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Fig 1. Geographical location of the study area
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Table 1. characteristics of the studied stations
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Table 2. Values of CN, S and I (mm) of Hossein Abad Basin

$olapul Slkes 51 A Solapul Sles 1 bes > 55
After watershed operations Before watershed operations Sub-basin
Ia S CN Ia S CN
mm mm

20.2 101.1 71.5 20.1 100.6 71.6 H1-1
20.7 103.5 71.0 20.2 101.0 71.6 H1-2
22.4 112.2 69.4 19.9 99.7 71.8 Hlint
20.6 102.9 71.2 20.1 100.6 71.6 H1
20.6 102.8 71.2 20.2 100.8 71.6 H2-1
20.7 103.5 71.1 20.2 101.1 71.5 H2-2
21.0 105.1 70.7 20.4 101.9 71.4 H2int
20.7 103.7 71.0 20.2 102.9 71.5 H2
19.9 99.6 71.8 19.6 98.1 72.1 H3
20.8 104.0 70.9 20.2 100.8 71.6 H4
20.3 101.7 71.4 19.9 99.3 71.9 H5
20.2 101.1 71.5 19.2 95.9 72.6 Ho6
20.6 103.2 71.1 20.6 103.2 71.1 H7-1
20.5 102.4 71.3 20.5 102.4 713 H7-2
21.4 107.0 70.4 19.9 99.4 71.9 H7int
21.0 105.1 70.7 20.2 101.0 71.6 H7
20.7 103.5 71.0 20.2 100.8 71.6 HS
20.3 101.5 71.5 19.5 97.7 72.2 H9
204 101.9 71.4 20.3 101/5 71/4 H10
20.3 101.7 71.4 20.2 101.0 71.5 H11-1
20.4 101.8 71.4 20.1 100.4 71.7 H11-2
19.1 95.3 72.7 15.3 76.4 76.9 Hllint
20.1 100.3 71.7 19.0 94.8 72.8 H11
20/4 102.1 713 20.4 102.1 71/3 H12-1-1-1
14.2 70.9 78.2 14.0 70/2 78.3 H12-1-1-2
18.7 93.7 73.1 18.7 93.4 73.1 H12-1-1int
17.1 854 74.8 17.0 84.9 74.9 H12-1-1
20.8 104.0 71.0 20.2 100.9 71.6 HI12-1lint
17.4 86.9 74.5 17.3 86.3 74.6 H12-1
20.0 100.1 71.7 19.9 99.4 71.9 H12-2
18.6 92.9 73.2 15.4 717.2 76.7 HI12int
17.8 89.0 74.0 17.6 88.2 74.2 Hi12
19.6 97.9 72.2 17.7 88.5 74.2 INTI
20.0 100.1 71.7 18.8 93.8 73.0 INT2
20.4 102.2 713 17.9 89.4 74.0 INT3
19.6 98.2 72.1 19.1 95.6 72.7 o S

Total basin

VET )l 1€ ol — oo JLu AT Olstl 812505 (owaige 5 ool



(4:3\3 2 g.,.&jﬁ) ‘5)|:}:5=.J Ql.:l-o& }‘ J-ﬁ Jae s‘k‘ rw ‘5|J.3 a-\.an.:.u\;u &ﬁ L -y d}-\?

Table 3. Calculated peak discharge for all components of the model before watershed operations (m?s)

dter sSlas s A0 ST s Al Y0 iSTas s Ale)r STus o A0 Sl g3 ades )
Maximum discharge Maximum discharge Maximum discharge Maximum discharge Maximum discharge  Sub-basin

100 years 50 years 25 years 10 years 5 years
35.1 29 23 15.8 10.4 HI-1
21.9 18 15 9.9 6.5 H1-2
10.1 8.4 6.7 4.5 3 Hlint
58.8 49 39 26.8 17.9 H1
13.4 11 8.8 6 4 H2-1
26.2 22 17 11.8 7.8 H2-2
11.5 9.5 7.6 5.2 34 H2int
37.2 31 25 16.7 11 H2
10.3 8.5 6.8 4.6 3.1 H3
324 27 21 14.6 9.6 H4
20.8 17 14 9.3 6.1 H5
199 16 13 8.8 5.7 Ho6
7.6 6.3 5 35 2/3 H7-1
7.8 6.5 5.2 3.6 24 H7-2
154 13 10 6.9 4.5 H7int
23.5 20 16 10.6 7 H7
15.2 13 10 6.9 4.5 H8
9.6 7.9 6.2 4.2 2.7 H9
11.6 9.2 7.6 4.6 3.1 H10
7 5.8 4.6 3.1 2 H11-1
13.6 11 8.9 6 3.9 H11-2
16.6 14 11 7.5 5 Hllint
12.9 11 8.5 5.8 3.8 H11
16.3 14 11 7.3 4.8 H12-1-1-1
10.2 8.3 6.6 4.3 2.8 H12-1-1-2
34 28 22 15.3 10.1 H12-1-1int
19.9 17 13 9 6 H12-1-1
46.7 40 33 24.7 18 H12-1lint
67.2 56 45 31.6 21.6 H12-1
117 99 80 56.3 39.3 H12-2
105 89 72 51.3 36 H12int
10.1 8.4 6.7 4.5 3 H12
93.8 79 65 46.7 32.9 INT1
22.2 18 15 9.9 6.5 INT2
3.7 3 2.4 1.6 1 INT3
107 90 74 524 37.1 oo S

Total basin
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Table 4. Concentration time and delay time of Hossein Abad sub-basins after watershed operations

(a233) b 0Ly 2L 0k sl PRLIS e 0y S0l el

Delay time (celw) Corected Concentration — coxw e 5 N 2
(min) Delay time (h) concentration time (h) time (h) CN Area (km?) Sub-basin
66.24 1.1 1.8 1.4 71.5 10.2 H1-1
54.00 0.9 1.5 1.3 71.0 6.0 H1-2

-- -- -- - 69.4 1.5 Hlint
75.24 1.3 2.1 0.6 71.2 17.2 H1
33.12 0.6 0.9 0.9 71.2 2.6 H2-1
65.16 1.1 1.8 1.8 71.1 6.1 H2-2

-- -- - - 70.7 2.9 H2int
41.04 0.7 1.1 1.0 71.0 11.6 H2
46.08 0.8 1.3 1.1 71.8 2.5 H3
47.16 0.8 1.3 1.0 70.9 7.8 H4
15.84 0.3 0.4 0.4 71.4 53 H5
17.64 0.3 0.5 0.5 71.5 5.0 H6
36.72 0.6 1.0 1.0 71.1 1.4 H7-1
33.12 0.6 0.9 0.9 71.3 1.4 H7-2

-- -- -- - 70.4 33 H7int
63.00 1.1 1.8 1.8 70.7 6.1 H7
22.68 0.4 0.6 0.6 71.0 3.6 H8
29.52 0.5 0.8 0.7 71.5 2.9 H9
36.72 0.6 1.0 0.8 71.4 3.2 H10
18.72 0.3 0.5 0.5 71.4 23 H11-1
55.08 0.9 1.5 1.5 71.4 33 H11-2

-- -- -- - 72.7 1.7 Hllint
102.96 1.7 2.9 2.9 71.7 7.4 H11
38.88 0.6 1.1 1.1 71.3 3.7 H12-1-1-1
104.04 1.7 2.9 2.9 78.2 10.4 H12-1-1-2

- - - - 73.1 12.2 H12-1-1lint
47.16 0.8 1.3 1.3 74.8 26.3 H12-1-1

-- -- -- -- 71.0 2.5 H12-1lint
134.64 2.2 3.7 3.7 74.5 28.8 H12-1
33.12 0.6 0.9 0.9 71.7 5.6 H12-2

-- -- -- -- 73.2 0.5 H12int
134.64 2.2 3.7 3.7 74.0 34.9 H12

- - - - 72.2 2.2 INT1

- -- - - 71.7 0.6 INT2

- - - - 713 13 INT3

- - - - 72.1 112.6 by JS
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Table 5. Calculated peak discharge for all components of the model after flooding operations

dlater s ST Ao s STas a0 s ST Al Ve s STas dl 0 s STas dl Y s ST

Maximum discharge Maximum Maximum Maximum Maximum Maximum St;)};a;‘n)l
100 years discharge 50 years discharge 25 years discharge 10 years discharge 5 years discharge 2 years

14.594 10.156 9.113 5.460 3.048 0.377 Hi1-1
10.111 7.031 6.278 3.742 2.048 0.224 H1-2

- - - - -- - Hlint
20.942 14.597 13.064 7.823 4.293 0.474 Hl1
8.852 5.999 5.331 3.126 1.716 0.241 H2-1
11.345 7.644 6.801 3.965 2.161 0.301 H2-2

- - -- - -- - H2int
30.556 20.778 18.438 10.806 5.879 0.758 H2
4.454 3.157 2.852 1.750 0.983 0.166 H3
14.092 9.839 8.818 5.260 2.861 0.289 H4
27.947 19.411 17.374 10.403 5.755 0.714 H5
22.642 15.893 14.258 8.606 4.808 0.573 H6
4.370 2.953 2.620 1.529 0.835 0.188 H7-1
4915 3.323 2.957 1.739 0.952 0.136 H7-2

- - - - -- - H7int
9.282 6.398 5.690 3.355 1.819 0.192 H7
13.072 9.070 8.119 4.846 2.640 0.286 H8
7.968 5.596 5.044 3.046 1.690 0.193 H9
7.337 5.151 4.620 2.775 1.534 0.174 H10
9.152 6.438 5.799 3.508 1.939 0.214 HI11-1
4.636 3.290 2.973 1.818 1.002 0.103 HI11-2

-- -- -- - -- - Hl1lint
6.146 4.393 3.937 2.406 1.348 0.155 H11
10.589 7.183 6.932 3.770 2.070 0.295 H12-1-1-1
19.351 14.022 12.705 8.190 5.082 1.572 H12-1-1-2

-- - -- - -- - H12-1-1lint
78.112 55.209 49.512 30.805 18.290 4228 H12-1-1

-- - -- - -- - H12-1lint
30.580 21.571 19.346 12.019 7.058 1.595 H12-1
15.156 10.580 9.521 5.743 3.207 0.416 H12-2

-- - - - -- - HI12int
34.950 24.612 21.989 13.653 7.966 1.675 H12
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Table 6. Percentage reduction of peak flow after watershed operations in Hossein Abad basin

Blder s Slas Al 0 s STas Sl Y0 s ST dludr s ST Al 0 s STas dle Y s ST abg 45

Maximum Maximum Maximum Maximum Maximum Maximum Sub-basin
discharge 100 years discharge 50 years discharge 25 years discharge 10 years discharge 5 years discharge 2 years
70.804 76.091 74.044 78.898 84.331 96.399 H1-1
72.030 77.218 75.364 80.071 85.575 97.068 H1-2
72.651 77.680 75.805 80.404 85.715 97.071 H1
65.387 72.093 69/998 76.146 82.503 95.416 H2-1
62.888 70.262 67.972 74.713 81.570 95.217 H2-2
66.847 73.315 71.328 77.201 83.502 96.049 H2
74.689 79.017 77.045 80.883 85.709 96.845 H3
73.715 78.538 76.739 81.251 86.477 97.464 H4
74.043 78.798 77.032 81.263 86.236 96.811 H5
74.755 79.152 77.303 81.384 86.045 96.845 H6
64.345 71.323 69.251 75.620 82.281 95.323 H7-1
65.172 71.940 69.824 75.923 82.393 95.307 H7-2
70.523 76.209 74.330 79.455 85.263 97.106 H7
74.270 79.167 77.341 81.700 86.767 97.326 H8
65.234 71.373 68.588 74.147 80.755 95.810 H9
64.068 69.063 68.652 73.899 81.170 95.624 H10
58.508 65.807 62.594 69.196 77.199 95.240 HI11-1
72.753 77.384 75.266 79.555 84.984 97.105 H11-2
22.685 35.965 30.004 42.074 56.852 90.731 H11
61.235 68.826 66.311 73.002 80.162 94.726 HI12-1-1-1
0.000 0/000 0.000 0/000 0.000 0.000 H12-1-1
4.539 20.597 13.909 27.403 42.583 75.947 H12-1
94.998 95.956 95.674 96.576 97.557 99.474 HI12-2
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Abstract

Introduction:

In general, the role and importance of watershed operations in improving the condition of pastures, controlling erosion, preventing
sedimentation and finally protecting water and soil is not hidden from anyone. The technical and principled implementation
of watershed projects causes storage and infiltration of rainfall, increase of vegetation cover, stabilization of erosion and
sedimentation, increase of the useful life of dams, adjustment of the slope of waterways and reduction of the speed and power
of water destruction. Based on the studies conducted, due to the diversity of ecological conditions, it is not possible to reach
a specific pattern or provide specific instructions with the same application in all watershed areas. For this reason, in addition
to knowing the area and its issues, it is inevitable to prioritize watershed management operations according to the existing
potentials. Examining the results of the conducted research shows that the implementation of watershed operations in watersheds
has played an important role in controlling surface runoff. In This study, they evaluated watershed projects on the flood level
of the Ramyan area using the HEC-HMS model, and the results showed that the flood has decreased in the period of different
returns; In such a way that the greatest decrease in peak discharge and flow volume occurred during the return periods of 10
and 20 years, respectively, and with the increase of the return period, the effect of flood control measures on floods decreases.
In this research, in order to evaluate the role of watershed projects in reducing peak flood discharge, HEC-HMS rainfall-runoff
model was used, and the amount of discharge was calculated before the implementation of watershed management activities and
after the implementation of watershed management activities, and the effect of these projects on the peak flood discharge was

determined.

Materials and Methods:
Hossein Abad Jiraft watershed is located between 57° 34 to 57° 43" east longitude and 28’ 19’ 13 to 28’ 26’ 34’ north latitude.
The area of the watershed is 11258.68 hectares. Also, the weighted average slope of the watershed is 17.83%. More than 60%

of the area’s land use is pasture, which is the dominant species. In this study, the HEC-HMS model version 3.1.0 was used to
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simulate rainfall-runoff. Also, the data of 20 climatology stations with a common statistical distance of 30 years (1986-2016)
were used. The methodology must be clearly stated and described in sufficient detail or with sufficient references. In order to
calculate the amount of losses, the American Soil Conservation Society (SCS) method was used in the HEC-HMS model. The
amount of runoff (Q) depends on the rainfall (P) and the water retention volume inside the soil. In all floods, runoff (Q) is always
less than or equal to precipitation (P). Similarly, after the occurrence of runoff, the actual amount of water retention (Fa) is less
than or equal to the maximum retention capacity (S). As can be seen, CN is the most important parameter to be estimated. CN
for average humidity conditions (AMII) is obtained from the relevant table. CN is estimated from the combination of 2 factors
of hydrological group and land use at any point of the basin, and CN of the entire basin is calculated from weighted averaging.
In this study, to prepare the curve number (CN) map of the region, first, the map of soil hydrological groups in four groups A, B,

C and D was prepared by combining the slope map and the map of hydrological units.

Results and Discussion:

According to the calculation method described in the previous section, CN was calculated in the sub-basins. The results show
that the highest value of CN is estimated in sub-areas H12-1-1-2 with CN: 78.3 and sub-area H11int with CN: 76.9. According to
the high value of the curve number in these two sub-areas, flash floods are expected to occur in these two the area is very large
and generally the average area curve number is above 70. After completing the input data to the HEC-HMS runoff precipitation
model, the model was run for different return periods (RUN) and the calculated peak discharge was extracted. A total of 67472
cubic meters of structures have been built in the entire Hossein Abad basin, including 3 stone and mortar structures with an area
of 1139 cubic meters and 10 earthen dams with an area of 66339 cubic meters. The 13 created structures have a total reservoir
volume of 222598.1 cubic meters. Due to the effects of watershed management activities, the concentration time of the basin
changes and generally increases. This change can be estimated through two factors: the slope of the main waterway and the
change in the condition of the cover (CN). The above information was calculated in the modified Kerpich relation of the
concentration time and the delay time of each sub-basin of Hossein Abad, after watershed operation. Here, the changes include
concentration time, CN and equating some factors with the effective level. By applying the effects corresponding to watershed
operations in the runoff precipitation model, the model was run for different return periods (RUN) and the flood peak discharge

after watershed operations was calculated.

Conclusion:

Today, in order to implement watershed projects, a lot of money is spent in this regard, but perhaps less attention is paid to the
effectiveness of these projects. In fact, without monitoring and evaluating these projects, it may not be possible to convince
the policy-making managers to allocate credits and the people to voluntarily participate in the implementation and support of
watershed projects. Watershed activities are considered as the most important flood risk reduction projects In this research,
considering that the implementation of the Hosseinabad-Jiroft watershed project is very costly and is one of the important flood-
prone areas of the region, the HEC-HMS rainfall-runoff hydrological model is used to simulate the peak flood discharge before
and after the implementation of watershed activities in the Hosseinabad-Jiroft watershed to evaluate the effectiveness of this The

projects were used to reduce the peak flow of floods. The results of this research show that watershed management activities in
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Hosseinabad-Jiroft region play an essential role in reducing the peak flood discharge. This reduction is more than 95% in some
sub-areas, which indicates the impact of watershed projects and their effectiveness on the peak flood discharge. Therefore, it can
be concluded that the HEC-HMS model is a suitable model for predicting runoff events. Due to the good performance of the
HEC-HMS model, this model can be used to estimate floods in basins without statistics with appropriate calibration and obtain
acceptable results. The HEC-HMS hydrological model has a good capability in predicting the real time of flood and therefore it

was used in this research.
Keywords: flood, executive activities, HEC-HMS, Peak Discharge, Hossein Abad watershed
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