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To Calculate The Rate Lateral Migration Of The
Tigris River In The Kut City

Ayad Kadhum Hussein
College of Engineering,Civil Department, University of Kufa
Abstract

The proposed model depends on bank shear stress for the external riverbank, lateral bed slope,
volumetric longitudinal bed load discharge per unit channel width, lateral to longitudinal bed load discharge
ratio, bend scour factor, and stream power. In this research, was discussed factors affecting the proposed
model used to calculate the rate lateral migration happening in the bank of the River Tigris in the Kut
city.Several variables have been used to compute the factors mentioned them, among these variables, radius
of curvature, top water width, depths of water, angle of bend, velocities of water, longitudinal water surface
slope, and mean diameter of sediment particles. The proposed model shows that the migration rate decreases
as the radius of curvature, top water width, angle of bend, flow velocity at bend entrance (unless it exceeds
the flow velocity at bend exit), flow velocity at bend exit (unless it exceeds the flow velocity at bend
entrance), and depth of water near the outer bank are increased. On the other hand, the proposed model
shows that the annual migration rate increases as the flow velocity at channel centerline, flow depth at
channel centerline, longitudinal water surface slope, mean particle diameter at channel centerline and near
the outer bank, bank shear stress for the external river bank, volumetric longitudinal bed load discharge per
unit channel width, lateral to longitudinal bed load discharge ratio, and bend scour factor are increased.

1. Introduction

Lateral migration generally occurs as the result of one of three
processes(Parsons,2002): meander bend development, channel response to a flow
obstructs that initiate bank erosion on the opposing bank, or an increase in bank
erodibility (as occurs following removal of vegetation). In meander bend de the curvature
of the bend accelerates flow and therefore erosion around the outer edge of the bend, and
decelerates flow on the inside, which causes the inside of the bend (the point bar) to
accumulate sediment, which further concentrates flow around the outer edge of the bend,
and so on. Because erosion around the outer edge of a meander is generally
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counterbalanced in this fashion with deposition. There are bends that the migration rate
has been measured in the reach of Tigris River within Kut city (Ayad,2007).
In this research, the results obtained from applying the proposed model equation
(1) (Ayad,2007) have been analyzed and discussed, taking into consideration factors that
are affecting every individual variable included in the model. Upon the fact that no
enough data are available, a hypothetical data has been used (Micheli et. al.,2004).
0.193311422 0.10119174 0.016981
6.002076771 x {MJ x [q—T] x [R—C]
M=K IL >p L W

W H 0.184551481
x( OJ % A 2.650226128

(1)
In which K=3.1536*10, 1, =Bank shear stress; q. =Longitudinal volumetric bed
load per unit channel width ;qr =Lateral volumetric bed load per unit channel
length ;sp =Stream power; R, =Curvature Radius at channel centreline; W =Top
width of flow ;H, =Bank height (depth of water near the outer bank); and A; =Bend
scour factor.

2. The factors affecting the proposed model
The proposed model depends on the following factors(Integrated Resources
Management,2004):

* Bank shear stress, Tp;

* Longitudinal volumetric bed load per unit channel width (qr);

* Lateral volumetric bed load per unit channel length (qr);

* Stream power (sp);

* Curvature Radius at channel centreline (R.);

* Top width of flow (W);

* Bank height (depth of water near the outer bank, H,); and

* Bend scour factor (Ag).

These factors are depending on the following individual variables:

* Angle of bend (®);

* Velocity at bend entrance (U));

* Velocity at exit of bend (U,);

* Longitudinal velocity component at the channel centreline (U,);

*Longitudinal slope of water surface(S);

* Depth of water at the channel centreline (H,);

* Mean diameter of sediment particles at the channel centreline (ds.); and

* Mean diameter of sediment particles near the outer bank (dso,).
Therefore, the weight of effect of each individual variable has been tested to clarify how
each variable affecting the physical and mathematical behaviour of the proposed model.
Eleven individual variables have been considered through eleven trials every trial consist
about 30 values, concentrating on one variable alternately, while the remaining variables
are kept constant consequently as shown in Table (1).
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Table (1) The Hydraulic Features of proposed Section (Ziyad,2004)
Rc¢ W D Q Uc U1 Uz Ho d50c S Hc dso
m | m | deg. | m*/sec] m/sec] m/sec| m/se¢ m | mm m mm
1258] 350 30 | 1250 | 0.65 | 0.82 | 0.76 | 7.5 | 0.16 | 6*10°| 6.5 0.16

3. Results and discussion

This derivation process and trial techniques for above listed variables are
discussed as follows:-
3.1 Curvature radius at channel centreline (R,)

Taking this factor as a variable with all other factors remaining constant and
applying the specified methodology of analysis. The effect of radius of curvature (R;) on

(tp and q—T) are shown graphically in Figures (1 , 2) respectively , while the relationship
L

between R, and M for the proposed model has been shown in Figure (3 ). Results shown
in Figures (1 and 2) indicate clearly that the radius of curvature (R;) is a very effective
factor on the bank shear stress, the longitudinal to lateral ratio of bed load discharge, and
the annual migration rate, while this factor (R.) has no obvious effect on the longitudinal
bed load discharge, bend scour factor, and stream power. The proposed model can be
summarized, as the radius of curvature increases, decreasing in bank shear stress, the ratio
between lateral to longitudinal bed load discharge, and annual migration rate. However,
the longitudinal bed load discharge bend scour factor, and stream power remains fairly
constant.

3.2 Top water width (W)

Taking this factor as variable with all other factors remaining constant and
applying the specified methodology of analysis. The effect of top water width (W) on the
T, are shown graphically in Figure (4) while the relationship between W& M for the
proposed model has been shown in Figure (5). Results shown in Figures (4, and 5)
indicate clearly that the top water width is a very effective factor on the bank shear stress,
and the annual migration rate. However, this factor (W) has no obvious effect on the
longitudinal bed load discharge, the longitudinal to lateral ratio of bed load discharge,
bend scour factor, and stream power. The proposed model can be summarized, as top
water width increases, deccreasing in: bank shear stress, and annual migration rate is
observed, while the longitudinal bed load discharge, the longitudinal to lateral ratio of bed
load discharge, bend scour factor, and stream power remains fairly constant. The direct
effect of bank shear stress (1) on the annual migration rate (M) can be summarized as
bank shear stress increases, increasing in annual migration rate is observed as shown in
Figure (6).

3.3 Angle of bend (@)

Taking this factor as variable with all other factors remain constant and applying
the specified methodology of analysis, the effect of angle of bend (®) on the (1, and M )
are shown graphically in Figures (7 and 8 ) respectively. Results shown in Figures (7 and
8) indicate clearly that the angle of bend is an effective factor on the bank shear stress,
and the annual migration rate. However this factor (@) has no effect on the longitudinal
bed load discharge, the longitudinal to lateral ratio of bed load discharge, bend scour
factor, and stream power. The proposed model can be summarized, as angle of bend
increases, deccreasing in bank shear stress and annual migration rate are observed, while
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the longitudinal bed load discharge, the longitudinal to lateral ratio of bed load discharge,
bend scour factor, and stream power remains fairly constant.
3.4 Velocity at bend entrance (Uy)

Taking this factor as variable with all other factors remaining constants and
applying the specified methodology of analysis. The effect velocity at bend entrance (U;)
on the (1, and M) are shown graphically in Figures (9 and 10 ) respectively. Results
shown in Figures (9 and 10 ) indicate clearly that the velocity at the entrance of bend is
an effective factor on the bank shear stress, and the annual migration rate. However this
factor (U;) has no effect on the longitudinal bed load discharge, the longitudinal to lateral
ratio of bed load discharge, bend scour factor, and stream power per unit channel length.
The proposed model can be summarized. As velocity at the entrance is increases
decreasing in hank shear stress, and the value of annual migration rate are observed,
unless the value of U; don’t exceed the value of U, , but when the value of U; is
exceed ,or equal the value of U, ,converting the relation between U; and 1, and the
relation between U; and M is observed, i.e. if U; > U, then the value of bank shear stress
will be increase when U is increase also the value of annual migration rate Will be
increase when Uj is increase. In addition, it is very clear that the values of longitudinal
bed load discharge, the longitudinal to lateral ratio of bed load discharge, bend scour
factor remains fairly constant.

3.5 Velocity at exit of bend (U;)

Taking this factor as variable with all other factors remaining constant and
applying the specified methodology of analysis shows that, the effect velocity at bend
entrance (Uz) on the (1, and M ) are shown graphically in Figures (11 and 12 )
respectively. Results shown in Figures (11 and 12) indicate clearly that the velocity at the
exit of bend is an effective factor on the bank shear stress, and the annual migration rate.
However, this factor (U) has no obvious effect on the longitudinal bed load discharge, the
longitudinal to lateral ratio of bed load discharge, bend scour factor, and stream power per
unit channel length. The proposed model can be summarized. As the velocity at the exit of
bend is increases decreasing in the bank shear stress, and the value of annual migration
rate are observed unless the value of U, doesn’t exceed the value of U, but when the
value of U, is exceeded ,or equalled ,the value of U, this will lead to convert the relation
between U, and 1, and the relation between U, and M i.e. if U, > Uj then the value of
bank shear stress will be increased when U, is increased also the value of annual
migration rate will be increased when Uj is increased. Also it’s very clear that the values
of longitudinal bed load discharge, the longitudinal to lateral ratio of bed load discharge,
bend scour factor, remains fairly constant.

3.6 Depth of water near the outer bank (H,)

Taking this factor as variable with all other factors remaining constant and
applying the specified methodology of analysis. Results shown in Figures (13 and 14)
indicate clearly that the depth of water near the outer bank is an effective factor on the
bank shear stress, and the annual migration rate, respectively. However, this factor (H,)
has no obvious effect on the longitudinal bed load discharge, the longitudinal to lateral
ratio of bed load discharge, bend scour factor, and stream power per unit channel length..
The proposed model can be summarized. As the depth of water near the outer bank is
increases, decreasing in bank shear stress and the value of annual migration rate has been
observed. Bank shear stress decreases is observed continually when the value of H, has
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been increased. The relation between the values of H, & M is converting when H,
increases continually; however, this increment will cause increasing in the value of annual
migration rate. The previous behaviour can be justified. As H, increases, increasing in
H, / W ratio is happened, predicted annual migration rate is acceptable unless this 0.05,
but when this ratio exceeds this value (0.05) this will cause abnormal predicted value for
annual migration rate.

3.7 Velocity at the channel centreline of particular section (U.)

When we take taking this factor as variable with all other factors remaining
constants and applying the specified methodology of analysis. the effect velocity at the
channel centreline of particular section (U.) on the (q/qL and M ) are shown graphically
in Figures (15 and 16) respectively. Results shown in Figures (15 and 16) indicate clearly
that the velocity at the channel centreline (U.) is very effective factor on the the
longitudinal to lateral ratio of bed load discharge, and the annual migration rate. However,
this factor (U;) has no obvious effect on the bank shear stress, longitudinal bed load
discharge, bend scour factor, and stream power. The proposed model can be summarized.
As velocity at the channel centreline of particular section (U.) are increases, increasing
in:- the ratio between lateral to longitudinal bed load discharge, and annual migration rate
are observed, while the bank shear stress, longitudinal bed load discharge, bend scour
factor, and stream power remains fairly constant. The direct effect of qr/qr on the annual
migration rate (M) can be summarized as, increases in lateral to longitudinal bed load
discharge ratio, increasing in annual migration rate is observed as shown in Figure (17).
3.8 Depth of water at the channel centreline (H,)

Taking this factor as variable with all other factors remaining constants and
applying the specified methodology of analysis. The depth of water at he channel

centreline (Hc) on the (q ,Z—T,AS) are shown graphically in Figures (18, 19 and 20)

L

respectively. Results shown in Figures (18, 19, 20, and 21) clearly indicate that the water
depth at the channel centreline (H,) is a very effective factor on the longitudinal bed load
discharge, the longitudinal to lateral ratio of bed load discharge, bend scour factor, and the
annual migration rate. However, this factor (H.) has no obvious effect on the bank shear
stress, and stream power. The proposed model can be summarized As the value of H, is
increases, increasing in:- longitudinal bed load discharge the ratio between lateral to
longitudinal bed load discharge, bend scour factor, and annual migration rate are observed
while the bank shear stress and stream power remains fairly constant.
3.9 Longitudinal slope of water surface(S)

If we take taking this factor as variable with all other factors remaining constant and
applying the specified methodology of analysis. The longitudinal slope of water surface

(S) onthe (q, , A, ,Z—T, sp and M) are shown graphically in Figures (22, 23, 24, 25 and 26)
L
respectively. Results shown in Figures (22, 23, 24, 25 and 26) indicate clearly that the
slope of water surface (S) is a very effective factor on longitudinal bed load discharge, the
longitudinal to lateral ratio of bed load discharge, bend scour factor, stream power, and
the annual migration rate. However, this factor (S) has no obvious effect on the bank
shear stress. The proposed model can be summarized. As longitudinal slope of water
surface (S) increases, increasing in: longitudinal bed load discharge, bend scour factor,
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stream power and annual migration rate is observed, also, value of S is increases,
decreasing in the value of the ratio between lateral to longitudinal bed load discharge are
observed, while the bank shear stress, remains fairly constant.

3.10 Mean diameter of sediment particles at the channel centreline (dso.)

If we take taking this factor as variable with all other factors remaining constant
and applying the specified methodology of analysis. Results shown Figures (27, 28, and
29) indicate clearly that the mean diameter of sediment particles at the channel centreline
(dsoc) 1s an effective factor on the longitudinal bed load discharge, the longitudinal to
lateral ratio of bed load discharge, and the annual migration rate. However, this factor
(dsoc) has no obvious effect on the bank shear stress, bend scour factor, and stream power.
The proposed model can be summarized. As mean diameter of sediment particles at the
channel centreline (dsoc) increases, decreasing in: longitudinal bed load discharge, the
longitudinal to lateral ratio of bed load discharge and annual migration rate are observed,
while the bank shear stress, bend scour factor, and stream power, remains fairly constant.
The direct effect of longitudinal bed load discharge (qr) on annual migration rate (M) can
be summarized as, (qr) decreases, increasing in M is observed, as shown in Figure (30).
3.11 Mean diameter of sediment particles near the outer bank (dsg,)

To study the effect of this factor, all other factors have been considered constant .
Results shown in Figures (31 and 32) indicate clearly that the mean diameter of sediment
particles near the outer bank of bend (dso,)is an effective factor on the bend scour factor,
and the annual migration rate, this factor (dso,)has no obvious effect on the bank shear
stress, longitudinal bed load discharge, the longitudinal to lateral ratio of bed load
discharge, and stream power. The proposed model can be summarized. As mean diameter
of sediment particles near the outer bank of bend (dso,)increases, decreasing in: bend
scour factor and annual migration rate is observed while longitudinal bed load discharge,
the longitudinal to lateral ratio of bed load discharge, and stream power remains fairly
constant. The direct effect of bend scour factor (As) on annual migration rate (M) can be
summarized as, (As) increases, increasing in M is observed, as shown in Figure (33).

4. Conclusions
According to the results obtained from applying the proposed model equation (1)

for Tigris River within Kut city are as below:-

= The radius of curvature increases, increasing in: the bank shear stress, lateral bed
slope, the ratio between lateral to longitudinal bed load discharge, and annual
migration rate are observed while the longitudinal bed load discharge, bend scour
factor, and stream power remained fairly constant.

= As the water width increases, increasing in: the bank shear stress, and annual
migration rate, while the lateral bed slope, longitudinal bed load discharge, the
longitudinal to lateral ratio of bed load discharge, bend scour factor, and stream power
remained fairly constant.

= The angle of bend increases, increasing in: bank shear stress, and annual migration
rate are observed while the lateral bed slope, longitudinal bed load discharge. the
longitudinal to lateral ratio of bed load discharge, bend scour factor, and stream power
are remained fairly constant.

= The velocity at the entrance (U;) increases, decreasing in bank shear stress, and the
value of annual migration rate, unless the value of U; does not exceed the value of U,
but when the value of U; exceeds, or equals ,the value of U, ,converting the relation
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between U, and 1, and the relation between U, and M are observed i.e., if U; > U, then
the value of bank shear stress will be increase when U; increased also the value of
annual migration rate will be increased when Uj is increased. Also it’s very clear that
the values of lateral bed slope, longitudinal bed load discharge, the longitudinal to
lateral ratio of bed load discharge, bend scour factor, remained fairly constant.

The velocity at the exit of bend (U,) increases, decreasing in bank shear stress, and the
value of annual migration rate are observed unless the value of U, do not exceed-the
value of Uj, but when the value of U, is exceeded or equal to the value of U; this will
convert the relation between U, and T, and the relation between U, and M 1.e. if U, >
U, then the value of bank shear stress will be increased when U, is increases also the
value of annual migration rate will be increased when U is increased. Also it’s very
clear that the values of lateral bed slope, longitudinal bed load discharge, the
longitudinal to lateral ratio of bed load discharge, bend scour factor, remained fairly
constant.

The depth of water near the outer bank (H,) of bend increases, decreasing in bank
shear stress and the value of annual migration rate has been observed. So, bank shear
stress decreases as observed continually when the value of H, has been increased. The
relation between the values of H, and M is converted when H, increases continually;
however, this increment with cause increasing in the value of annual migration rate.
The previous behaviour can be justified. As H, increases, increasing in H,/W ratio
happened , the value of predicted annual migration rate was accepted value unless this
ratio exceeds 0.05, but when this ratio exceeds this value (0.05) this will cause
abnormal predicted value for annual migration rate.

The velocity at the channel centerline of particular section (U,) increases, increasing
in: lateral bed slope, the ratio between lateral to longitudinal bed load discharge, and
annual migration rate are observed, while the bank shear stress, longitudinal bed load
discharge, bend scour factor, and stream power remained fairly constant.

The depth of water at the channel centerline (H,) increases, increasing in: lateral bed
slope, longitudinal bed load discharge the ratio between lateral to longitudinal bed load
discharge, bend scour factor and annual migration rate are observed while the bank
shear stress and stream power remain fairly constant.

The longitudinal slope of water surface (S) increases increasing in: lateral bed slope,
longitudinal bed load discharge. bend scour factor, stream power and annual migration
rate are observed also, value of S is increases, decreasing in the value of the ratio
between lateral to longitudinal bed load discharge are observed, while the bank shear
stress, are remained fairly constant.

The mean diameter of sediment particles at the channel centerline (dsoc) increases,
decreasing in: lateral bed slope, longitudinal bed load discharge, the longitudinal to
lateral ratio of bed load discharge and annual migration rate are observed, while the
bank shear stress, bend scour factor, and stream power, are remained fairly constant.
The mean diameter of sediment particles near the outer bank of bend (dso,) increases
but decreases in: bend scour factor and annual migration rate are observed , while
lateral bed slope, longitudinal bed load discharge, the longitudinal to lateral ratio of
bed load discharge, and stream power remained fairly constant.

Bank shear stress increases, increasing in annual migration rate is observed.
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= Lateral to longitudinal bed load discharge ratio increases, increasing in annual

migration rate is observed.

= Longitudinal bed load discharge increases, increasing in annual migration rate is

observed.

References

Ayad, K.H.,(2007),“Sedimentation treatment at the intake of Wasit thermal power
station”, Ph.D. thesis ,University of Technology, Department of Building and
Construction Engineering ,Baghdad, Iraq.

Integrated Resources Management,(2004),“Channel Migration Zones”, Executive
Report-Best Available Science, Vol.I, Department of Natural Resources and Mines,
the State of Queensland, (From Internet).

Micheli, E.R., Kirchner, J.W., and Larsen, E.W., (2004), “Meandering River”, Lecture
Six Department of Earth and Planetary Science, University of California.,(From
Internet).

Parsons, R., (2002), “Flow Separation in Meandering Bends”, Ph.D Thesis,
Department of Geography, University of Sheffield. (From Internet).

Ziyad Abdul-Bari K. Kubba,(2004),” A model for the hydraulic behaviour of natural river
bends”, Master Thesis, University of Technology, Department of Building and
Construction Engineering ,Baghdad, Iraq .

b4 T r r T r T r r T r 0.4
Al E 0361 b
0.3 i
CE
% 025+ i
St c':_]"
g OE 0.zr -
jy vl
] [RETS 4
E Lt
01t .
o.m . nost * .
# ¥y 4
1} 0 | | | | | | | | | |
108 i M@ W M0 o in M0 Mo 0 500 4000 1500 2000 2500 3000 3500 4000 4500 G000 5500
Pefit] R, (m)
Figure (1) The Relationship between (R.& ) Figure (2) The Relationship between (R.& q1/qr)

273



3.4963

31963

2.8963

2.5963

2.2963

M (m/year)

1.9963

1.6963

13963

S00 1000 1500 2000 2500 3000

R.(m)

3500 4000 4500

5000 S500

Figure (3) The Relationship between (R.& M)

I (mfvear)

1
g0 00 180 200 250 300 350 400 48D

Top water width (m)

1
400

Figure (5) The Relationship between (W& M)

& M)

018 T T T T T

o
=
T

.
I
T

=]
]
T

=

Eank shear stress oy (ka'mz)

o

P=1

=1
T

0.04 -

L L L
140 200 250

@ (degree)
Figure (7) The Relationship between (® & t3,)

L
0 a0 100

274

018 T T T T

0175

017

0165

=]
o
T

0156+

Bank shear stress 7, (kN/m®)
f==]
o
T

0145

014F

0135

013 I I 1 I 1 I 1 I 1

50 100 180 200 250 300 350 400 450
Top water width {m)

Figure (4) The Relationship between (W

500

M (v ean)
oo
T

2]
T

pli

nog 01 oMo o1z 013 014 015

Bank shear stress T, (kamz)
Figure (6) The Relationship between (1,

018 017

2.4

ML imiveat)

1.7 L . "

a 25 50 75

f(degree)

Figure (8) The Relationship between (© & M)

L 1 L . L L L L
100 4125 450 175 200 225 280 275 200



0.85 T T T T T T T T T 32 T T T T T T T T
0sf 3
31
o~ 075E 3
(2}
£ 07E : 3
Z 068 E 4
248
o OGF 4
s B
B 0.85F 1 &28
i i
5 osf 1 %‘
o Ea7
bon4sf 3
[ =
- 3 76
”é nask 3
25
T o3k E
ut}
o5k 1 2.4
02k E
23
04sE 3
04 1 | 1 1 | 1 1 1 1 1 1 22
"0 028 05 078 1 126 148 4175 2 226 28 275 3 '0.2 0.5 0a 1.1 1. 1. 2 273 25 29
1y (m/fsec) 1 (m/fsec)
Figure (9) The Relationship between (U;& t3) Figure (10) The Relationship between (U;& M)
0g T T T T T T T T T T T 3z T T T T T T T
075k 3 -
o~ 07F 3
E nEsE 1 3
5 0eF E 28
Sossk 1 =
623
ﬁ 05k ik
Boast ] Ez.?
§ D4k H B
=l 28
EXiRc ]
FE pc] ] 25
Mot ]
24
02p E
015k E 23
%
[iR] 1 1 1 1 1 1 1 1 1 1 1 Y | | | | | | | |
CE T LR B2z us2 082 112 142 172 202 232 262 29
Ty (mfsec) U, (misec)
Figure (11) The relationship between (U, & 13,) Figure (12) The relationship between (U, & M
03 T T T T T T T T T 239 T T T T T T T T T T T T T T
0.275 B
238k 3
s 0250 ]
-E 23TE b
@D.ZZS E B
i’ azlb ] ,g 236F E
] =
Hoamst 1 Ez.ss— E
5 nisF ]
= 2 2k B
'g 0125 B
) z2.33F E
04k B
232k 4
0075 B
I S S, sabe c
35 5 :% g 9.5 11 12.5 14 15.5 17 18 2 el 4 1 [ 7 g8 g 0 11 12 13 14 15 18 18
H, (m) H, (m)

Figure (13) The Relationship between (H, & 1)

Figure (14) The Relationship between (H, & M)

275



L3 e e T T T

0z

0.25

0.1

0.05

0

| 1
226 28 278

1
178 2

1 1 1
0 02 08 075 1 128 1E

C

Figure (15) The Relationship between (U, & qr/q)

27

26

A (rmfyear)

o4
b
T

21

B T S S S I S S | [

1] 0.05 0.1 018 0.25 0.z

II‘0.2
qr/qL
Figure (17) The Relationship between (qr/q. & M)

R —

0.35

5 10 11 12 1
H, (m)

Figure (19) The Relationship between (H. & qr/qr)

314 15 16 1

e
7 18

276

[ET

M (rrdfyear)

Lo v alervalay 1 v lev e be v b e b i

My ”DI.IQSI I ID.I5I - 1.28 II1.5II 1.78 éQIE 2.8
Ue
Figure (16) The Relationship between (U, & M)

% A0
T

ors 1 2 275

7

T T T T T T T T T T
6.4
GE

0 1 1 1 I 1 1 I

L ! L 4 L L
o0 11 12 13 14 16 1§

]

H. (m)

Figure (18) The Relationship between (H. & qr)
] T T T T

2

— . .
5.75
55
5.25
sE
4.75
45
4.25

<f 4
375
35
3.25
ZE

275
25
225

] 1 1 1
5

1 1 1 1 1 1 1 1 i 1 1

2 a 40 11 1z 13 14 15 16
He (m)

Figure(20) The Relationship between(H, & Ay)

17



20 T T T T T T T T T T T T T T T

18F ]

16

14}

N ]
Ste 120
']
E“m L
S
A ]
GE i
4 [ -
2
] HE | [ TN NI N NI (R N B L L L L L L L L L L L . L L
2 3 4 7% 9 10 11 12 13 414 15 48 47 ooz 4 & 8 10 12 44 46 18 20 X2 M4 B/ ¥
H, (m) % (emfkrm)
Figure (21) The Relationship between (H. & M) Figure (22) The Relationship between (S & qr)
g : : : : : : : : 0.3 T
Jeb nazsk 4
S0 1 nat 1
geb E a5k 9
ab 1 nasf 1
a5t 3 0225k E
sb 1, 0 3
7
w5 J S QaTsp 1
4 E
[+2 K11 ,
ab ]
35k 1 RE1S 1
gt 1 RES ]
a5k ] norsk 1
2F E 0.osF 1
15F ] Dok 1
1 f f f ; f f f n f [+ | I | Lol by e b b by b Lo d oy e Ly
0 3 5 ) 12 15 13 2 2 77 0 g 2 4 E B 0 12 14 6 18 20 N ¥ ¥ 2
8 (er/km) 8 (ernfkerm)
Figure (23) The Relationship between (S & qr/qr) Figure (24) The Relationship between (S & Ay)
3500 R S R
45 T T T T T T T T T T T T T T ]

3280 B B I ]

3000 B ] 39 E

27850 3 £y 1

2500 F E e ]

2280 £ E Ellg :
/_\2000 E ar 3
g 1 R 3
%1750 E 3 o ]

24500 F B o
il E 18 ]
1280 F B 151 ]
1000 3 12} ]
Ta0 E ] ar -
500 F 1 G E
250 b 3 i ]
ok 4
1] L L L L L L L L L L L ! I I I I I I ! I I I i I I
0 25 & 75 10 128 15 175 20 :2F % 25 @ T2 4 B B 10 12 1418 18 m o ® 2w
2 (emfkm) 5 (em/km)

Figure (25) The Relationship between (S & s,)

Figure (26) The Relationship between(S & M)
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Figure (27) The Relationship between (dsoc & qr)  Figure (28) The Relationship between (dso. &qr/qr)
4 ; ; ; ; ; ; ; ; . . . . . . . .
a75F ] a5k ]
a6fF ] 25k E
Xl F 326F 4
aF 1 2k ]
) G
o278k 1 Tk E
4 B
=
'é 28 B E 25F 3
) Ry
2 225F b E 2.25F 3
r E 2 4
1.78F ] 1750 ]
156F ] 15F E
1.25F 3 1.28F E
sl b b b b b e b b b 1 1 | 1 L L 1 1
0.08 X} 015 0z 02 03 03% 04 048 iX] 12 125 13 1.35 31.4 1.45 15 1.58 16
depelrnrm) quimfsec. m) ik
Figure (29) The Relationship between (dso. & M) Figure (30) The Relationship between (q; & M)
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Figure (31) The Relationship between (dso, & Ay)

Figure (32) The Relationship between (dso, & M)
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Figure (33) The Relatiz)nship between (As & M)
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