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Figure 1. Geographic location of Bar watershed.
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Figure 2. Landuse map (Figure left) and Soil hydrologic group (Figure right) of study watershed.
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Figure 3. Proposed biological (Figure left) and mechanical (Figure right) projects of study watershed.
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Table 1. Area of predicted seeding project in the Bar watershed studies.
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Wsledd s il e SAST 146 Bl4 163 BS
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soil conservation 190 B20 81 B12
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Table 2. Area of predicted contour furrow project in the Bar watershed studies.
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Table 3. The number and volume of predicted gabion structures in the Bar watershed studies.
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Table 4. Total information of flood events for calibration process.

TR

Graghen) R0k s

(i33) sk e

L aasls Olej 55 0l Joes 3l 5,6
(el 2 o) Volume of rainfall Duration of rainfall Ti d TC D 1l d@
Intensity of rainfall (mm) (mm) ime en 1me start ate ot flood event
(mm/hr)
6.0 18.40 465 16:30 8:45 1991/05/11
4.5 9.60 690 14:30 3:00 1992/03/16
6.5 13.90 300 8:45 3:45 1992/03/31

e 31455 52 55 ol Obe) 5 DM ez gl (25 (Prely polie aslie -0 Sy

Table 5. Comparison of the observed and simulated peak flood values, flood volume and time to peak in each

calibration event.
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Simulated  Observed Simulated Observed Simulated Observed
20:00 20:00 0.5 0.6 2.9 2.3 0.89 1991/05/11
13:00 14:00 0.7 0.6 5.0 3.8 0.88 1992/03/16
11:00 11:00 1.8 1.9 11.6 10.8 0.94 1992/03/31
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Figure 4. Observed v.s. simulated hydrograph during calibration process for storm event dated 1991/05/11.
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Figure 5. Observed v.s. simulated hydrograph during calibration process for storm event dated 1992/03/16.
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Figure 6. Observed v.s. simulated hydrograph during calibration process for storm event dated 1992/03/31.
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Table 6. Initial and fitted values used for runoff simulation in subbasins of the study area.

(a5 wor sla bl
Fitted (Initial) parameters

(a5 aor sla bl
Fitted (Initial) parameters

w25 ) w255
Ksle 6,55 e o slad Subbasin Sosle 65 e o slad Subbasin
Manning’s coefficent Curve number Manning’s coefficent Curve Number

0.100 (0.07) 55.9(84.3) Bl11 0.014 (0.05) 89.3(88.3) Bl
0.060 (0.07) 66.0 (83.8) B12 0.038 (0.05) 88.9(88.5) B2
0.117 (0.06) 52.2(80.7) B13 0.052 (0.09) 89.6 (87.7) B3
0.089 (0.08) 60.0 (86.2) B14 0.039 (0.08) 94.1 (88.4) B4
0.093 (0.04) 78.7(78.7) BI15 0.078 (0.08) 90.8 (88.3) B5
0.063 (0.07) 85.2(82.0) B16 0.078 (0.08) 58.0(88.1) B6
0.051 (0.07) 78.5(80.1) B17 0.070 (0.08) 88.3(87.2) B7
0.043 (0.04) 86.0 (86.5) B18 0.066 (0.09) 88.6(87.1) B8
0.066 (0.06) 56.8 (86.9) B19 0.031 (0.08) 84.8 (82.8) B9
0.045 (0.06) 82.6(82.1) B20 0.078 (0.07) 44.4 (66.2) B10
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Figure 7. Observed v.s. simulated hydrograph during validation process for storm event dated 1993/05/29.
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Figure 8. Observed v.s. simulated hydrograph during validation process for storm event dated 1996/03/05.
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Table 7. Values of peak discharge, volume of flood and time to peak in flood events during validation process.
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Observed and simulated values
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Gileand Slalis Sileans ShHalis Sileans el
Simulated  Observed Simulated Observed Simulated Observed
20:00 20:15 0.7 0.7 5.1 6.5 0.95 1993/05/29
10:00 10:15 2.2 2.1 15.7 15.2 0.89 1996/03/05

Glls &S Slaas o o5l slal Csn sl
P I e P g
el (555 Olpea 5 s ab > oy >
SHOY 3Y) Kgd eoosls Lasld 55 23 )0
oS slapsl 5o sls OLUSA Jsd o G b
55 Wb 5 5l (F o ol S S8l slae s
ook 3 Jle jsba I CS e s 2 e
55 Wl Vo5 Y sl glae,ss Loaels
B19 , BI4B13 B12 Bll B6 slaess > .5
23 S5 gty cpl 5 elds W5 Sl

L Sl s 2 e M

Ly

:lea L P TSY RPo- E g 5590
S b Jhe 4 SuoL oledbl 35,y g
et 38 e I 550 Slesesl s Sk
bl odd ales azele N 5L Olgs | shie
BIF (DF) lsl 3 —cde —ods gla pov
(Y& 5 V0) SCS 5y, Ta o sylulal 3L
Sl by dsb s ok mos 5 Ad els Gk
A 3 e s s Cilie ClSHL slae s
(0 Jsd) ol penly Jdo 3l eslinal b a9 3
Gl ddos pluly IDF - o 5 S 25l
o, ol Sasle G oKal (g bl
YE 5l 5aS slaoley 5 e Ver BY S



ITAY (1) o,lowd (Y0) s S g O Chlis s Widg3s 4 pai

b b b s el 58 a5 0l LSS5l slre, g 53 bad ) e gl (23 A Jsue

Table 8. Peak discharge of flood events in subbasins with different return periods using a 6-hour design storm.
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Peak discharge in return periods (m’/s) Rl Peak discharge in return periods (m’/s) Rl
Subbasin Subbasin
2 5 10 25 50 100 5 10 25 50 100
0.0 0.0 0.0 0.0 0.1 0.3 B11 126 21.0 26.1 33.7 389 441 Bl
0.0 0.0 0.2 0.6 1.1 1.5 B12 6.3 105 150 214 263 309 B2
0.0 0.0 0.0 0.0 0.0 0.0 B13 1.8 5.8 8.7 142 179 218 B3
0.0 0.0 0.0 0.1 0.3 0.6 B14 4.0 8.8 11.8  17.0 204 238 B4
0.1 1.0 1.7 3.2 4.6 6.3 B15 1.6 4.9 0.0 11.0 138 16.6 B5
0.5 1.7 3.0 5.7 7.6 9.6 B16 0.0 0.0 16.1 0.0 0.6 14 B6
0.1 0.8 1.5 29 4.4 6.1 B17 0.9 3.7 5.7 9.6 124 152 B7
0.7 3.0 4.9 94 125 157 B18 0.5 2.1 3.1 5.4 6.8 8.4 B8
0.0 0.0 0.0 0.0 0.1 0.3 B19 0.5 1.9 3.5 6.6 9.0 11.5 B9
0.3 1.3 22 3.8 52 6.8 B20 1.1 4.4 6.5 11.6 149 183 B10
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Table 9. Prioritization of subbasins flooding potential in a 50-year return period based on a 6-hour design storm.

I R C PRSI ““ﬁ’f.i) e » f"‘”»“’iﬂ:: e
TEIES B N Y St EEICpY o o
(a8 (F) e ym ® gl 215 52 o525 FLasls ol ol 5
Peak Contribution of Contribution of Prioritization Prioritization . \-"D . Subbasin
discharge subbasin in the subbasin in the . baseq on based on index F Prlormz.atlon
(m/s) total discharge (F) total flood per unit subbasm peak based on index f
area (f) discharge

38.9 0.09 0.01 1 13 14 B1
26.3 0.10 0.03 2 12 13 B2
17.9 16.15 2.24 4 1 2 B3
20.4 14.67 2.33 3 2 1 B4
13.8 8.51 2.01 6 5 4 B5
0.6 0.00 0.00 16 - B6
124 8.33 1.75 8 6 6 B7
6.8 3.39 1.44 11 10 7 B8
9.0 2.69 0.53 9 11 12 B9
14.9 10.24 1.92 5 4 5 B10
0.1 0.00 0.00 18 - - B11
1.1 0.00 0.00 15 - - B12
0.0 0.00 0.00 - - - B13
0.3 0.00 0.00 17 - - B14
4.6 12.59 2.08 13 3 3 B15
7.6 4.34 1.07 10 8 9 B16
44 3.39 0.65 14 10 11 B17
12.5 6.94 1.28 7 7 8 B138
0.1 0.00 0.00 18 B19
5.2 4.17 0.80 12 9 10 B20
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Table 10. Prioritization of subbasins flooding potential in a 100-year return period based on a 6-hour design storm.

I 22 w5 P EW-RH) > 4l b Lo ol
“ FAe R ey S
peaSe) S S e 0 8 oA Pl s N
(b ®) oo O snyss ST e P
rioritization Prioritization Subbasin
Peak Contribution of Contribution of based on subbasin  Prioritizatio based on
discharge subbasin in the subbasin in the total peak discharge n based on index

(m’/s) total discharge (F)  flood per unit area (f) index F

44.1 0.09 0.01 1 14 13 Bl
30.9 0.10 0.04 2 13 12 B2
21.8 19.44 2.70 4 1 1 B3
23.8 16.93 2.69 3 2 2 B4
16.6 9.72 2.30 6 6 4 B5
1.4 0.00 0.00 16 - B6
152 10.24 2.15 8 5 5 B7
8.4 4.69 1.99 11 10 6 B8
11.5 3.39 0.67 9 12 11 B9
18.3 12.67 2.38 5 4 3 B10
0.3 0.00 0.00 19 - - B11
1.5 0.00 0.00 15 - - B12
0.0 0.00 0.00 - - - B13
0.6 0.00 0.00 18 - - B14
6.3 16.32 2.70 13 3 1 B15
9.6 5.56 1.38 10 8 8 B16
6.1 4.51 0.87 14 11 10 B17
15.7 8.68 1.60 7 7 7 B18
0.3 0.00 0.00 19 - - B19
6.8 4.86 0.93 12 9 9 B20




Ol)Se2 g 3LTJE (bl g3l

g e AL sl ciSibe s b Sub
(._9\ O Sl @il 5 CaSe e AY 4 V0V /0
Gos B b Al e S as e s Sl s Jb
Sldas C’““ S a8 &S das e 0L =l
Gl AL S ad e ) Cobee 4 S
dal );@;\} e C)\ > Olpe als 53 Waely
ool I3 55 05 sk 53 baodg cul U Wl
Voo b sy LBI0 as e i s oS L il
g > S 0T GE (s aS Sllas S
SIYE Coga dle Voe 500 S8l glaeyss s
o Ll Sl ges A3le Aoy /04
5 SakdsE Ulpe (A (i B s
S5 lacdlas 36 Ol 3 Sl b

ok g s (513 SIS gy
5 S Ksdsm eI Sb )y
W Jsdr las b pul ad g fw  (5,6,558
S 508 Ol 855 U5 ) 5 slalased
Voo 500 SiS5l leesss s K3 el
a5 5 b ol (o2 A b dl
S Sl 03 S (5350 5 WOT 3 035, cpl &S
UBL a5 53 Susba Adb e oo LG
sl S Sles o St Sl @ 4 g
Oyt sl (22 S2alS Ao ALl sl S
RC N c»l:; .:.s)f&a sdalin doys £E/VY B EV/TY
3 e Jole 8 Olgea ON lile o5 das s 0L
on 3 b s e 0T 36 5 J S Bl
) A3l msl (o2 SRR Ol 53 Wb 5
0> S s o)LEl Olg e VY Jgd &b las

Al Ve 00 Bl glaeyss 5o S5 P Gl pldl 1 e bad 5zl (2 Sl VY Jpar

Table 11. Peak flood magnitude changes in subbasins after biological activities in return periods of 50 and 100 years.

slre,y s s le &
Colwe

Slaoyss 53 le &

R NI 5 I S IRt S Y R T R A
b s S5 slaeds S glaels S S e sleerss 52 @l
o S (456 a0 (liy o) () =k “o
(@f’f"")lzs ) (Gf FoIE) Peak discharge in Peak discharge in Dec.rease of peak Decrease Subbasin
Subbasin Area of return periods before  return periods after dlschargc; m percentage of
area (Km?) biological implementing implementing return ]33er10ds .peak dlschafge
operations biological projects biological projects (m/s) in return periods
(Km?) (m’/s) (m’/s)
50 100 50 100 50 100 50 100
16.9 14.7 38.9 441 21.5 25.9 17.4 18.2 447 413 B1
6.4 1.4 26.3 30.9 19.5 23.8 6.8 7.1 25.8 22.9 B2
7.2 0.0 17.9 21.8 17.9 21.8 0.0 0.0 0.0 0.0 B3
6.3 1.9 20.4 23.8 16.4 19.7 4.0 4.1 19.6 17.2 B4
4.2 2.5 13.8 16.6 8.6 10.8 5.2 5.8 37.7 349 B5
134 5.2 0.6 1.4 0.1 0.8 0.5 0.6 83.3 429 Bo6
4.8 2.7 12.4 15.2 8.1 10.5 43 4.7 34.7 30.9 B7
2.4 0.0 6.8 8.4 6.8 8.4 0.0 0.0 0.0 0.0 B8
5.1 0.0 9.0 11.5 9.0 11.5 0.0 0.0 0.0 0.0 B9
5.3 0.1 14.9 18.3 14.7 18.1 0.2 0.2 1.3 1.1 B10
33 1.7 0.1 0.3 0.0 0.2 0.1 0.1 100.0 333 Bl11
4.5 0.8 1.1 1.5 1.0 1.4 0.1 0.1 9.1 6.7 B12
39 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 B13
35 1.5 0.3 0.6 0.2 0.4 0.1 0.2 333 333 B14
6.1 2.2 4.6 6.3 39 5.3 0.7 1.0 15.2 15.9 B15
4.0 2.1 7.6 9.6 6.5 8.4 1.1 1.2 14.5 12.5 B16
5.2 2.9 4.4 6.1 4.1 5.8 0.3 0.3 6.8 4.9 B17
54 2.7 12.5 15.7 11.1 14.2 14 1.5 11.2 9.6 B18
2.8 1.2 0.1 0.3 0.1 0.3 0.0 0.0 0.0 0.0 B19
5.2 2.1 5.2 6.8 4.7 6.1 0.5 0.7 9.6 10.3 B20
1159 46.7 101.5 126.9 82.0 103.9 19.5 23.0 19.2 18.1 W S
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Figure 9. Effect of biological operations on watershed hydrograph (50 years return period).
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Figure 10. Effect of biological operations on watershed hydrograph (100 years return period).
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Table 12. Comparison of peak discharge in subbasins before and after the implementation of the gabion
structures in the return periods of 50 and 100 years.
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Figure 11. Effect of implementing gabion structures on watershed hydrograph (50 years return period).
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Figure 12. Effect of implementing gabion structures on watershed hydrograph (100 years return period).
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Abstract

Background and Objectives: The increasing flooding trend in recent years suggests that most
of the country's regions are vulnerable to invasions of periodic and destructive floods. In this
aspect, many cities, villages, industrial and agricultural facilities and residential areas are prone
to flood occurrence, as well. Therefore, the basic identification of flood process within the
catchment area is one of the most important measures in flood control and the mitigation of
damages. The main objective of this research is to investigate and identify the flood source
regions and the effect of watershed management on flood peak discharge at the outlet of the Bar
watershed, Neyshabour, located in Razavi Khorasan province.

Materials and Methods: For this purpose, the basin was divided into 20 subbasins and the
physical properties of the whole basin and subbasins were determined using the geographical
information system oodand in a digital format. Then, by using the HEC-HMS hydrologic
model, the corresponding flow discharges were calculated for each subbasin. Then, by
successively deleting subbasins at each model runtime, i.e. Single Successive Subwatershed
Elimination method (SSSE), the whole basin water discharge was calculated after the flood
routing in the main streams without the considered subbasin by using the kinematic wave
routing approach, Thus the effect/share of each subbasin in the production of flood is identified.
Also, the specific flood discharge and the flood index (f) was computed to be the basis for the
sub watersheds’ prioritization.

Results: In calibration process, two parameters of curve number and manning coefficient were
selected as the most effective parameters on flood discharge. The high Nash-Sutcliffe
coefficient in flood events showed that calibration of the model in the watershed was
satisfactory. The results showed that the subbasin B1 (in the northern part of the watershed) in
the return periods of 50 and 100 years had the hieghst peak discharge of 38.9 and 44.1 cubic
meters per second at the outlet of the subbasin and the subbasins B11, B13 and B19 (in the
western parts of the watershed) showed the minimum peak discharge. Also, according to the
index (f), in flood plains with return periods of 50 and 100 years, the subbasins B4 and B3
(in the northern half of the watershed) ranked first and second, respectively and the subbasins
B6, B11, B12, B13, B14 and B19 (in the southern part of the watershed and in the eastern and
western parts of the watershed) showed the lowest priority in terms of their participation in
basin flood. In subbasin B1, the highest level of peak discharge reduction has been observed in
the highest level of biological operations, ranging from 41.27 to 44.73 percent. On the other
hand, the results showed that the higher the proportion of the biological activity to the subbasin
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area, the more obvious the role of these projects in reducing peak discharge. According to the
study, the role of structural activities in reducing the flood peak is lower than biological
activities and increasing the number of structures along the river route will reduce a higher level
of peak discharge.

Conclusion: By investigating the effect of biological activities and the construction of gabion
check dams on the flood discharges, it can be said that the role of biological activities in
reducing peak flow and flood volume is much more effective than structural activities
(construction of gabion). Therefore, the CN factor is an effective and controllable factor for
flood discharge of the basin and effective on reducing peak flow.

Keywords: Flood, HEC-HMS, Kinematic wave routing, Peak discharge, Watershed
management practices
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