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Abstract

Earth-fill dams play a critical role in water resource management, flood control, and agricultural
water supply. However, seepage control and pore water pressure reduction remain key challenges
for ensuring their long-term safety and performance. This study employs numerical modeling using
Seep/W software (GeoStudio) to investigate the influence of clay cover length and thickness on
the hydraulic performance of an earth-fill dam located in East Azerbaijan, Iran. The effects of
lengths (59.6, 73.3, 93, and 100 m) and thicknesses (0.5, 1.0, 1.5, and 1.8 m) on seepage flow rate,
hydraulic gradient, and pore water pressure were systematically analyzed. Results indicate that
increasing the clay cover thickness to 1.5 m reduced seepage flow by 55.22%, while increasing the
length to 93 m resulted in a 48.81% reduction. Further increases in length and thickness did not
yield significant additional reductions in seepage, demonstrating that a length of 93 m and a
thickness of 1.5 m are optimal. Moreover, a clay cover thickness of 1.5 m reduced the exit hydraulic
gradient by 60.60% and pore water pressure by 56.94%, whereas increasing the length to 93 m
reduced these parameters by 47.47% and 41.58%, respectively. Economic analysis revealed that
optimizing the clay cover dimensions reduced excavation volume by 50%, height by 30%, and
thickness by 40%, and operational costs by up to 30%, while improving hydraulic performance by
70%. These findings confirm that the optimal clay cover dimensions (length: 93 m; thickness: 1.5
m) not only substantially reduce seepage and enhance hydraulic performance but also provide an
innovative, cost-effective approach to earth-fill dam design by significantly lowering operational
costs.

Introduction

Earth-fill dams are critical infrastructure for water resource management, flood control, and
agricultural water supply, significantly contributing to sustainable development. However, seepage
and elevated pore water pressure pose substantial challenges to their structural integrity and long-
term performance. Clay blankets, employed to extend seepage paths and reduce hydraulic
gradients, are a proven solution to mitigate these issues. This study aims to evaluate the influence
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of clay blanket dimensions—specifically length and thickness on the hydraulic performance of the
Qeysaraq Earth-fill dam located in East Azerbaijan, Iran. The research investigates the effects of
varying blanket lengths (59.6, 76.3, 93, and 100 meters) and thicknesses (0.5, 1, 1.5, and 1.8
meters) on seepage flow, hydraulic gradient, and pore water pressure using numerical modeling in
the Seep/W module of GeoStudio software. By integrating hydraulic and economic analyses, the
study seeks to identify optimal blanket dimensions that balance performance and cost, providing a
practical framework for designing earth-fill dams in regions with similar geotechnical and
hydrological conditions. The novelty of this research lies in its comprehensive sensitivity analysis
of geometric parameters, validated with field data, and its combined hydraulic-economic
optimization, which enhances both dam safety and project affordability.

Methodology

He study utilized numerical modeling with the Seep/W module of GeoStudio software to
simulate seepage behavior in the Qeysaraq earth-fill dam. The dam, located upstream of Qeysaraq
village in East Azerbaijan (47°15'12" E, 38°4'21" N), was modeled incorporating real geotechnical
and hydrogeological data, including saturated and unsaturated conditions. The analysis focused on
evaluating four blanket lengths (59.6, 76.3, 93, and 100 meters) and four thicknesses (0.5, 1, 1.5,
and 1.8 meters) to assess their impact on seepage flow, hydraulic gradient, and pore water pressure.
The model employed the flow continuity equation (0 (k« oh/0x)/0x + O (ky oh/dy)/dy + O (k.
0h/0z)/0z = 0) and Darcy’s law (q = -kVh), with soil-water characteristic curves (SWCC) and
variable permeability to ensure accurate representation of hydraulic behavior. Boundary conditions
included constant head at the reservoir (upstream) and outlet drains (downstream), with no-flow
conditions on lateral boundaries. The Mohr-Coulomb model was used for soil behavior, and field
data from piezometers (SP1 (2), SP2, SP3) were used for model calibration, achieving a relative
error of less than 5%. Economic analysis quantified cost reductions in excavation volume, dam
height, and operational expenses, aligning with practical engineering considerations for dam design
optimization.

Results and Discussion

The numerical modeling results demonstrated that clay blanket dimensions significantly
influence the hydraulic performance of the Qeysaraq dam. Increasing the blanket thickness to 1.5
meters reduced seepage flow by 55.22%, from 8.5x107% to 3.7x107° m?/s, while extending the
length to 93 meters achieved a 48.81% reduction. Further increases beyond these dimensions
yielded diminishing returns, indicating that a 93-meter length and 1.5-meter thickness are optimal.
The 1.5-meter-thick blanket decreased the outlet hydraulic gradient by 60.6%, from 0.12 to 0.05,
and pore water pressure by 56.94%, from 4.8x10° to 2.2x10° N/m?2. In contrast, the 93-meter length
reduced the hydraulic gradient by 47.47% and pore water pressure by 41.58%.

These findings highlight that blanket length has a more pronounced effect on seepage reduction
compared to thickness, though both parameters are critical for optimizing hydraulic performance.
Sensitivity analyses showed that increasing length beyond 100 meters or thickness beyond 1.5
meters provided negligible additional benefits, suggesting cost inefficiencies. Economically, the
optimal dimensions reduced excavation volume by 50%, dam height by 30%, and blanket thickness
by 40%, leading to a 30% reduction in operational costs while improving hydraulic performance
by 70%. Validation with field piezometer data confirmed high model accuracy, with relative errors
of 4.2%, 3.8%, and 4.5% for total head calculations. Comparisons with prior studies, such as Lee
and Kim (2002) and Kouhdaragh et al. (2025), showed improved accuracy in seepage flow
prediction (12.6% better) and hydraulic gradient reduction (8.9% better), attributed to advanced
Seep/W capabilities and precise field data integration. The higher permeability of Qeysaraq dam’s
local materials emphasized the need for tailored optimization, enhancing both performance and
cost-effectiveness.

Conclusion
This study underscores the critical role of optimized clay blanket dimensions in enhancing the
hydraulic performance and economic viability of earth-fill dams. The optimal configuration of a
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93-meter length and 1.5-meter thickness for the Qeysaraq dam achieved a 55.22% reduction in
seepage flow, 60.6% in hydraulic gradient, and 56.94% in pore water pressure, with a relative error
of 4.6% compared to field data. Economically, this configuration reduced excavation volume by
50.4%, dam height by 30.1%, and operational costs by 30.3%, while improving hydraulic
performance by 70.8%. The integrated hydraulic-economic framework, precise sensitivity analysis,
and advanced numerical modeling using Seep/W provide a robust and innovative approach for dam
design. These findings, validated by field data and aligned with prior research, offer a practical and
sustainable model for engineers and policymakers to design high-efficiency earth-fill dams in
resource-constrained regions, contributing to sustainable water resource management and
geotechnical engineering advancements.
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Table 1- Geometric characteristics of the studied dam

Parameter Quantity
Dam height 16 meters
Crest length 988 meters
Crest width 6 meters

Upstream slope V¥
Downstream slope V¥

Crest number

1701 meters
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Table 2- Permeability of foundation and dam body materials studied

Material Name

Vertical permeability value (m/s)

Material Name

Clay Core
Fine Filter
Coarse Filter and Drain
Soil Shell
Surface Alluvial Layer
Silt and Clay Layer
Cut-off Watertight Wall

1x107
1x1073
1x1072
5%107
1x10°¢
1x107
1x107

Clay Core
Fine Filter
Coarse Filter and Drain
Soil Shell
Surface Alluvial Layer
Silt and Clay Layer
Cut-off Watertight Wall

bl s siledse Gl Bl ol djleie piolel )
)I ‘L)"Jbﬁ)’ L))l P Ll 045 u.>l)]o Yl} [} l) (ewdigeo dlﬁo)9))
do Sy o <ly GeoStudio l38le 5 Seep/W Jsjle
A ledie b Jgile ol sl 00 odlitl 5pmid S5
Jgb) ol 5 2 Sl ey SO 3 (seEPAgE) gl 5
ly sloyis ol Hlid ¢ (Sgyhn bl )5 wwuts (o> p (cwlbs g
Gl o & Seep/W 5 (ooie giloJde 3,8 walyd
e AV Jsb) o] silodiagr 5 ) S usin slayally
w2 S0 )d DO/YY ials &y yocio oS 3 )5 SaS (20)/0 Colbus
ol Hlid aoyd 08/AF 5 (Sgyin (bolS croyd £4/5 wuis
B (( Slgydn blis 380 gilwand b Il opl b glojes

Sy iolially 039y (sobaidl (gjlwaine )8 9 ik

Sip el

(055 & daw) CandVl p3 ol s Jols Jae (6550 basl i
sloire 3 ol st llid 5 (295 lapiSa)) cuniml 5
adlas 3590 b (S5F500n 5 (SESSS slaodls g (ol
Jold i balpd ol oad a5 )l 5 Jue (93909 Olgis
5 Sl 2 295 ol o sVl o e O
wdid Slasuino Cuwl dw calisee pdhas (6 pbdea sla St
Jhe dnwgs )3 addaie (Sdgyien Lalpd g adlllae 390 dw (Al
by b oYU Ll sl 51 ol g0lis b o blod gose
oloS— g0 Jdo wlul p S (g,ld) oo .0l atily s Bl
Sy it 12 (SWCC) SB-ol dasetio slaioxie
A bl e gl e g sluisl laY (g hus

Ok g 3 S i 9 Joto S ol
i 3 ooy SN s g Job b e ing onl 5
ol 00 oy ddlllae 3y50 (S dw )3 chiie O HLib g cuis
S VDN /0 cacubes g o Ver 9 AF VY/F DV/F laJsbo
scudgize 5 adsl (SuSSg5 sadllas wlol p e VA
Do plool xels Camlue Judoo b was Qlesl § padd dw ol 2

e il e
Sl )3 () SN (WS (y Sl B9 ] 3
5 caalllas dy90 (S 0 3 (gdiie O HLib S g i
Jssle s GeoStudio ,ljéle 5 5l edlerwl L sdie (g5l—w oo
e &5 GeoStudio l5ble .l oas 48 S 6 00 Seep/W
2 Ubgly swlh 5.8 oo cubls worul dgame glinl 59y
o3lital |y (306 (53l o 5 S o w3 1, J5klsite (clnbao
elodl Lyl 58,8 a5 )3 b S5 das omr Seep/W oo ;|
Sy L8y (355 (gilwdnd (gly 0 (Gl Jse gLl
Ol 3,55, (ol ad oolatul dus (o g AL calisee gAY (ol
28 weld 1) (Bly bl 5 > ol ol 538 Jdes
5 (Oh/ox)/0x + O(ky Oh/Oy)/0y + d(k, 0h/0z)/0z = 0
sxmd i K ol o a8 ws ploul (@ = -k Vh) s 558
2 llsy el il gl (9 Q5 (Sdgpan 20 st
Lo 3 gl ol sjlwan—d sl Seep/W l8le 3

OS2 oy €SN b oLyl (ol onlissl o Jdlsiia
gl b (s210 (sla o ¢sdite O Lt S8 5 ot
o 5 gl A mlio el U e eyl ot oo ciliee
@l 2l g 038 pald |y (sanol Gl (sla g, 3,Skes
A3 o S (SB (ladw Culs S8 wham (2b (slodig
pSore (glasly osdplsl (g31 (g3lo e 5 o0 s glaex sloodly
38es S92 53 S50 slaylSal) dilyl g ady iy sl Julos sl
y plestige 5555, ol 55000 w08 anllas 390 s (Silgyim
slaojon Jobod 5 (b 4 i el b B35l o 3B

RN SWIPES

GEO STUDIO ,3lp 4
Geoslope ¢S s lawg adbaswg GeoStudio lzble
sl Jgsile b a8 cul SuSS85 (wdige 3> ab iy (g)l5l dobIS
S5 srosdy (385 (sl oot iy 10)8 lazes g (panass



DOI: 10.22055/j1se.2025.49409.2160

V¥
RPS) C,&}L éj)JJ@M:O‘)&@) ‘_;.Lw‘

IS s glaosls o yonwl IS (gly e d_ulio W yiog
S yiogin b wed sl b Slase (sbedly bodda wl>e
o slbs . Sle a5 4 wwlie SP(3) 5 SP(2) SP1(2)
¥/0 g 303V o ¥IY cudp 4 sl dduwle JS 4 gl
sl Sl vl Jdo oYU b siad L aS g o yd
S sy a o> g S ol slmodls 5 Jso ol iy (s
Ol s e (glduwlie (¥) S5 sl Jao (oYL cdd oximyLis
; SPI(2) yiegie o oabced gloosls g l38lp 55 )5 oabasslons
s8ly glaodldy 5 Jao (claodly yu Jod B sl aad o Lo
L addlhae ol 2ol (omimen A0S o a1y (g5l Jis i
(2024) Kouhdaragh et al 4 (2002) Kim 4 Lee slaasl
2 JoB B il oximd (Lt oS 4b alie (lsle o sl

D (Sdgyid ol g ki Sials

CSMW Jgb o lis 1y (gaie sl Jao Cilasuine (V) Jodo
e 93 33 o cwlus g yie Voo g AF IY/F DV/E ojb 1> ()
CSOM oS amd o i ol ol o 48,8 Jas 1> 50 /0 g +/0
ol )31 3 Shes iy yio VB Clbed g yia Ve e Jobo b (o)
asl, oyl WS o wpold 1) bulyd o Saey ¢ 03l &) cuss
ol W GRIEN ) ALk la el (gjleding coeal

pd o s (SB gbdw jo el

Seep/W L il Jow il fol> mls mw come
Jos 5l ol s (onis (ilwJre 8 I lialel (4l
axdllas 350 s ) odubiuas sl yiogin Shue sloodls b goue
9 by (Swg dolre ookl b Ol s Jllow as aunlie
bls p» JS a0 b plasl Seep/W lole 5 5 (—wls opl8
sl b g e wle dguzme slinl sladldles o b Jio calies

S lwdmd 50 didy HI7 4 S o S piie Dlastin-T Jeu
Table 3- Characteristics of the variables of the models used in the simulation

Variables Amount of changes
Length of clay blanket 6.59, 3.76, 93 and 100 meters
Thickness of clay blanket 0.5, 1, 1.5 and 8 meters
Type of dam 1 mode
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Fig. 3- Comparison of total head obtained from numerical analysis results with measured values at the
SP 1(2) piezometer location
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Fig. 4- (a) The effect of changes in the length of the clay blanket on the leakage flow rate from
the dam body under study, (b) The effect of changes in clay blanket thickness on the leakage
flow rate from the dam body under study
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Table 4- Estimated cost of implementing clay blanket with dam construction price list 2024

Row ltem Item . Unit Length Width Thickness Amount U?‘t Total price
Number Description price
Preparation of
materials and
implementation Cubic
1 11703 of clay core meter 93 510 1.5 71145 1193000 84875985000
and horizontal ete
blanket of the
dam
Plastering and
other necessary Cubic
2 11704 preparations meter 93 510 1.5 71145 118000 8395110000
for clay
processing
Estimated total cost of implementing clay blanket (rials) 85711095000
Comparing the cost of the studied dam with the price list © unit price
41872085 total price
90,000,000,000 : 84875985000/00 [t
80,000,000,000 1
“© 70,000,000,000 1
é 60,000,000,000 1
“ 50,000,000,000 -
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o
S 30,00,000000 1 $395110000/00
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Pk)tﬁng o
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Item description

Fig. 8- Clay blanket cost estimate bar chart
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