRCD) and the
mperi, Eleusine species, Vetiveria

cated gully,
sediment concentration (soil loss) by
(table 4). Therefore, LRCD is more

ver, farmers in the study area prefer

is simple as compared to LRCD

ing on a check dam depend on design
and type of construction material. Non-
porous dam with no weep holes, such
as those built from concrete, sheet
steel, wet masonry and fiberglass re-
ceives a strong impact from the dy-
namic and hydrostatic forces of the
flow. These forces require strong an-
choring of the dam in to the gully bank,
to which most of the pressure is trans-
mitted. These types of dams are too ex-
pensive and require complex design.
In contrast porous dams (temporary
structures), release part of the flow
through the structure, and thereby de-
crease the head of flow over the spill-
way and the dynamic and hydrostatic
forces against the dam. Much less pres-
sure is received at the bank than with
nonporous dams. Since gullies gener-
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ally are eroded from relatively soft soil,
it is casier to design effective porous
check dams than nonporous ones.
These dams are simple, low cost and
constructed with locally available ma-
terials like rock and wood. In addition
to mechanical measures, biological
measures (trees/shrubs and grasses) for
gully stabilizations are paramount im-
portant. The quality of these biological
measures in terms of use, survival rate,
resistance to free grazing and availabil-
ity should be taken in to account while
selecting a given species. The most
known grass species for gully stabiliza-
tion and strip cropping is FVefiveria
zizanioids. However, it is susceptible
for free grazing in the case of Ethiopian
farming system where free grazing is
dominating. In this type of farming sys-
tem there is a need to obtain a grass
species, which is compatible for free
grazing.

Because of its nature (high labor
demand and requirement of common
water ways) gully treatment requires
collective action (Reijntjies et al,
1992). In the mean time farmers should
be acquainted with the methods by
which gully can be stabilized and ap-
preciate the importance of collective
action. As a result the experiment fo-
cuses on temporary structures com-
bined with grasses with the participa-
tion of farmers.

Therefore, the objectives of the
study are:

- To evaluate the effectiveness of
temporary structures and multipurpose
grasses for gully stabilization

- To develop farmers’ participation
in gully stabilization and to increase
their awareness in the importance of
soil and water conservation measures.

Study area and Methodology

The trial was conducted in Gare
Arera, Western Shewa located about
9°02’N and 38°07’E. It has “a Woina
Dega “ecology and is found at eleva-
tion ranging 2300-2500 m.as.l. with
bimodal rainfall pattern (Kindu M,
1997). The mean annual rainfall (1981-
2004) is 1100mm where as the mean
maximum and minimum temperature is
24°C and 8°C respectively. Soil types
recognized by farmers in Gare Arera
are dima (reddish brown), Megala
(brown), Koticha (black) and Kossic
(dark gray).

The trial was conducted on two gul-
lies and the slope, width and depth of the
two gullies were measured. The first
gully received Loose-rock check dam
(LRCD) (+) Pennisetum schinperi +)
Eleusine sp (+)Vetiveria zizanioids +)
Pennisetum purpreum. The second
gully received double fence wooden
check dam (DWCD) (+) Pennisetum
schimperi (+)Eleusine sp (+) Vetiveria
zizanioids (+) Pennisetum purpreum.

The effective height of the check
dam was determined and spacing be-
tween check dams was calculated using
formulae (Heede and Mufich 1973.),
where S=check dam

: _ _HE
l'e'S ~ KGcosa ’

spacing, HE is the effective dam height
as measured from gully bottom to spill-
way crest, G represents the gully gradi-
ent as a ratio, ¢ represents the angle

corresponding to the gully gradient
(G=tan ) and K is a constant. The

equation is based on the assumption is
that the gradient of the sediment depos-
ited is (1-K) G. K depends on G, where:
K=0.3 for Gd*0.20 and K=0.5 for
G>0.20.

Check dams were constructed be-
fore the main rain season begins and

grasses were planted at the beginning
of the main rainy season on the side and
bed of gullies between check dams and
the survival rate and resistant to free

grazing is evaluated.

The gully depth, width, length and
gradient were measured at different
season. The change in depth, width,
and slope were measured. From these
data the volume of soil deposited in
each check dam 1s calculated, and this
has been combined with good periodic
photographs. Heede and Mufich
(1973) developed an equation that re-
lates the volume of sediment deposits
to spacing and effective height of dam
(HE) Vs=0.5HE*S*Cos  * Ly
where Vs represents the sediment vol-
ume (%), L, represents the average
length of the check dam (n). Run-off
samples were taken at the tail of each
gully for sediment analysis and
samples were analyzed using hydrom-
eter method.

Farmers in the area were participat-
ing in the construction of check dams
and planting of grasses species. Farm-
ers’ field days were also organized to
create awareness about the importance
of soil and water conservation in general
and gully stabilization in particular.

Results and discussions

Characteristics of the experimental
gullies

It is difficult to obtain identical gul-
lies in the natural environment. This is
because of the wvariations in the
catchments characteristics (size, land
use, slope, and soil type) and the soil
erodibility where the gully is formed.
As a result, dimensions of two gullies
in similar climatic situation are not
identical. Table 1 shows the character-

Fig 1. Approximate location of the study area
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Table 1: the characteristics of the two experimental gullies.
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system, Eleuisine sp is the most impor-
tant grass species for gully stabilization
along with engineering measures be-
causc of its highest survival rate and
resistant to free grazing.

Soil deposition

The amount of soil deposited above
the check dam, as a result of a particu-
lar conservation structure (check dam),
is not only depending on the conserva-
tion structure itself but also, on the gra-
dient of the gully bed, dimensions of
the gully, amount and rate of run-off
(which is a function of rainfall and
catchments characteristics) and sedi-
ment concentration of the run-off. The
following table (table 3) shows the
amount of soil deposited above the
check dam (m?%check dam).

As shown in table 3, the average
soil deposited in loose rock check dam
(LRCD) was 1.69 m%check dam
whereas in double fence wooden check
dam it was 4.45m*/check dam. The av-
erage soil deposited is higher in double
fence wooden check dam as compared
to the loose rock check dam. However,
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this is not because double fence
wooden check dam is more effective
than LRCD in trapping sediment from

run-off, rather it is due to the variation -

in the characteristics of the gully (see
tablel). Therefore, sediment concen-
trations of the run-off leaving the two
types of structures are used for indica-
tors of effectiveness to compare the
two treatments.
Sediment concentration

The result of sediment concentra-
tion analyzed from run-off leaving the
structures is used as an indicator of the
effectiveness of the structure. This is
because, the higher the concentration
of the sediment in the run-off leaving
the structure, the less the effectiveness
of the structure is. The result shows,
sediment concentration of the run-off
leaving the loose rock and double fence
wooden check dam is lower as com-
pared to the control (gully with out
structure). The average sediment con-
centration of the run of leaving loose
rock and double fence wooden check
dam are 6.64g/l and 12.64g/l respec-
tively. Whereas the average sediment
concentration of the run-off from un-
treated (controlled) gully, that is lo-
cated between the two gullies, is
29.15g/l. This shows LRCD reduces
the sediment concentration (soil loss)
by 77% while the DWCD reduce the
sediment concentration (soil loss) by
56% (table 4). Therefore, LRCD is
more effective than the DWCD in re-
ducing sediment concentration.
Farmers’ participation

Community participation in the
construction and maintenance of gully
is essential, as it has several advan-
tages. Voluntary labor can permit sig-
nificant savings in cost; it can also help
to develop a sense of ownership and a
climate of cooperation that will facili-
tate the responsible use and satisfactory
maintenance of the structures. The re-
searchers, without the involvement of
the local people, carried out the plan-
ning and design of the structures, as it
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Table 4: Sediment concentration (g/l) of run-off leaving the structures compared

10 the untreated gully

[ Check dam type [Yews _z
o [02 [2004 [Aversge |
| Wooden check dam_ |648 | 188 |[1264 |

] Stone check dam

| 615 | 712 | 664

[ With owt check dam (cortral)

f - 3

3

Photo showing LRCD and D

was difficult to participate farmers in
complex designs and calculations. In
the first two years, (2001 and 2002),
the participation of farmers were very
active in the construction and mainte-
nance of the gully. Thereafter, farmers
resist participating in construction
works as the stabilization of the two
gullies benefits only two farmers
(owner of the land where gullies are
stabilized).
Challenges of Gully Stabilization
According to farmers, the follow-
ing are some of the challenges of gully
stabilization in the area:

- Ruining of structures and low sur-
vival rate of stabilizing grasses due to
uncontrolled (Free) grazing

« It requires collective action due to
its high investment (labor and material)
demand

- Problem of property rights: Since
most gullies are formed in waterways
and roads, the ownership of these gul-
lies are not known

« Lack of construction material
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(Stone and wood): Lack of wood is one
of the problem resulted from deforesta-
tion. Besides this the distribution of
stone cover is highly variable. There
are many areas lacking stone and wood
but with severe gully erosion problem

- Require several years to stabilize:
It requires patience, maintenance and
frequent follow-ups

« Gullies are perceived by farmers
as wastelands

Conclusion and

recommendation

This study showed that among the
four grasses Eleusine species and
Pennisetum purpreum have high sur-
vival rates. Eleusine species has high
resistant to free grazing during the dry
season so that its re-growth rate at the
beginning of the following rain season
was satisfactory. Although Pennisetium
purpreum has high survival rate, it is
highly susceptible to free grazing and
difficult to re-grow for the following

ra.m 'season. Therefore, Eleusine s
cies 1s the best alternative grass s 4
for gully stabilization, Howev@rp;?es
is a need (o study method of pr(,) ere
tion /in the nursery/, and js impo:t’aga.
as hedgerow in the farmlang ¢ e ELTlce
stabilizer and other associateq . =
lems like pest harboring Brob-

As long as they are prope
structed alg:d mainr?;ined,pb(z)li]‘;ﬂ{locom
fence wooden and loose rock chegy d‘;ble
ar¢ equally important in lrapping se;s
ment from run-oft in medium sizeq o
Therefore, depending on their a"a'ﬂabi{-_
ity, it is possible to stabilize and reclain
gullies by wooden or rock check damg,

Because of its nature, gully stabjj;.
zation requires collective action. Al-
though the on-site costs/benefits be.
long to some individuals, the offisite
costs are the public/community. There-
fore, it is recommend that public in-
vestment and different forms of incen-
tives such as technical support and
training are essential in order to in-
crease the participation of farmers in
soil and water conservation activities
requiring collective action.
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Introduction

Proper planning & implen}entatipn
o Jevelopment wgrks r_equgle pnoﬂr‘
uantification of soﬂ_erqsxon runo

0 watersheds. Quantitative assgssment
thydrological‘paramcters such as V‘?l'
ume of runoff, serves as a b?se for
adopting suitable water. harvesting @d
soil & water conservation measures in
(he watershed (Surcsh ef al 2004).

Geveral attempts have been made to
measure the amount runoff from agricul-
wural lands directly using runoff plots &
pauges. However, it is not a feasible op-
eration to conduct such on farm experi-
ments in a sufficiently large number of
replication. Hence there comes a need to
use mathematical models that are proved
to adequately estimate the real systems.
There are scts of models that can interre-
Jate information about rainfall, soil, to-
pography & land use of a watershed like
Soil Conservation Service Curve Num-
ber (SCS-CN) method (USDA-SCS
1972) for runoff estimation.

SCS-CN method uses daily rainfall
& considers the hydrological soil
group, which reflects a composite pic-
ture of soil texture, land use, slope &
impact of existing soil & water conscr-
vation measures that are used to find
out Curve Number (CN) for runoff pre-
diction,

However, collecting spatial infor-
mation to meet the data requirements of
such mathematical models as SCS-CN
method has been major difficulty in
S0l & water research.

- :;f}ur}ately, amongst all the great-
entific advances of the 20" Cen-

Water 9(1) December 2005

tury, exploration of outer space has
been the most Spectacular & significant
one. The advent of satellje era, her-
a_ldfed by the launch of satellite in the
hﬂ!es, has introduced in its wake an
entirely new technology of satellite re-
plote sensing (RS) & a whole range of
its application for the benefit of man-
kind. It, therefore, has given opportuni-
ties for people who are involved in wa-
tershed study, planning & development
by virtue of its fast, relatively cheap,
appreciably reproducible & reliable
data acquisition capabilities

Since, such digital data from sensors
borne by the aircraft, satellites & digital
data generated from ground based in-
vestigations are enormous, therc is a
great need for a well organized informa-
tion system for data processing.

In view of this, Geographic infor-
mation system (GIS) technologies are
proliferating throughout the world in
myriad applications as powerful tools
to store, retrieve, manipulate, analyze
& display spatially related digital & as-
sociated attribute data. This gives the
GIS an ideal feature for extracting spa-
tially related input parameters for mod-
¢ls involved in watershed study. Keep-
ing this in view the study was con-
ducted to assess rainfall-runoff using
remote sensing & GIS with the follow-
ing objectives:

. To estimate the amount of rainfall
runoff generated from the watershed.

. To develop runoff potential class
map of the watershed

. To assess the potential of remote
sensing & GIS to drive input param-
eters for rainfall runoff modeling
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nsing & GIS are efficient too

Modeling rainfall-runoff

A model is an abstraction of reality
(Mulligan 2004), which represents a
complex system in simplest way that is
adequate for the purpose of the model-
ing. Watershed parameters such as size
of the catchment, slope, soil type, land
use, vegetation within channels, & stor-
age capacity of the watershed are of
great importance in tunoff modeling
(Tripath er al 2002).

Surface runoff volume can be pre-
dicted from daily rainfall using Soil
Conservation Service Curve Number
(SCS-CN) method (USDA-SCS 1972).
It is based on the recharge capacity of
the watershed & is determined by ante-
cedent moisture conditions & physical
characteristics of the watershed (Murty
1998). SCS-CN method takes into con-
sideration the initial abstraction (la)
that accounts for the initial quantity of
interception, depression storage, & in-
filtration, which must be satisfied by
any rainfall before runoff can occurM
The governing relationship & basic
equation used in SCS Curve Number
Method (USDA-SCS, 1972) is as fol-

lows:
(o- o)

=@= (p—Ia+S)

Where: Qd = daily runoff depth; P
= daily rainfall depth; Ta = Initial ab-
straction S = Potential maximum reten-
tion Patra (2001) indicated that on an
average 1a=0.28.

1




(p-0.25)
(P+0.88S)

The retention parameter is defined
in terms of curve number (CN), which
itself depends on land use, soil type &
hydrological soil condition (Young et
al 1989 & Durbude et al 2001).

The potential maximum retention, S
(cm) is related to curve number (CN) as
follows (USDA-SCS, 1972):

Q:

S 2548
CN

where CN = Curve number;S =
potential maximum retention

Materials and Methods

The study area

Kamahi Devi watershed is found in
Hoshiarpur district, Punjab state of In-
dia. It lies between the geographic co-
ordinates 31050’ 15” N to 31059” 54”
N of latitude & 75047° 317 E to
75052745 E of longitude covering a
total area of 5724.7 ha.
Data used

Black & white photographs on 1:
20,000 scale for the year 1991& IRS
1D LISS III satellite data were used to
extract spatial data required by the
model.

Rainfall Characterization

A 5-year moving average was com-
puted to isolate the trend in rainfall dal.a
and to determine of dry and wet pern-
ods.

Preparation of Thematic Layers

The black & white aerial photo-
graphs were interpreted stereoscopi-
cally for preparation of land use map.
Simultaneously, satellite data was visu-
ally interpreted &land use map was
made ready for digitizing at a scale of
1:25000.

Analogue soil map at a scale of
1:50,000 was obtained from Punjab
Remote Sensing Center (PRSC). The
map was then transferred to a 1:25,000
scale base map using optical panto-
graph & was made ready for digitizing.

Drainage map was prepared by vi-
sual interpretation of aerial photo-
graphs. Moisacing of all the maps pre-
pared from individual stereopairs was
done after scaling to 1:25,000 scale us-
ing optical pantograph. The watershed
was divided into 9 sub-watersheds by
assuming a local outlet point for each
of the sub-watersheds
Creation of Digital Database

A master TIC file was created &
projected to polyconic. The coverages
were then transformed to copies of the
projected TIC file with output units in
meters. The thematic maps at 1:25,000

scale including land use map, so)
drainage, sub-watershed maps Were’
digitized using digitizing tablet in Arc
info GIS software & coverage wer,
formed accordingly.

Broken lines were connected usip
the line-snapping algorithm. A cleanjp
operation was executed for topolo
creation in ARC/INFO software. The
dangle node errors were removed inter-
actively in ARC EDIT module. Feature
Attribute Tables (FAT) were created for
all coverages after all the off shoot &
under shoot errors had been removed.

Result and Discussion

Dry and wet periods

In hydrology, rainfall data are plot-
ted chronologically with time on x axis
& precipitation on y axis, while a rain
event is associated with randomness.
To overcome the random component, a
simple moving average 1S used. This
helps to isolate the trend in rainfall
data. A S-year moving average was
computed based on 31 years annual
rainfall data & was plotted as a time se-
ries. The years from 1988 to 2002 are
found to be wet years as their moving
averages remain above the mean value
for more than three consecutive years.
On the other hand, the years 1974 to
1988, & 2002 to 2004 are characterized
as dry years.

Soll type Code froll User-specified database
mapplog valls
Hydrologlc Soll
Group
__Solltype Code | A B C D
Loamy sand X Cutve number
Digital Soil Map Sandy loam x (CN) X,
Loam
Silty loam X
: Clay loam X
[ Overlay "’ Resulting Silty clay loam X Calculate CN for
polygons all resulting
X polygon in the
l ; watershed
CN for Hydrologle Soll
Croup
Land use category Land use class Code | A B [ D A 4
| Straight row 771 86 | 91 | 94 Cutve number
Fallow 71 ] 80 [ 85 | 88 map
ettlement 77| 86 ! 93
Digital Land use Map Closed forest 26 | 40 8 | 61
Open forest 49 | 69 9 | 84
Shrubs 33 | 47 | 64 | 67
Rer
(p-0.25) 2450
- ascisia i L]
(P +035) S - 254 (4 Compute Mean Curve number for each sud-witershed welgbted mean CN = ( Z ﬂ———av; Al
<1

Fig. 1 Flow digram of the methodology followed for runoff modeling
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Rainfall probability 'analysis !

probability analysis on annual txm.c
geries rainfall data reve'aled that there is
about 40-6% probab.ihty that any de-
sign annual rainfall is ec!ual to or ex-
ceeds the mean annual rainfall.
Time of concentration

The length, width & slope of a wa-
tershed are important hydrological pa-
rameters that determine the time of
concentration & peak runoff rate. The
(ime of concentration is the time re-
quired for runoff to reach the final out-
let point from remotest point of the wa-
tershed.

Drainage density & time of concen-
tration are found to be negatively corre-
lated (r=-0.78). Hence sub-watersheds
with high drainage density develop
quick peak runoff rate with relatively
smaller loss.

Daily runoff

Analysis of the daily rainfall of the
year 2004 has shown that there were 64
rainy days. However, only 30 days
were found to exceed the anticipated
initial abstraction (Ta).The weighted
mean maximum retention (S) of the
watershed was found to be 51.59 which
implies that the first 10.3 mm (0.2 S)of

" Tuble 1: Some hydrological characteristics of Kamahi Devi watershed

any daily rainfall is used to fill the ini-
tial abstraction. There is a strong rela-
tionship between daily rainfall & daily
runoff (r=0.98).

The relationship between daily rain-
fall & runoff was found to be best €x-
plained by power curve as Y = 0.0001
X*397 with R?= 0.97. The rate of in-
crease of runoff at lower values of rain-
fall is less because most of the rainfall
has been used to fill the moisture deficit
& the depression storages of the soil.
Runoff potential of sub watersheds

The weighted CN value was com-
puted for each sub-watershed based on
which the corresponding maximum re-
tention parameter Wwas calculated.
Analysis of the annual runoff volume
obtained from summation of all the
daily runoff values for the year 2004
has shown that sub-watershed 6 has
given maximum runoff depth generat-
ing 209.97 mm of runoff. Sub water-
sheds 4 & 9 with 200.22 mm & 191.09
mm of runoff followed it. On the other
hand, sub-watersheds 1 & 2, at the
lower plain of the watershed are found
to give the least annual runoff (88.58
mm & 10679 mm respectively).
Hence, it is evident that catchments
with extensive flat area gave less Tunoff
with low peak runoff rate.

Analysis of the relationship b/n
drainage density & runoff volume has
shown that they are positively corre-
lated (r=0.906). This signifies the exist-
ence of good positive correlation
among these hydrological parameters
implying that when the drainage den-
sity is more, the disposal of runoff from
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Table 2: Computed runoff. “for sub-watersheds in Kamahi Devi watershed

SW.S

Area Mean | Maximum
m) | CN | Retention
‘- | IS ‘

Runoff
(mm)

Rumoff | Rainfall !
m’ | Volume runoff |
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—
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| 6 [ w0 | w0 | 346 | 20097 | 63m663 | 20809095 | D6,
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[ & [6oms00 [ BT [ D& [ T30 | 8Tm3 |4nEss [ 171
o [ 23&m0 | 0| 319 | 1019 | 48501 | 1783938 [ B3

LTI,

844 | 515 |  160.18

|
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Table 3: Runoff potential of Kamahi Devi
Watershed

(mm)

ez7 [ 1053 __

Regression equations were formu-
lated in order to relate drainage density
& annual runoff volume. Linear, power
& polynomial curves have shown more
or less similar coefficient of determina-

“|tion. However, lincar relation can be
_ | preferred for its simplicity.

a basin is quicker & more and vice
versa.

Conclusion

- Remote sensing data has a very
high potential to supply the spatial &
temporal data required by SCS-CN

method for estimating runoff. ARC
GIS is powerful software for process-
ing, analysis & data base management
in watershed modeling.

. The area has ample potential for
runoff water harvesting so that more
ponds can be constructed at bottom of
well-treated hilly lands in order to use
the runoff & reduce its impact on soil
loss. .

« Climatic parameters (especially
rainfall) are the most important compo-
nents in watershed study. Hence the re-
lationship established between rainfall,

Fig 5 Drainage System and sub-water
sheds of kemahl Devi Watershed
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h

Figé6 Hydro!ogical Soil Group (HSG)
map of kemahl Devi Watershed

Fig 7 Land use map Kamahi Devi
watershed

water 9(1) December 2005

Gener ated by CantScanner fromintsig.com



F‘gSSIU}J

wa;grshcd

runoff and drainage density can be
used for the study area. H_owe.ver, b_et-
¢ result can be obtained if rainfall in-
{ensity data and directly measured h){-
drological data aré used for comparil-
son. Hence, further study can be con-
ducted in this regard.
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Testing and Validation of Curve Number
Method for Runoff Prediction in
Ethiopian Highland Vertisol

Abstract

Tesgera Daniel, Debre Zeit A gricultural
Research Center, P.O.Box 32

Vertisols are one of the dominant soil formations in the highlands of Ethiopia. Vertisols arc prone to waterlogging
and soil erosion and consequently require land preparations/tillage systems to facilitate surface 'dral_nage and. con-
serve soil and water. However, few studies have so far been attempted towards testing and validation of suitable

models for runoff prediction in the area. The objective of this study, therefore, was to test the va'lidity
curve number method of runoff predication in the Vertisol of Gimbichu Wereda in the central Highl

of USDA- SCS
ands of Ethiopia.

Runoff data were collected for seven (1998-2004) seasons from triplicated randomized conhlplctc blocks of.l(l;c fou;
land preparation methods (viz., broad bed and furrow (BBF), green manure (GM), reduced tillage (RT) and ridge an

furrow (RF)), on permanent natural

3% slope of runoff plots at Chafe Donsa sub-station of Debre Zeit Agricultural

Research Center. Validity tests of the USDA-SCS curve number method of runoff prediction l-xsing_ runoff records of
the area indicated that this prediction method need careful calibration and validation to suit rainfall and land use

patterns in the area.

Introduction

Vertisols are the fourth most impor-
tant soil order in Ethiopia (Jutizi and
Mesfin, 1987). They constitute over
10% of the Ethiopian land mass and
account for 12.7 million hectares in the
country of which 7.6 million hectares
are in the central highlands (Mesfin,
1998). Land preparation is a problem
on these soils at the beginning of the
rainy season due to insufficient mois-
ture content and turning very plastic
and sticky when they are too wet. This
results in a substantial reduction in the
length of the effective growing period,
which is potentially over 150 days.
Consequently, yields from Vertisols are
limited because of waterlogging and
the traditional late planting is followed
with a view to avoid waterlogging. To
mitigate the problem, farmers in differ-
ent parts of the country within Vertisol
areas have adopted difTerent practices
to improve the drainage problems of
the soils using different land prepara-
tion methods.

Thus, in the Ethiopian highland
Vertisols, efficient management of
rainwater for increasing water avail-
ability to the crops during the growing
seasons, and collection of the excess
rainwater by water harvesting tech-
niques with the view to develop water
resources in the region on a long-term
basis, is essential (Selamyihun, 2004).
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In the Ethiopian highlands, the pre-

dominant source of water is rainfall.

However, due to temporal and spatial

variation in the occurrence of rainfall,

about one-fourth of the country is sub-
ject to drought of various intensities
every year (NMSA, 1996). It is esti-
mated that even after developing all
available water resources for irrigation,
about 85% of the cultivated area will

remain as rainfed (MWR, 1998).

Nevertheless, cfiective planning
and management of water resources of-
ten require adequate information on
various hydrologic variables in the
specified region. Among these vari-
ables are rainfall, runoff and soil ero-
sion associated with them. In order to
design appropriate water harvesting
and conservation structures, it is impor-
tant to estimate runoff amounts, For
some, it is necessary to know the peak
rate of runoff and for others it is neces-
sary to know the volume of runoff. For
example, if a diversion ditch or water-
way has to be designed, the critical fac-
tor is the peak rate of runoff. Whereas,
if a retention ditch or water harvesting
reservoir has to be designed the ex-
pected volume of runoft should be esti-
mated so that the ditch or reservoir can
be made large enough.

' Rainfall and runoffrecords of suffi-
c:cmly long time series are needed for
quantitative unofl assessment. For
rainfall and runoff characterization of 1
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site, a minimum of 30 years most recent
data is needed (Singh, 1999). For most
agricultural watershed in the Ethiopian
Highlands however, installation of run-
off monitoring structures are not eco-
nomical, thus concurrently measured
rainfall and runoff data are scanty
(Sclamyihun, 2004). Hence, the use of
rainfall-runoff models remains impor-
tant. Even though, the application of
hydrologic models to physical systems
is a powerful tool for various purposes,
but the actual applicability of said mod-
els to a specific watershed must be
known before a model can be used ap-
propriately. That is, the question, can
the model be used on the study water-
shed and be expected to give usable re-
sults? Must be answered before a
model can be chosen for a specific wa-
tershed (Johmson, 1998).

Nowadays, usage of models for
predicting runoff from agricultural eco-
system is becoming increasingly popu-
lar. Since most computer based hydro-
logic models are just mathematical rep-
resentations of soil-water-plant-atmo-
sphere continuum, testing and validat-
ing them arc essential before applica-
tion (Boardman and Favis-Mortlock,
1998). The most generally available
data in Ethiopia are the amounts mea-
sured by non-recording rain gauges,
and for such data, testing the validity of
simple empirical models like curve
number method is quite sensible. Thus,
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1992). The drainage of the
bed as moderate to imper-
fect with slight sheet and gully erosim}.

In 1998, twelve natural runofT-soil
installed 2 m apart on a
pe at Chafe Donsa. The

plots were 22 m long and 6 m wide.
Design and installation of the plots
were done according to the procedure
outlined by (FAO, 1993) and (Pathak,
1999). Rainfall was measured using a
non-recording rain gauge. Close to the
rain gauge, the runofl plots were in-
stalled on which runofl data were ré-
corded under the following land prepa-
ration methods:

Broad Bed and Furrow (BBF),
which refers to a seedbed type used to
drain excess water and advance plant-
ing dates on Vertisols. After four tillage
passes, it was constructed by the broad
bed maker (BBM), which is oxen-
drawn traditional wooden plough that
has been modified for the construction
Orh‘]is(:d beds and furrows. With an ef-
gzcn‘(‘i"efbed area'of 80 cm and 20cm
dmimn““}?“’S, it facilitates surface
ihe be?iz tJrough the furrows between
that the c( utzi wiid Mesfiti, 1987) 80,

rops grow on the beds. This

m Ww¢
eter, W

(Tamirale‘
arca 1S descrl

Joss plots were
3% uniform s10
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layer, the Vertisol of the .

Tepresents a - recommended  surf:
drainage system to be used in Vi uace
areas (Teklu, 1997 -

).

,.C;"eeﬂ Manure (GM) refers to a

practice where a forage legume i
) is

grown as a cover crop during the heav.
rain season, in order to protect the soi>;

surface from raindrop impacts and ru
. iy n-

off. Vetch (Vicia desicarpa) was sow
: ) VI
“'}‘1 Ma)’dusmg, the short rain. This was

chopped an . :
slillpgl,)reen ten dI;]osu %h;d under‘. while
incorporated intoylhees O'prlammg -
operations. The test c01 iy
after the final tillage i;ot[l)ls \\‘/ere iy

ner as RF, except ff;r tef. Tle1 o e
one of th’c major th : Cpracl:cc? .

: _ rusts for reducing
sonl.erosmn, when late sowing is un-

avoidable. It is also believed to im-
prove soil organic matter content and
thereby .lhe soil quality, and hence crop
productivity.

Ridge and Furrow (RF) (Control) is
constructed with the traditional thyne-
plough after the seed is broadcast by
hand such that the crops grow on the
ridges, permitting the excess water to
stagnate in the furrow or to drain out of
the field. These are parallel narrow
structures about 20 cm high and 30 cm
wide. This is a traditional practice to
combat the problem of water logging in
Vertisols combined with late planting
and hence taken as a control for this
experiment.

Reduced Tillage (RT) plots are kept
intact and fallow until they are sprayed
with non-selective herbicide
(Roundup) at 4 | ha' ten to fifteen days
before sowing the test crops. The seeds
are broadcast and covered by a single
operation using the local plough for
wheat (Triticum aestivum L.) and lentil
(Lens culinaries Medik L.), while fef
(Eragrostis tef L. ) is broadcast on
freshly tilled field. The practice is
aimed at minimizing pre-sowing soil
disturbance, reduces organic matter
oxidation, and maintains some surface
cover to reduce soil erosion.

The treatments were kept perma-
nent while three crops wheat (Triticum

durum var. kilinfo), lentil (Lens
culinaris var. NEL-358), and ref
(Eragrostis tef var. DZ-01-354) were

rotated uniformly following their tradi-
tional sequence. All agronomic prac-
tices were done following farmers’
practices. The treatments were ar-

ranged in a randomized complete block
design with three replications on per-
manent plots along 3% slope (Tesgera,
2005).

USDA-SCS Curve Number
method. The Curve Number method
(SCS, 1972), also known as the Hydro-
logic Soil Cover Complex Method, isa
versatile and widely used procedure for
runoff estimation. In this method, run-
off producing capability is expresscd
by a numerical value varying between 0
- 100. The underlying theory of the
SCS-CN procedure is that runofl can
be related to soil cover complexes and
rainfall through a parameter known as a
Curve Number (CN).

The principle behind this methodol-
ogy (SCS, 1972) is that, the depth of
excess precipitation or direct runoff is
always less than or equal to the depth of
precipitation, likewise after runoff be-
gins the additional depth of water re-
tained in the watershed is less than or
equal to some potential maximum re-
tention. There is some amount of rain-
fall Ta for which no runoff will occur,
so the potential runoff is (P-la). The
basic mathematical relationship is that
the ratio of actual retention to potential
retention is equal to the ratio of runoff
to rainfall minus initial abstraction:

Q/(P-1a) = F/Sr 1)

Where Q = total direct runoff, P =
precipitation, la= initial abstraction, F
= cumulative infiltration, Sr = maxi-
mum retention. All variables are in mil-
limeters.

F=P-1a-Q )

After runoff begins, all rainfall be-
comes either runoff or retention and for
all practical purposes both sides ap-
proach unity as P’I”. Field data indi-
cated that initial abstraction is a linear
function of storage.

Ta=kSr (3)

The value of k varies from 0 to 0.3
and approximately equal to 0.20 of
storage under standard condition (SCS,
1972) and the equation then becomes:

(4a)

Q=(P-0281)*/(P+ 0.8Sr), for P>0.25c
(4b)

Q=0, P<0.25t

By reducing the relationship to only
one parameter, Sr, it was possible to
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develop the Curve Number concept,
SCS developed a relationship between
Storage, Sr, and CN,bya simple relation
designed to giveaCN range of 0 to 100,
The relationship wag established as:

CN= 25400/(254+Sr) 5
The assignment of curve number
values to g

sus Q) and overlain with pl
numbers for [4 = 0.2Sr, and
Curve number wag selected,
Numbers thyg Tepresent the 4

otted curve
the median
The curve
verages of

ditions (SCs, 1972)
for a given s0il cov
estimated by knowin
Provided by the SC
tion for (e event

€T complex can be
gthe CN (from lists
S) and the Precipita-
under consideralion,

Because the Ooccurrence of infiltra-
ton reduyces the potentia| Storage ca-

Pacity of 5 soil profile, a meang 1o ac-
count for the change i

turn only discreet values of CN values
rather than 3 continuum,
Model testing and validation pro-
ure. Mode| testing and validation
was achieved by running the model
continuously over 5 longer period of
time, whereby the effects of parameter
change on later months was assessed
immediately, rather than requiring a
S€parate simulation for verification,
That is; by simulating over one month,
and at the same time, applying those
parameter values to successive months
yields an essentially built in period of
simulation and verification (Johnson,

ced
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1998). By attempting to calibrate the

parameter values over the |op ger simu-

lation period, 4 verification of those
values in other months is immediately
obtained,

Model performance, For model
performance test, a least-squares re.
gression line was fitteq to the data and
tested against (he ideal conditions of
the slope of {he line being equal to 1.0
and the intercept being zerg (Morgan,
1995). This is, by calculating coeffj.
cient ofdetemiinalion (R3).In addition,
model performance Was evaluated ug-
ing mode] efficiency (ME) as described
by Nash ang Sutcliff (1971). Nagh-
Sutcliffe mode| efficiency is an indica-
model’s ability 10 predict
:1 line. Mode| efliciency
(ME) of Nash and Sutcliffe (1971) is
defined as follows:

i(c‘.-t‘?,)"-itf-‘:-ﬂ:)’
ME = =2 =
E(C‘s'a)i (6)
Where O;is the i» 1tems in the ob.
Served valye, C.is the i» items in the
calculated/simulated valu
mean of observed values for number of
data points, n. Like that of cocflicient
of determination a value of gpe indi-
cates perfect agreement between mea-
sured and predicted values; lower val-
ues indicate [egg correlation. Mode| ef-
ficiency can be negative and in thjg
case the avera 8¢ measure
ter estimate than the mode] prediction,
Moreover, according to

Ramanarayanan et al. (1998) the rela-
tive difference be

d value is bet-

calculated to evaluate the mode| out-
puts. The relative dj fference in average

model outputs for 5 given time scale is
calculated as:

7= [ 00w ~ Frag o
fa= | ———_Foddtad Jﬂiaa
] oy (7)
Where “ is the relative difference
(percent). Negative valye
Overestimation while the posit
indicates underestimation of

Indicates
ive value
he mode].
Results and Discussion

The USDA-SCS curve number
method of runoff prediction was c¢alj-
brated and validated using seven years
(1998-2004) data of daily rainfall and
runoff obtained from natural runoff

ATV AL U

(A ]
RV, VXU RT]
~y ~na

plot €Xperiment o, V
Donsa. Three prima
ing the calibratiop
were varied:

and, (3) coeflicient of soi]
tem (k). The general ap
bration in ths Study wag One o
and-error in which varioyg val
each parameter Were tried 4
fects were noted apq Propria
changes were made to Improye
ment between simulateq and
values of flow. The trial-
method of continual funning anq Teny.
ning of the mode] for calip
verification was facilitateq
ation of varjous batch fi
built-in functiong of E
Thatis, all the €quations
for estimating direct run
were linked on Spreadsh
Program both for mode|
validation,

Reasonable valyeg of model parap,.

cters based on runoff plot characteris-
tics were chosen as an jpif;

ues. The mode] was

Stora (N );
Proach to

ration ang
by the Cre.
les ang Using
xcel prograp,
(Equalion 1-5)
off from mode|
eet using Exce]
calibratipp and

on the amouynt 0

{ rainfal] amongst oth-
ers. The curve

umbers for eacly treat-
ment plot were Vvaried durip

conditions); (@
(dry conditions); and, (3) CN’s based
on AMC 111 (wet conditiong); and, (4)
CN’s based on the average of the three
hird and fina| parameter

calibration Purposes was
coefficient of soj] storage system. Ad-

Justments tg k-values were based on
desired increases and reductions in the
plot’s initial abstraction,

For each treatment plot the model
was calibrated and validateq to obtain
parameters values at four sets of AMCs.
However, the final best overal] resultant
fits were achieved at average of the three
AMC classes. Thus, the fina] parameters
value obtained as a resul of model cali-
bration and verification (Table 1) were
used for testing model performance for
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cach trea‘l:‘;:? gncar fit between ob-

The d predicted runoff was ob- The results from the tests of the
se.rvcd 3[};cn [a was set at kSt for re- USDA - SCS curve number method for
mmefi" AMC. Except for RT land  runoff predictions using the seven-years
Spem:;ion {reatment the precision of data collected from natural runoff plot
PrepDafl\_ScS curve number model of experiment depicted that this model may
Uioﬁprcdiction was improved whena  not be used in the area without the
rul

pigher Ia values of kSr were used for
AMC as opposed to the standard value
of Ia = 0281 for all treatment [?lots
(CS, 1972). Similafly, Selamyihun
(2004) has reported improved ‘cu.rve
aumber method of runoff prediction
when Ta value of 0.1Sr for AMCII &1
as opposed to the standard value of la=
0.2Sr on Vertisol of Ginchi in the cen-
tral Ethiopian Highlands.

The results of model calibration and
validation { Table 2) show better model
performance for BBF and GM treat-
ment plots with larger ME values than
for RF and RT treatment plots. The ob-
served and predicted average daily run-
off for the period 1998 to 2004 from
BBF treatment plot were 0.95 and 1.44
mm, respectively. Thus, the relative dif-
f;rcan between the observed and pre-
?}i??d runoff was .-52% indicating that
mno‘;{_"l{el overestimated average daily
bration (:(f)?}ll - treatment plot. Cali-
Proved the ‘; two input parameters im-
ber runof p e(?sl?n of the curve num-
ME, Op thlfre ictions as measured by

¢ whole, the model overesti-

Mated averg %
ge dail
treatmeng Dl y runoff from all the

w
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proper modifications/validation to suit
the rainfall and landuse/cover patterns
in the Vertisols of Gimbichu Woreda.
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Assessment of Small Hydropower

] Potential in Muger, Jemma and Waleka

( Sub-basins of Abay Basin (Central

_  Ethiopia) Nelremia Solomon, Engineering Geologist SABA

Engineering Pvt. Lid.Co,Addis Ababa, Ethicpia

Abstract

ern life. Every sector, weather industry, technol-
ndent on clectrical power. The dependency on

Electrical energy is becoming an essential commodity for the mod
ncreasing demand for it. Therefore, with the

ogy, transportation, public utilities or the domestic life, is now depe
electrical power is becoming more and more, which has resulted into i ;
increasing demand for poyer, the activities on small hydropower projects are accelerated in recent times all over .the
world. The small hydropower schemes are the appropriate solution to power demand as th‘csc‘, require §mall capital
investment and can be completed in a very short period of time, with minimum adversc environmental |mpm‘:\t;, L
main objective of the present study was t0 identify potential Small Hydropoyer sites In Muger; Jemma, and Waleka
drainage Sub-basins of Abay basin. In total 36 potential SHP sites has been identified during the present study. O‘ft of
these 36 sites, observed discharge data was available for only 18 sites. For 9 small hydropower (SHP) potential sites,
flow-duration is worked out from observed daily discharge data. However, for 9 ot!lcr potential sites the (_)bservcd
discharge data has been projected from adjacent gauged stations by percent area ratio meth()fi for those which dem-
onstrate similar catchment characteristic. Initial estimation of the power potential of 18 SHP sites has been computed

he generator as 95%. Thus,

for 75% dependable discharge and taking turbine cfficiency to be 90% and cfficiency of t .
the total power potential, as estimated for 18 identified sites comes out to be 5325 kW. Therefore, these 18 potential

SHP sites can be ground verified and be taken up for further investigations for development. F.urthcr, for remaining
18 potential SHP sites discharge measurements may be taken up to work out the power potenhal.

which is available through intercon- cess to the interconnected grid system.

1.Introduction

In the recent times the non-renew-
able and exhaustible sources of energy

nected grid system 18 available only to

the major cities and towns. However,
the major population lives in small

Such localities may be provided with
electricity through small hydropower,
Jocally generated from nearby potential

sireams.

towns and villages and do not have ac-

are getting depleted at a very fast rate,
which has focused attention to the non-
exhaustible and renewable sources of
energy. Hydropower is one of the most
common renewable sources of energy
abundantly available in the hilly region.
However, large hydropower plants are
not being taking up for execution in
sufficient number as thesc involve huge
amount of funds and also the planning
and construction period is very high.
Therefore, with the increasing demand
for power, the activities on small hy-
dropower projects have accelerated in
recent times all over the world. The
small hydropower schemes are the ap-
propriate solution to powcr demand as
these require small capital investment
and can be completed in a very short
period of time. The small hydropower
is environmentally friendly and has
substantial  economic  advantages
(AHEC, 2001). '
The eclectrical energy in Ethiopia

Fig.1. A typical Small hydropower systent
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2 HistorY of Small Hydropower
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sitc was identified by
Jalian solider near Debre Birha.n
e Beresa Siream, Some times in
ties (as reported by local
cople)- AS rcportcd, this power station
R'as gcncruling a power of less than
100 kKW by utilizing a head _0f 50{11.
This pOWer station was functional till
1977 and the operation \'vas then
51(,ppcd as the town chre Blyhan was
national grid. Pres-
try has three SHP
Yadot, Sor and
Dembi SHP sites. These Self Con-
(ined Systems have a total installed
acity of 6.15 MW,

The first SHP

rown
carly twen

entlys
Schemces namely,

cap

3.Power Scenario in Ethiopia

According

consultant’s (E’CESIEZ(I)\I, 19%166) lhe“aﬁan'
hydlro potential of the whol'e ELh?ro?s
territory is of the order of 650 TOV\I/)}IS
year, Between one third and one half of
lh.lS polential is contributed by the Bl:
NIII(;‘. Basin (280 TWh/year). The Bluz
Nile and Omo basins together contrib-
ute arqund 400 TWh/year to the gross
potential. Sizable quantities of hydro
energy are also available in the Baro
basin, in the Bilate-Sagan-Dawa,
Genale-Gestro  basins, the Wabc;
Shebele, and Awash basins.

4. The Study Area

The present study area is located in
Abay drainage basin, in the central part
of the country. Muger, Jemma, and
Walcka drainage Sub-basins of Abay
have been identified for the present
study. The study area covers about
30,585.2 km* and is bounded within
9023’ — 11905 latitude and 37°12" -
39933° longitude. These basins are
partly in Addis Ababa, Amara and in
Oromia region. Figure 2. shows the
geographic extents of the study area.
There are 5 Zones, 93 Weredas and 68
towns excluding Addis Ababa in these
sub-basins. The access 10 these sub-ba-
sins is through all types of road with a
total length 0f 2,155 km.

wedae ¢
»
Fot

Amnaid

R QPTG

i H
L P gnasaxiend

e e .
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i R

Fig. 2. The geographic
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5.Climate of the Study Area

The climates in Muger, Jemma, and
Waleka (MJW ) Sub - basins are mainly
of l‘hrec types Which are represented
as; (i) Aw — Tropical Climate (ii) Cwb -
Warm temperate Climate I and (iii) Cwc
— Cool Highland Climate. More than
85% of the Sub-basins fall in warm cli-
mate zone whereas; the remaining parts
are cool and tropical climate.

6. Physiographical Setting of
the Study Area

The present study arca is a part of
Central Highland plateau of Ethiopia.
Itis bounded between the left margin of
Main Ethiopian Rift and Abay gorge.
The highest elevation of the arca is at
the Main Ethiopian Rift escarpment
and the lowest point is located in Abay
Gorge, with a difference of mor¢ than
2000m. Muger sub-basin is located on
the western part of the study arca. The
physiographical setting of the sub-ba-
sin is mainly undulating topography.
Jemma sub-basin forms a part in Abay
drainage basin. This sub-basin has a
flat to undulating terrain. Jemma river
gorge have 2 elevation difference of
1200m. Waleka-Sub basin is located in
the northern part of the study area. This
_basin forms moderately to highun-
dulating topography. The highest
peint in the sub-basin is located
b-basin at the escarp-

within this su
ment of Main Ethiopian Rift, namely

Tarmaber ridge.

sub

7. Geology of the Study Area

rock units exposed in the
Muger, Jemima, and Waleka MIW)
Sub-basin belongs to Alghe Group
(AR1), Adigrat Formation, Abay For-
mation (Jb), Antalo Formation (Jt),
Amba Aradom Formation (Ka),
Ashangi Formation (Pza), Aiba Basalts
(Pja),vAlajae Formation (PNa) and
Tarmaber -Megezez Formation (Ntb)

(Mengesha, et al., 1996).

The major
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Fig. 3. Delineated catchment Jor Aleletu SHP Site

8.Potential Small hydropower

sites

To identify the Small Hydropower
(SHP) pot- ential sites for the present
study, Ethiopian Mapping Authority
(EMA) topo-sheets on 1:50,000 scales
has been utilized. In total 41 topo
sheets were examined to identify the

potential SHP sites in the study area.
The site selection has been made fol-
lowing certain eriteria, which is listed
below;

i) Channel should be perennial in
nature, in EMA topo-sheets perennial
streams are marked with blue colour
and the stream name is written in capi-
tal letters.

1113735

Kersa Sedan
-

Robl
Rachp .s Leku
« Doke

455287

82

Fig. 4. Distribution of identified potential SHP sites in the study area.

ii) The catchment shoul
area of at least 25 kin2. This
a sufficient good amount ¢
for power generation.

i) Main channel shoylg have 4
minimum length of about 10 kp,_

1v) Availability of head shoy)g be at
least 60 m as lower head and dig, -
does not yield significant power Potentia).

v) The headrace channel must b,
less than 5km in length.

vi) The potential site should be wel|
accessible and should be locateq near
to the cluster of population, so as to en-
sure proper power utilization,

d haVe a
wil] ensyye
f disch;,rge

9. Potential Catchment

Delineation

The potential catchment is delin-
cated from the EMA (Ethiopian Map-
ping Authorily) topo-sheets at a scale
of 1:50,000. Figure 3. shows one
sample-delineated  catchment  for
Aleletu SHP Site. The Catchment de-
lineation includes catchment boundary,
perennial stream, drainage network,
roads or foot paths, towns, highest and
lowest elevation points and contours in
100m inte rval within the catchment
boundary. These delineated catchments
were used for the calculation of catch-
ment arca, perimeter and the stream
length. During the present study a total
0f 36 potential SHP sites has been iden-
tified. Out of these 36 sites, 13 sites fall
within Muger sub-basin, 14 in Jemma
sub-basin and the rest 9 sites forms a
part within Walcka sub-basin. Table 1.
presents the identified potential SHP
sites in the study area. Figure 4. shows
the distribution of identified potential
SHP sites in the study area.

10.Determination of Head

The power potential is directly pro-
portional to the discharge and the avail-
able Head. The term ‘Head’ is the alti-
tude difference between the forebay
and the powerhouse site. In other
words head is the vertical height from
where the water is dropped on the tur-
bine to generate hydropower (Fig. 1.).
In the present study, for power poten-
tial assessment Gross head has been
determined from the topo-sheet on
1:50,000.
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11. Estimation of Dependable

Discharge

For the development of any small
hydropower scheme an essential first
step is to determine whether there is
sufficient and reliable amount of water
available to make the scheme economi-
ca”)"viable. As a standard practice a
gauging station should be set up and
:he discharge should be observed for at
setaSt l\:lo lean seasons. In the present

udy 36 potential SHP sites has
been identified.
gaul;:(rl f:jOaI:e f’f thege potential streams,
onsed d? is a‘vmlz?blc at or near the
g Iversion sites. However, ob-
ther i “:scharge data is available ei-

: € upstream or downstream lo-

Water 9(1) December 2005

cations on the same stream or in the ad-
joining catchments.

Figure 5. shows the location of
gauge stations on various streams and
the location of identified potential SHP
streams. During the present study, for
initial estimate of the power potential
the observed discharge data from
nearby locations have been projected at
the proposed sites to work out the de-
pendable flows. However, it is strongly
recommended to observe the actual dis-
charge, at least covering two lean sea-
sons, before finalizing these sites for
final development.

11. 1 Flow-Duration Curve Analysis

Flow duration curve is used to de-
scribe the time availability of flow ata
certain point in a river. Flow duration

Generated by CanScanner fromintsig. com

curve is a simple plot of flow versus the
percent of time that particular flow can
be expected to be exceeded (called the
“percent exceedance™) (Fritz, 1984).
In the present study area 25 gauge
stations on various streams are present.
Out of these, only 16 gauged stations
have recorded daily discharge data for
2 to 42 years, daily or weakly. The ob-
served discharge data for 9 gauged sta-
tions were procured from Ministry of
Water Resources which has been uti-
lized to work out dependable flows for
18 identified potential SHP sites. For
rest of the gauging stations the ob-
served discharge data is not available.
In the present study, ranked flow tech-
nique has been employed to compute
flow duration curve at proposed diver-
sion weir sites for 18 identified poten-
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tial streams. For 9 small hydropower
(SHP) potential sites, flow-duration
curve is prepared from observed daily
discharge data. However, for 9 other
potential sites the observed discharge
data has been projected from adjacent
gauged stations by percent area ratio
method for those which demonstrate
similar catchment characteristic. Table
2. presents the list of potential streams and
the corresponding gauging stations from
which the observed discharge has been
utilized to work out the flow duration.
Further, for remaining 18 potential
sites, the flow-duration could not be
worked out as neither, observed dis-
charge data on the same stream or in the
adjacent catchment with similar char-
acteristics was available nor, sufficient
metrological data was available to
workout the discharge empirically. A
sample computation of flow duration
for Beresa stream is presented in Fig.

84

6.0. Similar computation of flow dura-
tion has been made for the remaining
17 potential streams.

12.Estimation of Power

Potential

In the present study, initial estima-
tion of the power potential has been
computed for 75% dependable dis-
charge and taking turbine efficiency to
be 90% and efficiency of the generator
as 95%. The head losses caused by the
frictions and bends in the penstock
have been taken equal to 10% of the
gross hydraulic head (Table. 3.0). Thus,
the equation used for the computation
of Power potential is given as eq.1.0
(Fritz, 1984);

P, =981*Q* Hn * nt*ng. (eq.1.0)
Where; ‘Q’ is discharge taken equal
to 90% of the 75% dependable Flows.

Gener ated by CantScanner fromintsig.com

‘Hn’ is the Net Head taken 90% of the
Gross Head; Head Losses are taken
10% of Gross head. ‘nt’ is the effi-
ciency of turbine which is taken equal
to 90%. ‘ng’ is the efficiency of gen-
erator which is taken equal to 95%.
Thus, a perusal of Table 3.0 indicates
that the total power potential for 18
identified SHP sites, for which ob-
served discharge data is available, is
5325 kW. However, for the remaining
18 potential SHP sites observed dis-
charge data is not available to compute
the power potential. Further, it is antici-
pated that these sites would also exhibit
equally good power potential when the
observed discharge data will be made
available.

Conclusion

In Ethiopia the electrical energy is
mainly available through intercon-
nected grid system which is available

water 9(1) December 2005
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only to the major cities efnd 'fown.s.
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nave access t0 the iflt_erconnected grid
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Tuble 3.Computed hydropower potential for identified SHP sites in th

locally

various streams and the location of

vided with electricity through small hy-
dropower,
nearby potential streams. In the present
study an attempt has been made to
workout the power potential available
in the Muger, Jemma and Waleka sub-

generated from

basins of Abay. A total of 36 potential
SHP sites has been identified, out of
which, 13 sites fall within Muger sub-
basin, 14 in Jemma sub-basin and the
rest 9 sites forms a part within Waleka
sub-basin. Out of these 36 sites, ob-
served discharge data is available for
only 18 sites. For 9 small hydropower
(SHP) potential sites, flow-duration
curve is prepared from observed daily
discharge data. However, for 9 other
potential sites the observed discharge
data has been projected from adjacent
gauged stations by percent area ratio
method for those which demonstrate
similar catchment characteristic. Initial
estimation of the power potential of 18
SHP sites has been computed for 75%
dependable discharge and taking tur-
bine efficiency to be 90% and effi-
ciency of the generator as 95%. Thus,
the total power potential, as estimated
for 18 identified sites comes out to be
5325 kW. However, for the remaining
18 potential SHP sites observed dis-
charge data is not available to compute
the power potential. Further, it is antici-
pated that these sites would also exhib-
its equally good power potential when
the observed discharge data will be
made available. Therefore, these 18 po-
tential SHP sites, for which discharge
data is available can be ground verified

e study area
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Fig. 6. Flow duration curve for Beresa stream.

and be taken up for further investiga-
tions for development. Further, for re-
maining 18 potential SHP sites dis-
charge measurements may be taken up
to work out the power potential.
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Materials and Methods

The field experiment was con-
ducted during 2003/2004 off-season at
Melkassa Agricultural Research Center
(MARC) farm, 107 km South-East of
Addis Ababa. The area is situated at an
altitude of 1550 m asl. The average an-
nual rain fell is 767 mm. The average
monthly maximum and minimum tem-
peratures are 28.55°C and 13.79°C, re-
spectively. The soil of the experimental
field has a dominantly clay loam tex-
ture with an average bulk density of

1.12 gm/cm?,

Field Layout and Experimental
Settings

The selected experimental field had
a size of 155 m X 50 m and slope of
0.6%. The field was divided into three
furrow sets consisting of five furrows
having center-to-center spacing of 75
cm. The general field layout and ex-
perimental set up for a furrow set is
presented in Figure 1: it is the same for
all furrow sets. The middle three fur-

TOws were used for monitoring irriga-

tion events under continuous flow (one
furrow) and surge flow (two furrows)
with the intention to replicate the surge
flow treatments as it was the main con-
cem of this study. The two outer fur-
rows (buffer furrows) were used to

Table 1. The treatment combination, the corr

simulate practical furrow irrigation
minimizing unexpected side ways
moisture movement beyond the moni-
tored furrows. )
The treatments involved in this ex-
periment were irrigation. flow regimes
(surge flow and continuous flow),
surge time management factors (cycfle
times and cycle ratios), and inflow dis-
charge. Cycle time is defined as fhe c!u-
ration of time between successive in-
flows and cycle ratio is the ratio of
surge inflow time and cycle time. Three
possible flow rates (0.6 15, 0.8 Is”' and
1 Is") could be selected for both flow
regimes. Under surge flow, cycle times
of 20 min, 25 min and 30 min, and
cycle ratios 0.32, 0.50 and 0.67 were
also selected taking into account the
minimum management criterion and
the existing field condition. Field re-
search was conducted to evaluate the
surge effect under some possible man-
agement settings as well as to generate
useful information in wider scope with
limited resources. Certain proper com-
binations of flow rate, cycle times and
cycle ratios were selected and ass; gned
to the furrows systematically for spe-
cific trials as shown in Table 1. The fur-
rows taking specific treatment combi-
nation are designated by Cii and SI.J.k to
imply the continuous flow and surge
flow irrigation events respectively. The
first subscripts stand for the number of
irigation event whereas the second

esponding trial and furrow ID

[ ImBent [ Faow FowRat [ Cycle Tome | On firme CxcleRatio ' Fumow
I—WI—NQ—I Set l (1ts) ;‘ (xin) ' (i) ' (frction) ' ID*
S I N ) 3 S N e Bk
i B I I 10 i = - : Cn
[ TFe [ 1 1 2 [0 3 |10 [ o5 SifSiz |
'___ oz - e . Cy
b Iro L T3 7 06 eedbc B N B 032 " Siufim
;l GG | L. ] R [,‘ 06 ; '; - — e . s i ‘Cn i
o Ta [ 2 LI N ¥ B B | N LR O O -y
N N T - W P
e [ 2 [ 2 [ o5 B ST O [ O S " Subm
| R L [ - N Ca
[ TFp [ 2 [ 3 [ os i 25 I8 [ om Sl
SR R S - B i ETN T
| Fa | 3 | 1 L1 1 2 | 8 | o3 SufSsy
| . | I T el L Cn
[TFx [ 3 [ 32 08 [ 30 [ 20 | o067 5282
il T I 08 [ - | = Cn
[ Fs [ 3 [ 30 066 [ = [0 [ 05 1 Sakm
il I [ [ 06 - I - S Ca

*The identifications of furrows with in a furrow set taking the sume surge Sflow treatments are put

together.

88

subscripts denote the -
the same flow rate, The thirg :ets With
under surge flow trials Stands g SCripy
cific furrow within the furroy, § ;r Spe.

Field Mm;u:umments

o Th'e ﬁelfi measurement during each
irmigation trial involved flow Come
at the inlet section, advance gng Tec
sion times, and run-off volume 4 tehs
furrow end. Cumu]atiw: advance ang
recession times since the fig; intrody,.
tion of irrigation water were recordeq
at each ‘timing pomt’. along indiVidua]
furrows corr‘cspondlrfg 0 specific
treatiments. “Timing points’ or advance.
recession stations were establisheq
along the furrows ata 15 m j Nterval (15
m-150 m) using pegs and rope. Under
surge flow treatments, the fina] aq.
vance distances and times were alsg
taken for each successive surge when
the waterfront stopped advancing,
These field data were collected by vi-
sual sighting with the help of stopwatch
and tape meter.

During each field trial a more or
less constant head of irrigation water i
the ditch was maintained by moving
adjustable flashboard up and down
with respect to the rectangular weir
crust. The irrigation water was supplied
to each furrow using a Sem calibrated
rigid siphon. Inflow discharges were
controlled appreciably by moving si-
phons back or forth until the required
amount was attained such that a fixed
flow rate could be supplied for the
whole irrigation event. Under the surge
flow treatment, the water was manually
managed to make an intermittent flow
during subsequent wetting and drying
periods. The rate of inflowing water
per furrow was monitored thoroughly
using a 3 in standard Parshal| flume,

Irrigation was continued until the
advance phase had been completed.
Suitable cutback Strategy was applied
for surge flow irrigations adjusting the
cycle time of the last surge till the ad-
vance phase ended. The out-flowing
water was collected at the furrow tail
end using buried barrels. Three irriga-
tions were evaluated on each furrow
set. Based on existed field practice, the
time interval between two consecutive
urigations was from 8 days to 10 days.
The furrow sets were irri gated one after
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The infiltration constants ‘a’, ‘k* and
the basi¢ infiltration rate ‘F* for each
irigation event were solved ba'sc‘d on
the optimization procedure, minimiz-
ing the error between measured and es-

ation  P¢

irrigation tria

timated advance distances
(McClymont and Smith, 1996).
A=kl + 5, @

where Z = cumulative infiltration
per unit length of furrow (m¥m), t =
infiltration opportunity time (min.), k=
fitting parameter (m*min%/m), a = fit-
ling parameter, 0<a<l, (dimension-
less), F = steady or basic infiltration for

the soil (m*/min/m),
“’ﬂSCdoer[itinu.ous flow inﬁltlration pattern
i gmiincd fgr cach -IITi gation trial
% Sjnnﬁcd infiltration functions.
fion pmerg&l flow, p_er surge infiltra-
Pl lrizﬁl t:vas examined for each irri-
o Cyele r :ised_on Numerical version
" describczno Time Model (NCRTM)
T by Benham et al. (2000).
Il ey mfal infiltrated volume per
of furrow for individual
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pulses were determined from the differ-
ence between the infiltration function
evaluated at a certain recession time
and advance time referenced to the ini-
tial wetting at that station. The accuracy
of predicting the surge flow infiltration
process was evaluated according to the
results found from these equations;

J|AZ; .
e =Z[ﬂ}x[}5v‘xq]

2 2 ¥
n
and ¥ = Z}:’_\K )
2 -

where "Z.= the incremental infiltrated
volume per unit length of furrow for
the i surge at the j* timing-point, in
m*/m, ”V,= the infiltrated volume per
surge (m?), f = the index of the i"
surge’s final advance distance, X (m),
V = total predicted infiltration volume
(m?), and n = the number of surges.

The effect of surge flow on the soil
infiltration capacity, distribution uni-
formity and runoff amount of each irri-
gation event was evaluated on unit fur-
row basis examining the infiltration
patterns and using the following indi-

ces:
{0 752-1)

Dy = ! ,and
av(l)
v
TWR = =2
oy 4)

where DU = distribution uniformity
(fraction), TWR= tail water ratio (frac-

tion), I ., = average infiltrated
depth at the lower quarter of the furrow
length (mm), [, ., = average infiltrated
depth for the whole field length (mm),
V_ = volume applied to the furrow
(m?*), and V_, = volume of runoff (m?)
(FAO, 1989).

Results & Discussion

Determination of Soil Infiltration

Almost in all of irrigation events,
coincidence of the first surge and early
continuous advance curves was ob-
served. This indicates similar advance
rate for both flow regimes during the
initial wetting phase. Figure 2 illus-
trates the scenario up to 45 m of ad-
vance distance where the first surge
commenced to recess.

The modified Kostiakov-Lewis in-
filtration function constants (a, k and F)
for individual irrigation events were
determined applying non-negative
Newton pattern search optimization in
MS-SOLVER. Optimum results of infil-
tration parameters obtained from the
solving operation are presented in
Table 2 along with their respective ob-
served and predicted infiltration for
both surge and continuous flow irriga-
tions. The accuracy of predicting infil-
trated volumes using continuous infil-
tration function and NCRTM algorithm
were tested before going to further ap-
plication for infiltration pattern analy-
sis. Simple regression analysis indi-
cated the prediction was good with
slope = 0.96 and R*= 0.97 for the con-
tinuous flow, and slope = 0.99 and R*=
0.95 for surge flow irrigation.

0_ -
o 15 30

Figure 2. Advance and recession trajeclorié
w advance curve

corresponding continuous flo
25 min and inflow on-time = 8 min)

45 60 75 90 105 420 135 150 165 180
Adwvance distance {m)

s of surge flow irrigations and the
(IF,, Q= 0.6 Is", cycle time =
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Table 2. The values of the soil infiltration para.

N

rers, the observed and predicted i yfltrated depths for individyq) rig)

Continwus flow

Il Surge flow
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Note: ‘@’, ‘k"and ‘F’ are modified Kostiakov-Lewis infiltration function constants, V.,

Performance of Surge Flow
Irrigation

The potential of surge flow for im-
proved performance in furrow irriga-
tion system can be generally expressed
by the faster advance attributed to
amount of the soil intake rate reduction
between successive surges. The infil-
tration pattern under surged flow was
developed based on the results ob-
tained from NCRTM. It was observed
that the surged flow infiltration pattern
had generally similar phenomenon for
all irrigation events and one of these
(IF,,) is presented in Figure 3 for illus-

tration. Figure 3a shows the differential
infiltration with respect to opportunity
times at the stations in interest for four
consecutive surge cycles. It can pro-
vide the insight that the maximum re-
duction in infiltration rate occurred
during the second wetting period and

no significant difference was observed -

further. This supports Izuno’s et al.
(1985) infiltration function inferring
that infiltration after the first wetting is
no longer time dependent and occurs at
steady rate when water is present. The
infiltration rate was reduced maximally
during this period by 66% on average
for the first irrigations (IF,,, IF,, and
IF,,). Figure 3b shows the distribution

Table 3. Observed and determined performance indicators in furrow basis for
_..all rials under surge flow and continuous flow irrigations

TR |

([ TGallD [ NC [ Vep(mm) [ Inl(rin) | ROGmm)  ROT(mi) | DU
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N IeC [ [T® [C5130 [ 019 1410 074 [0z
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[ Fs [37[ 960 [ 3000 [ ool 643 [ 054 [ 0
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Note: NC = Number surge cycles, InT= Inflow time, ROT = Runoff time, Vap = amount of applied
water, RO = Runoff, DU = Distribution uniformity, TWR = Tail water ratio, $ = Surge flow and C
= Continuons flow. * The last surge cyles of IF y, and IF,, were ignored since they could not be

completed because of pump failure.

90

= observed infiltrated depth and V/- = predicted infiltrateq dep,

profile of the cumulative infiltration af-
ter each successive surge. It indicateq
that nearly uniform infiltration qg.
curred after the first surge with de.
creased rate of wetting the dry portiop,
The rebounding tendencies of the ¢on-
secutive infiltration lines just near the
previously wetted front end shows
change in moisture regime.
Distribution uniformity (DU) and
tail water ratio (TWR) values are pre-
sented in Table 3 along with the ob-
served applied volumes, run-off vol-
umes, and inflow and outflow times
corresponding to each treatment com-
binations. More volume and time was
needed under surge flow irrigation
events (IF,, and IF,)) taking cycle time
and cycle ratio of 30 min and 0.67, re-
spectively. A greater irrigation water
and inflow advance time saving under
surge flow was observed on IF ; and
IF,, irrigation event, as compared to the
continuous flow. Surge flow used only
35% water and time of the continuous
flow during the second irrigation (IF,).
This does not mean that surge flow was
more effective during the second irriga-
tion but it might be due to the occur-
rence of relatively little surface crack-
ing observed during the drying periods.
Under laboratory study, clayey soils
manifested a higher relative saturated
permeability at lower matric suction
during which the effects of air entrap-
ment and surface cracking were mini-
mal (Jalali-Farahani et. al., 1993b).
Table 3 shows that the role of
surged flow for uniform water distribu-
tion along the furrow length was out-
weighed by the continuous flow almost
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Conclusion

In general sense, surge.d flow un-
der-perfonned compared with co'ntmu-
ous flow at the study area. The soil type
and the physical phenomenon before
and during irrigation were observed as
important factors that affect the ulti-
mate performance of surged flow irri-
gations. The occurrence of minor
cracks during the earlier drying phase,
due to the clayey nature of the soil and
relatively steeper slope with short fur-
row length, were ostensibly believed to
be the major factors that could reduce
orworsen the effect of surged flow irri-
fation. Surge flow performed better on
lmgafion events that took cycle time of

‘oW rate of 0.6 1s*'. Under these irri-
5?“0“ events, surge flow used only 35
o o e e
Tun-off reductiorir:fg;{tgl;n. e s
o the same irrioaf » was observed
ound  from u?ﬁlllOn events. Results
$owed thay § 1S particular  study

ntermittent flow will be
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- unit length of individual surges for observed

effective on clayey soils using low in-
flow rate, short inflow on-times and at
lower soil-matric condition.

Results found from this study
should not deprive the potential use of
surge flow irrigation on medium to
coarse-textured soils and in high intake
conditions especially following plant-
ing and major cultivation, and as an ef-
ficient cutback strategy. A careful se-
lection of optimum management fac-
tors combination plays a great role to
achieve the expected surge flow rela-
tive advantages on the performance of
furrow irrigation system. This study
suggests that further research should be
conducted on surge flow under another
different condition for better under-
standing of the system.
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Evaluation of Groundwater p(_)ttfntial
Zones in parts of Pabdeh Anticline,

Syed Ahmad Ali RS & G[s
Centre,Islamic Azad Univerg ity o f
Dezful Iran

Zagros Fold Belt,SW Iran

Abstract

The Pabdeh anticline belongs to the Zagros Fold Belt in the southwest Iran.. This area is ex.posed in karst region i,
Iran. Remote sensing and geographical information system (GIS) are rapidly increasing role in the field of hydl’ology

and water resources development. In this study remote sensing and
potential zones of the area. Location of the potential zones in the study
chemical properties of the water resources,
suitable locations as potential zone to sustai
for the water reservoir in case with a thick
be second choice for the water reservoir bes
of Aghajari formation has high porosity an
mite and limestone Asmari formation in res

the advantages of remote sensing and GIS for Karst study.

Introduction

Ground water is a precious of lim-
ited extend (Saraf et al, 2004). Karst
terrain is a complicated and widespread
phenomenon on the surface of the
carth. Karst can be defined as terrain
with distinctive characteristics of relief
and drainage arising primarily from the
solution of soluble bedrock by natural
water. Karst topography is most com-
monly found in carbonate rocks, in-
cluding limestone and dolomite of
Pabdeh area in the Zagros fold belt
south west Iran. This area is character-
ized by closed surface depression and a
well developed drainage system. On
the other side, the remotely sensed data
and GIS techniques are becoming an
increasingly provided for the hydrol-
ogy and hydrological studies of karst
area. One of the greatest advantages of
using remote sensing data for hydro-
logical investigations, monitoring and
karst water potential zones is ability to
generate information in spatial and
temporal domain, which is very crucial
for successful analysis, predication and
validation (Saraf, 1999). Satellite data
(Figure 1) was digitally process to en-
hance the objects and identify different
lithology. The various layers and
themes were extracted within the GIS
environment to analyze the recharges
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areas. Several field checks were carried
out and calibrated to the satellite data.
Water samples were chemically studied
and used as a theme for analyzing in
GIS environment to create a water po-
tential map of the area.

Basically, for this study we assume
that I- the area is tectonically active
and generates lineaments and fractures
which control the ground water. So for
this reason the study of total length of
the fracture, number of fractures and
number of junctions was carried out 2-
chemical properties of the spring water
3- drainage basin and drainage network
4-lithology and 5- ¢levation (digital el-
evation model). Based on these as-
sumptions the most suitable zones were
extracted in GIS environment,

However, there are five reasons of
the present study: 1- identification of
rechargeable areas and water potential
zoning 2- the influence of structures
and tectonics to ground water in karst
area 3- porosity and permeability of the
Aghajari formation that can not be a
reason for the recharge water arca.
Thus porosity and permeability is not
only the factor for the water reservoir,
The reason for low recharge is chemi-
cal properties of the water in cach for-
mation 4- five selected themes are suf-
ficient to extract the water potential
zones with accurate result and finally

GIS techniques applied to determine the Water
area is determined on the basis of lineaments,
drainage network, elevation and lithology of the area, The study shows 53
nable water management. The study reveals that Recent alluvial is the begt
layered. It also reveals that Asmari formation with 31 % of the area could
ide alluvials. This study also emphasizes that, though marls and sandstone
d permeability but practically situated in the third step after marls, dole-
pect to numbers of location to water potential zones. This study also shows

(5) to emphasis the usefulness of re.
mote sensing and GIS techniques for
karst study and ground water potentia|
zoning.

Study area

The Pabdeh anticline lies between
49° 157 00 - 49°30” 00 "E and 32° 00’
00”- 32° 25* 00~ (Figure 1). The
Pabdeh anticline falls within the
Pabdeh-Lali district of north Kuzestan
province in the southwest of Iran. It is
parts of the Zagros Mountains,

e lm"

Figurel. Landsat ETM image FCC 7-
5-2
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topography characterized by large anti-
cline where elliptical Asmari hogbacks
encircling breached anticlines, and
where exhumation has been greatest,
by tugged topography sculpted from
Mesozoic carbonates in the inner cores
of the anticlines (Oberlander, 1965).

Synclinal folding tends to close
fractures and thicken rock units along
the axes of synclines, it is common for
synclines to become rugged in the
Zagros Fold Belt as the topography of a
fold and thrust belt is eroded down.

In the Zagros Fold Bell, young
folds and thrusts belt and rivers are
generally controlled by the structures.
Rivers and drainages flow along the
axes of anticlines, synclines, faults and
fractures. This can be seen in Tang-e-
Baba Ahmad (Figure.2) of Pabdeh anti-
cline in the study area. As the stream
system evolves by head ward migration
and strcam capture, the stream may
eventually flow across the regional
structure  in  the Zagros Fold
Belt. These structures exhibit tight fold
with NW-SE trend and closely space
fracture systems. These styles of geo-
logical setting facilitated severe ero-
sion and formation of rugged and im-
mature topography with closed drain-
age system. The drainages also arc con-
trolled by fractures and faults system
towards NE-SW direction. The hog-
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Figure2 pjg;
- Digital geological map of the study area. Prepared in GIS environment.
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Figure3. Diagram of the lithounits
perceniages of the study area

back ridges in the study area may be
characterized by high resistance to €ro-
sion and structural discordance with the
tectonic grain of the Zagros Fold Belt.

Structures

Structure is used here in structural
geological sense and is concerned with
the attitude and deformational effects
of bedrock. Limestones and dolomites
of Pabdeh anticline at or near the sur-
face tend to deform by brittle fractures.
This tendency to form complex joint
sets (Figurc.4) is directly responsible
for the secondary permecability required
for the development of subsurface so-
lution drainage.

Large-scale structures or tectonics
not only have led to the development of
specific landforms  (i.e. sinkholes,
dolines, etc.) in Pabdeh area like
Charite sinkhole (Figure.l) but have
also influenced the rates and degree of
karstification.

Faults in the study area are closely
spaced along which there is relative
sliding movement of the blocks. Most
of the litho tectonic units have re-
sponded to crustal shortening by brittle
failure. The important faults in the
study area have been named after
settlement features developed in the
neighborhood of the failure surfaces.
Faults in the study area are commonly:
1- thrust fault, 2- strike faults, 3- nor-
mal faults, and 4- reverse faults.

Fracture density can give informa-
tion about the groundwater efficiency
in the area. Fracture map of the study
area (Figure.5) was prepared in GIS
environment using Artcview 3.2 soft-
ware. The fracture system was used as
one of themes to delineate and extract
the groundwater location suitability
and water potential zones of the study
area in GIS environment. Further frac-
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Figured. Complex joints and Jractures in Aghajari formation, Pabdeh anticline,

ZFB, SW Iran

ture theme also could be used in GIS
environment to create iso fracture map
(Figure.6) and incidence map (Fig-
ure.7). This type of analysis plays an
important role beside other themes in
GIS environment to identify water po-
tential zones.

The interrelationship between iso
fracture, springs, surface water and
suitable location water potential zones
extracted in this study is interpreted.
The ground water follows main faults,

Fractures Map Of PAbdeh Area

227 0O 241000 245 0O 2% (O

lineaments and fractures in N-S and E-
W directions. It also reveals that the
resources water in back limb of the fold
is probably not related to the forelimb.
This fact is also satisfied by the deter-
mining of the chemical properties (i.c.
walter elements) in the laboratory. Thus,
the recharge ground water in both limbs
of the fold has different resources and
reservoir. Further more the fact is also
supported by the geomorphological
analysis in GIS environment. It has

8 Cheshmeh
N/ Formation Contact

/’\/ Faults

i

Field Fractures
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Figure 5. Structural map of the Pabdeh anticline, Zagros Fold Belt, south west Iran
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been seen that the study areq R
three watershed basing (Figure : Msey

Mathodology

Remote sensing and G Were
to extract the ground water Suitablese
cas in karst. On this purpose 1o ,'dem;drr.
the fracture system, remote sensip
data has been used and i hag been g,
ther correlated with the available eo-
logical map of geological Surve 0;
Tran with several field checks (Fig.
ure.4). Shape, tone, texture, veget
linearity, topography, erosion, landyge
was used as interpretation Keys (g g,
tract the lineaments and lithology from
the image by using environmenta] Visy-
alization image (ENVI 3.6) software,
Various enhancements such gg lin-
ear2%, edge enhancement and sharpen
filtering were carried out to highlight
objects on the image.

Portion of the LANDSAT frame
No. 167-038 representing the study
arca (Figure.l) was digitally divided
into cell by using Arcview 3.2 soft.
ware. The cell boundaries were drawn
parallel and perpendicular to the satel-
lite path. The cell grid was superim-
posed on the digital fracture map gener-
ated from the LANDSAT image. The
number of fractures in each cell was
digitally plotted in the center of the cell
as cell value. The iso fracture density
contours were plotted (Figure.7) using
spatial analysis in GIS environment (
Arcview 3.2 software) to evaluate
groundwater suitability area and thus
water potential zones. The lithological
study was carried out on the basis of
information from the image, available
geological map and several field
checks. Then on the basis of available
information lithological contact in each
lithounits was digitized by using ENVI
3.6 software and further converted to
the GIS formats, The knowledge of
chemical properties of water can give
idea about quality of water for drinking
or any other uses. For this reason
springs (Figure.6 and 7) in the study
area was located using field checks and
global positioning system (GPS). The
chemical properties of samples also
carricd out on the laboratory to deter-
mine available elements (i.e EC, Mg,
Cl, Ca, Ph, Na and K) in water to corre-
late with available water in the study

atiop
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Figure7. Showing lineament incidence map of the study area.

area. GIS has been also used to create
digital elevation model (DEM) as a pa-
rmeler to integrate water potential
Zones mapping. DEM  was generated
USINg X, y and z attributes of digital to-
Pographic map on scale 1:25000 pro-

Yater 9(1) December 2005

vided by the Iranian survey organiza-
tion. The analysis was carried out in
Arcview 3.2 and Rivertools 2.4
sofiwares.

The DEM of the study area was
used for morphometric analysis by us-

Gener ated by CantScanner fromintsig.com

Ing  Rivertools and Arcview 3.2
Sofl“'ares. Morphometric parameters
(Pirasteh et al 2002) such as flow grid,
basin outlet, RT treefile were based to
extract walershed basin, drainage or-
ders, drainage segment orders, drain-
age density and etc.

_ *Flow grid generation- the objec-
tive of the first step in the conditioning
phase is 1o create an adjusted “depres-
sion-less” is raise to the lowest eleva-
tion value on the rim of the depression.
Each cell in the depression-less digital
elevation data set will then be part of
cells leading to an age of the data set. A
path is composed of cells that are adja-
cent horizontally, vertically, or diago-
nally in the raster (eight-way connect-
edness) and that steady decrcase in
value. The purpose of this routine is to
extract a flow grid from a DEM grid.

** Basin outlet- This is a graphic
routine that allows one of specify the
basin that one wants to analyze by pro-
viding Rivertools with the precise loca-
tion of the basin’s outlet. In the present
study the complete DEM was used and
therefore an outlet was specified in the
GIS environment on DEM on the basis
of the remotely sensed data and filed
checks.

*¥*RT Treefile- This routine creates
a Rivertools “trecfile” for one or more
of the basins in the DEM, from a
Rivertools flow grid. The treefile is a
vector format file, which can store data
for many disjoint basins. Every pixel in
the particular basin is the outlet pixel
for a sub-basin that is contained in that
basin. Detailed morphometric analysis
of the drainage network was done for
the watershed to deduce and interpret
its influences on the fault development
and tectonic process.

GIS has been also used to identify
water potential zones and suitable area
for groundwater development by using
spatial analysis and map calculator meth-
ods in Arcview 3.2 software. Broadly the
following steps have been done:

- Identification of lineaments from
satellite data

- Discrimination of lithounits on the
image with available geological map
and field checks

+ Determination of water elements
in the laboratory

« Creating DEM to be used in map
calculator as a parameter to delineate
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basin and drainage network US
Rivertools 2.4 version software

. Creating iso fracture map, inci-
dence map and intersection map of the
area

ilable data and

. Calibration of avat .
calculating required themes which z}f-
fect on identification of water potential
zones in GIS environment using map
calculator
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and water potential zones

table area

Results and Discussions

A remote sensing and GIS based
method is found to be very useful in
suitability analysis for water potential
zones in Karst terrain. For such analy-
sis the first task is to identify the themes
facilitating suitable ground water arca.
The iso fracture density map exhibits
contour trend with linear and circular
anomalies. The orientation of the
anomaly axes were plotted on the basis
of highs and lows. The dominant trend
have emerged which roughly coincide
with the orientation of the ZSB. The
anomaly axes are oriented N13°E-
S13°W and N77°W-S77°E. The N13°E

Figure 8. Suitable locations for water potential zoning sustainable

Map of potential water resources
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ompressior o ;
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tion with variable response of th i
The iso fractu dicates
springs and groun i fhe
afea are mainly in poth the Iim ‘
fold and controlled by fracture systent
The ground water ! !
the fold conducts the water toward the
plunge of the fold. Therefore the two
features/landforms of karst such ’as
Charite sinkhole and Abzaloo do'hne
(Figure 1)1s easily seen in the forelimb
of the fold (i-e. south limb)-
Geomrphologically, it is seen that _the
area is spliced into three watershed basins-

Conclusions

On the basis of study carried out in
the present watersheds, it has been ob-
served that limited scope for ground-
water potential zones. Only 10 sites
have been found suitable area as water
potential zones. Mostly suitable areas
are in the south limb of the Pabdeh anti-
cline. The chemical properties are also
showing that the suitable water for
drinking could be found in south limb
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n both the limbs of

of the anticlinal fold rather thay,
limb of the Pabdeh anticline, There?nh
thereisa need for giving more s“'essor
development of surface and grouon
water. Lineaments, drainage densind
chemical properties, lithology ty,
DEM are useful in identifying the )
charge sites. 5
However, this study with the help of
spatial analysis in GIS environmen jj,_
dicates that the recent alluvial is more
suitable for the water potential zone ¢,
sustainable water management
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Figure 9. Suitable locations
percentage diagram
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Environmental Impact Assess_ement of
Irrigation Development at Amibara

Irrigation Projet In Ethiopia

Abstract

Moltot Zewdie, El4R, Mellg y,
Crep

g ithi iddle Awash Vall ians
ducted at Amibara irrigation project area, w.lthm me’?}h‘ddm,—eqt:ﬂjn alt;y of Eth.mp,a. It wasg,
Thet;tudy R ‘;‘;:ml;] impact of irrigation development and its severity in H g the Sustainaly o
assess the environ {

cii s tion and mechanisms to be devised in order to mitig,
irri it suggested possible interven : ! iy
irrigated fz;rllln' I\sls‘:;;‘;ift 'wasgbgased on describing and analysis of long time gfta :)n g,.m:ln.d fWater level
p"l‘?b!emfs,:om :a:;domly sampled 120 surface soil and 25 ground water fam;:llets, ’Ir;ra turde and informa) S
2?1 Ic;ltl):)t:rvation and interview of 52 people using checklist for the ecological data. The study area wag Severely affec[ed

€
Uch
and 80j)

sed

by soil salinity from secondary salinization with high ECe that reach 154d5/m at some spots, shallgw groung Water

level of less than 1m below surface soil, complete deforestation, and devastation of the range land, Sy

h situagig,

causes a drastic change in an overall the environment and natural ecolo'gy..Thc; und((;rln:edt cl::uses of such impacts

; .. iculture and related activities. In order to take measures j, accor
were the direct consequence of the irrigated agricu : . : " accor,
dance with the problems that alleviate further degradation of the irrigated l":cld and .Sustams the Production and
productivity of the irrigation development, government intervention through introduction of agro' Pastoral Produc.
tion system, double cropping and improved water management systems were put as a way out options,

Introduction

Interest on the environmental im-
pacts of water resource development
has increasingly become an important
consideration since the date 1960°’s.
The over all interest in the environment
in general get to its peak in 1980’
(Wooldridge 1991). But environmental
conscrvation was still given a lip ser-
vice in many countries. The techniques
for environmental impact assessment
(EIA) were developed only during the
post 1965 era, and in fact the term EJA
itself gained widespread use only dur-
ing this period.

In the early times once man started
crop production along the riverbanks
and lakes, irrigation practice become
common in many parts of the world in-
cluding Ethiopia. In the late 1960’ the
investment in irrigated farming system
had covered a wide area in the Awash
Valley. In the Middle Awash valley the
Amibara-Melka Sadi farm was estab-
lished by the Amibara irrigation project
two (AIP II) in 1971 based on the sur-
vey report of Halcrow in 1965. The net
area proposed for irrigation was 14,600
ha where 2100ha under cultivation by
that time and the rest covered by natu-
ral pasture. At the start it wag proposed
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to extend to the whole potential
irrigable area of the locality, which was
unfortunate. Let alone to expand it
could not able to maintain what was al-
ready developed. In 1990’s it faced
substantial decrease in cultivated land
size. The major reasons were the envi-
ronmental degradation and loss of cul-
tivated land through salinization and
even disruptive to human habitation
though there were some sacial factor
that may not be ignored like; political
change and resource conflict.

This irrigation development was es-
tablished in an area where the life Sys-
tem of the original dwellers was com-
pletely different from the newly intro-
duced one. The people’s livelihood was
completely supported by livestock rear-
ing and has no know-how of irrigated
farming. The development pushes and
restrict then to the wet season grazing
for all over the years. This situation de-
veloped negative attitude among the
pastorals for the development that cX-
tend from occasional damage on the
farm to claim for the return of the culti-
vated land. More over de-vegetation at
the time of establishment, mismanage-
ment of irrigation water and mono
cropping play major role ip reducing
the cultivated Jang size till to date.

Since the irrigation developmeng
was established under such social ang
natural conditions its of paramount jp,.
portance to assess the impacts j
brought to the environment S0 as to de.
vice a way out intervention to Sustain
the existing development and learn les.
son for future. The impact of such wide
devclopment program was not yet seen
with respect to environment of the arca,

which has a great potential both Jand -

and water resource for future develop-
ment if conditions get improved. In or-
der to assess and indicate the environ-
mental impacts of the irrigation devel-
opment in AIP II area and mitigate the
problems through suggesting interven-
tion measures and improve the positive
impacts of the irrigation development,
this study was conducted under the fol-
lowing objective.

Objective

To assess environmental impact of
irrigation development and the _PfOb'
lems, with respect to living cond}u.OH of
the community and land productivity Oi
change of the natural system. Sugg‘;se
the possible interventions to a-veﬂ'lt't
problems and keep on the sustainabilify
of the farm.

water 9(1) December 2005

Gener ated by CantScanner fromintsig.com




208

— ’
W-f \\\\ 1 l/(/

o, Fantale ——_
MO 7N~

Loca

Methodology

Data Collection
The environmental data like; flood

hazard, groundwater level and salinity,
soil salinity, ecological changes were
collected by direct sampling, interview
and secondary data from MAADE and
Awash basin water resource authority.
In addition to the survey data, sec-
ondary data on surface and ground wa-
lehr hxdrology and primary data on soil
;_hemlcal properties were collected.
groe I‘()j“%-term record on surface and
W, indwater were collected from
ARC and Awash Basi
% sh Basin Water Re-
urce Agency_ The infi v
” information col-
tted was focysed ;
ed on the environmen-
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tal changes as a result of the irrigation
development. Here when environment
was mentioned, it included the water,
soil and vegetation resources in the pre
and post irrigation development peri-
ods. Since the irrigation development
was based on a diversion structure and
single cropping system (practiced in
the high flow regime) it did not affect
the low flow characteristic of the river
on down stream user and the aquatic
life. More over the farm did not use
chemicals like fertilizer and herbicides
that may affect the environment. As to
the insecticide and pesticide (agro-
chemicals) used in the farm changes
over years with the type of disease or
pests and insect occurrence SO that dif-

{icull to analyze the effect, which need
ong time study to show the cumulative
eflect. Hence, such types of environ-

mf:nlal impacts were not included in
this study.

Data Analysis

Assessment of the over all impacts
of irrigation development on the natu-
ral environment: soil, vegetation,
ground and surface water level and
flow nature were analyzed using de-
scriplive statistics based on pre and
post irrigation development condition.
The natural condition with and with out
the irrigation developments were as-
s&_essed using literature, long-term data,
dilrect sampling and laboratory analy-
sis.

The spatial and temporal fluctua-
tion of groundwater level in the study
area was analyzed-based on brief
analysis of informal survey on the sub-
surface drainage manholes in the irri-
gated fields ’

The contribution of high ground water
table to the fast secondary Stalinization
was also assessed in detail as;

1. The ground water was analyzed
for its salt content from 25 piezometr
well water samples in gm/lit. The con-
version factor, 0.64ECw = gm/lit, was
used (Majumdar W.K,2002)

2. Using the potential evaporation
demand of the area over 7 months of
off season (no imrigation period) and
assuming that it was fulfilled by the
capillary rise of the groundwater, the
salt precipitate in the soil profile was
calculated in gm/m?.

Brief assessment on the ecology
was done based on an interview using a
checklist and sample addressing 52
people of Afar

Result and Discussion

The result and discussion part in-
corporated the impact of irrigation de-
velopment on the environment in rela-
tion to flood disaster, degradation of
natural resources like soil salinity water
logging, deforestation.

Flood Hazards

As to the information from the el-
ders on the area addressed during the
informal survey, the flood was not as
such harmful during the pre irrigation
development period. They reason-out
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that the river flooded the area from
many overtopping (takeoff) sites that
could possibly reduce its power and
make it harmless. A report by FAO
(1965) indicated the Awash River flow
rises up to 700m%sec, which was al-
most double of the 1999 flood of
398m’/sec that resulted in great disaster
over the area. This implies that the river
training work following the irrigation
development contributes to the change
of the flow characteristics of the river,
which confirms the suggestion of the
people.

Despite the construction of the
flood control structure, the river flow
over top and /or breach the dyke and
resulted in great disasters on proper-
ties. For instance in 1999, 98% of
WARC compound (living houses
stores and office) were flooded, while
91% were highly damaged. In the
MAADE 90% of the Melka Sadi and
more than 70% of the Melka Werer cot-
ton farms were completely flooded,
which result in total loss of production
in the flooded area (Report on flood di-
saster by WARC and MAADE, 1999/
2000).

The unpredicted (unexpected) oc-
currences of such high flood made the
disaster very sever because the victims
were not wamed to take precaution to
evacuate their property from the area.
Beyond the immediate disaster on
properties, it also aggravates the Salin-
ization process through rapid and
abrupt ground water rise (less than 2m
to Im depth from surface) due long
time stagnation over the flooded area.
More over the psychological impact on
the people in fear of being flooded
from overtopping of the river every
year in the summer season (especially
in August) was so considerable.

Groundwater fluctuation

The study area has been located on
fluvisols flanking the Awash River. It
was in proximity to river way (on the
flood plains of the river) and has level
(flat land feature). The soil survey dur-
ing the study for the irrigation develop-
ment revealed that, the depths to
groundwater level in most of the irri-
gated farms of the Middle Awash and
local areas were reported to be deeper
than 10m (AIP II 1982, Swales Haider,
1974, Fekadu, et.al 1999). The re-
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le to such deeper .
= Since the establishment of Img

’ ise of
tion development there ‘:/hds ?rrril;:(z;tcd
groundwater level 1M :mholes o
fields. The survey on I :

' Amibara irrigation farm in
Melka Sadi Am1 e Sl
2004 revealed that there wa g
gk Jevel that may
.ant rise of ground water ¢
- hich was shal-
affect plant growlh,' w e i
lower than Im. The nsc.wa.s contu;u ue
and rapid since the beginning 0'“":”17-
rigation development till the insta d]
tion of the drain system 1992. Though
in the latter periods the drainage system
helps to restrict the ground water level
deeper than 2 m the salinization prob-
lem was still there. This could be most
possibly due to the long duration off-
season in association with high evapo-
ration demand (1700mm per 7 months
of off-season) of the atmosphere. Such
high evaporation potential of the area
could possibly tap the saline ground-
water from deeper level (2.0m—4.0m)
(Garg 2001, FAO 1984 and Todd
1959).), that is below the rcach of the
subsurface drainage system that highly
contribute to secondary salinization.
Hence the single cropping system of
the irrigation development facilitate the
salinization process through allowing
net upward flow of capillary water
from the saline ground water to the
evaporation zone during 7 months of
idle time.

Temporal water logging is also the
problem of the fanm too. In adequate
land leveling (earthwork) in the scheme,
associated with vertic soil of the area
cause localized water logging following
excess imigation, wild flooding and in-
tense rainfall. It was reported by
Halcrow (1985) and Hider (1985) where
72 % of the Melka Sedi cotton farm esti-
mated to suffer by water logging from
the above-mentioned causes.

Soil and water Salinity

The laboratory analysis of ECe for
120 soil samples from AIP 1] area indi-
cated that, the ECe became as high as
49dS/m and seldom 154 dS/m on some
areas. Based on this sample analysis

20% of the sampled area has .
(ECe) of greater than 4 dS/m, “Vhil: Wity
of the sampled area has ggj] salin~' Y%
higher than 8.04S/m. A to the ;.
tential analysis (Ayers ang
1985) such salinity level of the fan
reduce the yield potential of Most ¢
grow in the area to a signiﬁcarlt lm 3
(cotton to 98%, sugarcane to &
maize to 40% banana to 10%),

On the other hand the salinily lev,
analysis made on soil and groypq wa\lel
samples revealed that the ECe leve] der
creases down the soil profile, Whice};
shows capillary rise as the major oy,
of soil salinity. This up ward iy o
ground water (capillary rise) Containg ,
significant amount of salt (on average
2.448¢/lit). Such up ward salt inflyy de.
posited 3.515 kg/m? of salt in the g
profile and on the surface after evapora.
tion during the 7 months of off-season
only, assuming that the evaporation po-
tential of the area was totally fulfilleq
from the capillary rise. Most possibly
such amount of salt lifted to the spj} pro-
file and surface accounts to net salt ac.
cumulation, because there was no down
ward flow of water to leach it back to the
ground water during this season.

Hence, the major teason for salip.
ization of the soil of this particular area
shifis to secondary salinization. It was
stated that the soil of the area was cat-
egorized to class A and its ECe does not
exceed 4dS/m except for some spots
(Tadele, 1993, Halcrow 1989, FAQ
1965). More over the irrigation water
source (Awash River Water) has no re-
striction to irrigation as the long time
monitoring confirms (0.28- 0.98dS/m).
So its possible to confirm that irrigated
agriculture was the causal problem for
the soil salinity.

80%)

Table 1 ECe (dS/m) values of soil
sample from salt affected fields of
Melka Sedi and Melka Werer Farms of
AIP Il area 2004
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it serves for over 9 months of the dry
season grazing, beyond supporting the
pastoral livestock for such long dry
season, can also gave enough time for
the wet season grazing land regenera-
tion. This can avoid the devastation of
the wet season grazing.

The major causes for the degrada-
tion of the ecosystem were the land
clearing for irrigation development,
concentration of the pastoral livestock
on the wet season grazing through out
the year and the immigrants that en-
gaged in cutting the remaining sur-
rounding forest for charcoal production,
As a result of such human actions there
were tree and grass species, which se-
verely declined to disappear from the
range (Table 2). These plant species
were the rich fodder sources of Afar
livestock, hence the devastation of such
vegetation treated the life system of the
pastoralists very sever and exacerbate
their exposure to drought frequently.

Conclusion and

Recommendation

The irrigation development brought
a change in the flow characteristics of
the river Awash through flood protec-
tion structure that inter resulted in
flooding of the area and losses of prop-
erties. In order to mitigate such fre-
quent and sever flooding problem in
addition to frequent monitoring and
maintenance of the dyke, flood early
warning system must be set on the river
basin.

The irrigation development with its
poor irrigation water management
practices brought shallow water table
and high soil salinization problems.
The salinization and water logging of
cultivated land through ground water
table rise treated the productivity of the
area to the extent possibly led to aban-
don of a considerable land size every
year. The single cropping system with
its long off-season months was also the
underlined reason for facilitating sec-
ondary salinization. An improved irri-
gation system was so in urgent need to
sustain the irrigated farming in the area
more over, double cropping and reduc-
ing one directional flow of ground wa-
ter (capillary rise) to balance the up-
ward influx of salt through leaching
need to be introduced.

The reduction of natural flood plain
dry season grazing due to irrigation de-
velopment resulted in reducing live-
stock holdings per household and pro-
ductivity as well. The unproductive and
few livestock per household that was
not supported by any other activity
made the communities life very miser-
able and made them to develop nega-

Table 2 highly declined (devastated) vegelation species in the range land and

cleared from 1he JIEQIEA IO, cqcsiunssmspesmmomsmsmsmssssssmmmserosm e
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Source: WARC low land forages and F orestry Research Section and survey 2005 *No regeneration
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tive attitude to wards irrigated farm by
blaming it for the problem created.
Hence it’s important to make govern-
mental intervention in introducing agro
pastoral production and irrigated pas-
ture program in order to assist the sub-
sistence living system of the people and
avoid the negative attitude of the com-
munity for sustainability of the irri-
gated farming and future expansion of
similar development in the area.
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ference crop evapotranspira-
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(Jensen,et.al.,.]990)- Rereru\_cc eV p'
pnspiration is the evaporative power
of the atmosphere, which is indepen-
dent of crop type. The reference sur-
face provides a reference to any other
copped - surface from which crop

evapolranspiration can be computed.
Among various methods recom-
mended by FAO (Doorenbos and
Pruitt, 1977) for estimating crop evapo-
tanspiration, the Modified Penman
method was preferred since it consid-
ered many climatological parameters.
Subramaniam and Rao (1985) com-
pared the values of crop evapotranspi-
;z::sn co}r]nputcthi using Modified Pen-
ment:]i;;;d rWllh lysimeter measure-
mcthod WaSSO‘und t!’lat u‘,lc P(?nman
uitable for Indian climatic

¢
cient coD
qatio of 1€

was to develop a suitable time-scale model
Arba Minch in Gama Gofa Zone,

Abstract

conditions. Mohan (1991) concluded
that the Penman method could be used
for south Indian climatic conditions.

In May 1992, FAO organized a con-
sultation of experts and researchers in
collaboration with the International
Commission for Irrigation and Drain-
age and with the World Meteorological
Organization, to review the FAO meth-
odologies on crop water requirements
and to advise on the revision and up-
date of procedures. The panel of ex-
perts recommended the adoption of the
Penman-Monteith combination method
as a new standard for reference
evapotraspiration and advised on pro-
cedures for calculating the various pa-
rameters.

The FAO  Penman-Monteith
method was developed by defining the
reference crop as a hypothetical crop
with an assumed height of 0.12m, with
a surface resistance of 70 sm™ and an
albedo of 0.23, closely resembling the
evaporation from an extensive surface
of green grass of uniform height, ac-
tively growing and adequately watered.
The method overcomes the shortcom-
ings of the previous FAO Penman
method and provides values that are
more consistent with actual crop water
use data worldwide (Allen, et. al,
1998).

, fefence Evapotranspiration Model for
:fba pinch in Gamo Gofa Zone

Professor Murugappan, A Arba Minch
University, Arba Minch, Ethiopia

Jor estimating mean weekly reference evapo-

ol : Ethiopia. The most standard FAQ Penman —
iod was adopted for estimating daily reference evapotranspiration from the daily measured

efers fora period of 16 years from 19 _89 lo 2004. The first 12 years of the study period (1989 — 2000)
" developing the reference evapotran.sptrau(fn model. The last four years of the study period (2001 to
lidating the refe'rcncc evapotranspiration model developed., The model developed would be of
loping proper operational strategies for tie management of irrigation schemes in the area.

Study area and Database

The present study on reference
evapotranspiration has been made for
the station viz., Arba Minch in the
Gama Gofa Zone of Ethiopia.

The latitude and longitude of the lo-
cation are 6° 04¢ N and 37° 36¢ E. The
place is located 1300 m above sea
level. The daily maximum temperature
is found to be generally in the range
20°C to 35°C and the daily maximum
temperature is found to be generally in
the range 10°C to 25°C. The mean rela-
tive humidity at Arba Minch is gener-
ally found to lie between 50% and
60%.

Daily metcorological data mea-
sured at the Observatory located in the
Arba Minch University Campus was
obtained for the period from 1989 to
2004. The meteorological data col-
lected on a daily basis includes the fol-
lowing: rainfall (mm/day), bright hours
of sunshine, mean wind speed (km/
hour), maximum and minimum tem-
peratures (°C), and maximum and
minimum relative humidity.

Table 1 shows the details of the me-
teorological observatory at Arba Minch
in the Gama Gofa Zone, Ethiopia.

Table 1 - Details of Meteorological Observatory at Arba Minch University COmpus, .. .o

Nr\m dinstes | T Alomade sbove || Height of wird speed || Angstrom Vahes | Dataperiod i
- S, | e : ; |
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The FAO Penman-Monteith meth-
ods to estimate ET, can be expressed as

£, = JA08AR,, - G) +y[SONT+273)), (¢, = &)
. A+y(1+Q™y,)

O
where, ET_ = reference crop evapo-
transpiration (mm day™')

R, = net radiation at the crop sur-
face (MJ m? day)

G= soil heat flux density (MJ

m™ day™)

T = mean daily air temperature at
2m height (°C)

U,= wind speed at 2m height (m )

€= saturation vapour pressure
(kPa)

€.~ actual vapour pressure (kPa)

D= slope of vapour pressure curve
(kPa °C)

&= psychrometric constant (kPa °C)

The equation uses standard clima-
tological records of solar radiation
(sunshine), air, temperature, humidity
and wind speed. To ensure the integrity
of computations, the weather measure-
ments should be made at 2 m (or con-
verted to that height) above an exten-
sive surface of green grass, shading the
ground and not short of water.

The FAO Penman-Monteith equa-
tion is a close, simple representation of
the physical and physiological factors

governing the €vapotranspiration pro-
cess.

Methodology

Daily reference ET was determined
using the Penman-Monteith method for
all the 365 days in each year of the
study period 1989 to 2004 for the sta-
tions viz. Arba Minch. Then, the
weekly reference ET in al] the 52 weeks
of each year of the study period was
computed. The mean weekly reference
ET in all the 52 weeks of a year, aver-
aged over the years 1989 to 2000, were
obtained.

Suitable equations in the time-scale
were fitted to the mean weekly refer-
ence ET plot obtained. The equations
fitted to represent the mean weekly ref-
erence ET plot were validated by com-
paring them with the observed weekly
reference ET plots of the test (virgin)
years 2001 to 2004.

104

Results and Discussion

Figure 1 shows 1he_mcan \.’veekly
reference ET plot obtained with 'thle
best fitting sixth degree polynomial.
From Figure 1, itis founq that the mean
weekly ET tended to increase from
34.3 mm in the first week (J.anuary 1-
7) of the year up to 44.5 mm in the elev-
enth week (March 12 — 18) of the year.
Then, it tends to decrease and reaches a
value of 27.3 mm in the 30" we_ck (July
23 — 29) of the year. Then again, there
is an increasing trend in the mea?
weekly reference ET up to the 37
week (September 10 — 16) of ll_1e year
attaining a high of 39 mm. During thi
period between the 38" week .and 42n
week of the year, the trend in mean
weekly reference ET is decreasing with
the value reaching a low of 32.5 mm.
During the last ten weeks (43" to 52™)
of the year, the fluctuations in mez?n
weekly reference ET are found to be in
anarrow range of 32.8 to 34.4 mm. The
maximum and minimum mean weekly
reference ET are found to be 44.5 mm
and 27.3 mm occurring in the months
of March and July respectively.

Polynomial of sixth degree of the
form shown in equation (2) fitted best
to the plot of mean weekly reference
ET in a year. The first 12 years of the
study period (1989-2000) were taken
for obtaining the mean weekly refer-
ence ET curve.

ETO =ny +a,’[+‘;r2

+|’T' +

where ETo repres
weekly reference ET ueln
sents the calenday
example, T=| o

(January | - 7) of the Year

sents the secong Week (1. T=
J
of the year, etc. The c( anya

- - 0
termination R2 g founq

Bug, it is founq from g;
fitted polynomia) Undereg:
obse-rved high valueg in "‘na.te
maxxmwp) and overestimateu My the
values (including min-st € loy,
mean weekly reference gy UM) o

Hence, in order to begt .
mean weekly refer,

mm.
“'eek of m’ T

€st repre
€hce ET

tained, the variatiopg in Figy, IOI ob.
spected and the trends see, dire arejp.
in Table 2, Show,

Linear fit of the form gho.
equation (3) is fitteq to eac ™ in

four parts (I, 11, 111 anq 1y, Ef‘f?,ifiif‘

where E’I‘o and T are 5
previously. aand b are con
nomial of the sixth degree
shown in equation (2) fitte
last part (V) of the obs
weekly reference ET plot,
6 show respectively the p
IV and V of the mean wee
ET plot along with the bes
obtained. The equations
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50

1"

45 1

40 +

Reference ET (mm)
- - N N wW (93]
o (6] Q [} o [&)]
1 1 1 1 1 »l

(8]
L

o
J

—_

4 7

ETo = 2E-077°- 3E-057° +0.0014T% . 0.0284T° + 0.145872 + 1.186T &
32422
R? = 0.7848

1013 16 19 22 25 28 31 34 37 4p 43 46 49 52

. Week of year
Figure 1- Polynomia Fitto Mean Weekly Reference ET Plot

YT
LI ALEL N B B B B 2 B o B B e i e B

e

water 9(1) December 2005

Gener ated by CantScanner fromintsig.com




i the variations of Mean Weekly Reference ET pjq,

Tfe”ds L « TR TR i i

~

T,]u"" /’;T_ Period Trendobserved || Brstfiving amrve

y et " obtamed

‘// ‘”h’ ’ ﬂ“h‘y( - "
we me
PG o jumey1-Mah18 o hemiing I_T

. Decreasing Lineax

g
:
i
% ’
£

e
Flucouthg with miner -

( o mber 17 — October 21
(ﬂl ‘ 38-43 l Septe
ombexn—becanber?,l

K :
‘ /’/F;ff:;;/: Different Parts of the Observed Mean Weekly

3-52 Wridion

Larch 19 - July 39 [
1/ 12-30 ]
o W 16 I

3 qafion’
¢ 0 ” 2
Lt ET Pl e—— :
Kgfﬂre pﬂ“f"”mr‘:fv?’
E i
“{dd\“
E/’// ET, = 1.0019T + 33.36 oot

| t
i/,// ET.=-06724T +47.66 l 0.8491
u - i - LT _‘
T gL = 151397 - 17 03 l 09234 |
I m [ ET.=1 i
I
ET.=-11909T+82.80 I 09686
I 0.9204

/
‘ v i : - :
ET.=-000178472T° + 0514175T° -6156701T" +
v 394153 T — 141580 T +2709890T - 2.15923:40"
e

//.,_,/——_’-——-‘] 45

a 40 - L

: ET"M

!w T = 1,001 57 + 3326 IR A = Ela={ 21327 ATOW

= K e -3 -,

E; 2 il % ; FEa 04234

iﬁ £ 15 4

EE = 104
S

fe ~ P S
n oW W B w4

| b—_—TT — T
[ 4 55 7 0 8 1W0N
Wook s4ghe your
ﬂsun}-fﬂuhﬁdl_hc Fd te Masn'Neckly
Pefesonm e ET Ploa T enn the Tir4a 31 worh ¢

otk 44 Yo

Fhypma 4 Laalghd Lina Fi to blcan'Vie iy
Fede enao ET Poat @i con the wonks 3 e 17

ol tha yess} of tha yuma)
“I‘
W
! »
e -
Cu g
Ew DVoa.tbriar s ce i
4 s [LETe") % -
s £ ey £70 = 443067 + 5207
i ; P
L
¢
2 4
&Tﬁ?———.—._,._‘__—,_ - l i .
Woo), i b =3 4 40 (3] 42
fhragsy. o - 4 Wha yaar Waek (d yen

M'«“l;:w Line £ 45 Maun Houidy
Plo 1o e neeha 12 4m

3 of the yer)

Fymae £ - fr bl Live FRUtE MeanWieehly
Bratarance FT Plod fromsthe weaka 34 va 43
ifmf}‘hﬂl

Way
SEQ December 2005

Gener ated by CantScanner fromintsig.com

it

Rafosoncs ET (e
g B & ¥

o2 A0A7H Ty aTmTT . 0
-0 PO T
"ml'-m:;'r.;m,-;m

F e 05694

A
u“ﬁ-ﬁt?ﬁﬁ&)i'lﬂ
Wesk ol yom
ﬁ;.t‘-“p-iﬂﬁk'hunwﬂly

Refetonce E Pied i oin Uss nechs D te 62
of the ysar)

different parts of the observed mean
weekly reference ET plot are shown in
Table 3.

To validate the equation fitted to
each part of the observed mean weekly
reference ET plot the closeness be-
tween the equations fitted to each part
of the mean weekly reference ET plot
and the observed weekly reference ET
in the corresponding part for years
2001 to 2004 were studied individually.
This was done by comparing the one-
to-one correspondence between the
mean weekly reference ET values gen-
erated using the fitted equations and
the observed mcan weekly reference
ET during the corresponding periods of
the virgin years 2001 to 2004 (virgin
years means years not considered in
obtaining the mean weekly reference
ET curve), in terms of the correlation
coefficient.

Figure 7 show the closeness of
computed weekly reference ET for dif-
ferent weeks of the year with the ob-
served weekly reference ET for differ-
ent wecks of the test years 2001 to
2004.

Table 4 shows the validation of the
cquations fitted to the different parts of
the mean weekly reference ET plot.

Summary and Conclusion

In general, in any ycar the weekly
reference ET at Arba Minch tended to
increase from the beginning of January
till mid-March. Then, it tends to de-
crease with slight fluctuations till the
end of July. After July, the weekly ref-
erence ET tended to increase reaching a
high in mid-September. Then, again
there is a decline in the reference ET
{hat is felt till the end of October. Dur-
ing the last two months (November and
December) of any year, there is no spe-
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cific trend in the weekly reference ET
and the values tend to fluctuaté inanar-
TOW range.

The maximum weekly
is generally observed in mid-March
and the minimum weekly reference ET
falls in the end of July or early August.

The equations fitted 10 different
parts of the observed mean weekly ref-
erence ET plot can be used for develop-

reference ET

—=— Weekly referenc

Reference ET (mm)

20
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Abstract

son i f the techniques i '

|sorption 18 oneo ques in waste water treatment usin i
s g which the stri i
pe made. lnves'tlgat;ons have been undertaken to determine the feasibility :}g::{:li;se(;l;?;ﬁe
arameters su:{c \ ast.carl')on dosage, optimization of time, pH were studied with re arld ti;
S(E]dles on a S(‘)!'Q ion 1sother.ms were carried out using Langmuir, Freundlich angd BET
i i ed to describe t :
i tion 0f B°% ing the adsorption test was interpreted to d he perf
g L data el oS o I HCO. on the ad ks performance of the carbon. The
,CO,; » sorption isatherms were studied. The presence of these ions

{s C
melh"‘ > guch 28 4 i '
ns did not affect considerably the adsorption of pollutants on activated carbon.

ect 0f]
Cf[lhc waste water
n

|ntroduction

is defined as the taking
by the external or 1n-
urface of solids by the surface
et ! sds Jsorption occurs on these
of 19 ’ ause ol‘allraclive forces of

faces ‘
Wmfon]s and molecules that n_mke up
the asurfab‘cs‘ When impurities are
C

a liquid onto @ surface,

Adsorptior
of molecules

sclid—liquid interfac
at the interface

occuring -
{ of adsorption.

ratc and exten tion )
There are many applications of ad-

sorplion in poth industrial and pollu-
| processes and many solid
adsorbents, including activated alu-
mina, silica gel and activated carbon
are used. Among these, the use of acti-
wated carbon to adsorb materials from
liquid has attracted significance in wa-
ferand waste water treatment.

determine the

{ion contro

Production of activated carbon

‘ Activated carbon has a great capac-
ity for the adsorption of organic mol-
ceules. 1t is produced by exposing se-
l‘cclcd carbonaceous materials to a se-
nies of treatment processes referred to
32 S;ll:y_?;]afion, carbonization and acti-
PUﬂ'Iic.s iI:sc processes burn away im-
e lthc raw mgtcr:als and
o Cxlrcmcgl] )1/ porous residue that has
e, y large surﬁ'me arca per unit
Pht‘nom-c; once adsorption is a surface
til Ofaclil\]/’a :hs large su‘rfzfcc/volume
Wbt gg g ;d ‘Larbon is its primary
e 'sorbcnt.

ed g, carbon 'hus been pro-

N many different carbon-
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aceous materials, including coal, wood,
coconut shells and peat. The first step
in production, dehydration is accom-
plished by heating the materials at tem-
peratures up to 170°C to remove excess
water. In some cases, Zinc chloride or
Phosphoric acid may be used in addi-
tion to heat as a dehydrating agent. Fol-
lowing dehydration, heating is contin-
ued, usually in the absence of air, at
temperatures up (0 400-600°C.This
treatment, known as carbonization,
causes decomposition of the material
and drives off impurities such as tars
and methanol. The escape of these
volatile substances causes pores to
form within the material and leaves a
product usually referred to as a char.
Although surface arca is opened up
during carbonization, char possesses
relatively little adsorptive power dueto
the presence of amorphous residues
(tars), which block their pores. These
residues are removed and the pores ar¢
cleaned and enlarged by the process of
activation, which is the final step in ac-
tivated carbon production. Activation
is normally achicved by treating the
carbon product with mixtures of CO,,
air and stream at temperatures of 750-
950°C so as to burn off the amorphous
residues.

Pore spaces within the carbon are

well developed following activation
and can be classified according to s1Z¢

as macro pores, transitional pores and

micro pores. According to Dubinin et

al. (1964), macro pores has an effective
radius of 5000 to 20000A° and open
directly to the outer surface of the car-
bon particle. Transitional pores withra-
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dii of 40 to 200A" develop off the
macro pores. Micro pores develop off
the transitional pores and have an ef-
fective radii if 18 to 20A° or less.

Factors affecting Adsorption

Molecules of solute are removed
from solution and taken up by the ad-
sorbent during the process of adsorp-
tion. The majority of the molecules are
adsorbed onto the large surface area
within the pores of a carbon particle
and relatively few are adsorbed on the
outer surface of the particle. The trans-
fer of solute from solution to adsorbent
continues until the concentration of
solute remaining in solution is in equi-
librium with the concentration of solute
adsorbed by the adsorbent. When equi-
librium is reached, the transfer of sol-
ute stops and the distribution of solute
between the liquid and solid phases is
measured and well defined.

The equilibrium distribution of sol-
ute between the liquid and solid phases
is an important property of adsorption
systems and helps define the capacity
of a particular system. The kinetics of
the system has attained utmost impor-
tance in waste water trcatment systems
which describe the rate at which this
equilibrium is reached. The rate of ad-
sorption determines the detention time
required for treatment and thus the size
of carbon contacting systems.

Process kinetics describe the rate at
which molecules are transferred from
solution to the pores of the carbon par-
ticle. Three distinct steps must take
place for adsorption to occur.
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Je must be

lecu

k phase of the
adsorbent
- to the surface of the

solution t g e

1. The adsorbed M0
transferred from the bu

n doing S0
unds
through a film of solvent that surround

the adsorbent particle. T_his process 1S
referred to as film diffuston.
2. The adsorb ule must be

particle. I

ate molec
dsorption site 0
inside of the pore- This process 1S T€
ferred to as pore diffusion.

3. The particle must become.at-
tached to the surface of the solute, 1.6

be adsorbed.

Many factors in
which adsorption react
the extent to whicha particularma
can be adsorbed. The jmportant ones

are

1. Agitation

2. Characteristics of the adsorbent
(Activated carbon)

3. Solubility of the adsorbate

4. Size of the adsorbate molecules

5.pH

6. Temperature

The rate of adsorpt
by either film diffusion or pore diffu-
sion, depending on the amount of agita-
tion in the system. If relatively little
agitation occurs between the carbon
particle and the fluid, the surface film
of liquid around the particle will be
thick and film diffusion will be likely
the rate limiting step. If adequate mix-
ing is provided, the rate of film diffu-
sion will increase to the point that pore
diffusion becomes the rate limiting
step. According to Weber (1972), pore
diffusion is generally rate limiting for
batch type contacting systems which
provide a high degree of agitation.

Research studies have shown that
within a homologous series of organic
compounds, adsorption usually in-
creases as the size of the molecule be-
comes greater (Hassler, 1974).This can
be partly explained by the fact that the
forces of attraction between a carbon
and a molecule are greater the closer
the size of the molecule is to the size of
the pores in the carbon (Culp and Culp,
1971)

A comprehensive review of the lit-
erature reveals that in the past, the ad-
sorption process has not been used ex-
tensively in waste water treatment,
but demands for a better quality of
treated waste water have led to an in-

fluence the rate at
ions occur and
terial

ion is controlled
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inati se of the pro”
tensive exa lrtlia;::)z naI; e cart;(;z
C65§0 ad carbon {reatme of “;ish_
Acha,te sua y th ught © as a po -
vl or water that has alrea ;
g ¥ OB mal biolOgical tregtmend.
rCCﬂlVCb n in the present gtudy 1S US€

e Z aportion of the dissolved 01
p recr:n :::nter epending O the mcz:.:rs
o?lc]lmtac!ing {he carbon w1th'the \r):/:;en;
the particulate matter that is P

may also be removed-

ntal Procedure

ater was col-
ice

Experime

waste W

e sample of .
o . inch cafeteria thr

lected from ArbaM ! ©
in a month and analyzed for their con

tents. The TS, TDS, TSS, BOD, COD
and TOC were determined. An adsorp-
tion study was set Up in the Iabo‘ratory
by adding known amount of actxv?ted
carbon to SiX flasks which contzu‘ned
200 ml of the waste water. The wcxght
of carbon added is in varying quantity
from 200mg to 2g and the flasks were
agitated for 9 hours. An additional
flask containing 200m| of wastewater
but no carbon was run as a blank.

Optimization of Carbon Dosage:-

The activated carbon taken in vary-
ing quantities in the range 0f0.2g, 0.4,
0.6g, 0.8g, 1.0g, 1.2g, 1.4g, 1.6, 1.88,
2.0g, 2.2g, 2.4g, in each of the flasks
and it is kept in the shaker for 5 hours.
Later it was filtered and the filtrate was
analyzed for BOD and COD. The data
was given in table 1 and represented in
fig.1. From the graph the optimum dos-
age of carbon was determined and

found to be 1g.

Table-1 Optimization of Carbon Dosage

} cﬁff_mﬂdusage % !
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Table-3 Optimization of Time

‘[ Time in hour’s %
| | Adsorption
ros  [#4 —

Optimization of pH

The sample was taken a beaker
along with an optimum dosage of 1.0g
activated carbon. The content was kept
in the mechanical shaker for 4 hours
during which the pH was adjusted to
3.0.Then the filtrate was analyzed. The
procedure was repeated for various pH
values of the sample. In this study, the
adsorption that is COD reduction was
found to be maximum at pH 6.0 as shown
in table 2 and represented in fig 2.

Optimization of Time:-

The percentage of COD reduction
by activated carbon was found to vary
with time. COD reduction was studied
with 1.0 g of carbon contained in dif-
ferent conical flasks. The content Was
stirred in the mechanical shaker o at-
tain adsorption equilibrium and the fil-
trate was analyzed. The result are de-
picted in table 3 and represented in fig
3. It was observed the maximum ¢
moval COD required 4 hours of effec-
tive shaking,

water 9(1) December 9005
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4. Adsorption data for Langmuir isotherm
o Lot

P rewmeoramie | DN | MOTEERE TS dicaiing 0 M respectively in-

ooh (ml) ! icating a h . y

@‘o{c | 470 — (mgfreg) igh pollution load whi
AW () 200 - 49.06 —<=% | needs (o be ¢ ich
@ S L G charged, Taple g oo being dis-

N | 70 : > i arged. Table 2 indicates the red
2z [ 200 486 "h—o\— tion of BOD € reduc-
7] : I —— o 4B cathion e and COD after activated
2/ ,:,-——'20'0/_ 9.31 431 —W Svds. 3k catment. The COD removal

N S Al about 3.5mg/l indicating ab
166 Ry = 1 97% The adsorpi B abouL
] ) ' %7 Y sorption data obtained in

118 lable 4 were l .

P - 7 Langimus plotted according to

’ 435 , Ir equation. A straight line w:
0.139 obtained ight line was

1 62.8 B Y T <

| 374 0.157 . The pH at which adsorptions is car-
! o 5 | ried out has been shown to have a
| 0 slrong influence on the extent of ad-
sorption.  This is partly due to the fact

that hydrogen ions themselves are
§trongly adsorbed and partly that pH
influences the ionization, and thus the
adsorption of many organic com-
pounds. Organic acids are more ad-
sorbable at low pH, where as the ad-
sorption of organic bases is favored by
high pH.

In the present study, the optimum
pH for maximum adsorption was deter-
mined by laboratory testing.

Application of Adsorption

Yo Adzotplon

Isotherms.

50 - 05 08 1 12 14 16 18 Adsomtion isotherm tests is one of

Carbon Dosage the most important tests in selecting a
particular type of carbon for a water,
wasle water and industrial treatment
systems. Several mathematical rela- ,
tionships have been developed to de- [
scribe the equilibrium distribution of «
solute between the solid and the liquid .
phases and thus aid in the interpretation !
of adsorption data. These relationships
apply when the adsorption tests are
conducted at constant temperature and
are referred to as adsorption isotherms.
Three of the most common are the
Langmuir isotherm, the Freundlich iso-
therms, and the Brauner Emmett-Teller
(BET) isotherm.

Langmuir’s isotherm is based on |
the assumption that points of valency i
exist on the surface of the adsorbent _
and that each of these sites is capable of i
adsorbing one molecule. Thus, the
adsorbed layer will be one molecule
thick. Furthermore, it is assumed that

! Figure- 1. Optimization of Carbon Dosage

Figure-2 Optimization of pH

Adsomt; i
SOption treatment was analyzed Results and Discussion

| (APPffirlgthe standard  procedure
1985). The chemicals used

Were of analytic.
Presey Sludl;l 'cal grade throughout the

Wat
’v er o) December 9005

The sample of wastewater collected
from the Arba Minch cafeteria con-
tained a high amount of suspended sol-
ids and it was observed that the BOD
and COD of the wastewater Were found

v e wu oy

(Y WV VR TR

all the adsorption sites have equal af-
finities for molecules of the adsorbate
and that the presence of adsorbed mol-
ecules at one site will not affect the ad-
sorption of molecules at an adjacent

109
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site. The Longmuir equation (Langmuir
,1918)is written as

Where x =
adsorbed (mg or g)
m = weight of adsorbent (mg or g)
C= concentration of material re-
maining in solution after adsorption is
complete (mg/l)
aand b = constants.
Taking the reciprocal of both sides,

1

(%)=

amount of material

1+ac

abe

1
&L
abe

dy, the data ob-

In the present stu
tained in table 4 are plotl
to the Langmuir equation.

When

: |
[x) was plotted against - as

m

shown in fig 4. A linear trace was ob-
tained and the constanls were deter-
mined from the slope and the intercept
of the plot. The values of the contents a
and b are determined as per the
Langmuir equation and found to be
0.102 and 0.189 respectively.

Freundlich Isotherm

Freundlich (1926) developed an
empirical equation to describe the ad-
sorption process. His adsorption iso-
therm is usually used to quantify the
equilibrium relationship between the

_Table-3 Adsorption data for Freundlich isotherm

Wt of

[ Flask™ Volumein | Final | WiLof Adsorbale || wm

; ; carbon flask (mI) COD | adsorbed(mg) (mgmg)

L dmem | | gt | | T

K 965 300 35 825 | 005 |

[2 [ 500 52 47.40 0.064

3 548 500 80 [ 460 0,084

4 308 500 125 375 [ o1t

[ 26 500 | 205 %75 || 013

; 300 B T I SR ]
00 [ 100 0 i

e S
a Y

Table-6 Adsorption data Jor BET isotherm
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lotted according

amount of impurity a4
carbon and the impurj e
remaining in the solutioy, Hisznt
ment was based on the g5, - Clop.
the adsorbent had a hetemoene

face composed of diﬂ'ﬂre:t : 0
adsorption sites, with adSorpl'
cach class of site followin‘On

Langmuir isotherm, Freundlich e
tion is written as €Qua.

Orbeq

x
—_ = KCI""
m
where  x = amqyp
adsorbed (mg, g) of solyge

m = weight of adsorbent

C = concentration of s

maining in solution after ads
complete (mg/l)

K and n = constants that myg be

evaluated for each solute ang temperatyre

Freundlich equation cap pe mod;
fied as g

x 1
log " =IogK+; logC

The adsorption data obtained iy

(mg, )
olute Te.
Orption jg

table 5 was used to plot log X vs log
m

C in which a straight line was obtained

as shown in figure 5. The intercept

gave the value of K and n is determined

from the slope. The K and n are found

to be 0.023 and 1.607 respectively,

BET Isotherm

Brauner, Emmett and Teller
(1938)derived an adsorption isotherm
based on the assumption that molecules
could be adsorbed more than one layer
thick on the surface of the adsorbent.
Their equation, like the Langmuir
equation assumes that the adsorbent
surface is composed of uniform, local-
ized sites and that adsorption at one site
does not affect adsorption at neighbor-
ing sites. Moreover, it was assumed
that the energy of adsorption holds the
first monolayer but that the condensa-
tion energy of the adsorbate is respon-
sible for adsorption of successive lay-
ers. The equation, known as the BET
€quation can be written as

ACxm .

%= (Cs —C){H(A—I)E,C;J
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| MQ_ 3 Optimization of Time

T

0 1=
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. L/// 11C
.
5 Figure 4 Langmiur Plot

(Cs—C)’

m

0.15

x¥m

0.1

0.05

j Figure 5 Freundlich Plot

| When x = amount of solute
adsorbed (mg, moles)
‘ m = weight of adsorbent (mg, g)
N Xm = amount of solute adsorbed in
rming a complete monolayer (m
moles/mg) e
ol Cs = saturation concentration of
olute (mg/l, moles/I)
lutioc = coggcntration of solute in so-
N at equilibrium (mg/l, moles/I)
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A = aconstant to describe the en-
ergy of interaction between the solute
and the adsorbent surface.

Rearranging the BET equation yields

C
= - 1 A-1
(Cs-C)= = alxm)
nt

Axm

The adsorption data obtained in the
present studies as shown in table 6 that
conform to the BET cquation was used

C

to plot apain —— . A
p g Cs

straight line was obtained as repre-
sented in figure 6 in which the intercept

ave the value of —/ and the slope
& Axm P

(4-1)
EVE gxm

The value of A and xm werc calcu-
lated to be 2.119 and 2.62 respectively.

All three of the above equations
have been successfully used to analyze
adsorption data in the present investi-
gation. In general, the Langmuir and
BET equation do not apply as well as
the Freundlich equation to mixed sol-
utes or to dilute solution. Thus, the
Freundich equation finds wide applica-
tion in environmental engineering.

Conclusion

1.The present study confirm that
the presence of jons such as

¢l ,5027,CO; ,and HCOj inthe

waste water has no considerable effect
on the adsorption of pollutants by the
activated carbon.

2. The experimental data obtained
for the system obey the well known
Freunlich adsorption isotherm.

3. The optimum carbon dosage, pH
and time were determined to be 1.0 g,
6.0 and 4 hours respectively

4. Under normal conditions, after
treatment with activated carbon, the
waste water COD reduced to 3.5 mg/lL

Recommendations

Integrating this process into exist-
ing activated sludge systems at nominal
capital cost Reduction of refractory pri-
ority pollutants,Colour and ammonia
removal

Improved sludge settleability

When nitrification is inhibited by
toxic organics, application of AC may
reduce or limit this inhibition
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Figure 6 BET Plot

Additional biodegradation due to
decreased toxicity

Degradation of normally nonde-
gradable substances due to increases
€Xposure time to the biomass through
adsorption on the carbon

Replacement of low molecular
weight compounds with high molecu-
lar weight compounds in improved ad-
sorption efficiency and lower toxicity
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