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Morphological and Temporal dynamics of Gully Erosion, The Case of Abelasta Watershed,

Northwestern Ethiopia.

ABSTRACT

In Ethiopian highlands, gully erosion has many negative impacts on both cultivated and grazing
lands. It also damages infrastructures, social and economic situations of society. Besides, sediment
due to gully erosion fills reservoirs and reduce thier life time. But the contribution of gully erosion
to soil loss has not been quantified yet. Therefore quantifying soil loss due to gully erosion is
important. There is a scarcity of data on soil loss due to gully erosion in our country as well as in
the woreda. Previous studies around the district were focused on land degradation, thus, this study
attempted to address soil loss due to gully erosion through field measurement and application of
GIS and remote sensing. The study is important for soil and water conservation experts, land
evaluators and project coordinators to take conservation measures. This study was conducted in
Abelasta watershed, Ethiopia. The aim of the study was to investigate morphological and temporal
dynamics of gully erosion by using ground measurements and remote sensing. The area of
Abelasta watershed is 238.04 ha that quantified gully expansion (by area and width) in 2005,
2013, 2016 and 2020. In addition, I measured gully dimensions in 2021 to determine soil loss
because of gully erosion. The results showed that gullies were expanding by depth, width and
length. Depending on morphology, gullies described by area, depth and length. Between 2005 and
2020 in the watershed, area covered by gullies increased from 6.24 ha to 15.01 ha, indicating that
the proportion of the watershed covered by gullies was over doubled in the investigated period.
based on width gullies increased from 129.71 meters to 265.13 meters, they increased from
3335.43 meters to 4247 meters by length between 2005 and 2020. From the watershed, 119.36,
141.43, 14.84, 130.09, 135.82 and 216.83 t ha* year ! soil was lost at gully 1, gully 2, gully 3,
gully 4, gully 5 and gully 6 respectively. The estimated total soil loss due to gully erosion in the
watershed was 758.37 t ha ! year !. The results showed that in Abelasta watershed gullies
contributed sediment to Abay river which would further fill the Grand Rennaissance Dam of
Ethiopia. So, integrated soil and water conservation and gully rehabilitation measures are
required to reduce gully erosion.

Keywords: Gully expansion, gully measurement, Soil loss
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CHAPTER 1. INTRODUCTION

1.1 Background

Worldwide, soil erosion has been recognized as one of the major problems restricting agriculture
(Addisie et al., 2016; Zegeye, 2016; Hayas et al., 2017; Molla and Sisheber, 2017a). It has on-site
effects of Erosion like reduction of crop production (reduction of soil fertility) and off-site effects
like sedimentation of reservoirs, water quality problem, damage of infrastructures and damage of
living organism in water bodies (Desta and Adugna, 2012b).

One of the major devastating catastrophe that speed up soil erosion is gully erosion (Shit et al.,
2012) which is greater than 30 cm in depth (Peasley and Taylor, 2009; Luffman et al., 2015). It
ranged from simple longitudinal linear incisions to deeply incised dendritic networks and even
overhanging cross-profiles to complex badlands might be V-shaped, U-shaped (D'oleire-Oltmanns
etal., 2014).

There are many studies that investigated the rate of gully erosion globally. In Turkey, the amount
of soil loss because of gully was on an expectable range which was approximately 10 t hat yr!
(Ustun and Sciences, 2008). In Australia, Hughes et al. (2001) showed that 10,000 cubic meter
amount of soil was lost in 1 kilometer gully which was five meters wide and two meters deep.
Sediment yields due to gully erosion are very variable in the world, but may be as high as 32 t ha”
Lyrtin Niger, 3.4 thatyr!in Kenya, 64.9 t ha' yr! in Spain, 16.1 t ha* yr! in Portugal and
36.8 t hat yrtin the USA (Poesen et al., 2003).

In the highland of Ethiopia, about 43% (537,000 km?) areas are highly affected by soil erosion
with an estimated average from 15 to 20 t ha® yr and the amount can be more than 300 t ha* yr-
! on specific plots (Team, 2000; Dubale, 2001). The Abay basin lost fertile soils with a rate of 131
million t ha! (Betrie et al., 2011). As Moges (2014) stated, about 29 million ha of land is affected
with gully in Africa and gullies are sever and widespread on 7.6 million ha of land in Ethiopian
highlands. The rate of sheet and rill erosion ranged from 35 to 130 t ha! yr! in the Ethiopian
highlands in watershed-scale studies (Bewket et al., 2009) but gully erosion is as high as 540 t ha”
1 yrl (Tebebu et al., 2010a). For example, it has been reported that gullies are increasingly
affecting agricultural lands and account for an estimated soil loss range of 1248-23 400 million

tons per year from 78 million ha of pasture, rangelands and cultivated fields across Ethiopia (Daba



et al., 2003a). From soil loss, an estimated 90% is deposited at down slope and the remaining

sediment was leaving from Ethiopia and transported to Egypt (Meshesha and Tripathi, 2015).

In 608 ha area of Debre Mawi watershed, which is located south to Lake Tana, the amount of soil
loss due to gully erosion reached up to 127 t hat yrsoil (Zegeye et al., 2016). A comparison of
the gully and upland erosion rates indicates that the soil loss rate of the gully system is
approximately 20 times higher than the erosion rates for the rill and inter-rill systems in Debre
Mawi watershed (Steenhuis et al., 2013). Rill erosion is significantly lower than gully erosion
but it is still nearly four times greater than the generally accepted soil loss rate for the region and
thus cannot be ignored in terms of agricultural productivity and soil fertility (Tebebu et al., 2010b).
The main aim of this study was to investigate morphological and temporal dynamics of gully

erosion by using ground measurements and remote sensing technique at Abelasta watershed.

1.2 Statement of the problem

Gully erosions are soil erosion types that are severe and widespread covering large tracts of areas
in the Ethiopian highlands (Desta and Adugna, 2012a). Gullies can be formed either by surface
runoff (Valentin et al., 2005) or by soil type and texture, topography, and land management (Capra
et al., 2009; Wells et al., 2009).

High population growth, poor rangeland, lack of vegetation cover, overgrazing, intensive and
short-period rainfall, improper land use (cultivation on steep slopes), wrong discharge of water in
the channels, improper irrigation design, and soil characteristics are the major driving forces for
gully erosions (Tamene and Vlek, 2008; Jahantigh and Pessarakli, 2011). Gullies are one of the
most destructive forms of erosion, damaging farmland and difficult to reverse (Billi and Dramis,
2003; Moges et al., 2009).

The spread of gully is seen as a cancer affecting many communal grazing spots and crop lands
(Desta and Adugna, 2012c). Extensive socioeconomic and environmental impacts are caused by
gully form of soil erosion, and most of them are negative (Valentin et al., 2005). According to
Zgtobicki et al. (2015) the agricultural land, farm productivity/crop yields and grazing land
decreased by gully erosion. It lowers groundwater tables (Daba et al., 2003b), contributes to the
siltation of lakes, reservoirs and other water ways (Haregeweyn et al., 2012), and can lead to

increase flooding risks (Costa and Bacellar, 2007).



Soil erosion studies have generally focused on sheet and rill erosion, while gully erosion has
received less attention in different parts of the world including Ethiopia (Valentin et al., 2005;
Harden, 2016; Jean, 2018). Also, assessments of gully erosion volumes and its spatial and temporal
extent were scarcely studied (Nyssen et al., 2004b). The problem is very severe that can influence
the social, economic, cultural and religious activities of the community in the study area. Previous
studies around the district were focused on land degradation (Getachew and Wagayehu, 2007).
Thus, this study attempted to address soil loss due to gully erosion on field measurement and GIS
and remote sensing. It is known that gully erosion is part of land degradation (Yibeltal et al., 2019).

Therefore, this research was conducted to determine on morphological and temporal dynamics of
gully erosion at Abelasta watershed, in Abay basin. Data were collected by ground measurement
and by using GIS and remote sensing techniques in 2005, 2013, 2016 and 2020. The gully affected
area was found in Abbay basin, west Gojjam administrative zone, Sekela woreda, Bahirzafa
Guderkani kebele.

1.3 Objectives

1.3.1 General Objective
The main objective of this study was to investigate morphological and temporal dynamics of gully
erosion and to quantify its soil loss by using ground measurements and remote sensing technique

at Abelasta watershed.

1.3.2 Specific Objectives
The study more specifically attempted:

e To quantify morphological and temporal change of gully erosion at the Abelasta
watershed.
e To assess gully morphology classification of the study area.

e To quantify soil loss due to gully erosion.

1.4 Research Questions
1. In what extent can gully expand?

2. How is the morphological situation of gullies areas?

3. How much amount of soil can be eroded due to gully erosion?

3



1.5 Significance of the study

First of all, this study is important for the local community in which they can understand the impact
and to take rehabilitating measures for their service or use. It is also important for researchers as
initial reference for further study. And also, it will be essential for under graduate and post
graduate students whom are visiting field to know the impact of Gully erosion. Further, it is helpful
for soil and water conservation specialists to consider the impact of this erosion on the study area.
On the other hand, decision makers, land use planners and land evaluators, administrators in
different level, environmental impact assessment specialists, natural resource specialists and other
concerned bodies may use the study according to their disciplines and their specialization. Besides,
it will show for governmental and nongovernmental organizations where and how influence

cultivated and grazing land and they will take measure for rehabilitate.



CHAPTER 2. LITERATURE REVIEW

2.1 Land degradation and restoration: Global context

Land degradation is a major global problem, which includes the degradation of all terrestrial
ecosystems and refers to many processes that drive the decline or loss in biodiversity, ecosystem
functions or services (Scholes et al., 2018). It affects forests, soils, water, biodiversity, economics
and social services derived from the ecosystem and takes many forms (Nachtergaele and Petri,
2017). Land degradation impact is severe on the livelihoods of the poor who heavily depend on
natural resources (Obalum et al., 2012; Macdicken et al., 2016; Unccd, 2016).

Sub-Saharan Africa, south-east Asia and southern China, north-central Australia, the Pampas in
Latin America, and swathes of boreal forest in Siberia and the northern part of the Americas are
most degraded areas (Bai et al., 2008). About 3.2 billion people are affected by land degradation
and its hotpots cover about 29% of global land area (Le et al., 2016). According to Unccd (2016)
every year, some 25% of the global arable land surface is considered to be degraded; approximately
12 million hectares are added to the total area of degraded land. Since mid-twentieth century nearly
2 billion ha (22.5%) of agricultural land, pasture, forest and woodland have been degraded
Globally (Gibbs and Salmon, 2015; Stewart et al., 2015).

2.1.1 Mechanisms to prevent land degradation and restore degraded lands

Restoring degraded lands is urgently needed to protect biodiversity and ecosystem services, and
to halt and reverse land degradation (Scholes et al., 2018) and is high on the international agenda,
e.g. Aichi Biodiversity Target 15 (Coppus et al., 2019) , Bonn Challenge (lucn, 2014), the New
York Declaration on Forests (Summit, 2014) and Sustainable Development Goal 15 (Coppus et
al., 2019). Depending up on the nature and form of degradation, land degradation can be prevented
through different mechanisms. However, some aspects of land degradation are less easily reversed
than others. Abebaw (2019) revealed that forests and tree cover combat land degradation and
desertification by stabilizing soils, reducing water and wind erosion and maintaining nutrient
cycling in soils. If the land is used wisely, broadly speaking, land degradation can be controlled,
reduced or even reverted if all functions of the land are taken into account, and if long-term
interests of all segments of human kinds replace short-term vested interests of privileged group
globally, naturally and locally (Adugna and Bekele, 2005). According to Gilbey et al. (2019) the

following land restoration mechanisms are important.
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Table 2. 1. Land restoration mechanisms

Restoration mechanisms

Description

Agronomic measures

Mixed cropping, intercropping, relay cropping, cover
cropping;  conservation agriculture, production and
application of compost / manure, mulching, trash lines, green
manure, crop rotations; zero tillage (no-till), minimum tillage,

contour tillage;

Vegetative measures

Agroforestry, windbreaks, afforestation, hedges, live fences;
grass strips along the contour, vegetation strips along
riverbanks; fire breaks; tree nurseries; upper catchment
reforestation; protection of natural tree vegetation / farmer-

managed natural regeneration;

Structural measures

Terraces; earth bunds, stone bunds; retention / infiltration
ditches, planting holes, micro-catchments; water spreading
weirs; dams; pans to store water; stone and earth walls with

planted vegetation; barriers; palisades, gabions;

Management measures

Area closure / resting, protection, afforestation; Change from
grazing to cutting (for stall feeding), farm enterprise selection
(degree of mechanization, inputs, commercialization),
irrigation; from mono-cropping to rotational cropping; from
continuous cropping to managed fallow; from open access to
controlled access (grazing land, forests); from herding to
fencing, adjusting stocking rates, rotational grazing; fodder
and seed banks; pasture management; control of invasive
species; crop residue management; soil analysis for
optimizing plant fertilization; integrating livestock for organic

fertilization; improving pastures.




2.2 Land degradation and restoration: Ethiopian context

In developing countries, land degradation is a worldwide problem with its acuteness (Mesene and
Science, 2017). In Africa land degradation is a serious problem, but it is most severe in the densely
populated highlands of East Africa (Pender et al., 2006). A combination of growing populations
and land degradation are increasing the vulnerability of people to both economic and
environmental change in sub-Saharan Africa (Assessment, 2005). The most densely populated
agricultural areas in Africa are the Ethiopian highlands (Mcginley, 2008). In Ethiopia, like other
Sub Saharan Africa countries land resources are facing intense degradation due to proximate
drivers such as deforestation, soil erosion, agricultural land expansion and overgrazing (Dubale,
2001; Nyssen et al., 2004a), as well as other underlying drivers, such as weak regulatory context
and institutions, demographic growth, unclear user rights to land, low empowerment of local
communities, and poverty generally (Kirui and Mirzabaev, 2014).

Based on Ahmed (2009) land degradation, declining agricultural productivity, and poverty are
severe and interrelated problems that appear to feed off each other in Ethiopia. Studies revealed
that the Ethiopian highlands, which cover 44% of the country’s total land area are seriously
threatened by soil and biological degradation (Mesene and Science, 2017). Therefore in the
Ethiopian highlands, land degradation has been identified as the most serious environmental
problems (Aune et al., 2001). Some of the seriously eroded/degraded land surfaces in Ethiopia are
the Hararghae highlands in Eastern Ethiopia, Tigrai, Wollo, and Semen Shoa highlands in the north
and the Gamo-Gofa highlands and the Bilate River basin, which starts in eastern slopes of Gurage
highlands and stretches through eastern Hadiya and Kembatta highlands (Tsegaye and Dadi, 2006;
Abiy, 2008).

Throughout history, efforts to combat land degradation in Ethiopia is focused on physical
conservation structures (Bewket, 2003). Similarly, Temesgen et al. (2014a) reported that farmers
in Dera Woreda, Ethiopia heavily depend on physical soil conservation structures. To restore
degraded lands improving vegetation composition, sequestering carbon in vegetation and soil, and
improving hydrological cycles and micro-climate can be an effective solution (Mekuria et al.,
2011a; Chirwa, 2014; Bortoleto et al., 2016; Dagnew et al., 2017). In 2010 the government of

Ethiopia launched nationwide ecological restoration programs toward improving the ecosystem



services they provide, reversing biodiversity losses and increasing agricultural productivity to

restore degraded ecosystems and mitigate human pressures on natural ecosystems (Mofed, 2010).

On the other hand, in the Ethiopian highlands restoring degraded ecosystems through the
establishment of exclosures has become a common practice (Mekuria et al., 2017). Exclosures are
common land areas, which are traditionally ‘open access,” where wood cutting, grazing, and other
agricultural activities are forbidden or strictly limited as a means of degraded lands to promote the
restoration and natural regeneration (Tesfaye et al., 2015). The many benefits of exclosure include
increasing vegetation cover and biodiversity (Asefa et al., 2003; Mengistu et al., 2005; Mekuria
and Veldkamp, 2012), enhancing ecosystem carbon stocks (Mekuria et al., 2011b; Mekuria et al.,
2015; Aynekulu et al., 2017), reducing soil erosion (Mekuria et al., 2009), restoring soil fertility
(Descheemaeker et al., 2009; Damene et al., 2013), increasing in dry season flow (or water
availability in the dry season) (Aynalem et al., 2016), decreasing runoff and sediment load
(Descheemaeker et al., 2006), increasing in groundwater recharge (Anwar et al., 2016), and
increasing in incomes and improving livelihood of smallholder farmers by providing opportunities
to diversify livelihood (Tilahun et al., 2007; Babulo et al., 2009).

2.3 Gully erosion distribution and its impact

2.3.1 Gully erosion in the world

The major cause of land degradation in worldwide has been recognized as Gully erosion (Musa et
al., 2016). In different parts of the world, studies have been carried out by researchers such as and
Nwilo et al. (2011), used GIS/RS to assess gully erosion. In Europe so far, the scientific literature
and internal reports have documented over 5,000 cumulative plot-year data on soil loss by sheet
and rill erosion (Boardman and Poesen, 2007), while gully erosion has received much less attention
with assumedly less than 100 years of cumulative gully monitoring data (\Verstraeten et al., 2006).
Among the reasons for this scarcity of data are the methodological difficulties associated with the

temporal and spatial scales and variability at which gully erosion occurs (Marzolff et al., 2011).

An average annual global erosion rate for pastures and cropland of 1.7 and 10.5 tons ha™,
respectively, which results in a global annual average of 4.2 tons ha™ for total agricultural area
(Doetterl et al., 2012). In India, estimated that soil erosion took place at a rate of exceeding 40
tones hayrtin the ravines and badlands. Damodar River catchment (eastern part of India), severe

soil loss increases sediment yield from 1729 to 2387 m3km2yr?! and it escalates the siltation of
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Panchet reservoir at a rate of 0.033 to 0.047 cm per year (Majumder et al., 2012). Approximately
500 thousand ha yr land area is degraded in Russia (Nemes and Constantinescu, 2011). On a
global scale, soil is currently lost 13 to 18 times faster than it is being formed (Elsen and Zerbe,
2018).

2.3.2 Gully erosion in Africa

In Africa, it is estimated that about 320 million ha, or about one quarter of its dry lands, are affected
by different types of soil erosion (Degefa, 2009). Gully erosion causes severe land degradation in
Sub-Saharan Africa, which in turn, disrupts the often-poor local communities (Poesen et al., 2003).
Oostwoud Wijdenes et al. (2001) studied eleven gully heads over a period of three years and found
linear head cut retreat rates that varied between 0.8 and 15 m yrtin Kenya.linear gully head erosion
rates varied between 3.16 and 9.85 m yr? for two gully heads in Burkinafaso, during the same
period, (Marzolff and Ries, 2007). In the south eastern part of Nigeria and Abia state in the past
three decades, gully erosion has been an issue of concern in particular which was 450 kg hatyr?
of soil lost (Nwilo et al., 2011). Therefore in the southeastern part of Nigeria, gully erosion is the

type of erosion that inspires fear in the lives of people (Amangabara and Journal, 2014).

Reported cases of gully erosion indicate in many African countries that both urban and rural areas
are affected, e.g., Burkina Faso (Marzolff and Ries, 2007), the Democratic Republic of Congo
(Ndona et al., 2011), Ethiopia (Frankl et al., 2011), Kenya (Oostwoud Wijdenes et al., 2001;
Katsurada and Technology, 2007), Namibia (Eitel et al., 2002), Niger (Leblanc et al., 2008),
Senegal (Poesen et al., 2003) and South Africa (Boardman et al., 2003).

2.3.3 Gully erosion in Ethiopia

The most serious problem of Ethiopia’s land resources is soil erosion (Temesgen et al., 2014b).
There are a number of research reports pertaining to the peril of soil erosion at various spatial and
temporal scales on the highlands of Ethiopian (Amsalu et al., 2007; Bantider, 2007; Haregeweyn
et al., 2013; Gelagay et al., 2016). In the Ethiopian highlands, over the past three decades gullying
has been widespread and has become more severe contributing as much as 94% of total sediment
yield (Nyssen et al., 2004a).

Previous studies in the Ethiopian highlands that focused on upland erosion estimated that

transhoundary rivers originating carry about 1.3 billion t yr? of soil to neighboring countries



(Kidane et al., 2015). Team (2000), on the other hand estimated the average annual rate of soil loss
in Ethiopia to be 12 tons ha™yr?, and rising to as high as 300 tons hayr? on steep slope where
vegetation covers is scant. In the Tigray highlands, based on field measurements on 202 plots in
12 sites Gebrernichael et al. (2005) have found a mean annual soil loss from crop land in the
absence of soil and water conservation measure was 57 tons hayr?. The annual soil loss from
Northeast Wolega 65.9 ton ha (Adugna et al., 2015); from Bench Maji Zone 118 ton ha*
(Chimdesa, 2016); from Lake Tana basin 30 ton ha® (Setegn et al., 2009), from Chaleleka Wetland
catchment 45 ton ha* (Wolancho, 2015); and from Borena district of south Wollo 26 ton ha™
(Shiferaw et al., 2011). In Gilgel Gibe-1 hydropower dam according to Wolancho and Technology
(2012), the siltation deposited is 1.2 to 1.3 tons m-3year™ and it could be reduced the expected life
span of the dam from 50 to 20 year. About 43% (537,000 km?) of the total highland areas are
highly affected by soil erosion with an estimated average 15 to 20 tons hayr! and measured
amounts of more than 300 tons hatyr? on specific plots in Ethiopia (Dubale, 2001). Whereas the
Abay basin lost fertile soils with a rate of 131 million tons yr? soil (Betrie et al., 2011; Kidane et
al., 2015). Annually, Ethiopia losses over 1493 million tons of topsoil from the highlands due to
erosion which can add about 1.5 million tons of grain to the country’s harvest (Lulseged and Vlek,
2008; Yitbarek et al., 2012; Erkossa et al., 2015). From watersheds of Andit Tid, Anjeni and
Maybar, based on sediment concentration and discharge data measurements, annual sediment

yields during run-off events were 5.4, 22.5 and 8.8 t hayr? respectively (Ahmed et al., 2012).

Additionally, in northern Ethiopia, soil losses by gullying (SLg) are considerable according to
Frankl et al. (2013) and conclude the following. During 1963/1965-2008/2010, average SLg was
8.3 t halyr!. However, these rates have varied considerably in space and time. Average SLg
values for shales and volcanic differ considerably. The gully cut-phase from 1963/1965 to 1994
gave a much higher average SLg of 17.6 t halyr* and from 1994 to 2008/2010 a net filling of 8.3
t halyr? occurred. Although gully erosion is a common feature throughout the Ethiopian
highlands, most gully erosion studies have been carried out in the semi-arid Tigray region, in
northern Ethiopia (Billi and Dramis, 2003; Tamene et al., 2006; Frankl et al., 2012; Frankl et al.,
2013). In Tigray in the semiarid northern Ethiopia estimated that gully erosion accounted about
28% of the total soil loss (Nyssen et al., 2008), whereas in the humid highlands of Ethiopia, the
contribution of gully erosion to the total soil loss reaches about 96% (Zegeye et al., 2014). In

central Tigray, soil loss rates by gully erosion estimated 5 tons hayr* (Nyssen, 2001) and 6.2 tons
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ha'tyr! over a 65 year period in an 18 km? catchment (De Wit, 2003). As Shibru et al. (2003)
estimated that using photogrammetric techniques, between 1966 and 1996, 700000 ton of soil were

lost by gully erosion from a 9 km? catchment in the eastern highlands (26 tons ha’yr?).

2.3.4 Gully erosion in northwestern Ethiopian highlands

Gully systems in northern Ethiopia, were re-activated expanded from the 1960s onwards as a result
of intensified land use and a series of droughts in the 1970s and 1980s (Gebrernichael et al., 2005).
From Jabi Tehinan district (in Abay Basin) annual soil loss was estimated about 504.6 ton ha*
using RUSLE model (Amsalu and Mengaw, 2014). In Koga watershed average soil loss was about
30.2 tons hayr? and total soil loss was estimated as 10.8 million tons ha™yr? by using RUSLE
software which is very high (Molla and Sisheber, 2017b).

In the highlands of Ethiopia wide and deep gullies are common features, significantly affecting
land used for agriculture (Yitbarek et al., 2012). As Addisie et al. (2016) stated, quoted by Hadera
and Asfaw (2016), in the Amhara National Regional State, 2.6 million hectares of land is
considered as degraded and about 200,000 — 300,000 hectares of land is covered with gullies. In
Debre-Mawi, south of Lake Tanain a 17.4 ha watershed, 530 ton ha'lyr® was lost due to gully
erosion (Tilahun et al., 2015). In Debre mawi watershed which is about 608 ha area, the total soil
loss from the gully during 2013-2014 was 5445 ton or 160 tons halyr! (Zegeye et al., 2017).

2.4 Gully morphological classfications

2.4.1 Gully classification Based on shape

Based on cross-section shape the gullies may be classified as following (Rivas, 2006):

» V- Shape Gullies are developed where the topsoil has less resistance than subsoil against
erosion. The most common gully form is this.

» U- Shape Gullies are formed where both subsoil and topsoil against erosion have the same
resistance. Nearly vertical walls are developed on each side of the gully, since the subsoil
is eroded as easily as the topsoil, .

» Trapezoidal gullies are formed where bottom and subsoil is made of more resistant material
than the topsoil because the erosion rate along the gully bank is greater than along the

bottom.
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2.4.2 Gully classification Based on size

Based on their size Gullies can be classified as small, medium and large (Fao, 1986).

Table 2. 2. Gully classification systems based on depth and drainage area

Relative size small medium large
Gully depth (m) <1 1to5 >5
Drainage area (ha) <2 21020 >20

2.5 Application of GIS and RS for gully erosion study

Remote sensing is a robust tool that offers meaningful spatial data for the assessment and
monitoring of spatio-temporal variations of soil erosion over large areas (Liberti et al., 2009; Le
Roux et al., 2012). GIS and RS are technical tools, which is playing a great role for assessing,
analyzing and screening a direction for how the gully erosion problems solved. For example, it
used to examine watershed characteristics and delineate (Gebre et al., 2015; Chernet and Science,
2018), identify eroded area, estimate amount of soil loss and prioritize soil severity area
(Demeke and Andualem, 2018; Tesfaye et al., 2018) .

The findings showed that the application of remote sensing for soil erosion studies has significantly
increased by 45% since the 1960s (Makaya, 2018).

With the headway of innovation and advancement of GIS and Remote Sensing researchers and
scientists can assess soil erosion using various developed model (Prasad et al., 2019). In gully
identification and characterization with high and desirable levels of accuracy remote sensing
techniques (satellite imagery) are applicable (Onuoha et al., 2020). Application of GIS techniques
in the study of erosion in watershed has high potential for decreasing computer time used and

increasing accuracy of the sediment and erosion estimation (Nasri et al., 2012).
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CHAPTER 3. MATERIALS AND METHODS

3.1 Description of the Study Area

3.1.1 Geographical location

The research was conducted in Amhara Region, West Gojjam administration, Sekela woreda, in
Abay basin, at Abelasta watershed (in Bahirzafa kebele) which is nearly 200 km far from Bahir
Dar or 435 km far from Addis Ababa (figure 3.1). It was located between 10°55°03°” to 10°56°29”’
latitude and 37°11°10°” to 37°12°03”* longitude. The study area covered about 238.04 hectares

with elevation ranges between 2,343 and 2725 m a.s.l.

In this study, six gullies were selected purposly in Abelasta watershed. The Watershed was faced
north (upper part) to south east (lower part). The gullies found at lower part of the watershed which
was communal grazing land. Based on the farmers information the gully was emerged since 1990
GC which was passed 31 years. Gully 1 was at left side of all gullies; gully 3 was right to gully 1
which was connected to gully 1. Gully 2 was right from gully 3; gully 4 was left to gully 2 which
connected to gully 2. In addition gully 5 was right to gully 2 and gully 6 was right to gully 5.
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Figure 3. 1. Location map of the study area.

The study watershed was highly damaged due to gully erosion. The gullies damaged streets,

grazing land and in some extent farm lands. On the damaged area, societies used for different

cultural and spritual activities like horse riding, xmass day playing and others before.
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3.1.2 Soil Types
According to Shawul (2005), the study area had two major soil types. These were Eutric Vertisol

that covered 229.36 ha (96.35%) area and Alisol that covered 8.68 ha (3.65%); the soil texture

was clay and clay loam to sandy clay. The internal drainage was imperfect and well drained.
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Figure 3. 3. Major soil types in the study watershed

3.1.3 Climate
The study area has Sub humid Tropical climatic condition which is Weyna Dega and Dega. The
mean annual minimum temperature is 11 °c and mean annual maximum temperature is 21 °c. The

average annual temperature is 18 °c and the mean annual rainfall is 1700 mm (Resource, 2018).
3.1.4 Topography

The study area was found between 2343 to 2725 meters above sea level. It had marked topographic
variation. There were six slope gradient classes which were 0-2%, 2-5%, 5-8%, 8-15%, 15-30%
and 30-60%.

Table 3. 1. Slope class and its area coverage

Slope Name Slope class (%) Area (ha) Area (%)
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Flat 0-2 5.63 2.36

Gently undulating 2-5 26.13 10.98
Undulating 5-8 29.22 12.27
Rolling 8-15 71.43 30.01
Moderately steep 15-30 93.18 39.15
Steep 30-60 12.46 5.24

Total 238.04 100

Source: (FAO, 2006)
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Figure 3. 4. Slope map of the study area

3.1.5 Demography and farming system

Human population of Abelasta watershed was homogeneous linguistically and consists of the
ethnic families of Amhara that had 200 house holds. Farming system of the study area was mixed
agriculture (field crop and livestock production). Agricultural field crop production was
predominantly prevailing. With this respect, agricultural production was the mainstay for the
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livelihood of people in the study area. The major crops grew around the study area were teff, maize,
beans, barley, and wheat. On the other hand, livestock production was a major part of the farming
system next to crop production, providing draft power, producing milk and conferring a certain
degree of security against crop failures.

3.2 Data type and method of data collection

3.2.1 Primary data
The most important sources of data in this study was the primary sources to obtain firsthand
information, issues related to spatial and temporal variability of gully erosion. The sources of the

information were focused on field measurements.

3.2.2 Secondary Sources
The secondary source of information includes Google earth images and SAS planet images. These
grasp the spatial and temporal variability of gullies that helped to look and understand the issues

under inquiry.

3.2.3 Primary Data Collection methods

3.2.3.1 Field gully measurement
Gully width length and depth were measured intensively in the study area to estimate the average
volume of soil removed from gullies.
To measure loss from gullies in the study area:
A. First ropes were stretching by peg (stake) along the gully length and at gully edge on both
sides. The other rope was stretched at the gully width and connected with the two ropes.
B. At the center of the rope across the gully bob put and drop down until it reached at the base
which was the height of the gully. This activity was conducted every 15 meter length along
the gully and changed when the shape of the gully was changed. When the shape of gully
bended before 15 meter, the measurement was done below 15 meter length. When the
gullies was bend until 20 meter length measurement was performed at that length.
C. To estimate soil loss due to gully erosion, I selected six gullies (Gully 1, Gully 2, Gully 3,
Gully 4, Gully 5 and Gully 6) within the Abelasta watershed. Before measuring the
dimensions of selected gullies, we were subdivided the cross-sections of them in 15 m

interval, depending on their morphology. Then the width and depth of each point cross-
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section of a gully was measured at aminimum of three points (i.e., left, middle and right)
in 2021 using a measuring tape. But when the width of the gullies were very wide over

three points measurement was done.

In addition to the gully measurement, three soil core samples were collected from bottom, mid and
up slope parts of each gully of adepth 0 to 30 cm and 30 to 60 cm with a tube having diameter of

2.5 cm and 5 cm long for determining the bulk density.

3.2.3.2 Temporal variability of gullies

The expansion rates of gullies (Gully 1, Gully 2, Gully 3, Gully 4, Gully 5 and Gully 6) with time
were assessed using cloud free google earth images. The required images were digitized from
google earth which is freely available for everybody. In order to see the spatio-temporal variability
of gullies, google earth images in 2005, 2013, 2016 and 2020 GC were used. Each gully in each
year was digitized from google earth pro, named in file saving folder (kml form) then converted
to polygon on ArcGIS map. After conversion the data were exported and projected to be

manageable on area calculating.
3.3 Method of data analysis

3.3.1 Changes in gully volume and soil loss
We estimated the volume of a cross-section of a gully by multiplying cross-sectional area by length
of the cross-section. The soil loss due to gully erosion (t hatyr?) were estimated by multiplying
the change in gully volume (m®) by bulk density and dividing it by the area of the watershed.
The assessment of gully erosion rates through measurements allowed the assessment of the
temporal change of gully dimensions. In precise measurements of long-term changes, the gully
erosion rates calculated below (Nyssen et al., 2006).

VB
RL = T_cfj
Where RL is area specific long term gully erosion rate in t ha™* yr?, V is total gully volume in m?,

T is time span considered in years, By is soil bulk density in gcm™ and C is catchment area in ha.
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Figure 3. 5. Gully morphology of the study area

Where, W1, W2, W3, W4 were gully widths; D1 and D2 were gully depths and MD was middle
depth.

Gully area and volume could be calculated as follow (Zegeye, 2016):

n
Dj(Wj +Wj +1
A:Z j(Wj+ Wj )/2
j=1

Where, A was cross sectional area, Dj was depth at j, Wjand Wij.1 was widths between D;.

V= 1 (A)
=1

Where, V was volume of soil loss, L; length of gully at j and Aj was cross sectional area at j.
3.3.2 Analysis of gully erosion expansion
The surface area of Gully 1, Gully 2, Gully 3, Gully 4, Gully 5 and Gully 6 were digitized from
google earth images which were available in 2005, 2013, 2016 and 2020. Gullies of different years
were performed by using ArcGIS10.4. The digitized shape files were exported and projected to
know the horizontal expansion rate of gullies. The Gullies areas were authomatically calculated by
ArcGIS 10.4 software.
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3.3.3 Bulk density
Total bulk density (Dst, Mg m~2) was calculated by dividing the oven-dry mass by the sample
volume (Han et al., 2016).

Dbt = WS
TVt

Where, Ws was the oven-dry mass of the sample (g) and Vt was the total volume of the sample
including pore volume and solid volume (cm®). The hight of the core sampler was 5 centi meter,
radius was 2.5 centi meter; therefore the volume of the core sampler was 98.12 cubic centi meter.

3.3.4 Land cover/land use types

Land use and land cover was prepared in SAS planet and ArcGIS softwares. First the watershed
was buffered in 50 meters and converted to kml file in ArcGIS, then add to SAS planet. In SAS
planet, we waited until the image was clear to identify each land cover type. After the image was
cleared by right click on image, we clicked selection manager. Then by increasing its quality above
95% and at stitch out put format was JPEG and zoom was between 18 to 20 and by giving saving
folder we clicked start. Finally, in ArcGIS we classified the image by supervised classification and

edit each classified polygon by comparing with the image.
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CHAPTER 4. RESULT AND DISCUSSION

4.1 Gully erosion morphological and temporal changes

Gullies at Abelasta watershad had different horizontal expansion rate based on google earth images
(Table 4.1 and Figure 4.1). Based on length from 2005 to 2013, gully 3 was mostly increased; from
2013 to 2016, gully 4 was increased highly; from 2016 to 2020 gully 6 was highly increased.

Based on width from 2005 to 2013, gully 6 was increased by double; from 2013 to 2016 gully 1
was increased by 10m; from 2016 to 2020 gully 5 was increased by 10. Depending on surface area,
from 2005 to 2013, gully 1, gully 2 and gully 5 all was doubled; from 2013 to 2016, gully 6 was
increased by 0.62m; from 2016 to 2020, gully 6 was increased by 0.77m. In Birr watershed which
is found South west Amhara, the one gully expanded in length by 23 m, the depth increased by 1.9
m and the width expanded by 13 m; Soil loss was estimated at 1,900 tons (Nicholson et al., 2015).

Table 4. 1. morpholigical and spatial variability of gullies

2005 2013 2016 2020
L w A L w A L w A L w
Gullyl 82298 18.74 1.09 935 2399 2.01|940.87 34.877 2.26 | 975 37.13 2.43
Gully2 550 2479 105 | 613.82 4579 192| 630 53 196|670 5565 215
Gully3 13224 1794 0.2 | 200.77 2278 0.35|243.11 23.13 0.37|259 2322 0.38
Gully4 27319 26.31 0.7 | 298,53 3559 1.33|434.87 39.78 158|440 48.72 1.65
Gully5 773.31 13.58 1.1 | 83509 3423 24895845 4031 2.9 |960 40.63 3.12
Gully6 783.71 28.35 2.1 | 830,58 56.02 3.89|891.32 57.65 4.51|943 59.78 5.28

Where L is length (meter), W is width (meter), A is area (ha).

Based on gully length, gully 3 was increased by 51.82% from 2005 to 2013; gully 4 was increased
by 45.67% from 2013 to 2016; gully 3 was increased by 6.38% from 2016 to 2020. Depending on
gully width, gully 5, gully 6 and gully 2 increased by 152.03%, 97.61% and 84.67% respectively
from 2005 to 2013. From 2013 to 2016, gully 1 increased by 45.38%; from 2016 to 2020, gully 4
increased by 22.47%. Based on area, gully 5, gully 4 and gully 6 increased by125.46%, 90% and
85.24% respectively from 2005 to 2013. From 2013 to 2016, gully 4 increased by 18.8%; from
2016 to 2020, gully 6 increased by 17.07%.

The gullies temporal changes over the period 2001 to 2018 in Gumara watershed, the total gully
length was 10.04 km, the estimated total surface area damage was 11.42 ha, (Belayneh et al.,
2020).
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Generally, the gullies expanded from 2005 to latest (2020) in length, width and area. But the
expansion rate was increased from 2005 to 2013 and increasment reduced to next years. According
to Dar and Nile (2009) from 2005 to 2007, the gully system increased from 0.65 ha to 1.0 ha,
respectively, a 43% increase in area. The following year, it increased by 60% to cover 1.43 ha in
2008. The following table summarized spatial and temporal variability of gullies in Abelasta
watershed.

Table 4. 2. Gullies morpholigical and spatial changes in dimension (%)

2005to 2013 2013to 2016 2016 to 2020
Gullies L W A L W A L W A
Gullyl 13.61 28.02 84.04 0.63 4538 12.44 3.63 6.47 7.52
Gully 2 11.6 84.67 82.86 2.64 15.75 2.08 3.63 5 9.69
Gully3 51.82 27 75 21.09 152 571 6.38 0.39 2.7
Gully 4 9.28 35.29 90 45.67 11.77 18.8 1.18 2247 4.43
Gully 5 7.99 152.03 12546 | 14.77 17.75 16.94 0.18 0.79 7.59
Gully 6 5.98 97.61 85.24 7.31 29 1594 5.8 3.7 17.07
Where, L was gully length (m); W was gully width (m) and A (ha) was surface area.
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Figure 4. 1. Morpholigical and temporal variability of gullies
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4.2 Gully morphology

Assessing gully morphology is important. Therefore, a systematic compilation of the different
morphological characteristics of gully types (e.g., length, depth, and width) in a wide range of
environments is necessary (Poesen et al., 2002). This activity was based on field measurement
results.

Gully morphology description was started from gully length (Table 4.3). The length of gully I,
gully 2, gully 3, gully 4, gully 5 and gully 6 was 958, 673.2, 270, 375, 1037 and 956 meters
repectively. Here, gully 5 was the longest, gully 1 was the second longest and Gully 3 was the
shortest. On Dembia district, the highest gully length (2,400 m) and highest lower width (6m) were
observed (Addis et al., 2015). Based on depth the size of gully 1, gully 2 and gully 4 were large at
most lengths. Gully 3 was medium in all parts. Gully 5 and gully 6 were medium at most parts.
On the other hand based on area of the gully, all gullies were grouped under medium size on their
morphology. Further, based on width gully 6, gully 2 and gully 4 were very wide which reached
to 56, 55 and 54 meters respectively. The areas of the gullies ranged from 11,675 (m?) to 127,600
(m?), depth ranged from 7.77m to 26.58m, and width from 22.50m to 62.79m (Ehiorobo et al.,
2013). Gully morphology is presented below (Table 4.3).
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Table 4. 3. Gully morphology of the study area

Gully width (m) Depth (m) Area Length
types minimum maximum Average minimum maximum Average (ha) (m)
Gully 1 2 35 15 0.3 6.9 2.13 7.52 958
Gully 2 3 55 215 0.3 5.6 2.29 9.69 673
Gully 3 54 22 14.4 0.8 2 1.25 2.7 270
Gully 4 55 54 26.6 1.2 5.9 4.14 4.43 375
Gully 5 5 36 21.9 0.3 2.8 1.82 759 1037
Gully 6 6 56 28 0.3 3.7 239 17.07 956

Figure 4. 3. Different gullies photos of the study area

4.3 Comparision of soil loss among gullies based on field measurement
Gullies at the watershed had different soil loss quantity due to the difference on the morphologies
of widths and depths (Table 4.4).

At the lengths from 0 to 150 meters gully 1, gully 2, gully 3, gully 4, gully 5 and gully 6 had soil
loss of 441.53; 5010.56; 2412; 14473.5; 3357.45 and 4091.55 m?® respectively. At the lengths from
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150 to 300 meters, soil loss was 617; 8232; 222; 6206; 3340 and 4192 m? for gully 1, gully 2, gully
3, gully 4, gully 5 and gully 6 respectively.

Further, from 300 to 450 meter lengths, gully 1, gully 2, gully 4, gully 5 and gully 6 had soil loss
amounts of 2500.72; 4720.5; 4461.3; 4504.25 and 8654.3 m® respectively. Additionally, gully
lengths from 450 to 600 meters, 4627; 6989; 2962 and 7161 m®amount of soil was lost at gully 1,
gully 2, gully 5 and gully 6 respectively.

Finally, gully 1, gully 2, gully 3, gully 4, gully 5 and gully 6 had 23331, 12487, 2634.2, 25140,
22077 and 33267 m?® total amount of soil was lost (Table 4.4). Gully rosion area and volume of
two gullies were 2141.6250m?, 5074.1790m? and 1316.1250m?, 1591.5784m? respectively in
Beiyanzikou watershed (Wang et al., 2014).

Table 4. 4. Comparing soil loss in each gully with their length

Lengths (m)

g/;!z 0-150  150-300 300-450 450-600 600-750 750-900 900-1050  Total

(rﬁ‘z) 538.2 754.5 13575 421226 4065.47 7344.43 2905.06 21177.4
Gully 1

(%/3) 4214  616.95 42.14 616.95 42.14 616.95 42.14 23331.5

(rﬁ‘z) 3360 6419.22 6346.5 5136.48 19225 - - 23184.7
Gully 2

(%/3) 552,49 823223 55249 8232.23 552.49 - - 25729.8

(rﬁ‘z) 2680.5 1671 - - - - - 4351.5
Gully 3 v

(m?) 552,49 8232.23 55249 8232.23 552.49 - - 25729.8

(rﬁ‘z) 5788.5 4041 5458.5 - - - - 15288
Gully 4 v

(m?) 144735 6205.5 - - - - - 25140.3

(rﬁz) 4206.75 4241.25 5195.75 6035.25 3669 4902 2080.5  30330.5
Gully 5

(%/3) 3357.45 3339.6 4504.25 2962.05 43764  3036.3 501.15  22077.2

(rﬁz) 31515 6201.7 6785 48105 12748.7 2796 7185 37211.9
Gully 6

V3 4091.55 4191.63 8654.3 7160.85 10137.2 3123.45 - 37358.9

(m°)
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Dash (-) showed absence of length, A was surface area and V was volume.

4.4 Gully erosion soil loss assessment in Abelasta watershed

In Abelasta watershed at the lower part (grazing area) was themost degraded and eroded area. The
degradation was due to gully erosion. Each gully impact was quantified and calculated based on
field measurement (Table 4.5 and Figure 4.4). At G1, 23331.48 m® soil was lost which was 119.39
ton halyr?®; at G2, 25729.78 m® which was 141.43 ton ha™yr? soil was lost. Additionally, at G3,
2634.15 m? in which 14.84 ton hayr? soil was lost; at G4, 25140.3 m® (130.09 ton hayr?) soil
was lost. Further at G5, 22077.2 m? in which 135.82 ton hayr? and at G6, 37358.93 m3(216.83
ton hatyr?) soil was lost.

There were similar studies in which soil loss due to gully erosion which was quantified.The
average volume of soil loss estimates in 2003 ranged between 805.93m? (Vimtim) to 4133.02m?3
at (Muvur) while the 2004 soil volume conceded to erosion was 520.80m? (Gella) and 5609.12m?*
(Tekwa and Usman, 2006). Soil loss due to gully erosion was 35.33 t ha year* at Chentale
watershed (Bogale et al., 2020). In Awasa watershed, the total volume of gully system 1 was
965000 m? and the gully erosion rate was 23.4 t ha'ty?, for gully system 2 the total volume was
estimated to be 1778000 m® and the gully erosion rate 20.7 t ha'ly! at Tabota Koromo and Koromo
Danshe watersheds (Hoogenboom, 2013).

Finally, total soil loss due to gully erosion in the watershed was 133,637.68 m® (758.37 ton ha*yr
1y . In the Genbo Wonz Watershed, north-west highlands of Ethiopia, the annual rate of gully
erosion was found to be 62 t ha* (Yazie et al., 2020).

Table 4. 5. Gully erosion measured in 2021

Gully

names A(m2 VvV (m3) soil loss (ton halyr?) Bd (g/cm3)
Gullyl 1742.34 23331.48 119.36 1.22
Gully2 6224.32 25729.78 141.43 1.31
Gully 3 192.37 2634.15 14.84 1.34
Gully4  1785.57 25140.3 130.09 1.23
Gully5  1545.97 22077.2 135.82 1.46
Gully6  2584.55 37358.93 216.83 1.38
Total 14,075.12 133,637.68 758.37 -

Where, A was cross sectional area, V was volume, Bd was bulk density
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Figure 4. 4. Soil loss in Abelasta watershed

In Abelasta watershed the expansion situation of gullies were different one another. Some gullies
were active and the others were stablized. Even in a gully some part was active and on the other
part was stablized. Gully 1, gully 4 and gully 6 were active and ready to expand during the study
time but gully 2, gully 3 and gully 5 in most parts were stablized and coverd by grasses (Figure
4.5).
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Figure 4. 5. Active and inactive gullies

Where, A was gully 1, B was gully 3, C was gully 2, and D was gully 4.

4.5 Land use/land cover of the watershed

The study watershed was covered by different major land cover types. Based on land use and land
cover classification, seven major land covere/land use types were identified. Cultivated land was
dominant that covered 99.08 ha (39.08%), grass land was the second dominant which covered
75.61 ha (30.44%) and farm village was the least which covered 0.81 ha (0.32%). The watershed
was highly degraded. All gullies were existed at the lower part of the watershed. They existed at

the grazing land.

Table 4. 6. Land cover types and their area coverage

Types of land cover Area (ha) Area (%)
Cultivated land 99.08 39.88
Grass land 75.61 30.44
Bush and shrub land 23.99 9.66
Eucalyptus plantation 20.76 8.36
Forest land 16.47 6.63
Gully 11.7 4.71
Farm village 0.81 0.32
Total 238.04 100
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CHAPTER 5. CONCLUSION AND RECOMMANDATION
5.1 Conclusion

This study examined morphological and temporal dynamics of gully in Abelasta watershed. Gully
erosion was conceived as danger for current land degradation in the watershed. Thus studying soil

loss due to gully erosion was important.

Six gullies were selected purposly for field measurement and remote sensing analysis. They were
named as gully 1, gully 2, gully 3, gully 4, gully 5 and gully 6. The gully morphologies were
described by depth, width and surface area. Among the gully channels, google earth pro images
and field observations showed geomorphic differences. And also, the morphological and temporal
dynamics of gullies were assessed by google earth pro historical image in 2005, 2013, 2016 and
2020. So that, gully 1 was increased by 13.61%, 28.01%, 84.04% in length, width and area
respectively from 2005 to 2013. In addition, it increased from 2013 to 2016 by 0.63%, 45.38% and
12.44% in length, width and area respectively.

In general, morphological and temporal dynamics of gullies in length, width and area were
increased highly from 2005 to 2013 but from 2013 to 2020 expansion was reduced. On the other
hand, soil loss in the measured gullies at field in 2021 for gully 1, gully 2, gully 3, gully 4, gully 5
and gully 6 were 119.36, 141.43, 14.84, 130.09, 135.82 and 216.83 ton halyr?. Total soil loss
due to the gullies was 758.37 ton halyr? .

5.2 Recommendation

Based on the study of Abelasta watershed the following things recommended:

A. Before the gullies would be connected one another, gully rehabilitation measures
should be peformed to solve the problem.

B. At the upper part of the watershed biophysical soil conservation structures should be
implemented to reduce runoff that aggravate the gullies.

C. Further study is important for all soil loss types due to erosion.
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1 Field measured data for all gullies

APPENDICES

Gully 1
Widths
Total right
No Gully X1(right) Y1 X2 (left) Y2 (left) Elevation length  width wl w2 w3 w4
Section (right)
1 302320 1207314 302314 1207330 2350 0 6.5 16 1.8
2 302328 1207329 302323 1207329 2346 15 4 1 1
3 302329 1207337 302325 1207338 2348 7 4.6 16 0.7
4 302325 1207344 302324 1207345 2348 7 2 0.5 05
5 302332 1207356 302333 1207356 2348 15 24 0.7 0.7
6 302336 1207370 302335 1207371 2346 15 33 1.65 1.65
7 302348 1207380 302345 1207383 2345 15 4 1 1
8 302416 1207476 3024123 1207479 2350 15 4.2 0.85 0.85
9 302426 1207488 302423 1207490 2350 15 4.1 0.8 0.8
10 302430 1207502 302427 1207502 2348 15 3.6 0.6 0.6
11 302439 1207517 302434 1207516 2348 15 3 0.75 0.75
12 302446 1207525 302442 1207528 2346 15 4.2 0.95 0.95
13 302456 1207537 302452 1207539 2347 15 4.1 1.3 13
14 302462 1207545 302457 1207547 2351 10 5 1.25 1.25
15 302459 1207561 302453 1207562 2349 15 4 1 1
16 302462 1207574 302457 1207575 2351 15 3.9 0.85 0.85
17 302468 1207578 302463 1207582 2347 10 5.8 1.1 11
18 302473 1207593 302464 1207591 2348 15 6 0.75 0.75
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94 302359 1208298 302352 1208290 2372 15 13 3 3
95 302347 1208307 302343 1208293 2371 15 14 5 5
96 302334 1208289 302328 1208263 2375 17 25.2 5 5
97 302318 1208291 302318 1208266 2374 15 25.6 4 4
98 302318 1208291 302311 1208280 2374 0 12.9 2 2
99 302300 1208297 302297 1208292 2374 15 6.9 2 2
100 302301 1208268 302301 1208257 2374 15 10.6 25 25
101 302280 1208261 302285 1208253 2376 15 8.3 2.15 215
102 302272 1208258 302273 1208251 2380 15 9 05 05
103 302291 1208265 302279 1208260 2374 0 11.3 2.65 2.65
104 302284 1208271 302276 1208262 2384 10 10.2 36 3.6
Gully 1
Widths Depths
Left Right Left
No w3 Middle D1 D2 D3 D1 D2 D3 Remark
1 2.5 25 0.8 1.5
2 1.95 1.9 1.4
3 1.75 1.6 0.5
4 1.75 1.6 0.5
5 1.8 1.3 1.15
6 1.55 0.8 0.9
7 14 1 0.9
8 1.15 0.5 0.5
9 0.9 0.5 0.35
10 0.95 0.4 0.23
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0.9

0.6

0.5

1.5

2.6

1.9

2.7

3.3

1.7

1.15

0.8

0.9

0.9

0.85

0.8

0.5

1.7

2.1

56

1.2

1.2

1.3

1.8

0.9

0.4

0.5

0.1

0.6

0.2

1.55

1.6

1.6

1.8

2.2

0.4

0.4

2.6

2.7

3.45

3.3

1.4

1.3

11

0.9

1.35

1.2

24 11

1.2 0.85

1.3

1.2

1.6

1.35

2.7

2.3



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

5.43

5.6

4.7

6.3

8.7

3.3

4.7

4.83

53

2.3

1.2

0.5

4.5

4.15

4.9

6.2

6.1

6.9

6.5

5.85

6.15

54

4.85

1.8

3.15

2.3

1.3

14

6.2

4.95

4.4

3.25

2.1

0.55

2.85

1.9

1.5

11

0.3

3.15

2.15

4.4

4.4

4.4

3.9

3.5

4.25

2.3

1.35

1.9

0.4

3.9

3.95

3.05

0.9

0.6

0.8

0.6

0.9

15
2.05
2.2

2.2

2.05

2.2

0.55

2.1

2.2

1.9

1.7

57

1.7

0.9

0.6

2.9

3.45

3.8

4.55

5.2

54

3.3

3.4

4.05

3.3

1.9

3.15

1.8

1.8

0.35

4.95

4.5

2.55

1.2

0.6

2.45

1.2

1.35

2.2

2.2

2.7

2.9

2.95

1.4

1.5

3.25

1.8

2.5



92 6 1.95 1.5 1 2.3

93 2.4 1.8 0.9 0.7

94 1.3 1.1 1

95 0.9 0.85 0.8

96 24 0.5 0.2 0.8

97 4.53 2 1 1 2.2 1.4

98 1 0.6 0.65

99 0.85 0.6 0.55

100 1.3 1.2 0.4

101 15 0.8 0.6

102 1.1 0.7 0.3

103 1.2 0.7 1.2

104 1.4 1 0.9

Gully 02

Wedths
Coordinates Total right
No Gully X1(right) Y1 X2 Y2 (left) Elevation length wedth wil w2 w3 w4
Section (right) (left)

1 302619 1207963 302615 1207987 2355 0 25 4 4
2 302631 1207973 302623 1207991 2351 15 255 475 475
3 302646 1207979 302623 1207991 2355 15 26.2 5.4 5.4 5.4
4 302649 1207992 302626 1208006 2358 15 248 413 413 413
5 302657 1208002 302634 1208018 2356 15 245 5.5 5.5 5.5
6 302666 1208016 302647 1208025 2353 15 18.7 3.57 3,57 357

58



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

302667

302678

302689

302687

302683

302699

302699

302701

302701

302702

302711

302718

302722

302692

302698

302692

302689

302685

302685

302689

302688

302688

302682

302680

302683

1208031

1208040

1208047

1208063

1208076

1208083

1208098

1208114

1208128

1208100

1208099

1208114

1208130

1208140

1208146

1208140

1208154

1208162

1208162

1208170

1208169

1208186

1208199

1208214

1208227

302648

302662

302667

302669

302663

302660

302668

302668

302662

302699

302708

302711

302714

302690

302692

302664

302654

302642

302637

302635

302647

302655

302652

302650

302648

1208040

1208050

1208061

1208065

1208077

1208094

1208106

1208112

1208126

1208107

1208107

1208117

1208132

1208146

1208150

1208126

1208130

1208142

1208157

1208169

1208174

1208184

1208191

1208229

1208244

59

2354

2351

2351

2353

2356

2358

2355

2358

2354

2355

2355

2356

2355

2359

2361

2353

2357

2357

2358

2353

2355

2354

2358

2356

2358

15

15

15

15

15

15

15

15

15

10.3

15

15

6.7

15

15

15

15

15

15

15

15

15

15

18.7

19

25.8

18.3

22.5

394

313

33.45

38.5

6.6

8.2

6.2

53

33.8

40.5

47.6

50

54.7

41.5

34.8

31.7

314

39

3.57

3.67

4.3

3.65

5.83

7.13

7.77

6.15

6.83

2.7

1.7

15

6.47

6.75

5.95

6.25

6.84

5.2

5.8

5.28

5.23

6.5

3.57

3.67

4.3

3.65

5.83

7.13

7.77

6.15

6.83

2.7

1.7

15

6.47

6.75

5.95

6.25

6.84

5.2

5.8

5.28

5.23

6.5

3.57

3.67

4.3

5.83

7.13

7.77

6.15

6.83

6.47

6.75

5.95

6.25

6.84

5.2

5.8

5.28

5.23

6.5

5.95

6.25

6.84

5.2



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

302680

302680

302686

302683

302669

302683

302691

302700

302704

302706

302721

302720

302721

302695

302694

302689

302687

302666

302661

302662

302666

302642

302638

302625

302618

1208242

1208252

1208267

1208282

1208305

1208281

1208295

1208380

1208319

1208321

1208329

1208343

1208359

1208339

1208354

1208370

1208384

1208322

1208324

1208329

1208340

1208356

1208370

1208374

1208388

302647

302646

302659

302650

302643

302673

302683

302689

302689

302701

302715

302717

302717

302687

302688

302685

302679

302663

302629

302625

302626

302625

302620

302613

302608

1208249

1208263

1208270

1208281

1208297

1208304

1208311

1208318

1208325

1208331

1208336

1208345

1208360

1208339

1208355

1208370

1208384

1208305

1208316

1208332

1208347

1208349

1208362

1208371

1208385

60

2360

2360

2361

2364

2360

2359

2360

2360

2364

2362

2363

2364

2365

2362

2361

2361

2369

2360

2363

2365

2364

2365

2365

2369

2367

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

32.2

38

27

34

28

23.6

18

14.5

18

11

10.3

3.7

7.3

6.2

7.2

29.8

32.6

355

50

17.3

19.6

12.7

11.6

5.37

6.3

4.5

5.67

4.67

5.9

4.5

3.62

4.5

2.2

34

0.9

1.7

1.8

2.3

4.97

5.43

5.92

6.25

4.3

6.5

35

25

5.37

6.3

4.5

5.67

4.67

5.9

4.5

3.62

4.5

2.2

34

0.9

1.7

1.8

2.3

4.97

5.43

5.92

6.25

4.3

6.5

35

25

5.37

6.3

4.5

5.67

4.67

4.97

5.43

5.92

6.25 6.25



57 302607 1208399 302600 1208392 2369 15 9.5 25 25
58 302595 1208404 302592 1208401 2367 13 4.5 1.3 1.3
59 302666 1208354 302643 1208355 2366 13.2 21.4 535 535
60 302664 1208368 302637 1208368 2364 15 257 4 4
61 302668 1208373 302645 1208384 2364 15 25.7 5 5
62 302674 1208387 302654 1208399 2363 15 23.7 5.5 5.5
63 302674 1208401 302651 1208407 2361 15 25 4.5 4.5
64 302683 1208432 302655 1208436 2365 15 26 6 6
65 302683 1208446 302659 1208448 2368 15 22.1 5.5 5.5
66 302681 1208461 302654 1208457 2369 15 25.5 6 6
67 302653 1208467 302654 1208457 2370 10 10.3 2.5 2.5
68 302648 120873 302642 1208465 2369 15 9.5 23 23
69 302641 1208485 302629 1208473 2370 15 16.3 4 4
70 302632 1208480 302629 1208473 2368 0 6.4 1.5 1.5
71 302622 1208488 302617 1208481 2371 15 9.7 2 2
72 302640 1208484 302631 1208479 2373 0 10.1 3 3
73 302634 1208493 302628 1208490 2370 15 7.2 2 2
74 302678 1208461 302656 1208467 2366 0 25.7 517 5.17 517
75 302673 1208473 302660 1208480 2370 15 14.4 2.5 2.5
76 302680 1208486 302665 1208492 2370 15 15 3 3
77 302686 1208500 302673 1208504 2370 15 13 3 3
78 302688 1208516 302678 1208520 2370 15 10.7 3 3
79 302694 1208529 302684 1208534 2374 10.4 2.7 2.7
Depths
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Right Left
No Middle D1 D2 D3 D1 D2 D3
1 2.6 1.3 1 0.9
2 2.9 1.6 1.4 0.65
3 2.65 1.65 1.75 1.6
4 1.5 1.2 0.85 23 1.45
5 2.7 1.4 1.3 1.7
6 2.6 1.6 1 1.2
7 2.9 1.7 1 1.45
8 2.65 1.9 0.95 1.25
9 1.8 2.3 1.5 1.8 0.9
10 2.5 1.2 1.7
11 2.5 1.7 1.6 1.9
12 2.3 1.9 1.4 1.8 1.7
13 2.3 1.7 1.3 1.6
14 2 1.3 1.3 2.2 1.3
15 1.65 1.7 1.7 1.6 1.3
16 1.6 0.6 1.3
17 1.2 0.4 0.6
18 0.9 0.4 0.4
19 0.8 0.4 0.4
20 1 0.45 0.55
21 0.7 0.8 0.45
22 2 2.15 1.2 1.8 1.2
23 1.8 1.8 0.9 2 1.9
24 2 2.45 2.1 1.2 2 2.2 1.2
25 1.8 1.8 1.8 1.6 1.9 1.9 1.4
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

2.3

2.3

3.3

3.5

3.65

3.65

3.85

3.85

3.7

4.2

3.2

2.8

3.1

1.8

0.9

0.65

11

1.2

0.75

0.45

4.6

4.9

5.15

5.6

2.3

2.3

3.1

2.8

2.6

2.6

2.5

3.5

3.3

1.8

1.7

1.6

1.4

0.6

0.6

0.6

0.3

0.35

0.7

0.5

0.4

3.95

3.75

3.7

53

2.7

2.7

1.1

1.7

11

1.2

0.7

1.6

1.3

1.2

1.3

1.65

1.8

1.6

4.3

1.3

1.4

11

2.5
2.4
2.3
2.9
3.3
3.1
3.3
2.7
2.3
2.9
2.9
1.6
1.3
14
11
0.8
0.55
0.45
0.35
0.35
0.45
0.4
0.4
3.35
3.8
4.5

5.4

63

1.35

1.7

0.85

1.2

1.5

1.6

1.4

1.6

1.3

1.5

1.5

15

2.1

2.1

3.9

0.6

0.9

1.8



53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

3.45

1.4

1.35

0.6

0.3

5.4

3.55

3.1

3.2

3.15

3.45

3.5

2.1

14

0.6

11

0.6

0.55

0.6

2.7

2.2

1.35

1.35

1.3

0.5

3.15

0.65

0.8

0.65

0.35

0.25

2.2

15

1.9

1.7

1.6

1.9

2.2

1.15

0.75

11

0.45

0.45

0.4

2.3

13

1.2

0.85

0.8

1.8

1.9

0.85

0.65

0.55

0.4

0.25

2.8

1.8

1.65

1.8

2.7

1.9

2.1

2.6

1.4

0.8

11

0.45

0.5

0.4

0.45

1.6

1.4

0.85

0.7

0.5

0.45

1.4

1.4

64



Gully 03

Widths
No Gully Coordinates Total right
Section
X1(right) Y1 (right) X2 (left) Y2 (left) Elevation length wedth wl w2 w3 w4
1 302612 1207985 302605 1207994 2353 0 10.2 3 3
2 302621 1207998 302610 1207998 2351 15 12.8 34 34
3 302627 1208012 302611 1208015 2352 15 15.8 4 4
4 302636 1208025 302610 1208030 2350 15 22.1 6.5 6.5
5 302632 1208032 302610 1208044 2354 15 21.7 5 5
6 302637 1208035 302625 1208050 2354 15 18.6 4.5 4.5
7 302648 1208045 302637 1208060 2357 15 17 4 4
8 302656 1208060 302635 1208062 2353 15 19.4 4.5 4.5
9 302654 1208073 302632 1208077 2356 15 221 5.5 5.5
10 302654 1208090 302638 1208087 2353 15 13.9 4 4
11 302644 1208101 302631 1208096 2355 15 15.3 4 4
12 302639 1208115 302621 1208107 2354 15 20.8 5.4 5.4
13 302633 1208128 302615 1208121 2353 15 19.6 4.65 4.65
14 302625 1208140 302614 1208136 2358 15 135 35 35
15 302625 1208157 302609 1208150 2356 15 17 425 4.25
16 302617 1208169 302603 1208164 2357 15 15 4 4
17 1 302605 1208171 302603 1208164 2356 0 7 1.5 1.5
18 1 302596 1208177 302594 1208176 2357 15 3.6 0.9 0.9
19 302614 1208173 302594 1208176 2356 0 10.4 2.6 2.6
20 302607 1208187 302601 1208183 2354 15 9 2.5 2.5
21 302601 1208202 302593 1208200 2355 15 7.5 1.75 1.75
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22 302591 1208212 302587 1208210 2351 15 5.4 1.2 1.2
Gully 3
Gully 04
Coordinates Widths
No Gully Total right
Section
X1(right) Y1 X2 Y2 (left) Elevation length wedth wil w2 w3 w4
(right) (left)
1 302649 1208228 302641 1208199 2356 0 26.7 5.5 5.5
2 302643 1208230 302628 1208207 2358 15 26.5 7 7
3 302642 1208235 302614 1208214 2356 15 343 5 5 5
4 302631 1208250 302606 1208226 2359 15 354 6 6 6
5 302620 1208254 302590 1208234 2359 15 34.5 7 7 7
6 302614 1208261 302580 1208241 2365 15 38 5.3 5.3 5.3
7 302612 1208268 302578 1208257 2361 15 34.9 5 5 5
8 302604 1208286 302577 1208263 2360 15 35 5.67 567 5.67
9 302602 1208300 302563 1208264 2367 15 54.3 6.38 6.38 6.38 6.1
10 302586 1208307 302552 1208274 2360 15 46 7.3 7.3 7.3
11 302576 1208321 302546 1208284 2367 15 47 7 7 7
12 302646 1208316 302529 1208294 2365 15 28 5 5 5
13 302517 1208318 302515 1208287 2363 15 32.6 6.3 6.3 6.3
14 302511 1208321 302500 1208294 2364 15 28.4 5 5 5
15 302506 1208334 302481 1208315 2367 15 35 6.3 6.3 6.3
16 302490 1208342 302466 1208313 2370 15 36.6 7.3 7.3 7.3
17 302476 1208346 302457 1208323 2369 15 28.5 5.67 567 5.67
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

302460

302448

302437

302427

302416

302405

302396

302380

302363

302545

302538

302533

302518

302502

302486

302575

302573

302566

302562

302555

302547

302540

302535

302532

1208348

1208353

1208362

1208370

1208382

1208390

1208399

1208401

1208410

1208316

1208332

1208349

1208356

1208361

1208364

1208325

1208339

1208355

1208369

1208397

1208411

1208429

1208444

1208466

302446

302433

302423

302418

302408

302400

302386

302372

302360

302532

302519

302514

302507

302491

302479

302547

302539

302532

302525

302521

302518

302516

302516

302522

1208327

1208337

1208349

1208363

1208373

1208382

1208389

1208394

1208406

1208313

1208320

1208337

1208340

1208344

1208350

1208318

1208332

1208348

1208361

1208396

1208411

1208426

1208448

1208465

2370

2371

2371

2374

2374

2372

2374

2374

2374

2361

2365

2364

2366

2370

2367

2364

2364

2366

2365

2370

2370

2374

2376

2375

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

25.3

24

20

11

12.5

9.5

14.5

9.4

55

13

24

20.8

20

18

12

30.5

33.6

33.8

30

33

30

27.8

19.5

10

6.33

2.5

2.3

1.2

25

6.3

25

6.33

2.5

2.3

1.2

25

6.3

25

6.3
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Widths Depths
No Left Right Left

w4 Middle D1 D2 D3 D1 D2 D3
1 3.7 21 3.2 2.55 1.2
2 3.6 2.15 3.7 2.35
3 3.5 3.2 26 135 34 3.05 1.7
4 3.7 3.3 2.2 3.1 2.8
5 4.7 3.75 1.7 3.9 2.65
6 4.7 3.15 2.2 4.1 2.7
7 4.6 3.3 1.9 3.65 1.4
8 4.7 3.6 2.1 3.7 1.7
9 7.2 4.1 3.6 27 14 4.4 4.95 2.9
10 54 4.55 1.8 5.15 3.1
11 6.5 5.7 4.9 24 5.3 3.2 1.4
12 4 34 1.8 5.15 3.1
13 5.05 4.2 1.45 3.7 2
14 5.3 4.1 1.9 3.5 1.5
15 5.4 4.8 1.2 4.4 2
16 5 3.7 2 4.4 2.45
17 5 4.45 2 5.2 3.35
18 4.9 33 35
19 4.9 2.6 3.5
20 4.85 3.25 3.2
21 4.6 3.6 2.1
22 4.1 3.1 1.5
23 3.9 24 2
24 3.2 2.6 2.35
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25 2.7 1.6 1

26 3.1 2.7 0.6

27 3.1 1.7 1.4

28 4.3 3.25 3.2

29 4 3.2 2.5

30 34 1.6 2

31 3.35 1.7 1.4

32 2 13 1.6

33 4.75 3.5 2 2.8

34 5.5 4.5 2 4.2 2.3

35 5.85 4.8 2.25 4.5 2.2

36 5.8 4.5 1.6 3.9 1.6

37 5.15 3.25 1.5 2.85 1

38 34 2.3 1 2.35 1.8

39 2.1 13 0.8 1.2 0.6

40 1.2 1.4 0.7

41 1.5 0.75 0.8

Gully 05
Widths

Gully Coordinates Total right

Section
No X1(right) Y1 (right) X2 (left) Y2 (left) Elevation length width w1l w2 w3  wé
1 302922 1207813 302902 1207803 2347 0 22.1  5.75 5.75
2 302917 1207825 302899 1207821 2345 15 186 5.3 53
3 302923 1207837 302894 1207833 2346 15 31.15 5.38 5.38 5.38
4 302925 1207842 302903 1207850 2349 15 228 338 3.8 3.8
5 302938 1207849 302912 1207859 2353 15 29.2 4387 4.87 4.87
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13

14

15

16

17
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25

26
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29
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302974
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302966

302973
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303002

303014
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1207875

1207886
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1207915
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1207944

1207959
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1207999

1208008

1208023

1208031

1208039

1208054

1208068

1208082
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1208092

1208106

1208118

1208132

1208104

1208117

1208130

1208146

302916

302924

302926

302934

302944

302946

302955

302951

302947

302942

302947

302948

302951

302960

302973

302979

302975

302983

308102

303015

303021
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302976

302973

302969

302977

1207872
1207886
1207896
1207912
1207922
1207934
1207944
1207953
1207966
1207982
1207996
1208013
1208023
1208045
1208050
1208056
1208070
1208081
1208102
1208092
1208114
1208119
1208133
1208092
1208108
1208123

1208137
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2353

2353

2353

2353

2355

2355

2354

2356

2356

2356

2355

2358

2358

2360

2359

2359

2360

2358

2362

2362

2361

2358

2361

2359

2358

2360
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15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

12.5

15

15

15

15

15

28.4

30.85

34.25

27.65

27.2

30.35

18.75

25.5

26.3

25

26.5

35.8

34.9

334

33.2

23.4

34.4

22

18.2

16.7

10

8.2

29

25.75

34.75

27

4.73

5.14

5.7

4.55

4.53

5.45

2.9

3.5

4.77

53

3.8

5.93

6.63

5.1

5.67

3.8

6.47

4.33

4.55

4.5

2.5

1.25

5.67

4.58

5.58

4.73

5.14

5.7

4.55

4.53

5.45

2.9

3.5

4.77

53

3.8

5.93

6.63

5.1

5.67

3.8

6.47

4.33

4.55

4.5

2.5

1.25

5.67

4.58

5.58

4.73

5.14

5.7

4.55

4.53

5.45

2.9

3.5

4.77

53

3.8

5.93

6.63

5.1

5.67

3.8

6.47

4.33

5.67

4.58

5.58
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1208159
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1208218
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1208248
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1208275
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1208296

1208312

1208326

1208340

1208357

1208214
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1208215

1208219

1208231
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1208237

1208255
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302939

302922
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302889
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1208142
1208156
1208167
1208183
1208193
1208215
1208232
1208241
1208250
1208265
1208277
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1208299
1208306
1208319
1208340
1208351
1208198
1208193
1208197
1208206
1208213
1208209
1208218
1208232
1208248

1208253
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2360

2359

2364

2365

2361

2361

2361

2361

2361

2365

2365

2369

2369

2363

2364

2361

2363

2359

2358

2358

2357

2358

2361

2361

2359

2357

2364
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15

15

15

15

15

15

15

15

15

15

15

15

15

17

17

15

15

15

15

15

15

15

15

15

34.75

38.7

32

29.5

28.4

24.8

22.7

24.9

18.6

18.3

21.85

17.3

16

13.6

11.5

10

19

18

204

21

24

27

26.4

18

20

20.6

6.58

5.9

5.67

5.83

4.47

5.27

2.9

3.1

3.1

3.28

2.8

4.25

2.5

3.45

3.67

2.9

3.8

3.13

4.8

4.5

6.3

6.58

5.9

5.67

5.83

4.47

5.27

2.9

3.1

3.1

3.28

2.8

4.25

2.5

3.45

3.67

2.9

3.8

3.13

4.8

4.5

6.3

6.58

5.9

5.67

5.83

4.47

5.27

2.9

3.1

3.1

3.28

3.67

2.9

3.8

3.13

4.8
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302914

302919

302924

302929

302928
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302909
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302904

302895

302889

302874
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302851

302845

302929

302933

302943

302951

302930

302936

302939
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1208268

1208285

1208297

1208313

1208320

1208334

1208348

1208361

1208377

1208395

1208394

1208407

1208421

1208433

1208437

1208446

1208457

1208469

1208393

1208407

1208418

1208431

1208450

1208462

1208467

1208482

1208494

302886

302888

302892

302893

302892

302901

302904

302899

302901

302901

302893

302884

302879

302872

302861

302854

302845

302840

30302910

302915

302920

302926

302925

302919

302920

302925

302927

1208267
1208284
1208297
1208311
1208326
1208341
1208347
1208359
1208367
1208367
1208379
1208393
1208403
1208415
1208424
1208436
1208449
1208463
1208394
1208410
1208422
1208435
1208440
1208452
1208469
1208475

1208496
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2359

2361

2364

2365

2365

2366

2366

2368

2371

2371

2372

2376

2375

2376

2373

2374

2373

2372

2365

2369

2372

2368

2372

2370

2372

2374

2370

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

15

21.8

23.6

22.7

234

25.7

27

26.7

28.6

24.5

28.8

23.6

24

23.4

24

18.5

11.5

12.5

7.6

20.8

19.5

235

24.6

19.4

20.9

19

18.5

19.6

5.9

3.87

3.9

3.8

4.57

4.9

5.53

4.17

4.6

3.87

3.6

3.8

4.75

2.45

2.45

2.1

5.4

4.75

3.83

4.2

4.7

6.45

4.5

5.25

3.8

5.9

3.87

3.9

3.8

4.57

4.9

5.53

4.17

4.6

3.87

3.6

3.8

4.75

2.45

2.45

2.1

5.4

4.75

3.83

4.2

4.7

6.45

4.5

5.25

3.8

3.87

3.9

3.8

4.57

4.9

5.53

4.17

4.6

3.87

3.6

3.8

3.83

4.2



87 302942 1208509 302928 1208506 2367 15 16.7 4.35 4.35
88 302936 1208522 302926 1208510 2368 15 17.4 4.2 4.2
89 302934 1208525 302916 1208521 2369 15 19.6 4.8 4.8
90 302940 1208538 302930 1208535 2370 15 11.2 3.6 3.6
91 302931 1208551 302925 1208540 2371 15 134 4.2 4.2
92 302923 1208563 302913 1208554 2370 15 126 2.8 2.8
93 302909 1208571 302909 1208561 2368 15 10.1  2.25 2.25
94 302896 1208576 302891 1208570 2368 15 8.1 2.55 2.55
95 302890 1208594 302882 1208585 2369 15 125 2.25 2.25
96 302885 1208607 302874 1208600 2370 15 13.4 2.7 2.7
97 302885 1208616 302876 1208616 2369 15 9.6 23 2.3
98 302887 1208631 302876 1208629 2374 15 108 2 2
Depths
Right Left

No Middle D1 D2 D3 D1 D2 D3 Remark

1 0.65 1 0.65

2 1.5 1 0.8

3 1 1.1 0.9 1 0.9

4 1.3 1.2 0.8 1.2 0.7

5 1.3 1.2 0.8 1.2 0.8

6 1.5 1.25 0.8 1.45 0.8

7 1.4 1.5 0.9 13 0.75

8 1.9 1.7 0.9 1.5 1.55

9 1.5 1.4 0.7 1.1 0.7

10 1.4 1.5 1 1.1 0.9

11 1.6 1.1 0.4 0.9 0.7
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1.6

1.8

1.7

1.8

14

1.7

1.8

1.6

1.85

1.75

1.85

1.55

1.2

11

0.9

2.3

1.8

2.3

2.1

1.75

2.15

2.2

2.7

1.95

2.4

1.5

1.4
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1.5

1.85

1.6

1.7
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0.6
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0.9
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0.6

0.9

0.6

0.75

0.9

0.9

1.2

0.9

1.2

1.1

0.9

1.6

14

1.15

1.15

0.6
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1.3
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1.6

1.3

1.7
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1.1

0.8

0.6

0.4

1.85

14

1.8

1.2

1.7

2.1

2.3

1.7

1.6

0.7

0.6

0.7

0.7

0.7
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0.7

0.7

0.7

0.6

0.75

1.3

1.1

1.2

1.25

1.15

0.8
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0.7
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1.3

1.4

1.8

1.8

1.4

1.7

11

0.8

0.2

1.15

1.2

1.3

1.5

1.5

1.9

1.9

1.1

1.2

1.3

1.65

1.6

2.2

0.6

1.3

1.15

0.9

1.2

0.5

0.5

0.6

0.8

0.7

0.9

1.2
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2.8
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0.9
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2.6

2.1

2.1

1.6
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1.9
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0.5

0.6
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14

1.6
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14
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0.9

0.7

0.7

1.1

11

0.9

0.9

0.9

11

0.9

11

76

2.1

1.7

1.9

1.9

1.5

1.9

1.6

1.5

0.7

0.6

1.3

1.5

1.4

1.8

1.2

1.5

1.2

1.3

1.2

1.2

0.9

0.7

0.6

0.6

1.3

0.9

0.9

1.4
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0.9

0.9



93 1.2 0.8 0.7
94 0.9 0.6 0.7
95 1.1 0.6 0.5
96 0.9 0.5 0.5
97 0.7 0.3 0.6
98 0.3 0.3 0.3
Gully 6
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Gully Total right
No Section Xl1(right) Y1 (right) X2 (left) Y2 (left) Elevation length width wl w2 w3
1 303089 1208141 303078 1208145 2359 0 11 22 22
2 303095 1208149 303079 1208156 2359 15 17.5 45 45
3 303103 1208155 303087 1208173 2359 15 24.4 31 3.1 31
4 303113 1208168 303092 1208180 2360 15 24.6 32 32 3.2
5 303120 1208179 303091 1208181 2363 15 27.9 43 43 43
6 303099 1208191 303091 1208181 2357 15 13.6 23 23
7 303098 1208198 303083 1208190 2360 15 19.2 51 5.1
8 303105 1208202 303082 1208208 2360 15 23.2 3.73 3.73 3.73
9 303107 1208213 303095 1208216 2361 15 15.1 3.55 3.55
10 303113 1208226 303103 1208228 2362 15 11.8 26 26
11 303136 1208237 303107 1208248 2364 15 32.8 76 76 7.6
12 303137 1208252 303107 1208248 2361 15 32.9 7.97 797 7.97
13 303119 1208270 303105 1208269 2361 15 14.5 4,25 4.25
14 1 303117 1208275 303115 1208306 2361 0 314 447 4.47 4.47
15 1 303135 1208271 303129 1208306 2363 15 35.9 497 497 4.97
16 1 303150 1208286 303143 1208299 2364 15 16.9 3.65 3.65
17 1 303164 1208291 303164 1208308 2362 15 16 49 49
18 1 303179 1208292 303171 1208314 2361 15 23.3 6.65 6.65
19 1 303191 1208316 303182 1208326 2364 15 13.4 3 3
20 1 303201 1208323 303190 1208337 2363 15 17 25 25
21 1 303215 1208333 303209 1208342 2366 15 12.3 2.85 2.85
22 1 303224 1208344 303223 1208351 2364 15 7.4 1.7 1.7
23 303106 1208295 303100 1208271 2364 15 22.3 5.15 5.15
24 303093 1208289 303086 1208273 2364 15 19.9 4.25 4.25
25 303091 1208296 303072 1208282 2357 15 24.4 51 5.1 5.1
26 303089 1208318 303065 1208314 2357 19 26.4 48 48 4.8
27 303075 1208337 303054 1208324 2364 15 26.3 477 477 4.77
28 303079 1208341 303063 1208349 2359 15 18.7 3.35 3.35
29 303081 1208340 303064 1208379 2362 15 42.2 81 81 8.1
30 303113 1208327 303082 1208337 2362 17 32.3 5.77 5.77 5.77
31 303119 1208341 303080 1208383 2365 15 59 7 7 7
32 303119 1208405 303078 1208354 2362 15 65 7 7 7
33 303129 1208376 303079 1208410 2367 15 60 7 7 7
34 303136 1208378 303082 1208417 2364 15 65 6 6 6
35 303148 1208406 303094 1208431 2365 15 55 45 45 45
36 303138 1208419 303103 1208438 2360 15 39 7 7 7
37 303132 1208441 303100 1208435 2360 15 31.6 7 7 7
38 303125 1208452 303105 1208443 2364 15 26 6 6 6
39 303100 1208478 303090 1208464 2363 20 19 4 4
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41
42
43
44
45
46
47
48
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50
51
52
53
54
55
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57
58
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61
62
63
64
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67
68
69
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74
75
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303079
303068
303056
303052
303056
303070
303082
303080
303071
303047
303029
303029
303025
303027
303022
303014
303009
302997
303130
303133
303143
303142
303145
303137
303150
303142
303128
303130
303137
303140
302997
302998
302997
303003
303006
302973
302966
302967
302961
302960
302937
302928
302921

1208482
1208500
1208499
1208513
1208520
1208534
1208546
1208587
1208589
1208588
1208585
1208585
1208596
1208607
1208637
1208642
1208658
1208683
1208461
1208475
1208506
1208520
1208534
1208553
1208567
1208584
1208593
1208607
1208622
1208636
1208683
1208698
1208712
1208727
1208741
1208680
1208663
1208654
1208660
1208677
1208678
1208660
1208655

303057
303051
303040
303024
303029
303043
303048
303047
303047
303047
303025
303014
303010
303005
302994
302979
302986
302986
303099
303105
303112
303104
303098
303091
303089
303091
303086
303079
303090
303097
302976
302978
302985
302990
302998
302974
302974
302974
302951
302947
302941
302936
302927

1208472
1208479
1208486
1208508
1208534
1208547
1208554
1208555
1208555
1208555
1208556
1208569
1208580
1208602
1208612
1208619
1208649
1208649
1208483
1208498
1208507
1208518
1208532
1208543
1208558
1208567
1208584
1208605
1208644
1208658
1208689
1208702
1208716
1208732
1208743
1208656
1208656
1208647
1208650
1208661
1208667
1208653
1208637
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2369
2373
2369
2372
2372
2372
2369
2367
2368
2367
2368
2370
2374
2376
2368
2370
2372
2370
2368
2370
2370
2372
2369
2370
2370
2374
2371
2374
2374
2374
2370
2369
2374
2370
2371
2371
2372
2375
2376

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

26.4
26
24.9
29.4
31.2
32.5
32.8
44.6
39.3
32.7
27.3
221
22.7
25.6
37.6
44
26.2
38.21

33.4
32.6

40
46.7
55.7
52.7
51.6
45.4
51.4
51.2
43.4
22.3
19.5
14.5
13.9
11.3
23.9

12

12
14.2
23.5
11.2
11.6
19.4

U o OO N U b

7.1
5.9
4.1
6.5
4.37
5.53
9.53
9.67
34
9.7
6.53
5.8
5.87
6.3

6.68
8.57

7.23
6.23

5.15
4.75
3.25
3.25
2.35
3.93

2.1
3.83
2.9
3.3
5.7

U oy O N U1 b

7.1
5.9
4.1
6.5
4.37
5.53
9.53
9.67
3.4
9.7
6.53
5.8
5.87
6.3

6.68
8.57

7.23
6.23

5.15
4.75
3.25
3.25
2.35
3.93

2.1
3.83
2.9
3.3
5.7

(S2 ) Iie))

7.1
5.9
4.1

4.37
5.53
9.53
9.67
3.4
9.7
6.53
5.8
5.87
6.6

6.68

8.57

7.23
6.23

3.93

3.83



83 302921 1208655 302910 1208640 2376 15 19.8 54 54
84 302917 1208663 302895 1208645 2381 15 25.7 2.57 257 2.57
85 302916 12508678 302882 1208664 2380 15 35 9 9 9
86 302919 1208676 302903 1208679 2374 15 174 27 2.7 2.7
87 302920 1208694 302910 1208692 2374 15 8.6 1.8 1.8
88 302908 1208716 302896 1208696 2379 15 24.4 3.1 31 31
89 302882 1208713 302887 1208706 2376 15 7 1.7 1.7
90 302869 1208707 302871 1208699 2375 15 10.5 2.25 2.25
91 302851 1208703 302848 1208698 2376 15 6 1 1
Gully 6
left Right Left

No wl w2 w3 w4 Middle D1 D2 D3 D1 D2
1 3.3 3.3 2.3 1 1.3

2 4.7 4.7 2.7 1.1 14

3 5 5 5 2.3 1.6 0.8 1.6 05
4 5 5 5 2.7 1.9 0.6 1.7 0.8
5 5 5 5 2.6 2.5 1 1.4 09
6 4.5 4.5 2.4 1.3 14

7 4.4 4.5 2.6 1.8 1.9

8 4 4 4 2.4 1.6 1.1 2 1
9 4 4 3.3 1.9 1.7

10 2.8 2.8 2.6 1 1.5

11 5 5 2.7 1.8 1.2 1.6

12 4.5 4.5 2.7 2 1.1 1.5

13 3 3 2.3 13 2.1

14 6 6 6 24 1.7 1.1 1.5 0.9
15 7 7 7 2.3 13 0.9 1.9 0.7
16 4.8 4.8 1.6 0.7 0.9

17 3.9 3.9 2 0.9 1

18 5 5 1.7 1.2 1.3

19 3.7 3.7 1.7 0.8 0.7

20 6 6 1.4 0.9 0.5

21 3.3 3.3 1.1 0.6 0.6

22 2 2 0.5 0.3 0.4

23 6 6 2.5 1.8 14

24 5.7 5.7 1.9 1.6 0.9

25 3 3 3 2.7 1.9 1.6 23 1.9
26 4 4 4 2.6 1.8 1.4 1.7 0.9
27 4 4 4 2.8 2 1.5 2.1 1
28 6 6 2.3 1.9 1.7
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

7.75
9.25

9.25
6.25

3.5
2.67

AN P 1w w

53

7.55
8.93

8.67
6.1
9.57
10.83
6.37

7.75
9.25

9.25
6.25

3.5
2.67
55
4.6

5.45

7.75
9.25

9.25
6.25

3.5
2.67

4.6

3.8
4.4
5.5
59

v Ul O

3.2

AN P 1w w

53

7.55
8.93
9
8.67
6.1
9.57

10.83

6.37

7.75
9.25

9.25
6.25

8.93
9
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2.5

1.7
2.7
2.1
2.3
2.8
2.3
2.2
3.2
2.4
2.2
2.7
2.4
2.2
2.4
2.3
3.2
2.4
2.5
1.8
1.7
1.6

2.1
3.2
3.5
34
3.4
3.3
3.3
3.7
3.4
34
3.5
3.2
3.7
3.6
3.5
3.2
3.7
2.5

1.6
2.3
1.9
2.4
2.7

2.2

1.6
1.7
2.1
2.1
2.2
1.8
2.2
2.6
2.6
2.8
2.6
1.8
1.7
1.6
1.6
1.8
1.9
1.9
2.4

2.8
2.2
2.4

2.6

3.2
2.7
2.8
3.3
2.9
2.2

1.8

1.6
1.8
2.4
2.1
3.2
2.8
2.2
11
1.3
0.9

1.2

2.2
2.3
1.6
1.6
1.7
1.5
11
1.2

0.7
1.2
1.4
1.8

1.4
15
11
0.9
1.4
2.6
2.6

1.2
1.7
2.2
13

1.3
1.7
2.1
2.4
1.7

1.7
1.3

1.6
1.6
1.6
15

2.2
2.5
2.8
2.2
1.7
1.5
1.6

1.9
1.5
1.3
2.3

1.8

1.9
1.7

2.2

2.3
2.6
2.7
2.2
2.8
2.8
3.1
3.2
3.2
3.4
2.9
3.5

3.1
2.7
1.7
1.9

1.3
1.8
1.3
14
1.6
1.8
1.6
1.6
1.7
1.6

0.5

0.9
11

0.8
15
1.2
0.9
0.8

13
1.4
1.2
1.4
11
1.6

1.4
1.2
1.9
2.1

3.2
2.2
1.6
15
2.3
1.8



72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

33

A 00 wW W P

2.5

1.8

33

A 00 W W P

2.5

1.8

14
0.8
3.5
2.7
1.8
1.6
2.5
1.8

2.2
1.7
24
2.4
1.5
1.5
1.7
1.6
1.5
0.3

0.8
0.6
2.2
14
1.2
1.2
2.1
1.2
14
1.5
1.5
1.8
1.8
0.9
13
1.2
0.9
14
0.3

1.3

1.2
1.2

0.6

1.2
0.4
2.7
1.6
1.6
14
1.7
0.9
1.6
2.3
1.2
1
2.3
1.2
11
0.9
0.8

0.2

1.4

1

0.4
1.5

0.7
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