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Introduction

It is vitally important that rivers reach an equilibrium state (regime). To be more precise,
determination of stable hydraulic geometry is one of the most important factors on which designing,
planning and training of rivers is based. In this research, an analytical model was proposed initially
by using extremal hypotheses and then multivariate hydraulic geometry relationships were applied to
the rivers under dominant bed load. Thereafter, field study was carried out on several gravel bed rivers
in Khuzestan and Chaharmahal provinces. A total of 24 hydrometeorological stations in 17 river
reaches were sampled to characterize bed material gradation curve. With regards to bed structure of
gravel bed rivers, samplings were made by surface and volumetric methods. Then, sediment samples
were put into two categories of surface and armor layers. The collected field data was originally
applied to derive regime relationships by using multivariate regression analysis. The effect of bed
structure was directly studied to better understand it in the regime relationships. A reasonable
agreement was observed between the developed analytical and empirical exponents of the hydraulic
geometry relationships in this study and those by other researchers. Finally, the developed model was
calibrated using the field data of Iran and the mean relative error of the bankfull width and depth
calculation were 26% and 24%, respectively.

Methodology

In the present research, by applying empirical and analytical methods, we analyzed stable geometry
of the rivers through hydraulic geometry relationships. To do so, Mahmoudi et. al. (2016) study was
initially used to develop multivariate downstream hydraulic geometry relationships by applying
extremal hypotheses. The model is capable of predicting optimum dimensions of the cross section of
the river under constant and variable bed slopes for static and dynamic conditions.

Thereafter, bed material surface and bulk samplings were made of 24 stations of stable streams in
Khuzestan and Chaharmahal provinces to work out bed gradation curve in different layers of the bed.
In the next step, multivariate hydraulic geometry relationships were derived by geometry, hydraulic
bed material cross section data. Finally, the relationships were verified in the study area.
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Results and Discusspn

This section deals with verification of the derived relationships in the previous section. In this
context, analytical and empirical relationships are compared with other researchers’ work for cross
section stable width estimation (Table 1). In general, derived hydraulic geometry relationships from
field data are comparable with those developed analytically and those presented by other researchers.
However, it is worth mentioning that the relationships provided by other researchers were obtained for
different field data bases. Therefore, the difference in the coefficients of the equations could reflect the
type of the stream as well as bed and bank materials.

Table 1- A comparison of some empirical relationships with the results of this study

Reference Empirical relationship
Lacey (1958) W =4.833Q%°
Bray (1982) W =3.83Q%%d, >
Yalin (1977) W =1.5Q%%d.>®
Lee and Julien (2006) W = 3.004Q%?d %5013
Julien and Wargadalam (1995) W =1.33Q°*d 1S %
This study - empirical W =3.782Q"*®d *®
This study - empirical W =5.149Q%%%d 2155 %%
This study - analytical W ocd,, (02°7022Q044-0%0
This study - analytical W oc QU45270639 g ~(0.039)-0385

Furthermore, the suggested analytical model was used for calibration. Four rivers in Khuzestan
province were selected from the data base. The model was applied by coupling Manning (1891) flow
resistance equation with bedload functions of Meyer-Peter and Muller (1948), DuBoys (1879) and
Parker (1979). The error percentage values have been shown in Table (2). It is clear that Meyer-Peter
and Muller (1948) function has the least error compared to the others in the study area. However, the
model tends to underestimate and overestimate width and depth, respectively.

Table 2- Mean relative errors of analytical model
Mean relative error

Bed load equation Mean depth Bankfull width
() ()
Meyer-Peter and Muller (1948) 23.65 (25.57)
DuBoys (1879) 35.54 (33.45)
Parker (1979) 29.57 (29.37)

() indicates negative values (predicted values are less than observed values).

Conclusions

Exponents of the hydraulic geometry relationships derived from analytical model in the lower limit
of shape factor are in agreement with those derived from incipient motion. This states that design of
optimum dimensions of the cross section could be carried out using these relations under static
condition.

Exponents of the hydraulic geometry relationships derived from analytical model between lower
and upper limit of the shape factors are independent of bedload functions and flow resistance equations
and are in agreement with empirical relations developed by previous researchers. Hence, design of
optimum dimensions of the cross section could be carried out using these relations under dynamic
condition.
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With regards to the results, insertion of the longitudinal slope as an independent variable to the
regime relationships, determination coefficients of width and depth were increased, but accuracy of
the width relationships did not increase significantly. This reflects the high resistance of the river banks
against erosion in the study reaches, which is reasonable due to the characteristics in the study area.
The results also indicated that the surface, armour and sub-armour layers affect the estimation of the
river channel geometry.
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Table 1- Bed sampling methods in the studied rivers

Sampling

Type procedure

Sampling method

Gradation method Purpose

(1954) Wolman

Wolman or Heel-
To-Toe

Using sampling
frame

Volumetric Csu
Sampling of Using CSU barrel
armor layer sampler

Volumetric
Sampling

Armor layer

Sieve analysis particles gradation
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Table 2- Applied data and methods of preparation

Reference of data

gradation

Information Data type Abbreviations Methods of data preparation -
preparation
Width w
Depth D
Discharge Q Daily discharges
Slope S Using longitudinal surveys
Manning’s n Using experimental &
coefficient theoretical relations
Bed surface particles d Using sampling (Wolman
gradation o0 method and sampling frame)
Armor layer particles . . .
dso-a Using volumetric sampling
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Table 3 - Comparison of the hydraulic geometry relationships at the lower limit of {m with
hydraulic geometry relationships in threshold of motion conditions (Qs = 0)
Hydraulic geometry relations Relationship type Reference

W oc Q044050
D oc 0447050
S OCQQ(044—050)
V oc Qo—o.n
W o d507(0.25~o.22)Q0,44~o.50
D o d507(0.25~o.22)Q0.44~0.50
S ocd501'22"1'25Q’(°'5"°'44)
vV OCd500.44~0.soQo~o.11
W ocQ 0.50
D «Q 0.482
S «Q -0.482
V «Q 0.072
W ocd 4).15Q 0.46
D OCd 4).15Q 0.46
S ocd 1.15Q 046
V ocd o.aQ 0.08

d is the mean diameter of sediment particles in millimeters.
39290 (SR dwkids Llgy b (Vb > 9 (Gwl v (o dm 1 Ole SIS dwdids Lailgy duslio —£ Jgo
(Qs>0) o > dilw 31 F 53 ol gl 53
Table 4 - Comparison of the hydraulic geometry relationships based on values of {m between lower
and upper limit with hydraulic geometry relationships in conditions greater than the threshold of

motion (Qs> 0)
Relationship type

Hydraulic geometry relations Reference

W OcQo.456~o.586
.273~0.388

D ocQO 273~0

S OCQ—(O.283~0.129)

.12~0.1
\Vi OCQO 0.169

0.452~0.639 o —(0.039)~0.385
W «<Q §~(00%9)

0.188~0.316 ¢ —(0.593~0.314
D«Q st )

0.168~0.233 ¢ 0.180~0.363
V «Q S

W oc Qo.465~0.539
D OCQo.296~0.367
s OCQ—(O.18~0.08)
W ocQ 0.45
D ocQo'35
S «Q -0.2

.467~0. .011~0.2
W OCQO 67~0.555 SOO 0.203

0.261~0.306 ¢ —(0.438~0.337,
DxQ s )

.184~0.227 .235~0.32
Vonso 8035036

W OCQo.4~o5 g ~(02-025)
D OCQo.25~<14 g(02-0125)

\V OCQO.2~0.25 SO.375~0.4
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Table 5- Two-variate power relationships (SI units)

=aQ"dg,
bed sediments Dependent variable = aQ"dg, R?
Dependent b c
Variable
Surface Layer 3.78 041 -0.18 0.83
Armor Layer 470 038 -015 081
Surface Layer 1.87 042 064 0.77
Armor Layer 099 049 055 0.68
Surface Layer 0.04 -034 027 041
Armor Layer 0.08 -034 044 044
(SI ) © piiods Silg5 L9y =1 Jgur
Table 6- Three-variate power relationships (SI units)
Dependent variable = aQ"dS,S* =aQ"dSS® R2
bed sediments Depe_ndent b . q
Variable
Surface Layer 5.15 0.43 -0.22 0.09 0.84
Armor Layer 6.24 041 -0.22 0.11 0.83
Surface Layer D 0.13 0.32 0.54 -0.45 0.90
Armor Layer 0.10 0.41 057 -0.53 0.86
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Table 7- A comparison of some empirical relationships with the results of this study

Empirical relationship Reference
W =4.833Q%° Lacey (1958)
W =3.83Q%%d > Bray (1982)
W =1.5Q%d® Yalin (1977)

W = 3.004Q0.426d5—[§1002570.153
W = 133Q0Md$118 -0.22
W — 3.782Q0.405d57(§35.18

W — 5.149Q0,433dg(§),21580.092

—(0.25~0.22) (~ 0.44~0.50
W ocdy, Q

0.452~0.639 —(0.039)~0.385
W cQ g (0039

Lee and Julien (2006)

Julien and Wargadalam (1995)

This study - empirical
This study — empirical

This study — analytical (threshold of motion)

This study - analytical

(01 2!) Sl g bl 35 (FWlao 03 Hlgzr 55 459y JUI 3 @aiio Olaskin -A Jouer
Table 8- Field data measurement (Khuzestan province, Iran)

D50a

. . Qvt
River Station (m¥s) Wps(m) D (m) S n m) 0
Karoun Sousan 1330.981 6454 10.54 0.0007 0.041 0.0526 32
Aab Shirin  Kheir Abad 473.08 72.52 2.97 0.00136  0.034 0.0283 22

Maroun Cham Nezam  1029.06 117.68  2.96 0.00203 0.031 0.0305 53
Zal Pol-e-Zal 11.27 13.4 1.00 0.0039 0.05 0.0369 84

Qo : bankfull discharge, Wor : bankfull width, D: average depth, S: longitudinal slope, n: Manning coefficient, Dsoa:
mean diameter of bed material, 6: bank angle.

J Olwlre (o Slas w0 30 Lawgino -1 J9ua
Table 9- Mean relative errors of analytical model

Mean relative error
Bankfull width

Bed load equation

Mean depth(%) )

Meyer-Peter and Muller (1948) 23.65 (25.57)
DuBoys (1879) 35.54 (33.45)

Parker (1979) 29.57 (29.37)

The values in parentheses indicate an estimate less than observed values.
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