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Abstract: Dam construction is one of the measures that is inevitable in many cases and must be done to supply 
drinking water, agricultural uses and electricity generation. There are many challenges to a successful dam project, and 
the managers of each project must consider the appropriate solutions for them. One of the studies that is done in dam 
design is sedimentation in dam reservoirs. The experimental area-reduction method is a very common technique that 
obtains the sediment distribution in depth and longitudinal profile. This technique shows that sediment accumulation 
is not limited to the bottom reservoirs. Sediment accumulation in a reservoir is usually distributed below the top of the 
protection reservoir or normal water level. In this study, the distribution of sediment in the reservoir of Karun Dam 
after a period of 65 years has been done using the experimental area-reduction method. Elevation–volume and 
elevation–area curves of the dam reservoir are obtained after the useful life of the dam and sediment deposition. The 
results showed that after 65 years, 106.47·106 m3 of sediment is deposited in the reservoir of the dam and the useful 
volume of the reservoir is significantly reduced. Also, up to a height of 36.4 m, the dam reservoir is filled with sediment. 
Therefore, no valve should be placed up to this height.  

Keywords: area-reduction method, dam reservoir, distribution of sediment, elevation–area curve, elevation–volume 
curve 

INTRODUCTION 

It is very important to predict the amount of sediment entering 
the dam reservoir and how it is distributed in the dam reservoir 
during the operation of the reservoir [NOURANI et al. 2019]. 

Sediment effects should be considered in the planning, design, 
operation and maintenance of the dam [BELTAOS, BURRELL 2021; 
VONA et al. 2020]. Sedimentation will have many negative effects 
[SCHLEISS et al. 2016; WANG et al. 2005]. One of the effects of 
sedimentation is increased evaporation. Another effect of 
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sedimentation is rising of the reservoir floor and flooding of 
lands. Sedimentation of dam reservoirs reduces the effect of flood 
control by the reservoir. Accumulation of sediment near the dam 
site may reduce its stability [FOURVEL et al. 2018]. Erosion and 
foaming downstream of the dam may cause the dam foundation 
to fall out and become unstable. 

Sediment distribution studies in dam reservoirs are 
important from three perspectives: (i) to prevent the reduction 
of the main capacity of the dam reservoir during its useful life, 
a volume for sedimentation of sediments is always considered; 
(ii) it is very important to study the distribution of incoming 
sediments to dam reservoirs to determine the threshold level of 
deep valves and the location of sluices; (iii) in dam operation 
studies, an average of sediment accumulation over economic life 
can be used to determine the water available for supply [CIMORELLI 

et al. 2021; DUTTA, SEN 2016]. 
When sediment accumulation is predicted to be more than 

5% of the dam reservoir capacity, we need to allocate space to 
store sediment. A period of 100 years is usually considered to 
predict sediment accumulation. 

The most important methods proposed to calculate the 
sediment distribution in dam reservoirs are: experimental 
methods of area-reduction and area-increment [TORABI et al. 
2015]. The area-reduction method is a mathematical method 
based on observational principles in reservoirs. In this method, 
reservoirs are geometrically divided into four types. For all 
reservoir types, parameters are achieved based on a limited 
number of reservoirs which leads to large scale errors for 
prediction of this method. So suitable parameters can be achieved 
in dams that are in operation and hydrography of reservoir is 
carried out at least once. In other words, the method can be 
calibrated for the reservoir [ISSA et al. 2017]. In this study, while 
comprehensively introducing the area-reduction method, sedi-
ment distribution in the reservoir of Karun Dam has been done. 
Also, the elevation–volume and elevation–area curves of the dam 
reservoir before and after 65 years of sedimentation have been 
compared. 

MATERIALS AND METHODS 

DATA 

Karun Dam is located in the southwest of Iran (31.5995° N, 
50.4725° E). The Karun Dam is a hydroelectric dam on the Karun 
River located in the province of Khuzestan, Iran. The volume of 
the studied reservoir is 428.210·106 m3. The study of sediment 
distribution after a period of 65 years is considered. The annual 
inflow is 1,100·106 m3. The annual amount of sediment that 
enters the reservoir is 2,100∙103 Mg. The reservoir is usually 
operated normally moderate to considerable reservoir drawdown. 
It should be noted that 23% of the sediment is clay, 40% of the 
sediment is silt and 37% of the sediment is sand. 

EXPERIMENTAL METHOD OF AREA-REDUCTION 

In each sediment distribution study, we need three types of 
information, which are: 
– trap efficiency, 
– sediment density, 

– mathematical method for determining the sediment distribu-
tion in a dam reservoir. 

In this study, the area-reduction method has been used. All 
three will be explained in detail below. 

Trap efficiency 

Trap efficiency of a dam is defined as the ratio of sediment 
deposited to the total input sediment flow. BRUNE [1953] proposed 
a set of curves using the capacity–inflow relationship of 
reservoirs. CHURCHILL [1947] presented the relationship between 
the percentage of sediment entering the reservoir and the 
sedimentation index of the reservoir. The Brune method is 
generally applicable to large reservoirs and the Churchill method 
to small reservoirs. 

Sediment density 

LARA and PEMBERTON [1963] used about 1,300 samples to 
determine the mathematical equation that gives the amount of 
changes in sediment density for different types of operation. 
Equation (1) is the equation extracted by these researchers. 

W ¼WcPc þWmPm þWsPs ð1Þ

where: W = density (kg∙m–3), Pc, Pm, and Ps = percentages of clay, 
silt and sand, respectively; Wc, Wm, and Ws = density coefficients 
of clay, silt and sand (kg∙m–3). 

It should be noted that in Equation (1), we need the values 
Wc, Wm, and Ws. These values are determined from “Design of 
small dams” book [USBR 1987]. 

Note that Equation (1) gives the initial sediment density. In 
order to calculate the average density of all sediments deposited in 
T year of operation, Equation (2) should be used. 

WT ¼W1 þ 0:4343K
T

T � 1
logeTð Þ � 1

� �

ð2Þ

where: W1 = the initial density calculated from Equation (1), 
WT = average density after T year of operation, K = a constant 
obtained from Equation (3), Kc, Km, and Ks = constants for clay, 
silt and sand. 

It should be noted that the values of are also obtained from 
“Design of small dams” book [USBR 1987]. 

K ¼ KcPc þKmPm þKsPs ð3Þ

Mathematical method for determining sediment distribution 

When the amount of sediment is below the normal water level, 
the experimental area-reduction method is used to estimate the 
distribution. According to this method, sediment distribution 
depends on: 1) the method according to which the reservoir is 
operated, 2) the texture and dimensions of the sediment particles, 
3) the shape of the reservoir and 4) the volume of sediments 
deposited in the reservoir. However, the third case, the shape of 
the reservoir, has been accepted as the main criterion. The shape 
of the reservoir is determined by the inverse of the slope of the 
depth–capacity diagram. The classification of reservoirs is based 
on the shape of the tank as shown in “Design of small dams” book 
[USBR 1987]. 
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The design curves can be used to predict future sediment 
distribution at depth. In these curves, the type of distribution 
must first be determined. Given the same importance for 
reservoir operation and reservoir shape, the type of distribution 
can be achieved using the rules of USBR [1987]. 

In summary, the steps for determining the sediment 
distribution in the reservoir are as follows: 
1) determining the rate of sediment accumulation, 
2) calculating the level of sediment deposited in the dam, 
3) distribution of a certain volume of sediment. 

It should be noted that the relative sediment area follows 
Equations (4)–(7) for a variety of design curves. In these relations, 
a refers to the relative area of the sediment and p to the relative 
depth of the reservoir measured from the bottom.  

Type I : a ¼ 5:074p1:85 1 � pð Þ
0:35

ð4Þ

Type II : a ¼ 2:487p0:57 1 � pð Þ
0:41

ð5Þ

Type III : a ¼ 16:967p1:15 1 � pð Þ
2:32

ð6Þ

Type IV : a ¼ 1:486p� 0:25 1 � pð Þ
1:34

ð7Þ

RESULTS AND DISCUSSION 

STEP 1 

In order to solve this problem, the trap efficiency of the reservoir 
must first be obtained. Due to the significant reservoir volume, in 
this study the Brune curve is used to calculate trap efficiency. In 
this regard, the ratio of reservoir capacity (Vr) to average annual 
inflow (Qav) should be calculated first: 

Vr

Qav

¼ 0:389

It should be noted that the trap efficiency value was approximated 
95%. This means that 95% of the total input sediment in the 
reservoir, or about 1995 mln kg∙y–1, is deposited. 

STEP 2 

In the second step, in order to calculate the volume of incoming 
sediment, the density of deposited sediments should be obtained 
using Equations (1)–(3). After that, the total volume of sediment 
deposited in the reservoir during 65 years should be calculated. 

STEP 3 

Next, in order to identify the weighted type, the type of reservoir 
shape must be found. Note that the depth–capacity diagram 
on the logarithmic scale is not a line. But if we consider the slope 
of the line that connects the beginning point to the end, we 
can calculate the approximate value of m (inverse of the slope of 
the depth–capacity diagram on a logarithmic scale) m as follows: 

m ¼
log Vr

loghr
¼ 2:7

where: hr = reservoir depth. 
Therefore, according to the value of m, the shape of the 

reservoir is in the category of flood plain-foothill and the type of 

reservoir is II. Now, according to the type of operation, weighted 
type is also of type II. 

STEP 4 

The next step in studying the sediment distribution is to find the 
level at which the sediment distribution begins in the reservoir. 
From the beginning of the reservoir to its new zero level, the 
reservoir is completely filled with sediment. From the new zero 
level onwards, sediment distribution begins. For this purpose, we 
must first use Equation (8) and find the values of F (dimension-
less function) for 65 years at different levels. 

F ¼
S � Vh

HAh

ð8Þ

where: S = the total volume of sediment deposited in the 
reservoir, Vh and Ah = the capacity and area of the reservoir at the 
level of h, respectively, H = the total depth of sediment. 

Then obtain the intersection of the F-relative depth curve, 
and the type II curve. The relative depth of the collision of these 
two curves will give the value P0. Multiplying P0 in the depth of 
the reservoir and adding it to the lowest reservoir level, a level will 
be obtained from which the sediment will start to distribute. 

According to Figure 1, the value of P0 was calculated to be 
0.383. Therefore, considering that the floor level of the reservoir 
and the depth of the reservoir are equal to 1240 m and 95 m, 
respectively, the level from which the sediment is distributed is 
approximately 1276.4·(0.383·95 + 1240) m. 

STEP 5 

In the next step, Equations (9) and (10) can be used to predict the 
volume distribution and future sediment level at depth. 

Sy;T ¼

Z
y0

0
Aydyþ

Z
y

y0

Jaydy ð9Þ

Ay;T ¼ Jay ð10Þ

where: y0 = the reservoir depth from floor level to zero level 
(which according to step 4 is 36.4 m), Ay = reservoir area at depth 
y of reservoir and at the present time, ay = the relative area of 
reservoir sediments at depth y and at the present time (calculated 

Fig. 1. Curves to determine the depth of sediments in the dam reservoir 
after 65 years; source: own study 
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from Eq. (5)), Sy = the cumulative volume of sediment at depth y 
at present time, J = constant coefficient calculated from Equation 
(11), Sy,T and Ay,T = the reservoir volume and area at depth p after 
T years, respectively. 

By placing Equation (5) in Equation (9), Equation (12) is 
achievable for calculating sediment at depths greater than p0. 
Note that the integral of Equation (12) can only be calculated by 
numerical methods: 

J ¼
A0

a0

ð11Þ

S ¼ 19:45þ 1:35 � 2:487

Z
p

20

p

95

� �0:57

1 �
p

95

� �0:41

ð12Þ

It should be noted that we will always expect the amount of 
sediment obtained from Equation (9) at the normal level of the 
reservoir to be equal to the amount of sediment calculated in the 
second step. If the error value in this case is more than 1%, the 
value of J must be corrected with Equation (13) and the 
calculations performed again. 

Jmodified ¼ J
S

S1

ð13Þ

where: S = the actual volume of sediment (is equivalent to 
107.47·106 m3), S1 = the total volume of sediment calculated in 
the previously. 

Figure 2 shows a comparison between the elevation–volume 
and elevation–area curves of the reservoir at the present time and 
after 65 years. It should be noted that after the second iteration, 
convergence took place. As you can see in Figure 1, over 65 years, 
the area and volume of the reservoir in the depth of the reservoir 
is decreasing. This decrease is greater at lower reservoir elevations 
than at higher elevations. 

CONCLUSIONS 

In this study, the sediment distribution of Karun Dam after 65 
years has been done using the area reduction method. Five 
general steps have been taken to distribute sediment at different 

elevations of the dam. In the first step, the trap efficiency of the 
dam reservoir was obtained. This quantity indicates how much of 
the sediment mass entering the reservoir is deposited in the 
reservoir. In the second step, the density of sediments deposited 
on the bottom of the reservoir was calculated. By calculating the 
density, the amount of sediment volume was obtained. In the 
third step, based on the shape of the reservoir and the type of 
operation, the weighted type was determined. In the fourth step, 
a new zero elevation of the dam reservoir was obtained. Because 
from the old zero elevation to the new zero elevation, the 
reservoir is full of sediment. In the last step (fifth step), the 
reservoir sediment was distributed from the new zero elevation to 
the normal level. After performing five general steps, the 
elevation–area and elevation–volume curves of the reservoir were 
obtained after 65 years. The results showed that at the end of 65 
years, the amount of 107.47∙106 m3 of sediment is deposited in the 
reservoir of the dam. 

REFERENCES 

BELTAOS S., BURRELL B.C. 2021. Effects of river-ice breakup on sediment 
transport and implications to stream environments: A review. 
Water. Vol. 13(18), 2541. DOI 10.3390/w13182541. 

BRUNE G.M. 1953. Trap efficiency of reservoirs. Eos, Transactions 
American Geophysical Union. Vol. 34(3) p. 407–418. DOI 
10.1029/TR034i003p00407. 

CHURCHILL M.A. 1947. Discussion of analysis and use of reservoir 
sedimentation data [online]. In: Proceedings of the Federal 
Interagency Sedimentation Conference. 6–8.05.1947 Denver. 
Washington, DC. Bureau of Reclamation, US Department of 
the Interior p. 139–140. [Access 10.09.2021]. Available at: https:// 
www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/Referen-
cesPapers.aspx?ReferenceID=1449222 

CIMORELLI L., COVELLI C., DE VINCENZO A., PIANES D., MOLINO B. 2021. 
Sedimentation in reservoirs: Evaluation of return periods related 
to operational failures of water supply reservoirs with Monte 
Carlo simulation. Journal of Water Resources Planning and 
Management. Vol. 147(1), 04020096. DOI 10.1061/(ASCE) 
WR.1943-5452.0001307. 

DUTTA S., SEN D. 2016. Sediment distribution and its impacts on 
Hirakud Reservoir (India) storage capacity. Lakes & Reservoirs: 
Research & Management. Vol. 21(3) p. 245–263. DOI 10.1111/lre 
.12144. 

FOURVEL G., VIDAL-BEAUDET L., LE BOCQ A., BROCHIER V., THÉRY F., 
LANDRY D., ..., CANNAVO P. 2018. Early structural stability of fine 
dam sediment in soil construction. Journal of Soils and 
Sediments. Vol. 18(7) p. 2647–2663. DOI 10.1007/s11368-018- 
1926-2. 

ISSA I.E., AL-ANSARI N., SHERWANY G., KNUTSSON S. 2017. Evaluation and 
modification of some empirical and semi-empirical approaches 
for prediction of area-storage capacity curves in reservoirs of 
dams. International Journal of Sediment Research. Vol. 32(1) 
p. 127–135. DOI 10.1016/j.ijsrc.2015.12.001. 

LARA J.M., PEMBERTON E.L. 1963. Initial unit weight of deposited 
sediments. In: Proceedings of the Federal Interagency Sedimen-
tation Conference. Miscellaneous Publication. No. 970. Wash-
ington, D.C. U.S. Department of Agriculture p. 818–845. 

NOURANI V., MOLAJOU A., TAJBAKHSH A.D., NAJAFI H. 2019. A wavelet 
based data mining technique for suspended sediment load 
modeling. Water Resources Management. Vol. 33(5) p. 1769– 
1784. DOI 10.1007/s11269-019-02216-9. 

Fig. 2. Elevation–volume and elevation–area curve of the reservoir in the 
present time and after 65 years; source: own study 

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/) 

Rakhmat Yusuf et al. 119 

https://doi.org/10.3390/w13182541
https://doi.org/10.1029/TR034i003p00407
https://doi.org/10.1029/TR034i003p00407
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1449222
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1449222
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1449222
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001307
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001307
https://doi.org/10.1111/lre.12144
https://doi.org/10.1111/lre.12144
https://doi.org/10.1007/s11368-018-1926-2
https://doi.org/10.1007/s11368-018-1926-2
https://doi.org/10.1016/j.ijsrc.2015.12.001
https://doi.org/10.1007/s11269-019-02216-9


SCHLEISS A.J., FRANCA M.J., JUEZ C., DE CESARE G. 2016. Reservoir 
sedimentation. Journal of Hydraulic Research. Vol. 54(6) p. 595– 
614. DOI 10.1080/00221686.2016.1225320. 

TORABI S., YONESI H.A., SHAHINEJAD B. 2015. Calibration the area- 
reduction method in sediment distribution of Ekbatan reservoir 
dam using genetic algorithms. Modeling Earth Systems and 
Environment. Vol. 1(3), 21. DOI 10.1007/s40808-015-0023-4. 

USBR 1987. Design of small dams [online]. 3rd ed. Washington, DC. 
US Department of the Interior, Bureau of Reclamation pp. 904. 

[Access 10.09.2021]. Available at: https://www.luk.staff.ugm.ac. 
id/USBR/SmallDams.pdf 

VONA I., GRAY M.W., NARDIN W. 2020. The impact of submerged 
breakwaters on sediment distribution along marsh boundaries. 
Water. Vol. 12(4), 1016. DOI 10.3390/w12041016. 

WANG G., WU B., WANG Z.Y. 2005. Sedimentation problems and 
management strategies of Sanmenxia Reservoir, Yellow River, 
China. Water Resources Research. Vol. 41(9). DOI 10.1029/ 
2004WR003919. 

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/) 

120 Study of dam sediment distribution using experimental area-reduction method... 

https://doi.org/10.1080/00221686.2016.1225320
https://doi.org/10.1007/s40808-015-0023-4
https://www.luk.staff.ugm.ac.id/USBR/SmallDams.pdf
https://www.luk.staff.ugm.ac.id/USBR/SmallDams.pdf
https://doi.org/10.3390/w12041016
https://doi.org/10.1029/2004WR003919
https://doi.org/10.1029/2004WR003919

	INTRODUCTION
	MATERIALS AND METHODS
	DATA
	EXPERIMENTAL METHOD OF AREA-REDUCTION
	Trap efficiency
	Sediment density
	Mathematical method for determining sediment distribution


	RESULTS AND DISCUSSION
	STEP 1
	STEP 2
	STEP 3
	STEP 4
	STEP 5

	CONCLUSIONS
	REFERENCES

