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Erosion Analysis In Efforts To Sustain The Age Of 
Use Of The Kedungombo Reservoir 

 
Heryuni Angga Mukti 

 
Abstract: Kedungombo Reservoir is a multipurpose reservoir located on the border of three Regencies, namely Sragen, Boyolali and Grobogan 
Regencies. Built at the confluence of the Uter River and the Serang River. And is one of the largest reservoirs in Central Java Province which is 
managed by BBWS Pemali Juwana. The Kedungombo reservoir was built in 1989 and is planned to be an effective age of 100 years, until 2089 (the 
latest data as a reference). The geographical location of the Kedungombo Dam is at coordinates 7o 15 '33 "LS and 110o 50" 18 "East. Based on the 
report of the Pemali Sungai Pemali Balai Besar, the Kedungombo Reservoir has a function as a water provider for irrigation needs covering an area of 
64,365 hectares and raw water of 1,700 liters / second, a power producer (PLTA) with a power of 23.90 mega watts (AMT 2015), aquaculture fisheries, 
tourism objects and regulating water discharge to prevent flooding. Until now, the Kedungombo Reservoir has been operating for 30 years. This study 
was conducted to determine the amount of erosion, sediment and the remaining useful life of the reservoir. In this study, erosion calculations are carried 
out using the Universal Soil Loss Equation (USLE) method, the distribution of sediments is based on the results of the calculation of the amount of 
erosion and the empirical method of adding area (Area Increment Method). 
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1 INTRODUCTION 
Indonesia has a very large potential of water resources 
reaching 3.9 trillion m3 / year and the potential for hydropower 
is 75,000 MW. However, this potential has not been maximally 
utilized because only around 691.3 billion m3 / year has been 
well managed, while the rest has not been utilized. From the 
potential of water resources for electricity that is 75,000 
megawatts (MW) which can only be utilized by ± 6%. Likewise, 
the potential for water power for micro hydro energy is ± 500 
MW. As for the availability of irrigation water, raw water for 
households, cities and industries can only be utilized around 
25%. KNIBB, 2017 [1]: To maximize the potential of water 
resources, the construction of dams in Indonesia is needed so 
that water can be utilized maximally for agriculture, drinking 
water, and energy generation, especially electricity. Utilization 
of water resources can be done technically, for example by 
making reservoirs - water reservoirs such as weirs, dams, 
dams, etc., as well as non-technical systems such as making 
laws, legal reinforcement, socialization, etc. Dams are 
buildings in the form of soil, rock, concrete, and / or stone 
pairs that are built in addition to holding and storing water, can 
also be built to hold and accommodate mine waste (tailings), 
or hold mud to form reservoirs. Dams have very many and 
vital functions, such as to meet raw water needs, flood control, 
irrigation, conservation, power generation, tourism, and sports. 
While the reservoir is an artificial water container formed as a 
result of the dam being built (Minister of Public Works and 
Public Housing Regulation Number 27 / PRT / M / 2015 About 
the Dam) [2] Reservoir planning certainly must take into 
account various things, especially sedimentation. The age of 
reservoirs associated with dams is determined by how long 
the dead reservoir volume will be filled by sedimentary 
material. Uncontrolled sedimentation of reservoirs will cause 
reservoir service life to no longer match the planning life. 
Reservoirs in Indonesia can hardly be separated from the 
problem of sedimentation. The problem of sedimentation is an 
important agenda that always disrupts reservoir operations 
including affecting the life of reservoir functions. High land 
erosion in the upstream reservoir area is the main source of 
the high reservoir sedimentation. Changes in land use or land 
use that do not pay attention to the rules of conservation, 
triggering erosion and sedimentation.Suripin,2002 [3] : In 
general, it can be said that erosion and sedimentation are the 

processes of removing soil grains from the parent in one place 
and transporting the material by water or wind movement then 
followed by the deposition of material transported in another 
place. Agricultural areas are the most vulnerable to erosion. 
Increased land erosion in Java, due to several things 
including: 

• The occurrence of forest destruction (deforestation) or 

land use change that causes run-off to flow faster and 

has the potential to cause erosion and greater 

sedimentation results. 

• The intensity of rainfall in Java Island is high which 

causes the process of destruction and transportation 

of soil aggregates more quickly, the nature of soil 

aggregates that are easily released, so easily 

transported by runoff, 

 Many areas in Java have a steep slope topography. 

This process of erosion and sedimentation only received 

serious attention by humans in the 1940s, at the time of the 

disaster which caused huge losses, both in the form of 

declining soil productivity and damage to waterworks, and high 

sedimentation in reservoirs. The impact of sedimentation is a 

global problem because it causes a decrease in reservoir 

storage capacity. This is due to the process of eroded 

sediment material in the land reaching the reservoir and 

settling in the reservoir, so that the reservoir dead reservoirs 

are filled with sediment material sediment. Uncontrolled 

sedimentation of reservoirs will cause reservoir service life to 

no longer match the planning life. 
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Pic 1. The Kedungombo Reservoir 

2  METHODOLOGY 

Suripin, 2002 [4] erosion is a natural process that cannot or is 

difficult to eliminate altogether or the level of erosion is zero, 

especially for agricultural areas. The action that can be taken 

is to make the erosion that occurs below the maximum 

threshold (soil loss tolerance), ie the amount of erosion does 

not exceed the rate of soil formation. The occurrence of 

erosion is determined by climate factors (rainfall intensity, 

topography, soil characteristics, vegetation, ground cover, and 

land use). A further consequence of erosion is sedimentation. 

High sedimentation and carried into the reservoir and settling 

into the dead reservoir causes a decrease in the useful life of 

a reservoir. Based on the topography, the Kedungombo 

Reservoir is a bumpy area with a flat to sloping slope. 

Kedungombo Reservoir from the bottom to the dam dam is 

between +60 to +96 meters above sea level. Based on the 

BPDAS Pemali Jeratun report, the types of soil that dominate 

in the Serang watershed area are Latosol and Regosol. 

Rough-textured regosol has very high erodibility and the ability 

to retain water is very low. Diversity of tree crops and 

agroforestry are the most suitable types of land use. But on 

slopes and lands with abundant water supplies, regosol soils 

are widely cultivated for lowland rice. Whereas Latosol soil 

types generally come from middle volcanic with moderate 

weathering, where the level of fertility is moderate. The smooth 

texture is evenly distributed and there is an increase in the 

mud content according to its depth with consistency of crumbs 

and a slightly red to brown color. Latosol is a type of soil that 

has several types of colors (red, reddish brown, yellowish 

brown and yellow). This soil type is a type of soil that is 

somewhat sensitive to erosion. Types of soil that are sensitive 

to erosion and land use that does not pay attention to the 

principle of soil conservation, especially on steep slopes will 

trigger erosion. Based on the above problems, a special study 

is needed to find out how much the value of erosion and 

sedimentation that occurred in Kedungombo reservoir. The 

specific issues reviewed in this study are: 

1. Amount of erosion and sedimentation. 

2. The remaining effective age of the Kedungombo reservoir 

after 26 years of operation. 

3. Conservation efforts that can be made to maintain the 

useful life of the Kedungombo Reservoir 

 

The data used in this study are as follows: 

1. Daily Rainfall 

2. Topography 

3. Soil Type 

4. Land Use 

5. Echosounding Measurement 

 

2.1 EROSION 

The parametric model for predicting erosion and a plot of land 

known as the Universal Soil Loss Equation (USLE) was 

developed by (Wishmeier and Smith, 1978) [5]. USLE is an 

erosion model designed to predict the average long-term 

erosion of sheet erations, including gully erosion in certain 

circumstances. This empirical equation is influenced by rainfall 

and surface runoff (R), soil type / soil erodibility (K), slope 

length (L), slope steepness (S), and vegetation cover and 

plant management (C) , and factors for specific soil 

conservation (P) actions. With these factors, the amount of 

erosion can be determined by the following equation: 

A = R *K*LS*C*P   

Where : 

A = Annual Land Erosion 

R = Rain Erosion Factor 

K = Land Erodibility 

LS = length and slope factor slope 

C = Factors of Crop Management 

P = Soil Conservation Factor 

Data needed for erosion calculation in the Kedungombo 

Reservoir includes: 

1. Topographic map 

2. Land use map 

3. Map of slope 

4. Map of soil type 

5. Rainfall data for 2012 & 2015 

6. Reports of previous related studies 

a. Erosion Factor (R) 

Wischmeier, 1959 [6]: Rain erosivity factor is defined as the 

number of rain erosion index units in a year. The value of R 

which is rain damage, can be determined by the equation: 

       

   

      ……………..  (1) 

Where : 
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R = Rain erosivity factor (Kj / ha / year) 

N = Number of rain in a year 

EI30 = Interaction of energy with max intensity 

Suripin, 2000 [6] to determine the magnitude of rain erosivity 

based on research in Java and Madura obtained the following 

equation: 

EI30  =   6,119 x Pb
1,211 

x N
-0,747

 x Pmax
0,526  

 ………….. (2) 

Where: 

EI30  = monthly rainfall erosion index (Kj / ha) 

Pb  = monthly rainfall (cm) 

N  = number of rainy days per month 

Pmax = the amount of rain max daily (24 hours) 

 

a. Erodibility Factor (K) 

Easily or not eroded soil is called soil erodibility which is stated 

in the soil erodibility index, K. The amount of soil erodibility 

factor depends on the type of soil in the location concerned. 

Soil erodibility index, illustrates the ease of soil mass to erode, 

and its value varies from 0.0 to 0.99. So the higher the value of 

the erodibility index, it means that the soil is more easily 

eroded. 

b. Slope Length and Slope (LS) Factor 
 

The slope and length of the slope can be determined through 
a topographic map. The length of the slope (L) and the steep 
slope (S) affect the amount of soil lost due to erosion. The LS 
factor, is a combination of the slope length factor (L) and the 
slope (S), which is the ratio of the amount of erosion from a 
slope to a certain length and slope to the amount of erosion 
from a land plot with a length of 22.13 m and a slope of 9%. 
 
c. Land Cover Factor (C) 

 
The value of factor C is influenced by many parameters that can 
be grouped into two groups, namely natural parameters and 
parameters that are influenced by the management system. 
Natural parameters, for example, are climate and plant growth 
phases, while management parameters depend on the 
management system applied (eg contouring of soils, or planting in 
stripping or terraces). 
 
e. Practical conservation factors (P) 
 

The P factor is defined as the ratio between the amount of erosion 
from the soil with a certain conservation action (on a standard 
plot) to the amount of erosion from the soil treated in the direction 
of the slope. A base value of P = 1 is given for land without 
conservation measures. 
 
f. Erosion Danger Level 

 
The total soil lost in an erosion process estimated by the USLE 
method, will determine the erosion hazard level of a watershed. 
The level of erosion hazard can be classified as very mild to very 

severe.Tabel 1 
 
 

Table 1 
Classification of the level of erosion hazard 

Kelas 

Bahaya Erosi 
Tanah hilang, A, dalam 

[ton/ha/tahun] 
Keterangan 

I < 15 Sangat ringan 

II 15 – 60 Ringan 

III 60 – 180 Sedang 

IV 180 – 480 Berat 

V > 480 Sangat Berat 

 

2.2 SEDIMENTASI 

Sedimentation is the accumulation of sediment materials in a 

location due to erosion both surface erosion and cliff erosion 

that occurs in the catchment area so that it is carried by the 

flow to reach the location. One of the causes of the high level 

of sedimentation is the large land exploitation carried out 

around the catchment area by ignoring aspects of land 

conservation. Suripin, 2000 [7], several factors causing 

sedimentation include rainfall conditions, geological conditions, 

land cover conditions, land use conditions, topographic 

conditions and conditions of natural forgery networks. 

2.2.1 Sediment Delivery Ratio  

Sediment Delivery Ratio (SDR) is the ratio between sediment 

entering a reservoir with the erosivity of the reservoir 

watershed. If the factors that determine the value of energy in 

this case rain, surface runoff, wind, and slopes in this case are 

all high, while soil resilience in this case is erodibility and poor 

soil management, then an erosion process occurs. Estimation 

of sediment transported due to erosion using the USDA SCS 

formula 1979, [8]: 
 

SDR = 0,51 × A
-0,11

 ...................... (3) 

Where: 

SDR   = Sediment Delivery Ratio 

A  = watershed area (miles) 

 

2.2.2 Sediment Yield 

Sediment yield is the amount of sediment originating from 

erosion that occurs in the catchment measured at certain time 

periods and places. Sediment yield depends on the amount of 

total erosion in the watershed and depends on the transport of 

eroded soil particles out of the watershed catchment area. 

Calculation of SY (Sediment Yield) value in this analysis uses 

the equation: 

 
SY = SDR x Ea rerata    …………….. (4) 

Where: 

SDR   = Sediment Delivery Ratio 

Ea mean = Magnitude of average erosion 
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2.2.3 Trap Efficiency 

Trap efficiency is strongly influenced mainly by the size and 

shape of the sediment particles, in addition to being influenced 

by the amount of flow that enters the reservoir. The method 

commonly used to estimate the Trap efficiency of a reservoir is 

the method proposed by Brune, 1953 [9]. To calculate the 

value of trap efficiency using equation 5. 

 ……….. (5) 

Where: 

C = reservoir storage capacity (m3) 

Te = Trap efficiency (in%) 

I = Annual average inflow (m3) 

 

Figure 2 is a Brune curve that can be expressed in Equation 5 

to estimate the value of trap efficiency. 

 

 
 

Gambar 2 Trap Efficiency Curve 

 

2.2.4 Analysis of Sedimentation Rate 

Sedimentation rates in reservoirs can be calculated by 

surveying the reservoir or by surveying sediment in the river 

flow. Both of these methods have the potential for error 

factors, but in general surveys and measurements in 

reservoirs can display more reliable data to determine the 

sedimentation rate, especially over a long period of time 

Morris, 1998 [10]. For the analysis of the magnitude of 

sedimentation rates in the Kedungombo reservoir the following 

formula is used: 

 

............ (6) 

Where :  

Sr = Sediment yield 

Vs = Trap efficiency 

 

 

2.2.5 Sediment Distribution 

The distribution of deposits that occur in reservoirs can be 

predicted with an empirical approach. The method is The 

Empirical Area Reduction Method developed by Borland-Miller, 

1973 [11] to calculate the distribution of sediments. The 

distribution of sediment deposits in reservoirs is influenced by: 

1. Operation of the reservoir. 

2. Texture or size of sediment particles. 

3. Form of reservoir. 

4. Sediment volume. 

To determine the new base elevation can be determined 

through the relationship graph between the relative depth (p) 

and the value of F. The relative depth (p) is defined as the ratio 

between the depth at a certain elevation with the total depth of 

the reservoir, and the value of F is determined through 

equation 7 

 …… (7) 

Where :  

S = Total sediment volume deposited 

H = Initial reservoir depth 

Ah = total area of reservoir at elevation H 

Vh = reservoir volume at elevation h 

And to find relative depth (p) use equation 8:      

 ……. (8) 

Furthermore, ploting the values of F and p (Figure 3) to get the 

value (po) based on the intersection point on the Strand & 

Pemberton reservoir curve type, 1987 [12]. The type of 

reservoir does not change as sediment deposits increase, if 

the reservoir operating system is fixed. Therefore the plot of 

the reservoir depth capacity is based on the initial reservoir 

inundation, not on the inundation after sediment deposition. 

Some comparative relationships between relative sediment 

area (a) by using the relative depth of the reservoir measured 

from the bottom (p) for each reservoir type can be seen in 

Figure 4 and Table 1. 
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Fig. 3 Reservoir Curve Type (Strand & Pemberton, 

1987 
 

 
Fig. 4 Reservoir Wide Design Curve (Strand & Pemberton, 

1987 
 

TABLE 2 The equation of relationship between values a and p 
 

Reserve Type Equation 

1 5,074 p1,85 (1 – p)0,36 

2 2,487 p0,57 (1 – p)0,41 

3 16,967 p1,15 (1 – p)2,32 

4 1,486 p0,25 (1 – p)1,34 

 

 

f. Analysis of reservoir service life 

In determining the service life (useful life) of a reservoir, there 

are 2 (two) approaches that are often used, namely: 

(1).  Based on dead storage capacity 

(2). Based on the size of the distribution of sediments that 

settle in the reservoir by using The Empirical Area Reduction 

method. 

The reservoir service life does not only depend on dead 

storage capacity, but is also influenced by sediment 

distribution. Although the dead storage capacity is still 

sufficient, but the intake hole has been closed by sediment 

distribution, the reservoir cannot operate properly. Analysis of 

service life (useful life) of reservoirs based on dead storage 

capacity is done by calculating the time needed by the 

sediment to fill the available dead storage capacity. By 

knowing the amount of dead storage capacity and the amount 

(velocity) of sediment that settles (based on measurement 

results), it will be known the time needed for the sediment to 

fill / close at the dead storage area. 

 

3 RESULT AND DISCUSSION 

3.1 Calculation of Land Erosion using the USLE method 

Pb, Pmax, N, and R values were calculated at the Butak Rain 

Station, Dadapayam Rain Station, Klego Rain Station, and 

Karanggede Rain Station in 2012 and 2015. The results of the 

2012 rain calculation can be seen in Tables 3 through Table 6, 

while the calculations rain in 2015 in tables 7 to table 10. Map 

of the location of the rain station in the catchment area of the 

Kedungombo Reservoir is presented in Figure 2. 
 

TABEL 3 Calculation of Rainfall Station Erosivity in Year 2012 

Butak Station  
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TABEL 4 Calculation of Rainfall Station Erosivity in Year 2012 

Dadapayam Station  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 5 Calculation of Rainfall Station Erosivity in Year 2012 

Klego Station  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TABLE 6  Calculation of Rainfall Station Erosivity in Year 2012 

Karanggede Station  

 

 
 
 

TABLE 7 Calculation of Rainfall Station Erosivity in Year 2015 

Butak Station  

 

TABLE 8  Calculation of Rainfall Station Erosivity in Year 2015 

Dadapayam Station 

TABLE 9 Calculation of Rainfall Station Erosivity in Year 2015 

Klego Station  
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TABEL 10 Calculation of Rainfall Station Erosivity in Year 

2015 Karanggede Station 

 
 

 
Fig 5. Map of Kedungombo Reservoir rain station location 

 

 
Fig 6. Map of soil types in the Kedungombo Reservoir 

Catchment Area 

 
Fig 7. Slope Map 

 

 
Fig 8. Map of Land Use in the Kedungombo Reservoir Area in 

2012 
 

 
Fig 9.  Map of Land Use in the Kedungombo Reservoir Area in 

2015 
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Land Erosion Occurred 
From the results of mapping the level of erosion danger using 
the Universal Soil Loss Equation (USLE) and ArcGIS software, 
the results show a map of the amount of erosion in the 
catchment area of the Kedungombo Reservoir in Figure 10 
and a map of the erosion amount in 2015 in Figure 11. The 
results of the calculation of the amount of erosion rate in 2012 
can be seen in table 11 and the results of the calculation of the 
rate of erosion in 2015 in table 12. On the map the amount of 
erosion can be seen from the level of erosion ranging from 
very mild, mild, moderate, severe and very heavy. 

 

 
Fig10. Map of Kedungombo Reservoir Erosion 2012 

 

 
Fig 11. Map of Kedungombo Reservoir Erosion 2015 

 
TABLE 11 Results of the 2012 Erosion Rate Calculation using 

the USLE Method 

 
 

TABEL 12 Results of the 2012 Erosion Rate Calculation using 
the USLE Method 

 
 
From the calculation using the USLE method, the erosion 
value in the Kedungombo Reservoir in 2012 amounted to 
201.00 tons / ha / yr or for 7,108,451 m3 / year. And in 2015 
amounted to = 255.84 tons / ha / year or amounted to 
9,048,602 m3 / year. 
 
3.2 Erosion Danger Level 
Criteria for the level of erosion hazard calculated by USLE 
2012 in Table 13 and the level of erosion hazard in 2015 in 
Table 14: 

 
Table 13 Extensive Hazard Level of Erosion on Kedungombo 

Reservoir Catchment Area in 2012 

 

Erosion 
Danger 
Class 

Soil Loss A, 
in 

ton/year 

Erotion 
Rate 

Land Erosion 
Rate (ha) 

Percentag
e (%) 

I < 15 Very light 28.653,73 49.11 

II 15 – 60 Light 12.961,97 22.21 

III 60 – 180 Medium 2.162,40 3.71 

IV 180 – 480 Weight 10.246,66 17.56 

V > 480 
Very 

heavy 
4.326,93 7.42 

 
Tabel 14 Extensive Hazard Level of Erosion on Kedungombo 

Reservoir Catchment Area in 2015 

 
Erosion 
Danger 
Class 

Soil Loss A, 
in 

ton/year 

Erotion 
Rate 

Land Erosion 
Rate (ha) 

Percenta
ge (%) 

I < 15 Very light 23.957,20 41.06 

II 15 – 60 Light 9.993,81 17.13 

III 60 – 180 Medium 6.470,97 11.09 

IV 180 – 480 Weight 12.378,07 21.21 

V > 480 
Very 

heavy 
5.551,57 9.51 
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3.3 Trap Efficiency 

The results of the trap efficiency analysis are presented in 
table 15. 

 
Table 15 Calculation of Trap Efficiency in 2012 – 2015 

 

Uraian  

Kapasitas Tampungan (m3) 684.740.000 

Inflow rerata Tahun 2012 – 2015 730.626 

C/I 937.195 

Trap Efficiency (%) 99.98 

 
From table 15 we get the efficiency trap results: 99.98% 
 
3.4 Sediment Delivery Ratio (SDR) 
The method used to determine the SDR value in this analysis, 
is the USDA SCS formula (1979). By using the USDA SCS 
formula the results of Sediment Delivery Ratio (SDR) of: 17%. 
 
3.5 Sediment Yield 
By using the equation: SY = SDR x Ea, the average value of 
Sediment Yield is 1,373,350 m3 / year. 
 
3.6 Sedimentation Rate Analysis 
For the analysis of the magnitude of the sedimentation rate in 
the Kedungombo Reservoir the amount of sedimentation rate 
is 1,373,075 million m3 / year. 
 
3.7 Sediment Distribution 

 
Curve type based on reservoir shape: 

Reservoir Shape Curve Type m 

Lake I 3,5 – 4,5 

Plains - foothills II 2,5 – 3,5 

Hill - Mountains III 1,5 – 2,5 

The mountains IV 1,0 – 1,5 

 
Curve type based on reservoir operation system: 

Reservoir 
Operation 

Operational 
level 

Classification Type 
Curve 
Type 

Sediment 
submerged 
in reservoir 

I 

Lake 
Lake – Foot of 

hill 
Hill 

Mountains 

 
l 
II 
III 

I 
I or II 

II 

 
 
 
 
 

Results of calculation of sediment distribution 
 

 
 

Curved graph of reservoir capacity from the results of 
calculation of sediment distribution in 1989, 2012, 2015, 2025, 
2035, 2045, 2055 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.8 Analysis of reservoir service life 
From the erosion and sedimentation calculations, the 
remaining service life of the Kedungombo Reservoir is 
obtained:  
 

 

 

Lt  = 45,31 

 
 

 
Based on the calculation of the Kedungombo Reservoir with a 
plan age of 100 years, there are only 45 years left. The 
remaining service life of this reservoir can also be seen on the 
sediment distribution graph, which is in the elv. 65 dead 
storage has been used up in 2055 or 40 years from 2015 - 
2055. 
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4. CONCLUSIONS & SUGGESTIONS : 
Based on the analysis and discussion that has been done, the 
conclusions obtained are as follows: 
1. From the calculation of sediment distribution, a graph 

showing the dead storage capacity has been full in 2055 or 
around 40 years from 2015 and around 66 years of 
operation. 

2. The amount of sedimentation rate in the Kedungombo 
Reservoir is 1,373,075 million m3 / year. 

3. The use of land use with mixed dry land agriculture type 
dominates in the first place as an influence in the addition 
of sediment in the reservoir. 

4. Difference in results The analysis of reservoir service life by 
using equations / formulas with sedimentation calculation 
graphs shows results that are not much different. 

 
SUGGESTION 
On dry land, conservation measures are aimed more at efforts 
to reduce erosion and nutrient loss. Some ways that can be 
done as a conservation measure, including: 
a. Mechanical ways of tillage, contouring, processing of 

mounds, terras and embankments), 
b. Vegetative methods (planting plants that can cover the 

soil continuously, crop rotation patterns, planting strips / 
alley cropping, agroforestry planting systems and 
utilization of plant remains as mulch and organic 
material), and 

c. Agrochemical Utilization. 
 

REFERENCES 
[1] KNIBB, Information and communication media No. 62 , 

2017. (Bulletin) 
[2] Permen PUPR Nomor 27/PRT/M/Tentang Bendungan , 

2015. (Minister of Public Works regulations) 
[3] Suripin, Pelestarian Sumber Daya Tanah dan Air, page 

119 Yogyakarta 2002. (Book style) 
[4] Suripin, Pelestarian Sumber Daya Tanah dan Air, page 

119 Yogyakarta 2002. (Book style) 
[5] Wischmeier, W. H., and Smith, D.D, Predicting rainfall 

erosion losses a guide to conservation planning. U.S. 
Department of Agriculture, Agriculture, 1978. 

[6] Wischmeier, W.H., A Rainfall Erosion Index for a Universal 
Soil-Loss Equation, 1959 

[7] Suripin, Pelestarian Sumber Daya Tanah dan Air, page 
119 Yogyakarta 2002. (Book style) 

[8] USDA SCS: A Study of Sediment Delivery Ratio Using 
Avswat-X, 1979 

[9] Brune, G. M. Trap Efficiency of Reservoirs. Proceedings of 
the American Society of Civil Enggineers, edited by J. 
Witzig, 69, pp. 1493-1500, 1953. 

[10] Morris, G. L., and Fan, J., Reservoir Sedimentation 
Handbook. New York: McGraw Hill, 1998. 

[11] Borland W.M. and Miller C.R, Sediment transport : 
new approach and analysis, 1973. 

[12] Strand and Pemberton, Reservoir Sedimentation In 
Design of Small Dams. 1987. 


