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Extended Abstract
Introduction

Earth dams are the most common type of dams due to their cost-effectiveness, and they make up the
majority of the world's dams. Water seepage is one of the most important issues in the design and safety of
earth dams, as it can lead to increased pore water pressure, reduced shear strength, the occurrence of piping
phenomena, and ultimately dam failure. Statistics show that approximately 35% of dam failures are directly
or indirectly related to seepage. This risk is particularly exacerbated in dams built on permeable alluvial
foundations.

To control seepage, various measures are employed, including drainage systems in the dam body and

foundation. Blanket drains, toe drain, and chimney drain, whose main roles are to collect leaked water, reduce
pore water pressure, and lower the water table. Although the use of chimney drains has become more common
in recent years, new studies show that horizontal drains, especially their length, can have a significant impact
on reducing pore water pressure and improving dam stability, while parameters such as drain thickness,
height, and angle play a lesser role.
Seepage in earth dams is examined using numerical and experimental methods. Numerical methods are fast
and cost-effective, but laboratory studies are of high importance as a basis for validating numerical results
and for a detailed examination of the dam's actual behavior. Given that the impact of different drainage
geometries with the same length has not been fully investigated to date, this study designs a laboratory model
of a homogeneous earth dam to examine the effect of various drainage types with equal lengths and different
geometries on seepage discharge and flow patterns in an earth dam located on an alluvial bed.

Methodology

In this study, a homogeneous earth dam was constructed using glass bead material, which contains glass
particles with sizes ranging from 0.7 to 3.5 millimeters. The dam model was designed in a drainage box with
dimensions of 150 cm length, 10 cm width, and 60 cm height, and included 5 piezometers to monitor changes
in pore water pressure under the dam structure. The purpose of this experiment was to investigate the effect
of the downstream drain's geometric shape on seepage from the dam. To observe the water seepage, artificial
sunset yellow dye and potassium permanganate were used to visualize the flow lines. An air tank was also
placed above the laboratory box to keep the water level in the dam constant.
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The hydraulic conductivity of the material was estimated to be 0.128 cm/s using the constant head
permeability test. The height of the constructed dam was 25 cm above the level of the permeable layer, which,
considering the location of the overflow weirs, resulted in a reservoir water level of approximately 22 cm.
The crest width was 10 centimeters, and the upstream and downstream body slopes were equal to the dam
width at the foundation, which was 130 centimeters. Figure 1 illustrate the details of the constructed dam.

To study the effects of different drain system and their geometry, three different drain system involving
blanket, toe and chimney drain were studied and compared with the basic state of an earth dam with no drain
system. The length of all implemented drains was almost identical equal to 21 cm. The dimensions of the
drains were presented in tablel. The coarse gravel was used to create the employed drains. To avoid any
mixing of the fine glass beads within the coarse materials of drains, a fine mesh fabric was placed around the
drain system. The thickness of the gravels in the drains was 3 cm.

Air tank

Overflow orifice

¥

Outflow orifice: Inflow line

—Piezometers

Fig. 1 - Details of the constructed embankment dam along with an image of the constructed earthen dam model

Tablel. Details of the employed drainage systems

Type
Blanket Toe Chimney
parameters
Length (cm) 21 21 21
Height (cm) 3 8 10
Volume (cm?) 630 945 1170

Results and Discussion

The summery of the achieved results were presented in figure 2 in terms of pore pressure in the base of
the dam. In this figure each curve belongs to the specific drain. As seen, the toe and blanket drains have
similar effect in removing of pore water pressure, while the chimney drain is very effective, comparing to
other drain.

Additionally, the seepage line was investigated in the toe and blanket types to evaluate the seepage
velocity and their lengths. The results are shown in figure 3. As seen in this figure, the seepage path through
the earth dam from the identical inlet point has different outlet point. The length of the seepage path in toe
drain and blanket drain significantly is shorter than that in no-drain. Among toe drain, blanket drain, and
chimney drain , the toe drain has the shortest seepage path.
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Fig. 2- the effect of drains in damping of developed pore water pressure along the dam
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Fig. 3. The seepage line through the earth dam under different drain conditions comparing to the no-drain state

Conclusions

The objective of this study is to evaluate the performance of various drainage systems in controlling
seepage and mitigating pore water pressure within a homogeneous earthen dam constructed on an alluvial
foundation under laboratory conditions. To quantitatively assess the influence of drainage systems on the
seepage rate and the dam's hydraulic behavior, three drain configurations: horizontal or blanket drains, toe
drains, and chimney drains, were investigated. Their performance was subsequently compared to a control
scenario with no drainage system. The findings of this investigation demonstrate that chimney drains are
superior comparing to other drain types in reducing pore water pressure; however, they concurrently lead to
a higher rate of seepage. When drain length is held constant, horizontal drains are preferable to toe drains.
Nevertheless, the implementation of toe drains can enhance the structural stability of the dam body due to
the incorporation of a substantial volume of coarse-grained material. This particular aspect, however,
warrants further investigation to enable a quantitative comparison of its outcomes with those of other drainage
configurations. Based on a value analysis conducted by considering three parameters—pore water pressure
reduction, seepage discharge, and the volume of material utilized as a cost factor—the chimney drain yields
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the highest value, whereas the toe drain yields the lowest. It is noteworthy that the differential in value
between the chimney drain and the toe drain is marginal.

Keywords: Blanket Drain, Chimney Drain, Permeable base, Seepage Rate, Toe Drain
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Fig. 1 - Details of the constructed earth dam body along with an image of the constructed earth dam model.
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Table 1 - Characteristics of the earth dam constructed in the present study
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Table 2 - Coordinates of piezometers installed on the model body regarding the bottom of the foundation at the

upstream.
Dista;ieef‘:m) ,f:;l:ation Y (mm) X(mm) _ res ool
surface (mm) Piezometer number
65 185 140 Piezometer 1\ jog3.
55 195 420 Piezometer 2v yieq}0
55 195 640 Piezometer 3y jog5.
65 185 1010 Piezometer 4% jog5.,
65 185 1310 Piezometer 50 og5.
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Fig. 3. View of different drains employed in the studied earth dams
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ghe slapleg 28l Rl g sl o e Sle
2 Ol SR G 5 0350 g0 ST 515 ollomly 5 o
wedise odalin (g3 4 oegiy gul 5 o,Slee
o g rm 50 ol 515 pl Yo 5 0l VO &8s 10 a5 (5, 5ba
el 03,5 Ny ial3l s g 00l sl
iy 2y I —o

JrsS 5o lagise; Jslaie glgil 5| (5o aty (ASe;
ol 4 Cal SzS Fer SB slhan o cuts
S Dyge a4 Gl 0j00 (iS) ol ais)S S Gudsd
ol cole Glp ol asle s Aoy o e o
s llan by S i s iy ) i S
oolizal b 42505 S50 cil gl a5 0 5ol (ol el
odds ool Hlas (Vo) UKoy i8S (ol dwdin .09 o0
YV L ol Sy (eaeld) b idu Jsb ol
59 e d b S L5 50 e il A o gl )l g e il
5 ialsdl )| ol g Ay g0 4 Sl ]
Jlid Ol s .l samlive B (Vo) S 50 o35 ol
Slas (V) UKo 50 e cuas Jome 5o (gdiie ol
Ol s s sl (S ol ek sl oo 0l
o yogsen 5o 15l Ghalidl g oloj ubdS L o ying i o
el osalie B

4

T390 SR )—E
A4 iS50 iSe; (88l iSe; cb Loalis
G bl iSe; L oSy 0 88l 1Se) S Ojse
gdlas (gl ol alilids (IS o 0y 0 s CewdYl Coows
A oolaiwl (B8l 1S pdlas les 5l LiS0es iSa
ol ol 63959 b o5 pide s &y ol 1
T R B R-C AU E S I RV P VY
Oye 30,5 p s aalys solatwl JBaile e slo Jdo
a5 a5 50 (il e 5 (LB (il O a0
o .l ool al)l (A) S 50 a6 ,50T (v .0
oy ST 0 Ol 55 g ol p i @i Foooga
Sl gy 5l aiBs 00 3l o BIF ] slasols Gl
08351 ol e 9 Sy e les Yo dgus 4y O Ges
3 Glwgs ol I8 cpl s cdl iolidl Toase 9wl
Cﬁl)lm.opJ;;;SLgﬂwoJilAsUay & 0 g
S e o gi o <ol g Bl Lyl i oLyl
Sl pass o yiogyuy 5l ouds Sl slaools wlal
ol 00 dj‘)‘ (o‘) Ji.u O S « ° Lsu\.ﬁ.a.n u_j )L...B
P 6l 558 5l i O Jled (ISl Gl
VA Sgaz 4y 4280 00 ok ;0 90,5 oy ol38l s og i



Vo0 — VYV aoiuo/ VE+ £ b [V v+ 0,Lans/ T 0,95/ (a5 9 (55l 03U ontige oligios

25
----- Q®---eo_
20 1 ~ i *
1' \\ /’
K] \q "
3 E 151 / N/
W % " o’
‘—J‘ I 1
104 /
1
[}
)
]
511/
]
]
1
]
4
0 . T T T T T T
0 10 20 30 40 50 60 70
obe
Time (min)

halol Eg i aasd 3 35t O gLl ol pod &1 (uiSD9d WIS Sl )3 (Rod (S aw 2L T Jio pgal —A S
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Fig. 12 - Comparison of pore water pressure in piezometers for different drains under steady-state conditions
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Table 3- Volume and the horizontal length of the employed drainage system

(cm) iSa; J5 8l Jsb (em?) &8, ;54 glas pons OS2 g9
Length of Drain in Horizon (cm) Material Volume (cm?) Drain Type
21 630 e
(Blanket Drain)
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(Toe Drain)
336 1147 2 )
(Chimney Drain)
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Table 4 - Comparison of seepage line lengths in homogeneous earth dams
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Fig. 13 - Seepage path from a common point in an earth dam with different drains

Table 5- Value analysis of the employed drainage systems in the studied earth dam

oyl e
Value F Parameter uDrai r:
c 2 U

3 S

0.051403 0.051403 0.964 0.159498 0.00508 o pise ’.
Blanket Drain

0.046044 0.046044 0.947 0.143116 0.00442 e w&’v
Toe Drain
0.097219 0.090851 0.934 0.148861 0.06599 iS393 iS5

Chimney Drain

WY



Oy gy 1 2Bl Kok (S s By )3 SR SR 5] 5 Shos 2Rl o3 axllize

Ol O8> Gy dzy (2SR 0 a5 ab ool oylas g
Oyt Sl 4 Cod g (Bl 1S58 0 b Canl ey
a8 o i a4z pl el i s Ve 1Sa)
583 S (S (slas ;5 IS, g8 ez 45
oslitnl (8l (1S 5l a5 Cewile) 5l am amy
GESR 3 45 s Lino cpl @y adly cpl 4l 00 5 o
a0yl (S ol 585 ol walym &) SIS Lz ey
JoSis wllas Gl (LolS 5 (29,5 Ol S
ol CS ey dax ol ol Lo Bay saies
bavalie )0 5 g Conl JYL Lol S a0l iy S
el il Q) Jlotol o8 s 0l slace po
558 a sl i8S Sgo 5] LT el 5-f
L4 las oz 5 ot (9 gloyi> Ol JLad als
5 Ot (55990 SR i jeSB lgiedy aid)
S ardhans oo plis ) A5)) 2 S azy (1S5
Sl o iy 4825 9 (LASSg BB ()
Rahimi, ) ale slio slbagos b loasil, ol ol
Sl callas b 1Sa; b peas ;o (2015
GRSy ol el ol Gl nl mls
O L8 Sl 5 oo (sla 5} & o 539
5 Sy rse (LS990 AS) Wizpe 3l (sdie
Jsb 5l ol oVl o 0gh oo o (gt cutd
Lojlo (s 50 oy (SR 4 Cod Bl 4SR5 (S
@Yl ez 65 ) o 4 ay (5585 0925 1> (]
QST SaS des Ay (g luly 4 wilgd o alocid o plas
5 Dygpe @ B 0)ls (i (pwyp 4 LS E9d9e 0

5 Al a5} 5,5 51 50 SV L o] s

Yo

S5 A
Wi5o 7903 & (pERalejl anlllae ! 5l Jol> s

oas ol (sdiie O jlad als o 1Sa; YL Ll

S sl (Sgyoan o Sles S99 0w By

el 22) b o calise (S8 Eg5 w0 )5 (o)

ol Jlad lade Glie s iSa) glgil (6,.5,54 L)
RCLIPPS KV L S 1 N W N VI

aid, Sa sl ogi 5l ol Cuvods slaosls ulul ¥
G ¢ S 0g0 (i8S anlllac 050 (S o Loy (o
Gl )0 e sl 0 Ses iy 5 M 1S 4
Ui les ol jools plas g3 5l e Ol Lad
DRl ogar ;o elie @l axy 1Se; 9 A
sloasl wlol 5ol plas og5 5l cdiie o JLud
Ailgs o 9090 (pl (Refaiyetal., 2021) ) Son 9 1,
DAL S cpl (B8l gl yiion Job o 4

3z OV o SB s oyl clis oo ey Y
Culd Hlade oppidon a5 ol las axd) S 1S
OSey S Jl o conl oiSegs iSe > 4y by e
Soges L Hlade o spplie S MBI S8R 5 aey
W3S Cwdds duw Sy

Ol alais G 5l (6995 <1 8,5 (6l i s Jsb-F
OSB3 50 g duo )0 VA dxy (iSe) ,0 CewdVl azg o
A TS IUTS UGN S VU SR W-RS R TR C AP A JUPRY
o wb&‘ >0 69..@9.4 O g el 00l ).’ol.’}{
0l yiSa) e Sl 4 Cod 1S 90 ol o clid

99 6‘).:;\.»4 :\.)Ju J>L> B e_;l J)}}W g,«.cj.w—a

dolie iSa; et Cl> b a5 28 1Sy Il



Vo0 — VYV amio/VE+ £ jaaly /1 v+ 0,lans/ T 098] a0 g 65kl 03U wntitgo Cligiios

&b

Ahmadi, H., Abtahi, T. & Aghazadeh, N. (2017b). Effect of hydraulic functions in transient seepage
analysis through the earth dam and its foundation (Case study: Derik Earth Dam). Iranian Water
Researches Journal, 11(4), pp.1-11.

Ahmadi, H. & Rezaei, H. & Zeinalzadeh, K. (2017a). An experimental study of the influence of hydraulic
conductivity function on modeling seepage through earth dam cores. Iranian Journal of Soil and
Water Research, 45(3), pp.299-307. (in Persian)

Ahmadi, H., Salimi, H. & Hemmati, M. (2018). Analysis of seepage through earth dams by using finite
difference numerical method and extended pressure technique. Journal of Research in Irrigation and
Drainage Engineering Structures, 19(72), pp.1-14. (in Persian)

Ahmadi, H. & Vahid, R. (2014). Investigation on the effects of hydraulic conductivity function in
unconfined seepage analysis (Case study: Hassanlu Earth Dam). Iranian Journal of Irrigation and
Drainage, 8(3), pp.430-442.

Al-Yaqoubi, S., Al-Maktoumi, A., Obnosov, Y. & Kacimov, A. (2024). Clogging of toe drain drastically
affects phreatic seepage in earth dams. Advances in Water Resources, 190, 104737.

Amr, R., Refaiy, N. M., Aboul, A., Neveen, Y., Saad, D. A. & Molla, E. (2021). Modeling the effect of
downstream drain geometry on seepage through earth dams. Ain Shams Engineering Journal, 12,
pp.101-113.

CGalamak, M., Bingdl, A. N. & Yanmaz, A. M. (2018). Effect of drainage properties on seepage behavior of
earth-fill dams. Proceedings of the 12th International Congress on Advances in Civil Engineering.
Istanbul, Turkey.

Djehiche, A., Amieur, R. & Gafsi, M. (2012). Seepage through earth dams with chimney drain on pervious
foundation. Advanced Materials Research, 452, pp.538-542.

Elnashar, W., Abd-Elhamid, H. F., Zelenidkova, M. & Elyamany, A. (2023). Value engineering approach to
evaluate the agricultural drainage water management strategies. Water, 15(4), 831.

Garg, S. K. (2013). Irrigation engineering and hydraulic structures (23rd rev. ed.). New Delhi, India:
Khanna Publishers.

Hassan, W. H. & Zwain, H. M. (2024). The influence of drain pipe location and diameter on seepage
through an earth dam. Ain Shams Engineering Journal, 15, 102475.

Javani, A., Yusefzadeh-Fard, M. & Moradi, G. (2015). A study on the effect of implementing waterproof
membrane on reduction of water seepage from earthen dams (Case study: Shahid Madani Earth
Dam, Tabriz, Iran). Cumhuriyet Universitesi Fen Edebiyat Fakiiltesi Fen Bilimleri Dergisi, 36(3),
pp.2693-2717.

Kashef, A. A. I. (1965). Seepage through earth dams. Journal of Geophysical Research, 70(24), pp.6121-
6128.

Kouhpeyma, A., Kilanehei, F., Hassanlourad, M. & Ziaie-Moayed, R. (2022). Numerical and experimental
modelling of seepage in homogeneous earth dam with combined drain. ISH Journal of Hydraulic
Engineering, 28(3), pp.292-302.

Liu, K., Vardon, P. J. & Hicks, M. A. (2019). Probabilistic analysis of seepage for internal stability of earth
embankments. Environmental Geotechnics, 6(5), pp.294-306.

Mahmoud, A., Badakhshan, M. & Seifi, A. (2016). The effect of horizontal drain length on seepage
discharge, uplift force and hydraulic gradient in homogeneous earth dams by numerical simulation.
Specialized Scientific Quarterly of Construction Engineering and Management, 1(3), pp.45-55. (in
Persian).

Malekpour, A., Farsadizadeh, D., Hosseinzadeh Dalir, A. & Sadrekarimi, J. (2012). Effect of horizontal
drain size on the stability of an embankment dam in steady and transient seepage conditions. Turkish
Journal of Engineering and Environmental Sciences, 36, pp.139-152.

Y&



Oy gy 1 2Bl Kok (S s By )3 SR SR 5] 5 Shos 2Rl o3 axllize

Mohebat Zadeh, A., Meshkal, M. & Hedayat, N. (2011). Seepage analysis in earth dams with clay core
using SEEP/W software (Case study: Karkheh Earth Dam). Proceedings of the 6th National
Congress of Civil Engineering. Semnan University, Iran. (in Persian)

Mohammed, Y. F., Salama, N. Y. & Al-Labban, F. A. S. (2014). Seepage analysis of a zoned earth dam by
finite elements. International Journal of Engineering Research and Applications, 5(8), pp.128-139.

Mahmoud, M. M. & Shen, Z. Z. (2024). Seepage behaviour through earth dams with zones of different
filling materials. Water SA, 50(1), pp.106-120. https://doi.org/10.17159/wsa/2024.v50.i1.4055

Nasrollahi, M. (2011). Investigation of different combinations of trench depth and clay blanket for reducing
seepage in earth dams (Case study: Satarkhan Dam) (M.Sc. Thesis), Faculty of Agriculture,
University of Tabriz, Tabriz, Iran. (in Persian)

Omofunmi, O. E., Kolo, J. G,, Oladipo, A. S., Diabana, P. D. & Ojo, A. S. (2017). A review on effects and
control of seepage through earth-fill dam. Current Journal of Applied Science and Technology,
22(5), pp.1-11.

Rahimi, H. (2015). Earth dams. Tehran, Iran: University of Tehran Press. (in Persian)

Shirazi, M. G., Rashid, A. S. B. A. & Ganiyu, A. A. (2023). Analysis of seepage control system
improvement in an earthen dam. Dams and Reservoirs, 33(1), pp.27-33.

Zhang, L. M., Xu, Y. & Jia, J. S. (2009). Analysis of earth dam failures: A database approach. Georisk,
3(3), pp.184-189. https://doi.org/10.1080/17499510902831759

Zhang, X. S., Wang, C. Y., Wong, H., Jiang, T. & Dong, J. Y. (2022). Modeling dam deformation in the
early stage of internal seepage erosion: Application to the Teton Dam, ldaho, before the 1976
incident. Journal of Hydrology, 605, 127378. https://doi.org/10.1016/j.jhydrol.2021.127378

Zheng, H., Shi, Z., Shen, D., Peng, M., Hanley, K. J., Ma, C. & Zhang, L. (2021). Recent advances in
stability and failure mechanisms of landslide dams. Frontiers in Earth Science, 9, 65993

WY


https://doi.org/10.17159/wsa/2024.v50.i1.4055
http://m.sc/
https://doi.org/10.1080/17499510902831759
https://doi.org/10.1016/j.jhydrol.2021.127378

