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Extended Abstract

Introduction

Culverts are among the most common and important transitional structures used to convey water, materials, or
buried facilities beneath the ground. Therefore, the structures in question should be designed and constructed to
maintain their safety, durability, and efficiency in a variety of environmental conditions. Several factors, including
the flow pattern at the structure site, maximum instantaneous flood discharge, backflow due to blockage,
morphological stability of the river, and erosion and scour effects, influence the hydraulic performance of crossing
structures. Therefore, considering various influencing factors in the design and location of these structures to
improve their performance is essential. On the other hand, hydrologic models are effective tools for simulating
surface and subsurface hydrologic processes in watersheds and are widely used to enhance water resource
management. Prediction of flood events and simulation of hydrological processes in watersheds are two fundamental
applications of rainfall-runoff models that play a crucial role in water resource planning and management.
Accordingly, this research was conducted using the HEC-HMS model to examine the impact of and performance of
road-crossing water on flood crises in several selected watershed in the Yazd province.

Materials and Methods

The present study was conducted due to the presence of multiple intersecting structures and the history of damage
during the floods of 2022 in six selected watersheds in the counties of Taft, Ashkazar, and Mehriz, including the
Khamsian, Darbe Raz, Dashtak, Roobaz, Ghavam-Abad, and Konj-Kuh watersheds in Yazd province. The aim was
to gather and obtain necessary information about corresponding rainfall-runoff events from relevant sources and
extract precise details of intersecting structures such as culverts and small bridges to gain a comprehensive view of
the physical, hydraulic, and structural conditions. This serves as the basis for evaluating capacity, analyzing
hydraulic performance during floods, and assessing the efficiency of the studied route's drainage system. After
identifying the number of culverts in the watersheds, the HEC-HMS software was used to determine the volume
and amount of flood. To determine the compatibility of their flow capacity with the flood discharge using the HEC-
HMS model, hydrological parameters were first extracted from the watershed and then, using numerical hydraulic
models, the flow behavior at culvert sections was analyzed.

Results and Discussion

The results of comparing the hydraulic capacities of selected culverts with the design flood discharge at various
return periods revealed that the hydraulic behavior of structures in response to increased return periods is non-linear
and highly sensitive; in most cases, as intensity and frequency of rainfall increase, ratio (Qc/Qd) decreases rapidly,
leading the structure into the critical. The watersheds of Khamsian, Dashtak, and Roobaz have minimum relative
capacities and enter an unstable state from 5 to 10-year periods. A Qc/Qd <0.5 in these areas severe hydraulic section
deficiencies, significant energy at the culvert outlet, and the risk of overflow from the culvert. Such conditions are
mainly observed in structures with reduced hydraulic performance due toation, increased roughness, and geometric
shapes. In the Darbe Raz and Dashtk watersheds, the structure's condition is acceptable up to 10-25-year return
periods, but beyond 25 years, there is a likelihood of flooding and upstream reversal. The rate of capacity reduction
to Qd decreasing from 0.09 to below 0.5 the 25-50- range indicates that the flood is entering unstable state and the
outlet is starting saturate. In the Ghavam-Abad watershed, the ratio (Qc/Qd) above 1 in all return periods, making
it the only structure evaluated as from a hydraulic design perspective. Ac/Qd value of 4.1 indicates a significant
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excess capacity resulting the larger outlet dimensions and the suitable longitudinal slope of the inlet channel.
However, for extreme events above 500 years, this ratio decreases to around 1, indicating that the flow has reached
the threshold of the final capacity. Given the potential for severe rainfall events with return periods exceeding 500
years in 2022, it necessary to reassess the design range for this structure as well. Conversely, the Konj-Kuh culvert
exhibits the poorest performance, entering a critical state even at the 2-year return period, meaning that normal
annual rainfall could trigger overflows.

Conclusion

In view of the flood rainfall in April 2022 in Yazd province, as one of the most intense recorded rainfall events in
the contemporary statistical period; the analysis of ratios (Qc/Qd) showed that with an increase in the return period
from 5 to 500 years, the average ratio of design capacity to flow rate from around 0.75 to less than 0.20 percent.
Among the existing structures in the studied watersheds, only 1 structure was evaluated safe (Ghavam-Abad) and 8
structures are in critical conditions in one of the return periods less than an equal 25 years. This pattern that the
initial design of culverts based on return periods lower than the of publication 415 (1 to 25 years).
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Figure 1- (a) Location of the studied watersheds in Yazd province and various counties in this province, (b) Digital elevation model
map of the studied watersheds.
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Table 1- Some physical and geometric characteristics and features of the studied watersheds

Characteristics/ Watershed Ghavam-Abad  Darbe Raz  Khamsian Dashtak  Roobaz ~ Konjkuh
Area (ha) 448.11 591.46 2306.42 1838.84  8319.76  4638.26
Circumference (km) 10.41 10.71 23.79 24.37 46.21 33.83
Main waterway length (km) 4.63 4.44 9.29 10.39 21.64 14.68
Maximum elevation (m) 2606 3152 2927 3918 3832 3716
Minimum elevation (m) 1679 1880 1850 2095 1525 1946
Rainfall (mm) 149.1 193.5 182.3 243.5 180.2 220.7
Maximum slope 172.9 3295 215.1 3573 635.1 477.1
Minimum slope 0 0 0 0 0 0
Average slope 43.2 55.1 33.9 50.8 37.08 48.03
Time of concentration 032 0.28 0.63 0.63 1.16 0.96
(Kirpich equation) (h)
Compaction coefficient 1.38 1.23 1.39 1.59 1.42 1.39
Elongation coefficient 0.52 0.65 0.39 0.39 0.49 0.51
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Table 2- Specifications of culverts in the Ghavam-Abad watershed

Internal Number of  Material of Length of .
Structure type dimensions (m) openings structure structure (m) ST
Box culvert (Old Ghavam-Abad culvert) 1.7*%1.7 1 Concrete 8 223014-3523625
Box culvert (newly constructed Ghavam-Abad culvert) 1.5*4 1 Concrete 14 223014-3523625
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Figure 2- (a) Image of the old culvert, (b) image of the newly constructed culvert, and (c) satellite image of the location of the culverts
in the Ghavam-Abad watershed.
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Table 3 - Specifications of culvert in the Darbe Raz watershed

Internal Number of  Material of Length of .
BTSN e dimensions (m) openings structure structure (m) sl
Box culvert 1.9%2.3 1 Concrete 13 782719-3525282
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Figure 3- (a) Image of the culvert and (b) satellite image of the location of the culvert in the Darbe Raz watershed.
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Table 4 - Specifications of culverts in the Khamsian watershed

Internal Number of  Material of Length of .
ST e dimensions (m) openings structure structure (m) Cowriitniz
Pipe culvert (Old Khamsian culvert) 1*1 2 Concrete 11 764731-3533663
Box culvert (newly constructed Khamsian 1.5%3 5 Concrete 14 764808-3533458

culvert)
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Figure 4- (a) Image of the old culvert, (b) image of the newly constructed culvert, and (c) satellite image of the location of the culverts
in the Khamsian watershed.
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Table 5 - Specifications of culverts in the Dashtak watershed

Internal Number of  Material of Length of .
ST 10 dimensions (m) openings structure structure (m) Cgreimles
Pipe culvert (Old Dashtak culvert) 1*1 2 Concrete 14 784188-3509611

Box culvert (newly constructed Dashtak culvert) 2*3 1 Concrete 14 784188-3509611
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Figure 5- (a) Image of the old culvert, (b) image of the newly constructed culvert, and (c) satellite image of the location of the culverts
in the Dashtak watershed.
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Table 3 - Specifications of culvert in the Roobaz watershed

Internal Number of  Material of Length of .
ST (702 dimensions (m) openings structure structure (m) Lo iz
Box culvert 1*3 1 Concrete 20 253485-3499186
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Figure 6- (a) Image of culvert and (b) satellite image of the location of culverts in the Roobaz watershed.
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Table 7 - Specifications of culvert in the Konjkuh watershed

Internal Number of  Material of Length of .
BTSN e dimensions (m) openings structure structure (m) Sleatiniss
Arched culvert 2*3 1 Concrete 10 249255-3489171

Google Earth
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Figure 7- (a) Image of culvert and (b) satellite image of the location of culverts in the Konjkuh watershed.
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Figure 8- Intensity-Duration-Frequency (IDF) curve of short-term rainfall in the watersheds of (a) GhvamAbad, (b) Darbe Raz, (c)
Khamsian, (d) Dashtak, (¢) Rubaz, and (f) Konjkuh
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Figure 9- Map of (a) soil hydrological groups, (b) land use, and (c) CN of the studied watersheds.
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Table 8- Calculated CN values for the studied watersheds

Rank Watershed CN value
1 Ghvam-Abad 80.5
2 Darbe Raz 86
3 Khamsian 82.9
4 Dashtak 79.4
5 Rubaz 80.5
6 Konjkuh 82.4
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Table 8- The peak instantaneous discharge corresponding to a 6-hour rainfall event, as derived from the HEC-HMS hydrological
modeling software.

Instantaneous peak flow (m3/s) proportional to 6-hour rainfall with different return periods

Watershed 2 5 10 25 50 100 500 1000
Ghvam-Abad 0 0.2 0.5 1.2 1.8 2.6 48 5.9
Darbe Raz I 3.6 5.8 9 116 144 213 245
Khamsian 0.1 13 2.8 54 7.8 104 177 213
Dashtak 13 54 9.1 149 197 249 384 447
Rubaz 3.7 146 242 387 508 366 965 1118
Konjkuh 8.5 233 352 517 65 78.9 113 1287
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Table 8- The flood volume corresponding to a 6-hour rainfall event, as derived from the HEC-HMS hydrological modeling software

Flood volume (1000m3) proportional to 6-hour rainfall with different return periods

Watershed

2 5 10 25 50 100 500 1000

Ghvam-Abad 0 2.1 49 10 14.5 19.7 335 40.2
Darbe Raz 8.3 24.2 37.1 55.1 69.7 84.7 122.6 139.8
Khamsian 0.9 15.7 33.1 61.4 86.5 113.6 186.5 2225
Dashtak 16 62.9 103 163.1 211.9 264.5 398 460.2
Rubaz 60.4 2433 402 641 838.3 1047 1577.8 1824.9
Konjkuh 122.4 327 486.3 705.4 81.3 1063.4 1510.8 1714/7

s (2 1 (Qe) Yl o sorbanslne b b5

HEC Jio i} il uiSl aygo b sl (Qd) ¢
2B o3ls (Qc/QA)<T s &S 5j00 1> A duwlio HMS
Sy Ml b jayp sl g 0395 )b OMew el Hoe @
p3Y ColiS ojls cud )l (Qe/Qd) = 1 &g 3 Jg )
Akan & Houghtalen, 2016; Teng ) 3,l> 5L > joe sl y
Cadybs dunlio gl oS (et al., 2017; Kadam et al., 2021
sl 018 B (V) Jgdo > oM (2 b )35 0] 5 y90e

g Bl Gb)ISOln; jee cud )l dmle I e

g alizee CuiS 5l clooyed 10 b CMo 0 b Lza(j dus B0
e s g oy 0j BLSnsd oyl ues
g aldg, yuwe ) e oSOl (Sg)rm
)35 0,05 sge Cudyls a8 oy (LS oj Lol (slacal,]
wibo g5y 251 &) (lul 5 JS3) Slad awrin jI b
(Goitue b 3) Gl Camg g dlao (o5 g3l bS

!



Al v 38R 45 Jaw (crb 415w )3 glosls bl o claojlw 3, Sles g (b 93 wIU

Alisee CuiS 3L so,9 43 (Qd) zsb G (25 b (Qc) 38 0T 45 jone Cudyb dulie VY Joun

Table 11- Comparison of culvert passage capacity (Qc) with design flood discharge (Qd) in different return periods

Performance
Watershed Qc(m3/s) Qc/Qd2  Qc/Qd5 Qc/Qd.10 Qc/Qd25 Qc/Qd.50  Qc/Qd.100  Qc/Qd.500 Qc/Qd.1000  status
(safe/critical)
A crisis in 500
Ghvam-Abad 4 0 20 8 333 222 1.53 0.83 0.67 years
Ghvam-Abad* 831 0 41.55 16.62 6.92 4.61 3.19 1.73 1.4 safe
Darbe Raz 6.05 6.05 1.68 1.04 0.67 0.52 0.42 0.28 0.24 sezgm in 25
Khamsian 2.17 21.7 1.66 0.77 0.4 0.27 0.2 0.12 0.1 A crisis in 10
years
Khamsian 12.47 1247 959 445 23 159 1.19 0.7 0.58 A crisis in 500
years
Dashtak 2.17 1.66 0.4 023 0.14 0.11 0.08 0.05 0.04 yAe ng‘s in5
Dashtak* 831 6.39 1.53 0.91 0.55 0.42 0.33 021 0.18 3@:2515 in 10
Rubaz 4.15 1.12 028 0.17 0.1 0.08 0.06 0.04 0.03 Acrisis in 3
years
Konjkuh 6.52 0.7 0.27 0.18 0.12 0.1 0.08 0.05 0.05 ;*e ;;S‘S in2

The * watershed have been redesigned and their capacity increased in 2024 and 2025, and they have newly constructed culverts.
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