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study, the finite element method was used to
analyse the stability of the Shirin earthen dam
under various conditions. The necessary
laboratory tests for soils used in the
construction of the dam were carried out in the
laboratories of the College of the Engineering
/University of Tikrit, and these data were
employed in the GEO-STUDIO program to
analyse the seepage and stability of the dam.
The seepage was analysed at three levels of the
water lake reservoir including the highest,
middle and lowest water levels. In addition,
factors such as the permeability of the shell
layer, the presence and thickness of the dam’s
core layer, the placement of filters at the back of
the dam and the exit gradient have been
considered. The results have shown that by
increasing the permeability of the shell layer,
the exit gradient is decreased while the seepage
through the dam body is increased. The
presence of the dam’s core layer has a
significant effect on reducing the amount of
seepage through the dam’s body as the amount
of seepage is reduced by (99%). Moreover, it
was found that the minimum safety factor is
1.95 and it occurs after (4 days) of the rapid
emptying of the reservoir, and this indicates
that the upstream slope of the dams is safe
during water emptying.
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1. INTRODUCTION

Earthen or Rock dams arise mainly from gravel
or rubble in addition to sand. This form of the
dam has a lower construction cost than other
types of dams, such as concrete dams, and it
does not require the building of intricate
foundations, as concrete dams do. As a result, it
is more prone to cracking or crumbling than the
first type.Earthen dams are subjected to failure
due to many reasons, the most important of
which are: floods, structural instability, seepage
through the dam’s body or foundation, and
slope instability as a result of the rapid
emptying of the reservoir. This research will
concentrate on earthen dams since the analyzed
case was an earthen dam, which is also the most
common form of a dam in the world, and its
stability is one of the key issues in dam
engineering. The design and construction of the
dam is a major challenge in the field of
engineering, due to the inevitable difference in
the condition of the foundation and the
properties of the available building materials
[1].A study was conducted until 1986 on large
earth dams, in which it was found that the
probability of annual failure of dams is
estimated at (4.5 x 104) dams per year (136
dams failed out of 300,400 earthen dams per
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year). This probability of failure was reduced to
(4.1x104) taking into account the causes of
failure during the construction process. Up to
1986, Table 1 shows the failure of big dams [2].

Table 1:
Failure probability prior to 1986 [2]
)
Cause of Failures e O.f Total
Failures
Overtopping 46
Piping through L
Embankment 3
Piping through L
Foundation 5
Piping from
Embankment to 2
Foundation
Slope Instability 4
Earthquake

The basic requirement for designing the
earthen dam; is having a safe and stable
structure with minimal construction and
maintenance costs. Due to the nature of the
building materials from which an earthen dam
is built, such as clay, gravel, sand, and silt,
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earthen dams are more prone to problems such
as seepage or erosion than other types of dams.
As a result, the research focused on the issues
that can arise with earthen dams: A study was
conducted by Shakir, 2011 [3] on the flow of
large earth dams and the effect of core
permeability, thickness, and location. The finite
element method was used to solve the
incompressible fluid flow problem. A wide
range of dam side permeability to core
permeability values was used. Two cases of the
nucleus were studied: a vertical nucleus and a
sloping nucleus downstream. By analyzing the
actual design of the dam using the program
(SEEP/W), which is one of the branches of the
main program Geo-Studio by Fattah et al, 2014
[4], the amount of water seeping through and
under Al-Adhim dam with water pressure
distribution was estimated using the theory of
flow through porous media in a finite element
method using the theory of flow through porous
media in a finite element method. The effect of
numerous elements such as the permeability of
the casing material, the presence of an
impermeable core, its position, and thickness
on the dam's seepage management has been
studied in several analyses. Using the Geo-
Studio computer program by Irzooki, 2016 [5],
a study was undertaken to establish a new
equation to calculate the quantity of seepage
through homogeneous earth dams with a
horizontal drainage system at the lower end of
the stern slope of the dam. For this purpose,
three different cases of the slope of the
downstream side of the dam, three different
cases of the slope of the front, three different
lengths of the horizontal drainage system,
sewage at three different depths, three different
dimensions of the width of the top of the dam,
as well as three different heights of the dam
were used. For each experiment conducted the
amount of seepage through the dam body was
calculated. The results showed that the amount
of seepage increases with the increase in the
front and back inclination angles and the
increase in the depth of the water in the front
reservoir, as well as the increase in the length of
the horizontal drainage system. A study was
carried out. Three different downstream slopes
of the dam, three different upstream slopes,
three varying downstream heads, three
different upstream heads, three different earth
dam heights, and three different earth dam top
widths were used in the SEEP/W program. For
each run, the quantity of seepage has been
determined [6]. Dimensional analysis was used
with helping of the theoretical results to
develop an empirical equation in order to
determine the quantity of seepage through a
homogenous earth dam without afilter resting
on the impervious base. Also, Verify the
SEEP/W results with an artificial neural
network (ANN), and compare them with
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analytical methods. Results show that when
comparing the suggested equation with an
artificial neural network (ANN) with less than
3% error with SEEP/W results with less than
2% error, Dupuit’s solution has more than 20%
error and Casagrande’s solution has more than
15% error. Abass et al, 2017 [7] studied seepage
through Al Shehabi Dam, a homogeneous
earthen dam, by calculating equations for water
flow via earthen dams using the finite element
method via the GEO-STUDIO computer
program. Using the computer program, the
infiltration path, infiltration value through and
under the dam body, infiltration velocity, pore
water pressure distribution, total charge,
pressure charge, and exit gradient of the dam
were found. The dam was studied according to
its actual design by examining infiltration
through and down the dam body at two
different water levels: normal and maximum.
Three cases of rapid water subsidence were also
taken into consideration: the rapid emptying of
the reservoir within 116 hours, 78 hours, and 58
hours. Zedan et al, 2018 [8] conducted a study
to gain a clear understanding of the behavior of
the Khasa-Chai Dam during the drawdown
action, taking into account the dam's new
construction. Two cases were studied here to
determine the effect of drawdown on the
stability of the KHASA-CHAI Dam upstream
slope: a) The first case is the rapid drawdown by
fast draw of the water from the reservoir when
the dam is at maximum natural reservoir level
(spillway top-level). b) The second case is the
slow drawdown by slow drawing the water from
the reservoir during a time sequence when the
dam is at the maximum natural reservoir level.
the In first and second cases the water is drawn
from the reservoir from height (45.17 m) till the
tower intake point which is (17.17 m) height
from the dam toe. The time required for the
reservoir to be drawn down was taken to be (20
days) according to the toe drain discharge and
the reservoir storage quantity. The pore water
pressure dissipation was measured for (60
days). The slow drawdown case was
investigated by completely draining the
reservoir and leaving it empty (40 days). The
dissipation of pore water pressure was
measured at (60 days).

2. EXPERIMENTAL PROGRAM

This part aims to investigate the soil
characteristics used to build the dam, and then
use these parameters in the GEO-STUDIO
software's SEEP/W and Slope/W subprograms
to model seepage through the dam and the
effect of drawdown on slope stability. Sub-base
dirt, which is a local soil available in huge
amounts near the position, was used in the
construction of the SHIRIN shell. The silty-clay
soil used to build the core was silty-clay soil.
The filters were made of natural sand and
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gravel. Table 2 shows the experimental works’
results.

Table2:
Experimentation results
Type of Shell Core Fine Coarse
Experiments layer layer filters filters
Coefficient
of Curvature 291 ... 1.27 1.2
Ce
Sieve Coefficient
Anal of
ysis Uniformity 29.23 ... 15.0 1.6
Cu
Max. Dry
density 19.66 18.8 18.9 19.6
(gm/cm3)
Com
pacti Optimum
on moisture 6.75 15.0 845 ...
Content (%)
ili -6 -
(o]
Permeal(a;n%)At 20°C 5.X10 81x10  3%104.  21.X10
36 53 o
Spec1ﬁ2cogorév1ty at 2.68 2.72 2.56 2.7
Angle of internal
friction (¢) 38 15:5 38 38
Cohesion force (¢)
KkPa 0 31 o o
3. SEEPAGE ANALYSIS

3.1 General

SEEP/W, a sub-program of the GEO-STUDIO
master program that uses finite element
methods to predict pore water pressure
distribution and water flow inside porous
media, is used to study steady-state seepage
through the dam (soil and rock). This
application is commonly used in civil and
geotechnical engineering projects for analysis,
design, and hydrogeological engineering. This
is a generic seep analysis software that can
handle both saturated and unsaturated flow
states, allowing it to handle a wide range of real-
world challenges, comparable to other seep
software packages.

3.2 Case study: shirin earth dam

Shirin Earth Dam was established in the Iraqi
governorate of Kirkuk. This dam is located in
the Laylan district, 14 km from the center of
Kirkuk and 6.5 km from the Laylan district
center. Work began on it in 2007 and then
completed on January 24, 2009. The dam
consists of three main parts which are: the dam
body, the lower outlet, and the watercourse. Fig
1 presents the cross-section of the dam’s body.
The body of the dam is an earthen structure
with a mud core, 410 meters long and 18 meters
in height. The thickness of the muddy core is 3
meters at the top and it is impermeable to
water. This thickness increases towards the

bottom with the slope of its sides to become 35
meters at the base (horizontal slope to vertical
slope 1:1 in forward and backward). A covering
layer of mixed gravel surrounds the core layer,
with vertical filters between the gravel covering
and the clay core, and finger filters at the back
of the dam to control leaching. The ordinary
and dead storage capacity of the lake is (1.65
and 0.33) million cubic meters, respectively.
The most important purposes of the
establishment of Shirin Dam were for storing
and regulating water and feeding, in addition to
using it for drinking and providing water for
limited agricultural uses [9].
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Fig. 1. The dam's body in cross-section

3.3 Seepage formulation
In this part, the steady state analysis of seepage
was studied by representing the dam in the
program using finite elements in a quadrilateral
pattern containing eight nodes and for three
cases depending on the water level in the
reservoir. It is when the water level in the
reservoir is at the highest (16.00 m) and the
lowest height (5.80 m) and half filled with water
(10.90 m). The first step to determine the
geometric properties of the soil is to create a
miniature model of the cross-section to be
analyzed, the second step is to determine the
soil areas in the cross-section. The next step in
performing a seep analysis in SEEP/W is to set
the terminal conditions. Setting these
conditions into the model is an essential
component of the solution and depends on the
type of boundary conditions defined in the
model. These conditions can only be if one of
the two basic options, head or total flux, is
available. The conditions for the upfront and
backend limits in this step are set as follows:
1. The total head pressure represents the
height of the water in the reservoir.
2. Possible surface leakage located on the
backside face.
3. A toe drain point with a constant pressure
equal to (zero).
The finite element network used in the analysis
was shown at the number of elements (1839)
and knots (1962) As shown in Fig 2, this
estimate is shown from the number of finite
elements by displaying them in the program
and this number depends on the need for a
more accurate estimate of the results in the
analysis process. Fig 3 provides a general
illustration of how the SEEP/W sub-computer
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works in the analysis process to obtain the
results.

20

Elevation

Distance
Fig. 2. The problem's finite element mesh
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Van Genuchten
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vol. Water Content FN Vol.WCFN Type
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Saturated W.C gl
- Material

Boundary
Conditions

1
Potential
Seepage Face

Pressure Head = On Downstream
0 Face

Upstream Level Toe Drain

Reservoir Level

Fig. 3. the SEEP/W sub-computer works in the analysis process

The results of the analysis process are shown in
Table 3, it can be noted that the rise of the water
at the level of the core layer (the height of the
water in the reservoir when flooding) leads to
an increase in the exit gradient to double, as
well as an increase in the amount of seepage to
almost three times.

Maximum

Table3:

Results from the basic analysis

Height of 6 8

water (m) 16.00 15.50 10.90 5.80

(Srflg?:egc% 820.47x10 $x107.50 8x103.025 $x100.897
Exit gradient(x) 7x107.64 7x103.21 7x101.354  7x100.411
Exit gradient(y)  5x1037.35  "5x1013.73 5x105.54 5x101.644

Maximum " 6 6 i %
velocity(x)(m/s) x107.645 x103.203 x101.354 x100.411
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velocity(y)(m/s) 7x107.264  7x103.158 7x101.247  7x100.378
4. SEEPAGE CONTROL
4.1 Effect of changing the permeability
of the shell

To illustrate the effects of these changes on the
seepage line, seepage value, and exit gradient,
three scenarios will be explored at this point by
altering the permeability of the shell relative to
the permeability of the core:

a) The permeability of the shell equals (100) the
permeability of the core.

Kshell = 100%1.0%x10°8 = 1.0x10°6 m/s

b) The permeability of the shell equals (1,000)
the permeability of the core.
Kshell = 1000%1.0%108 = 1.0x105 m/s
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¢) The permeability of the shell equals (10,000)
the permeability of the core.
Kshell = 10000x1.0x10-8 = 1.0x104 m/s

The relationship between the amount of
seepage and exit gradient and various changes
in the (Kshen/keore) at various reservoir levels is
shown in Fig (4, 5).

100

10 . _

seepage quantity x10-8 (m3/s)

0.1

Voo o1 Yeou Yeeus

Kshell / Kcore

‘ —— Voo ‘

Fig. 4. The effect of changing (Kshen/Kcore) ON
seepage quantity

Exit Gradient x10-7 (m3/s)
[
N o

AREEE) Youn o1 ARK)
Kshell / Kcore

‘ l—\

e ]

Fig. 5. The effect of changing (Kshen/Keore) O
exit gradient

By comparing these numbers, it can be shown
that the ideal cover layer to core layer
permeability ratio is at (Kehen/Keore = 1,000), as
this ratio offers a tolerable level of seepage and
a decent exit gradient. The following statement
summarizes the impact of modifying the
(Ksheil/Keore) ratio on the quantity of seepage and
the exit gradient:
« As this proportion rises, the exit gradient will
decrease.
*As this proportion rises, the amount of
seepage will also rise.

4.2 Effect of the Core in the Dam body

In order to prevent water from going through
the dam, this is the main component of the
majority of earth-fill dams. Depending on the
availability of materials and the difficulty of
building, cores may be made of soil, steel,
concrete, or wood. Here, the effects of two
cases—core existence and thickness on seepage
volume and exit gradient—are examined.

a) Studying the impact of core existence on the
amount of seepage and exit gradient. The
relationship between the amounts of
seepage and exit gradients with different
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heads of water when the dam is with and
without the core is shown in Figs (6, 7).

1000
ﬁlOO —
g
~ 10
g
g 0.1 ARS \e q
g
gu30.01
Head of water (m)
e \\/ith COre
Fig. 6. Relationship between seepage quantity
& head of water
100
gms

4
=

o
o

Exit Gradient x10-5
S /

Head of water (m)

[ —e—vwihcoe ]
Fig. 7. Relationship between exit gradient &
head of water

The findings indicated that removing the core
layer from the dam body greatly increases the
quantity of seepage. Additionally, the existence
of a core layer has a significant impact on
lengthening the seepage path, which lowers the
exit gradient. Following is a succinct summary
of how the core layer affected the quantity of
seepage and the exit gradient:

¢ Reducing seepage by 99 percent.

¢ the gradient at the exit by 92 percent.
b. Studying the effect of core thickness on

seepage quantity and exit gradient.
The thickness specified here is situated at zero
level on the ground line. The core of the dam is
35 meters thick when it is at its lowest point. To
maintain the core's symmetry in each of the
three situations, the thickness of the core was
reduced by 5 meters from each side (upstream
& downstream). The relationship between the
amount of seepage and exit gradient and
various changes in the thickness of the core at
various reservoir levels is shown in Figs (8, 9).

cseepage que(ljntlty x10-7 (M3/s)
s

Thickness of Core Layer (m)

‘ —— | Vo0 ‘

Fig. 8. Relationship between the quantity of
seepage and core thickness
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P

3

Thickness of Core Layer (m)

=
o

1
ﬁ

-

o
s

Exit Gradient x10-5 (m3/s)

o
o
=

‘ a——\ Vo0 ‘

Fig. 9. Relationship between exit gradient and
thickness of the core

The following sentence sums up how lowering

core thickness affects the amount of seepage

and exit gradient:

¢ Increasing seepage quantity by (21-88 %) for
each decreasing the core thickness by 5m.

o Increasing exit gradient by (20-89 %) for
each decreasing the core thickness by sm.

e The current thickness of the core layer (35
meters, 1th: 1v) achieves the lowest exit
gradient with an acceptable seepage rate.

4.3 The role of filters in the dam

Filters are used in most earthen dams, as they

are made of coarse-grained soils and are placed

inside or next to the dam body. Good filters may
be made of granular materials with porous
holes small enough to prevent soil movement
when water seeps through the dam,

Additionally, the filters must be porous enough

to allow water to pass through with minimum

resistance [12]. To have these functions the

perfect filters should be [13]:

e Don't separate while handling, compaction,
processing, etc.

e Possess the ability to resist chemical and
physical reactions without turning into
cement.

e Maintain gradation throughout handling,
compaction, and processing.

e The particles should have the internal
stability property to prevent separation from
the filter as the seepage flow proceeds.

¢ The permeability ought to be sufficient to let
the seepage flows go and stop the buildup of
extra pore water pressure.

e to prevent erosion from the dam's shell
caused by concentrated leaks, reverse
erosion, etc.

The effect of all filters can be summed up by

increasing the amount of seepage by a small

percentage. On the other hand, the presence of
these filters may significantly lessen the exit
gradient [14]. This instance was studied to
determine whether it was possible to dispense
filters from the dam's body while also learning
the significance of filters and their impact on
the amount of seepage and exit gradient. The
relationship between the amounts of seepage
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and the exit gradient with the removal of
downstream filters during the change in
reservoir levels is shown in Figs (10, 11).

100

@ 10

o

E

~

o

< @

>

Z e

g ——

0.1 o
g Vo,0 Va4 L
(]

g

(7]

[

&
0.01

Head of water (m)

@ \Nith filter

Fig. 10. Relationship between quantity of
seepage and water head

10

[

o
=

p
o

L

o Exit Gradient x10-5 (m3/s)

o
2

Head of water (m)

@ \\ith filter

Fig. 11. Relationship between exit gradient
and water head

From these results, it can be concluded that the
presence of these filters on the downstream side
has an effect on the amount of seepage and exit
gradient. This important function of filters
could be noted by preventing the movement of
fine pulp soil particles as well as dissipating
pore water pressure by drawing water and
pushing it downstream. The effect of the
presence of downstream side filters on the
amount of seepage and exit gradient can be
summarized as follows:
e Increasing the amount of seepage by 20% at
different water levels in the reservoir.
¢ Decreasing the hydraulic gradient by (97%) at
different water levels in the reservoir.

5. THE EFFECT OF EMPTYING THE
DAM'S RESERVOIR ON ITS STABILITY

rapid drawdown of dam reservoir is known as
one of the most dangerous conditions for slope
stability. When the upstream water pressure
disappears, it threats the stabilization of the
upstream slope. The upstream crust cannot
maintain  stability under hydrodynamic
pressure due to the rapid drawdown of water.
The soil inside the dam body remains saturated
and seepage begins in the opposite direction,
which is towards the dam's chest. seepage and
hydrodynamic pressures generate downward
forces that affect this slope and create a critical
condition for it [15]. The following are the
precise mechanics of the emptying process: It is
assumed that the reservoir has been filled with
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water at a high level for long enough for a steady
rate of seepage to occur through the material of
the dam body. This is the most dangerous
situation for the backflow of water into the
dam's reservoir because if the reservoir is
swiftly emptied at this point, the direction of
flow reverses, generating instability in the
dam's chest slope.

5.1 Computer program

Evaluation of the impact of abrupt unloading
on slope stability, dissipation of pore water
pressures, and velocity lines were done using
the SLOPE/W software that is linked to the
SEEP/W program. SLOPE/W is able to handle
saturated and unsaturated soil conditions in the
stability study since it uses pore water pressures
computed using the finite element method. The
steps for using the SLOPE/W program are
shown in Fig 12.

After completing
seer/w
lamuhm

Add SLOPE/W
wnatysts (Umit

of movesnent

Use (antry and
wxit) methad and
put the runge for
the silp surfacs

Add (unit weight
+ cohagon
angle of Internet
friction

Using Mohr-
Coulomb as
material mode

it )
Pcans bt m

! + AR

Fig. 12. The flow chart of the SLOPE/W

program [8].

5.2 Slope stability during rapid
drawdown conditions

This research focuses on completely emptying
the reservoir of water when the water level in
the dam is at the maximum storage level (top of

the spillway), or 384.5 meters above sea level.

before the initiation of rapid drawdown

Assdgn direction ‘

mr

Water is discharged from the reservoir at a
height of (14.50 m) and then released to the
lower part of the tower at a height of (5.80 m)
above the toe drain. Fig 13 shows the quick
steps for dealing with rapid drawdown. The
time required to empty the reservoir (4 days)
according to the amount of bottom outlet drain
and the size of the reservoir. Through the
analysis in the computer program, the pressure
of pore water continues to dissipate from the
dam body for up to (30 days). As the water
velocity vectors flow from the reservoir towards
the downstream face as shown in Fig 14a, the
potential seepage face (failure face) existed on
the downstream face prior to the start of
drawdown. The upstream face will be the
potential seepage face as the reservoir's water
level begins to drop and the water velocity
vectors begin to leave it (Fig 14b). Fig 15a
depicts the safety factor for all time periods of
rapid regression, Fig 15b the pore water
pressure prior to the drawdown condition, and
Fig 15¢ the dissipation of pore water pressure
following (30 days) of drawdown.

Geo-Slope software

Intlal teady ]
state analysis

T e——
till soiving the problem |

Initial PWP from
the parent (initial
o B

‘ Soundery ]
conditions

==

= =2 g

Materials

1

Potential seepage
face on
face

Drawdawn level on
the point at
elevation=0

upstream face

==
=
=

Put the time
sequence and the
duration

Fig. 13. The brief procedures for dealing with
rapid drawdown conditions [8].
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Fig. 14a. Phreatic line, velocity vectors, and total head prior to the start of the rapid drawdown
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Fig. 14b. Phreatic line, velocity vectors, and total head after 4 days of rapid drawdown
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Fig. 15a. The safety factor over all time periods of rapid regression
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Fig. 15b. the pore water pressure before the rapid drawdown state
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Water Pressure (kPa)

Distance (m)

Fig. 15c¢. the dissipation of water pressure in the pores after (30 days) of degassing.

From the above, the following may be said

about these forms:

e At all drawdown levels, the pore water
pressure in the dam's body appears to remain
rather constant. Because the phreatic line
doesn't drop, the pore water pressure in the
dam's body remains high even when the
water is almost completely empty.

e As the water is slowly drained from the
reservoir, the hydraulic slope at the filter
progressively drops, increasing the safety
factor against the occurrence of the
phenomena known as soil boiling.

e When the reservoir's water level is first being
emptied, it becomes less safe; but, as time
goes on and the pore water pressure lowers, it
becomes safer.

e The downstream slope will be in a safe
condition when the water is drained from the
reservoir within 1.954, which is the minimum
safety factor during rapid emptying (4 days).

5.3 Slope stability during slow water
emptying

This study focused on withdrawing the water
completely from the reservoir when its height is

70

at the normal storage level of the reservoir
(spillway top level), which is at a level (384.5 m)
above sea level. The water is withdrawn from
the reservoir at a height of (14.50 m) to the
entry point of the tower (the lower part) at a
height of (5.80 m) above the level of the toe
drain. The time required for slow emptying of
the entire reservoir (15 days) was considered
according to hydraulic conditions. The shortcut
steps for dealing with slow drawdown are
presented in Fig 16. Through the analysis in the
computer program, the pressure of pore water
continues to dissipate from the dam body for up
to (30 days). The Phreatic line, velocity vectors
after (0.5, 14, 30) days when the dam is
drawdown slowly shown in Fig (17a, b, ¢). Slip
surfaces and factors of safety after (0.5, 14, 30)
days when the dam is drawdown slowly are
shown in Figs (18a, b, c). The relationship
between slip surface and safety factor over time
and for different time steps is shown in Fig 19.
The result of the safety factor during each time
period after the slow regression condition is
shown in Fig 20.
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Fig. 17¢. Phreatic line, velocity vectors, and total head after 30 days
when the dam is drawdown slowly.
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Fig. 18a. Slip surface, the factor of safety, phreatic line, and
total head after 12 hours when the dam is drawdown slowly.
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Fig. 18b. Slip surface, the factor of safety, phreatic line, and
total head after 14 days when the dam is drawdown slowly.
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Fig. 18c. Slip surface, a factor of safety, phreatic line,
and total head after 30 days when the dam is drawdown
slowly.
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Fig. 19. Pore water pressure across the slip surface after 30 days.
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Fig. 20. Relationship between each upstream slip surface's time and the
safety factor when the reservoir is slowly drawdown.

From the foregoing, the following can be said
about these shapes in general:

¢ In the case of a rapid discharge, the seepage
line is roughly in the same location.
As the water level in the reservoir dropped
over time, there was less seepage through
the dam body.
As the water level in the reservoir decreased
to its lowest level, the safety factor gradually
decreased until it began to rise as the
pressure of the pore water in the dam body
began to decrease.
In this case, the minimum safety coefficient
is (2.057), which indicates that the slope of
the dam body is safe when it is emptied
within (15 days).

6. CONCLUSIONS

First: By studying the seepage through the

nonhomogeneous Shirin earthen dam, the

following can be summarized:

1) The four cases studied for the water level in
the reservoir (16.0 m, 15.5, 10.9, 5.8),
represent the maximum (when flooded and
natural), half-filled, and the lowest level,
respectively. the results showed that the exit
gradient is always less than (one) and these
Indicate that the dam is safe against the
occurrence of the boiling phenomenon
(boiling).

2) The rise of the water at the level of the core
layer (16.00 m) caused an increase in the
amount of exit gradient of the dam to double
that of the recommended water level (15.50
m), as well as an increase in the amount of
seepage to almost three times.

3) The difference in the ratio of the
permeability coefficient of the shell layer to

the core layer (Kshen/Keore) has an effect on
the amount of seepage and the exit gradient,
increasing this ratio increases the amount of
seepage and decreases the exit gradient.

4) It can be distinguished that the best ratio of
permeability of the cover layer to the core
layer is at (Kshen/Keore=1,000), as this ratio
provides an acceptable amount of seepage
and the exit gradation is good.

5) The dam core layer has an important effect
on the seepage quantity and the exit
gradient, its presence reduces the seepage
amount by 99 (%). Also, the exit gradient is
92%.

6) Reducing the thickness of the core layer base
by 5m increases the seepage amount and exit
gradient by (22.3%) and (23%) respectively.
Also, the current thickness of the core layer
(35m, 1H:1V) achieves the lowest exit
gradient with an acceptable seepage rate.

=) The presence of a layer of filters in the dam
body has a slight effect on the amount of
seepage, as it increases by (20%) when there
are no filters. While this effect on the exit
gradient decreases to be (97%).

Second: By studying the case of the rapid and

slow emptying of the nonhomogeneous Shirin

earthen dam, the following can be summarized:

1) The amount of seepage through the dam
body decreases over time as the water in the
reservoir decreases.

2) The safety factor decreases with the start of
emptying i.e., when the water level drops
rapidly from the reservoir. Then this factor
increases with time as the pore water
pressure dissipates.

3) The minimum safety factor is 1.95 and
occurs after (4 days) of rapid emptying of the
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reservoir, i.e., the ramp will be in a safe state
at the rapid emptying condition.

4) The exit gradient at the downstream filter
gradually decreases with the start of drawing
water from the reservoir, which increases
the safety factor against the phenomenon of
boiling the soil.
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