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Abstract: Sedimentation in rivers increases bed levels and reduces flow capacity. The Sistan River
with a low slope, is prone to sediment deposition. The Zahak diversion dam, as the first control structure
on the Sistan River, is located downstream of the Hirmand River fork. In the present study, the HEC-
RAS model was used to reduce sedimentation in the Sistan River. In this study, flow simulation was
performed using data from the 2018-2019 water year in a quasi-unsteady manner. In this study, in order
to reduce sedimentation in the Sistan River, modeling was performed with two scenarios of existing
operation and gate opening with the operation instructions. Based on the research results, in the existing
scenario, at the end of the water year, bed levels increased by an average of 0.58 meters and 889,456
cubic meters were added to the bed sediments in the upstream section of the Zahak Dam, while in the
scenario of opening the gates, bed levels decreased by an average of 0.25 meters and 586,003 cubic
meters of bed sediments were reduced. Therefore, operating the Zahak Dam gates according to the
instructions can play an effective role in reducing sedimentation in the upstream section of the Zahak
Dam.
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Introduction: There are various factors that influence the sedimentation phenomenon, including the occurrence
and recurrence of floods, changes in the hydraulic and sedimentary regime, changes in land use, changes in the
characteristics of the watershed, encroachment and occupation around rivers, and the construction of containment
structures to exploit river resources (Anonymous¢ 2007).

The flow and sediment hydraulics after dredging operations were investigated using the HEC-RAS model. The
results showed that dredging in the Ahvaz interval had no significant effect on the water surface profile (Azm et
al., 2013). The sedimentation of the Sistan feeder one and feeder two intake canals in the Chahnimeh reservoirs
was simulated using the HEC RAS model. The results of this study showed that this channel causes erosion of the
Sistan River bed in its upstream section (Kalantari et al., 2024).

Since a significant amount of sediment enters the Sistan River annually, and due to the low slope of the river, the
way the Zahak Dam is operated can be effective in increasing sedimentation in its upstream section, this research
is necessary to investigate the effect of using the Zahak Dam operation instructions on reducing sedimentation in
the Sistan River.

Methodology: The Sistan River enters the Hamun of Hirmand after passing about 70 kilometers from the Sistan
region (Fig. 1). The general slope of this river is about 0.0002 to 0.0006. The turbulent flow of the Hirmand River
calms down upon entering the Sistan Plain.

The RAS-HEC model is one of the most common river models that can be used to simulate gradually varying flow
with any type of cross section in a moving boundary in one-dimensional form. This model was developed by the
US Army Corps of Engineers. This model is based on the flow equations, sediment transport, and sediment
continuity equation in one-dimensional conditions(Eq. (2)) and the assumption of quasi-unsteady flow.
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In this study, modeling was performed in two scenarios: the existing operation scenario and gate opening scenario
based on the instructions in Table 1. The existing scenario was introduced based on the exploitation method during
the 2018-2019 water year (Fig. 3). In order to reduce sedimentation in the upstream section of Zahak Dam, the
gate opening scenario was carried out during the modeling period of the 2018-2019 water year based on the
operational instructions in Table 1.

Results and Discussion: Lowering the gates of the Zahak Dam in the existing scenario and directing a significant
portion of the flow through the flood way of the Niatek located upstream of the Zahak Dam towards Lake Hamoon
caused water to return upstream of the Zahak Dam as shown in Fig. 8. As a result, as shown in Fig. 10, in the
upstream section of the Zahak Dam to the Niatek spillway, which includes 13% of the simulation period, 42% of
sedimentation, equivalent to 410,391 cubic meters, occurred. These results are in accordance with the research of
Motlabian et al. in 2013. In the water year of 2006, the gates of the Zahak Dam were also kept low, and due to the
return of water from the Zahak Dam and the creation of an opportunity for the sedimentation of suspended
sediments, the amount of sediment between the Niatek spillway and the Zahak Dam under the condition of full
exploitation of the Niatek spillway was twice as high as when the gates were open.

According to Fig. 12, in the scenario of opening the gates, erosion has occurred in the entire upstream section of
the Zahak Dam and the total bed level has decreased by 0.25 meters. The water level profile at the maximum flow
rate of 853 cubic meters per second, as shown in Fig. 11, shows that due to the operation of the dam gates according
to the instructions in Table 1, the water level depth upstream of the Zahak Dam has decreased by one meter
compared to the existing scenario and has reached a level of 487 meters. In the scenario of opening the gates, the
net erosion volume of the entire interval was 5.7 times the net sedimentation volume, so that at the end of the water
year, 586,003 cubic meters of sediments in the upstream interval of the Zahak Dam were reduced. Therefore, the
use of the Zahak Dam gate operation instructions not only did not cause sedimentation, but also provided
conditions for erosion of the upstream interval.

Conclusion: In the existing scenario, the bed levels at the end of the water year increase by an average of 0.6
meters, while in the scenario of opening the gates, the bed levels of the Sistan River at the end of the water year
have decreased by an average of 0.25 meters. In the existing scenario, at the end of the water year, 889,456 cubic
meters of sedimentation were added to the sediments of the bed of the interval upstream of the Zahak Dam. while
in the scenario of opening the gates, at 586,003 cubic meters of sediments were reduced.
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Fig. 4 Bed sediment gradation diagram for upstream
section and suspended sediments
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Table 2 Comparison of sediment transfer relations

Sediment Transport RMSE

2

NO. Relationships (ton/day) R
1 MPM 107318 0.56
2 Acker-whit 107616 0.58
3 Yang 103481 0.41
4 Wilcok 107644 0.55
5 England-Hansen 54000 0.82
6 Laursen 87379 0.41
7 Toffaleti 52162 %0.89

i', ":.‘.- it - e Tems -
Fig. 7 Aerial photo of the extent of the flood affected
area
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Table 1 Instructions for operating Zahak dam gates

Flow rates <30 30-60 60- 100-
Gate opening (m) 0.1 0.2 0.3 0.6
Flow rates 200- 300- 500-
>
(m3/sec) 300 500 700 700
Gate opening (m) 1 2 2.5 2.7

RMSE = /2 (QZ—an)2 (6)
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Fig. 8 Water level profile in the existing scenario at the
maximum discharge
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Fig. 9 Bed level diagram at the beginning and end of the
water year in the existing scenario
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Table 3 Bed levels and sedimentation volume in sections
at the end of the water year in the existing scenario

DZD' BLBWY? BLEWY? C\{S“ n
No. (m) (m) (m) sectlosns a3t
EWY> (m°)
1 15516 489.21 489.47 2169
2 15225 489.27 489.54 60192
3 13845 489.25 489.19 8907
4 13640 488.84 488.76 -30498
5 12976 488.65 488.61 -3286
6 12426 488.60 488.57 -14543
7 11903 488.18 488.29 73530
8 11399 487.91 487.70 -4853
9 10967 487.73 487.35 36190
10 10569 487.94 487.78 77902
11 10086 487.54 487.50 27706
12 9822 487.12 487.22 -11963
13 9215 487.46 487.51 17767
14 8609 487.50 487.70 32212
15 7848 486.93 486.77 943
16 7460 486.83 486.94 -15678
17 7022 486.77 486.94 3954
18 6640 486.66 486.90 11801
19 6288 486.44 486.65 2522
20 5859 486.09 486.69 14762
21 5586 486.33 486.84 17789
22 4728 485.96 486.60 49535
23 4244 486.09 486.57 19722
24 3673 485.43 486.03 34901
25 3227 485.74 486.38 22939
26 2816 484.75 485.65 22418
27 2331 485.19 486.11 20342
28 2161 484 .91 485.93 1682
29 1941 484.94 485.72 28181
30 1835 484.94 485.71 177015
31 1261 484.50 485.66 65429
32 928 484.00 485.32 30935
33 655 484.23 485.69 45155
34 402 483.99 485.46 20260
35 292 483.63 485.11 19392
36 184 483.10 484.90 16885
37 30 484.00 485.71 6295
38 20 484.00 485.97 553
39 5 484.001 485.768 293

ok 3l s B Ao Cule g sese 55l
G 3 S0 dw SVl yo &dly SGLS o 3o,
CendVl Jo A IS gllas O i o ygele ax b yo

oLy Ve IS pllae doi o g 30,5 S v

4 Cumulative volume of sediments
5 The end of the water year

Yy

! Distance from Zahak Dam
2 Bed level at the beginning of the water year
3 Bed level at the end of the water year
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Fig. 11 Water level profile in the gate opening scenario at
the maximum discharge
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Fig. 12 Bed level diagram at the beginning and end of the
water year in the gate opening scenario
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Fig. 13 Schematic diagram of sedimentation and
upstream erosion of Zahak Dam at the end of the water
year in the gate opening scenario

sVl 55 il 5 63 g, Sl e WY S
azy ;0 (Sodilb g9l 5o @i Jlo bl o S s

Waze 33 (Sl o2yl (g5lwameds gulis -Y-¥
WAYIYAA T Lo 5o Josdlygiws (bl

Sl yo gblie )3 G g w2 g S slojls
omﬁljlwijq? 5o baz o0 Sadib e ,lw ol Jlo
AOY il Ol 2STae (20 g0 ol s Jedg o
Jesar a5 s o s 1) S Bellae 4l 2 caaSeo e
) Jgoz Jeddljgiws Gillae o slaaz ;o 5l (55ls o e
699.)@@4%&)0&%@@&![{)&9]6@&&
Lol 03y o FAY 5155y 5 andly 2alS e SG w5250

ol Lo a5 1) 55l g, iy sl
BT USE alhe el ons,S all VY SE o
S s SVl o3l IS )0 leazm ;o (Sadih g ,bew
S VO Gliee 4 as JS 515 g 4850 50 Giale b
PAYAVAYAA L Jle bl jo Saj o CawsYl (o
AR OV o3l 5 Aale B alls pom baaz jo (Sudik
Obb 5o A sbar Cwl 03g (5 IS g, Alls w2
CawdVl 03b s Slgus, caxSo e OAF -+ Y LT Lo
Jslital plpln el 4zl el Sa; dw
Sl sl Sy o gbodn ;0 (6400 o s Joadlygins
o3k S Gl Lulph Sl oS 6 g,

Legend

Fig. 10 Schematic diagram of sedimentation and erosion
upstream of Zahak Dam at the end of the water year in
the existing scenario
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Table 4 Bed levels and sedimentation volume in sections
at the end of the water year in the gate opening scenario

CVSin
No. DZD BLBWY BLEWY  sections
(m) (m) (m) at EWY
(m*)
1 15516 489.21 489.37 1254
2 15225 489.27 489.52 62101
3 13845 489.25 488.92 -15788
4 13640 488.84 488.58 -47563
5 12976 488.65 488.31 -23654
6 12426 488.60 488.19 -41534
7 11903 488.18 487.72 12920
8 11399 48791 487.45 -21783
9 10967 487.73 487.04 -22310
10 10569 487.94 487.41 6169
11 10086 487.54 487.09 -10740
12 9822 487.12 486.81 -36056
13 9215 487.46 487.04 -23429
14 8609 487.50 487.18 -32428
15 7848 486.93 486.17 -81504
16 7460 486.83 486.32 -49574
17 7022 486.77 486.29 -28652
18 6640 486.66 486.18 -19910
19 6288 486.44 485.89 -31377
20 5859 486.09 485.94 -9228
21 5586 486.33 485.99 -29934
22 4728 485.96 485.73 -22974
23 4244 486.09 485.69 -19094
24 3673 485.43 484.79 -16173
25 3227 485.74 485.26 -17341
26 2816 484.75 484.52 -9173
27 2331 485.19 484.81 -9235
28 2161 484.91 484.55 -20737
29 1941 484.94 484.69 -54357
30 1835 484.94 484.43 32814
31 1261 484.50 484.18 -2331
32 928 484.00 483.82 -4482
33 655 484.23 484.32 -10100
34 402 483.99 484.30 2428
35 292 483.63 483.91 2439
36 184 483.10 483.57 3688
37 30 484.00 484.41 1498
38 20 484.00 484.45 126
39 5 484.00 484.15 25
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5- List of Symbols

Y (m) Flow depth in cross sections

Z (m) Main channel bed level

V (m/Sec) Average flow speed

a (%) Kinetic energy correction factor

g(m/Sec’)  Gravity acceleration

h, (m) Total energy loss

B (m) Channel width

y (m) Height from the canal bed

9, (%) Active layer porosity

T (Sec) Time

X (m) Distance

Q. (:lTi) Transfer sediment rate

a (S'“_:C) Total sediment load per unit width

qs (;“_;) Sgspended sediment load per unit
width

@ (;“_:C) Bed load per unit width

da (;“_:C) Lower suspended load per unit width

dom (;“_:c) In.termediate suspended load per unit
width

m? Upper suspended load per unit width

9su (Q)

D (m) Average size of sediment grains

¢ (%) Sediment concentration

RMSE (%)  Mean square error criterion

Q: (%;) Measured sediment flow rate

Qs (%;) Sediment discharge calculated by
HEC-RAS

n(-) Number of data

DZD (m) Distance from Zahak Dam

BLBWY Bed level at the beginning of the

(m) water year

?L)EWY Bed level at the end of the water year

m

CvSs (g) Cumulative volume of sediments

EwWy The end of the water year
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