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Abstract

Sand dams are formed by installing beams across rivers and filling the secured space with water and a
permeable material, such as sand, which stores the water in available pore space. These structures have
mainly been reported in Kenya, Africa. This study proposes a sand dam design that improves
structural safety and water intake. First, to increase the stability of the concrete wall of the dam, steel
barbed wire connections are proposed for construction. Second, by using geotextile fabrics, evaporation
may be reduced from 45% to 8%, and horizontal permeable discharge could be reduced markedly,
therefore improving water storage capabilities. In addition, the water intake increased by ~2.4 times
that of the previous design. Third, filtration efficiency is improved by selecting a sedimentary site for
improved water quality. Finally, the installation of a tensiometer is suggested for monitoring the sand

dam.

Keywords: sand dam, geotextile, tensiometer, evaporation

25
AEdlolgt 51 9] glthof| B -5 AA|otal S g g7l Hefjel 22 B =0t 52 A A&
B OPEN ACCESS T, 3=4o &5 Aste] ARgsh eIkt i% ot = ofZ et AFE FAH R B AR
71577 ol AT o] sl B L = tho] 134 o T} HlmeF 22 95t A o
*Corresponding author: II-Moon Chung A Q= MO sl 2 Aol MEd o] - A} Frt S FIRAAA e AA
E-mal: imhung@Xittekr shaick. 3, M=) 2 wAle) obgAe shush] 9o B2 MER0E A7, A5 B
Received: 7 August, 2020 23k AAICE B4, 2] QEIAERLS o] 85| S-S 45%0A 8%E TAAZ o= UYL HrlF
ovisad: 17 usust 2089 FRERE 27 FY 4 Qo] AL 71EH oF 2 HH Z7kEle 2 & 4 IS o] Hellw 4

Accepted: 18 August, 2020 o B

A A AR A = ATt EaS w R, ESEEEAE S RYE R T A SHIH.
(© 2020 The Korean Society of Engineering
Geology

This is an Open Access article

o dlstrlbute.d under the terms Qf

the Creative Commons Attri-

bution Non-Commercial License (http://creative-

commons.org/licenses/by-nc/4.0/) which permits

unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original
work is properly cited.



Aol 51 ] Fcho]| B 58 |51 st F7tof| Rafje} e B g ol B oA AL &, FF Yo &
< Agste] ARgSl] flgt LxEolth F2 o e|7t At T2 7Ax A HellA A EEA Aot B RE AR
AA EFARE AR 2, T Sl A 25 1% Aol S8k AR ffuztell= oF2] Alg B ¢t Chung
and Lee, 2019). AHEH2- - A o] 231 2|6} oo S7t2 -5 SR g7} Im, Befls-S Fakoto] 2k ot
o] 44 7|41 a7} AtiBaurne, 1984; Ertsen and Hut, 2009; Villani et al., 2018). TF2 0 2= Auko] ufalad A 2|9,
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E|XE H1]2] 40%7152] Eo At e shdat A4 o] EA0h: 734 Tl B2 shte] g tia5 o
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al., 2019).
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Table 1. Porosity and drainable porosity tests for different sediments

Porosity & drainable porosity tests for different sediments

Fine sand Medium sand Coarse sand Fine gravel Coarse gravel
Porosity (%) 40% 41% 45% 47% 51%
Drainable porosity (%) 19% 25% 35% 41% 50%
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Fig. 1. Concrete wall side view (modified from Maddrell, 2018
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Fig. 2. Overhead view (modified from Maddrell, 2018).
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AR 1.05 m, SP F71= 1.7 mo|™ =o]= 2.5 mo[th. 7]§kete] vlsl= Zlo|(10 cm)% 134‘5}"“2 o 2.6 m 7‘0194
Y10/1682 ARSI ARoh= H2 Y10/16E oot Hix[ato g, 7]
L AMO] IHAS 7 (barbed wire) 22 o] Alg-2] He| kS ALy ottt Ao A 7t

AARY EJAS-2 A R 2 A Lo Ht 472 0.5 mmollA 1.0 mm7EA| 2] Helo|t}, FAla=1.0 cm/sec
o4 0.01 cm/sec®] H||H Table 2).

Table 2. Hydraulic conductivity of soil types

Soil type Hydraulic conductivity (cm/sec)
Clean gravel 100~1
Coarse sand 1~0.01
Fine sand 0.01~0.001
Silty sand 10°~10"
Clay <10

EF U 0] S-S (evaporation rate)< T<e0| 2Bt ofu 2l FIeoF HEE O] A7) 5 HS
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e URollA] 2o wE U e eal o] Zlskradell A Eo] § W& 4=t ofsl o550 thA| 27 wize]

tA
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HEZlo|Lof 25t +H [ETC| Az
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”Wﬂr Yol e IEHO|E 55 Eolut 2 o A ] Qe 2B lofut 2 @ ] HE|Qlof] F2A7| AL 2

Slo] e AEolt). oA SRS B4 T Asto] 9i0] BHEo] Ofsto] LA WIS W) AR} A5
- Sh S A SIck, ] e oIS ] Sl AL OBIHRIT GCLE FEFOE Mol vt
. Bl 2} 217} E—*ﬂﬂ% HlgalA)gt Ul HE0IA GCLO] 94a 20 2 et

GCLO] £4A14=5.0 x 10" em/sec®]thDen Hoedt, 1990). w2bA b4 AFE 71941 Darcy 2] H 219 2J5]
= % °F6 x 107 m’/day 2 WR[SHA] LrePT mebA Eo|d 4] & g RR <l
AN 4 Qe ol el Tkt SEAIRE o] Axt 3E2 GCLO| &4 jlo] AS =L, A== 53t 715734
2 5

SlA] F3kE w9 gholRe TS 4= Qle @aF 89155 AlFslo] AV 3 M Altstior .

| QEAERI| ofet SET AT

2] @ Fl ~E(geotextile)olgt o1}, B7Y, HE Fi= 755 71 b =2 F5/do] v Fob +EA1A
= AP 5 ER-8-8 2okl @-8-FthJeon and Hong, 2004). 12 Aol A= Wi-Hdo] Zotal =wA Bl a4
0 2 ZU=R= wicking A LEIAEFL-S Aot A of| FHYSHATHGuo et al., 2016). 2B E WH F= 22 EAA
Sl wicking Z] @ B|ABF-Z A X]5HH, wicking A LEIAERY B} flof] EAfjcks -2 tiF-Zo] SHHAY S
= AR whebA 2] Folle 2] QB ARRI-E A2t ol FE 7| Afo] o] R AR FsStet Fof 7l i
o 25 st 2| I AENU 0] & ARt Fdoh= Aol tigt A s Aol = 3Z3HE /JH| o] 2] L EIAERY Kol A
£ T2 0 2 AT A 9] 100%0] Eol7] whizol] Eoll 2|5 =20 SEHEL7F A 2] ool 717X siAlRt, &
I EARRS | A3top7| Qlof) A L EIAETLS ST U] AT H T L EAI 73 AlZoluh A9 f1Fo] qlrt. ER A
BB 2ol A 217 o A 4= Qi o] 2A| E A SR Eol 2K SHeHH R T E RS SO0 R EH T
0] @31 ThA] S ol= IS HHESIE R Q5] & Ul o] AIA R danE Yt 18 BE ARt ol 7]
QEAEIAS AX|5to] 2] o] fRE gwgo] 0ol 7|, 1210 o B2 ZIMYHIE Ao S A slof itk
A] QA B H T} 9]of] f13]5h= Bt A free body diagram-e 12]H $12] SIeR0 == F0sle = qF o] EAjlshH
ozl =gyl x] @ lAel] 7ho] Bzl 71 ¢lgo] x}_Q_o}q-(Flg 3).

ofwj AZjotef Wk 7o) fto] I H kl‘it} frofmlatA 2.2) Qhohd 8 Al 7FeliAl= & 218 9] f> OO]E_EL 7H5

T7FE2] ofot 11 Ao wEtk o] - 2| QEI AR ofefjo] £ 74 H s §/dsto] of
A] o H| g-&2 o] 1 @ O] SRl }—ZH’G}E} wjebA 2] Q BB o] f-ofu|sHA & Aot QlEs 7
rojok gt} wicking A LEIAERD o] Ag]of whet Jrpt S A A7 FEREA] thet ATl =
A2 5E] wicking A L EIAERIRto] 7Ex]= A T o) -85l offith o] & 3arste] 719 2.5 m =019l &
11914 0.2 m 201 wicking 2.2 El~E}d- S A A|5kA] H 712 AH AT Guo et al., 2019)0]] ek 4507 ke &
AEl= Mo A tiek 8% Tho] S = Ad5-S 7IH g 4= Slrh a‘%* A Hlo|e o5 Alefsto] Hap2] o 2 A7dsto] of
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Fig. 3. Free body diagram for water particle.
A7) v FeT ALt
4] (2)°] Manning 212 AF8 5101 2] QEl1ER A7) AF9] 2532 ARTshich

2 1
Q:AX%XR?’XIQ @)

A7, n : ZEAG, R BA, I 55734}

PVCH n=0.01, #o] 27220 cm=Z Aot 2| QEIAEII Q] 79 asl5o] Sep7pr| tiEe] ESUHC] 7t
5ol S7FHA A o] whebA A7 Sl HIE R Qite] AXlS & 4= Atk ZRE F9] Eo|7F 71E
1.375 m (Maddrell, 2018)°f|4] 2] 2of 2.3 m& F7FoHA| H1L o] LS Aol E A2 AS0] k2

F718a= & 4= AtH(Table 3).

Table 3. Final intake after improvement

Item Before After
Recharge-horizontal flow (m*/day) =a 23.25 60
Pipe flow (m*/day) =b 33.99 55.62
Q =min (a, b) (m*/day) 23.25 55.62
Increased intake ratio after improvement 2.39
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L=V T (3)

oA71A, L AR o), v Wb, T AlRARE

k1°—ll‘

F

75 AA|7155(Ministry of Environment, 2017)0]l THE AlFAIR 30~60% Ale] o] B2 3025 -85t 571
AR O] G-, FEH Ao HARWR LAIAR] 4 0 2 Q19 =457 e alEeh of-§- =08 Sk 2t
A9] #HE o] 11.3 m, %°] 0.22 m, YH] 0.5 m=E AFF =]t

H, 37482 Hazen(1904) 2] F7Fol2of wef oh3at o] Urepdtt.
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TH v @A @

= Stokes(1851) H 2] 2J5]]

S

e TV (5)
AZIA, i B AR, d: 8 QA A, p, - & YR AT, B U
BRGSO I EAE] 1,800 m¥/m’ x day R Sho] L] B4ZES TIeh ] AWt A3} 1782 50.8%
o] k& Ag o7 slelsly] 918 Bt Bg Al 5 AL 25930
]

] ES
TR F PAE Selgieh. ] M= Sols] 91 Zzte] of

Table 4. Sedimentation filtration rate

A B C Average
Before (kg) 7.84 8.04 8.16 8.01
After (kg) 4.12 431 431 4.25
Filtration rate (%) 53.04

AT} 53%2] oIS o] ARTOITHE 50.8% AR ATHE A917] mhEo] AR A5 olA vt of
L BPELE St
BLIE{ Al AH

71Z0] e oA 25 -82RS 7)Aol 271 oF 2 394 Z7131 55.62 m*/day 2 LFEPGTE 18Ut A3 BFo L&
B oA LA 2 %01 ZARICE whebA] 2] QEIAEA-E Foll I 25 -85Fo] o gk TAREA] Zlst
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7] $J8ll AAIZEO 2 B2 % 0] Eohe g RISk AAHE F7Hc,

AL ] S Aole] 51 99 ol AT IO 5B A ] H5e] 0
%3 ol 9 1811 S S AIBHE Zlo] ZAstck tebd] B A|5e] 2 HA%0] EoHEE 25k mUH A
AR B9 F4ag 2Us HAE0) HREE SAIshe AL ARt} Zoies Z4el] 9 R B S
FEIPKL SR EFHETIE U, T ) TP 3, EP U S TP ApfeloR offol 22
SRR U] EAths Bo] A5 o) 58 4 oIk Eoo] FUl R4 sl Bo] Zh4sh HE, Eoke Eo
A o] A B ol 3 R Aot Holl Al Bol mhub/ b Fick wtebd) el R g
g 2

212 ] 513, o] 2 Q18| r2iA| ] 417} S KA Hiek B2, 74 Qls) Eafo] et i EoR
A U2 Bol SoloA) w31, $ Eapr} ekl eheile] 41 0 kPa 7l 1A e,

Hasgte] EASEA A o] §5te] o] ok By Slat H2o] 4] SIA) Rtk B Hiot
2] B icking A A A | 220 e 4o IS SR et Aselo e 20
cm ol ElE 941 T} f|so} ka2 o] 1415 LAl layers AHFEE. T4, 4G E2F0] ¢F 2.5 m Zo]
1, #stehol A o] o] ofgh A5} ek FEo] WA 9lom 2 ol - 2244I) 142 A Wb 2
2ol mEgEAle] 911 The 1 2eiFie. 4)

: 0.2m —» geotextile
1. tensiometer

S(degree of saturation)=100%

v 2. tensiometer

Fig. 4. Installation location of tensiometer.
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2291 57 ) lo] o] RolX| A, F71H 0 HiEE B A HAA I HE ANSIET R AS 0180
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