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Abstract

The reduction in rainfall and increase in temperatures have led to a rise in water evaporation
from rivers and fields, reducing water supplies from the upstream countries of the Tigris and
Euphrates rivers. This contributed to a reduction in water flowing to the front of the Hindiyah
Barrage, affecting the Shatt Al-Hilla regulator, which depends on the barrage's water. This
resulted in lowering the up-stream water level of the Hindiyah Barrage from the recommended
31.90 m in the operating manual to 31.40 m. In this study, uplift pressures and seepage rates
were compared for the years 2017 and 2018 (at a water level of 31.90 m) and 2022 (at a water
level of 31.40 m). Results showed that uplift pressures were unaffected except when the
downstream level was reduced below 29 m, which increased uplift pressures under the
regulator's foundations. The highest calculated uplift pressures were 6.63, 6.3, and 6.72 ton/m?
for the years of 2017, 2018, and 2022, respectively. Piezometers 27 and 28 showed higher values
compared with others due to their location below the cutoff wall level. However, the drop in the
upstream water level of the Hindiyah Barrage did not affect the structure's stability, as the uplift
pressures and seepage rates remained within allowable limits. The Plexis software was used to
simulate seepage and calculate the highest seepage rates, which were 2.37x107*, 2.18x107*, and

3.38x107* m3/s for 2017, 2018, and 2022, respectively, with satisfactory safety factors.

Keywords: Shatt Al-Hilla Regulator, Upstream water level, Seepage, Uplift pressure, Seepage-

ratio.
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Date Uplift presure  Seepage ratio ratio
level(m) level(m)
(ton/m?) Piezo.27 Piezo.28
Jan. 31.70 29.70 6.21 38.5 47.23 130.00
Feb. 31.70 30.05 6.38 33.33 31.28 160.00
Mar. 31.70 29.80 6.30 40 22.78 140.00
Apr. 31.70 29.95 6.41 40.75 39.49 150.00
May. 31.70 29.90 6.38 40 38.89 145.00
Jun. 31.80 30.15 6.63 43.64 32.26 160.00
Jul. 31.80 30.25 6.62 39.35 36.97 170.00
Aug. 31.78 29.80 6.43 45.45 33.89 130.00
Sep. 31.75 29.80 6.43 46.67 32.57 175.00
Oct. 31.70 29.90 6.28 38.33 32.63 140.00
Nov. 31.70 29.75 6.26 40 26.06 110.00
Dec. 31.55 29.20 6.13 53.62 31 130.00
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. 2018 plal ) Aps 5 dal) aiia ) A8LaYL Alad) dad a3 )3 5a g aode (8 olaall canalia 1(3) Jsan

Date . . . Q/(m?/s)

US water DS water Uplift presure Seepage ratio Seepage ratio

level(m) level(m) (ton/m?) Piezo.27 Piezo.28
Jan. 31.55 29.60 6.08 37.95 30.26 110.00
Feb. 31.80 29.50 4.96 43.91 36.52 100.00
Mar. 31.75 30.00 4.68 37.14 28.57 140.00
Apr. 31.80 29.50 6.16 41.74 33.91 90.00
May. 31.80 29.85 6.30 36.41 27.69 90.00
Jun. 31.70 29.60 6.21 41.43 36.67 80.00
Jul. 31.58 29.40 5.67 42.66 34.86 80.00
Aug. 31.40 29.25 5.89 43.72 34.88 65.00
Sep. 31.40 28.95 5.73 45.31 37.55 60.00
Oct. 31.40 29.20 5.86 43.64 35.45 80.00
Nov. 31.50 29.20 5.90 44.35 35.65 90.00
Dec. 31.40 29.20 5.86 43.64 35.45 90.00

L2022 plal el ) A 5 dal) bara A ZdlcaWl Alal) Lol Al HA 5a g paie 8 sliall Cuanilia 3(4) J92a

Date US water DS water , , , Q/(m?/s)
Uplift presure Seepage ratio Seepage ratio
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level(m) level(m) (ton/m?) Piezo.27 Piezo.28
Jan. 31.60 29.00 6.27 25.56 25.56 106
Feb. 31.90 29.60 5.45 44.35 36.97 109
Mar. 31.90 29.80 6.44 45.24 36.19 128
Apr. 31.65 29.35 6.13 50 38.26 106
May. 31.65 29.30 6.31 48.1 40 89
Jun. 31.48 29.20 6.69 7.46 40.79 90
Jul. 31.44 29.10 6.72 47.6 40.17 95.8
Aug. 31.40 28.90 5.68 50.4 30.8 92
Sep. 31.40 28.90 5.64 50.8 26.8 89.3
Oct. 31.50 28.78 6.59 51.47 43.75 80
Nov. 31.40 28.90 5.80 50.8 41.2 90.5
Dec. 31.40 29.15 5.88 46.2 38.7 97.42

@l deal) b gl s g JSE g @)l 38 ae Alad) il bl A ) e b (58 i 75 6 ) JSS

O 2022 ple (4 %20 ol Ly Gl sleal) 5 laraall (5 8 () sl il e 250 2022 5 2018 alse 30 WL

Jalss (Il il 2 0.35 Jalay Ley ol aoie sl Ji8S ) (5 3mn canall 5 2018 plal dlaa¥l 5 Iaruall (5 8 &%
LB A )l e Lo gl

Gob 0 s (9) a) U zedase Cluad) 48 Hhal 703 5ad )l Alld) Glliad) daia (e 2SUN (il 2V
0 b oa gall g Aaadll cpl Aalas e slaie ) Zoaigl) sam pwdighl Halsll (8 (e Adadll 5 Slaal¥l da a5 (5 8 Clas
Asbee e i) Al w3 G Ailas a5y Alea¥l 5 Aslee g B ie Jae o3 i ousiill (5 LELY 8
pl) JASY JuSYL apuila gali dae iy A e @l %5 (e JB) Und dawiy 4 8k bl Cian gy Abasd
mage LS adlasa 5 ol Shlad Glluall oLy cluy Jond malijn eha )y il JSay b gl 5 o5l el
Sl e (19 58 )JsaL
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u.s D.S
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Point 3 Point 4
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B9 Lane's equation / AliHassanHommadi

12/26/2023 4:30:02 PM
barrage and hydrulic structure

117.2642698 3.59993399

[ —
-2.379064,

3

us

(Ol Alas Aand 9 Maaa¥) o sis cllal clugy J sad daud 0 el 0 (i 3(8) JS&

rr2EY

off o o
& = E 8
2f 8 3
gl & g

CiOE

495491 41560452
3.5249376189284

6.53353215337524

0.228668412171945

0.53898128729792

0.999011032626184

1901.32988914987

4.82916672571181

.06820815400323

8.5826301 369863

5.65909916827349

0.533873960341862

9.48963037082433E-02

1.590388313931277

6.62842905708349

:‘.LAPMJI&A:‘.LL\.M“}JJ‘&a&y‘kw&h@@d#&m‘yc&b)w{e:(9)‘5“

6.63 <ilS E adadil dla sa dabae A (10 @ g Al b el o (13(9) JSE5(4) Jsaal) (e

0L Ju 138 5 20/0k 6.72 OIS Ggmne slaal Jaria et of Ca(4)dsaa et (9) JSEL maal 5 S 2o/ 0k

Uslea o Lale %1 o Jil Alasa Aalea 2l (e o) Dpaigdl 3aud cwigh) SN U8 (e Aiidad) dlales
B aea e da graall g Jlaa¥) canad LY ol Aabas (e 331 iiad Ala 3
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Laigl) san ¢ 5 pie S U8 (e Sl didaall 5 Al oyl Aslaae il Gl laie cpy (10) & JSS
R= %95 Ay gl (s Jad 5l Qe OIS i (g lilaad) gl i) iy | Aba¥) o Allas i

SMibaa) A8y Glaal) 48 )k o) e Ja (g3l

A o
~1 (o)) w
| | |

Modified Lane Eq.(Ton/m?)
]
=

y =1.1774x- 0.9665

R*=0.95

9] oo Lol
!

i
W

T

3:5

6

Orginal Lane Eq.(Ton/m?)

6.5

llialls aasial) Alaaal) s beal) ol Asbaa oy 5 )lie 3(10) JS

aal L ?‘EU c\)';\

ic jsall

<l e s Sl

e

Aeal)

L dllia jadle ol

20225201852017 4xlall <l 5uall 5 (21,22,23,24,25,26,27,28)

Al gl aand 922 521 Dl e gl @8 e dicdlall Lol alalidpua )l e 4 suadll daia¥) da gria (aw 1(5) Js>

2022520182017 ol s=>M
2022 2018 2017
Uplift Pressure Uplift Pressure Uplift Pressure
Date (ton) (ton) (ton)
Piezo21-22 Piezo21-22 Piezo21-22

Jan 118.83364 123.6448 124.8086
Feb 127.29409 124.7927 131.938
Mar 130.21409 131.4698 129.3695
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Apr 121.39909 122.2077 132.337
May 121.54068 127.2698 131.7545
Jun 119.63955 127.0614 142.0711
Jul 119.67523 122.2705 137.3598
Aug 116.18636 119.6011 135.4609
Sep 115.98 114.0752 134.7334
Oct 143.21909 117.8818 131.7473
Nov 116.085 125.1305 125.018
Dec 118.85977 118.0086 126.787
Max. value 143.21909 131.4698 142.0711

2022520182017 ol s=>M
2022 2018 2017
Uplift Pressure | Uplift Pressure Uplift Pressure
Date (ton) (ton) (ton)
Piez023-24 Piez023-24 Piezo23-24

Jan 135.06 137.2248 139.8186
Feb 143.74864 140.5268 144.8916
Mar 146.67227 144.8289 139.1623
Apr 138.26273 138.6659 151.6807
May 137.79614 142.3884 142.7095
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Jun 155.48432 141.4632 152.7657
Jul 156.78455 137.19 152.8916
Aug 125.33182 133.6843 147.6
Sep 125.43682 128.8898 147.1839
Oct 143.21909 132.1786 144.5055
Nov 130.76545 133.9386 141.7443
Dec 130.10432 131.8673 140.5407
Max. value 156.78455 144.8289 152.8916
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Bl Jed) aaeals 26,525 il jia s sl o ga diedlal) Jad alli daca ) e 3 gunall dlaa¥l g (s 1(7) Jgta

2022520182017 als=
2022 2018 2017
Uplift Pressure Uplift Pressure Uplift Pressure
Date (ton) (ton) (ton)
Piez025-26 Piez025-26 Piez025-26
Jan 124.49955 132.2143 133.2695
Feb 127.82318 131.5014 142.0534
Mar 136.92273 140.5425 137.6277
Apr 128.41545 140.9173 137.2243
May 134.24 137.1825 139.0859
Jun 149.3225 133.98 146.412
Jul 156.78455 129.1818 155.242
Aug 120.41864 125.7884 139.8959
Sep 120.415 120.7948 140.2075
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Oct 135.10955 124.9091 138.7709
Nov 119.89364 125.4309 135.1916
Dec 121.28568 124.185 131.9066
Max. value 156.78455 140.9173 155.242
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2022520182017 ol 5=
2022 2018 2017
Uplift Pressure Uplift Pressure Uplift Pressure
Date (ton) (ton) (ton)
Piezo27-28 Piezo27-28 Piezo27-28

Jan 150.49045 145.9175 148.9423
Feb 130.75545 148.9191 153.0775
Mar 154.64818 140.5425 151.2295
Apr 147.15818 147.7823 153.7807
May 151.45864 151.0884 153.1077
Jun 160.44068 149.1423 159.0907
Jul 161.22318 136.0145 159.2093
Aug 136.34091 141.2475 154.2327
Sep 135.39227 137.5898 154.3307
Oct 158.15659 140.5709 150.7036
Nov 139.17227 141.6105 150.133
Dec 141.1325 140.5709 147.0939
Max. value 161.22318 151.0884 159.2093
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i (8 s 2022 A (A plial) o sie (L83 (b i (5,6,7,8) Jslaall e aliinndll iliill JYA (0
548 Cld AUl A ge o gt JuliS e elly N Adla) | Adad) dad od8l Ay ) el 30k ) () sa) las slea¥) b gra
Ly Mea¥) Jaiis Ao Lgd <l 3 Al Blaill (amy lae Ll o) ) asen o (5 sbuia JSi 5 alitie IS5 0 )
3ol o ac e Camliall (alasil o) aiti | e sl Qi) oL Capliall Aad 8 20 jUall <l ) E¥ls oy
aall o)) Cun lgr 7 samsal) g0l Gaa S il il ppead s U ppea o) Wle )il g alU Gl Jalza
Gl s 40 7 sanall (af¥) 22l e S a5 26/0k 6,72 OIS Aall Jad a8 G gusall Saa) hasal a8
o glaall Wil XS5 4onigll 3 & 5 e Ao 50 eV Jadia Cliss 38 jla (o (19) Jsaalls 26/0k 1201
GV ey Adans) 5343 Hha (g Ui

4y Hhal JUEaS 28 527 il e g jall Alall Lok alals i) Cnd Maa¥) Jariia s 48 5k (3w 2(9) J9s

2022 4 Gda) Gile) el bl

HILLA REGULATOR 2022

D/s 28.90
No of pizo us
28.8
Level of piezo 31.40 28.99 8
Drope (m) (D) 241 0.11 -0.02
Span (m) by using section 5 (L) 39.60 | 145 125

Drope in percolation pressure (J) | 0.0609 | 0.0076 0.00

D/L 2
L1= ] ((24.1-18)*2*3)+3= 39.60
L2= ] 6.5+((26.1-24.1)*3)= 12.500
Foundation level= 24.1
(J) for the foundation of the project = 0.1
Safety factor K= 0.1/Max. J= 1.64
Sample width= r= 1
h =D.S - foundation level = 4.80 m
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bouyancy =Fb=r*h* A 115.20 | Ton
POint 2 = | Piezo (27) W.L - foundation level= 489 m
H between the cut-off and piez0 (27) = 241 241 =
L between the cut-off and piez0 (27) =
39.60 39.6
X= 0.18
S0=PQint 1= | Point2 + X = 507 m
POint 3 = | Piezo (28) W.L - foundation level= 478 ' m
POint4 = | D.S - foundation level 48 m
s= space between points
Percolation pressure= Areas of Trapezodial
P1= | ((pointl+point2)/2-h)*s*r 0.54 | Ton
P2= | ((point2+point3)/2-h)*s*r 0.51 | Ton
P3= | ((point3+point4)/2-h)*s*r -0.07 | Ton
P=P1+P2+P3= 0.986 Ton
Uplift pressure=Fb+P= 116.19 Ton
Area of section (A)= 24*1= 24 m?
Max. uplift pressure for peizos 21& 22, 23 & 24, 25 & 26, 27 & 28 161.22 | 14,
Max. uplift pressure (M)= M/A 4.84 Ton/m?
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naly oo gl alaiies by Gyl Jilas 2.4

SHsouel baall Alls st ) Adla WUy o puil) A puafi g il s Al (e jad Gunly i sl pladial o
Cag pall Alla & Joo sl Jindis Jliie V) ety 03l 6 ki Cig jum Jl 4 sl bl i plusal) ele Jaiaa g
VAl el s Ll el Ala @l sl Julad g Aadad i jal s jall g (5 sasaill

) abll) bl g Al gl Al 8 ellig 2 31,9 Al adiall leW) Lail) gl die Ju sall Qi o3
S Ll il s 3 il Goputl) Al Gl 5 Jalas (2 jad (Aaall Alad) ) 2 27.4 5354l g
Al H e 5 adie o guie p JW) sl 3 5 5 el AMall 3 dpmgadall Jrdil) Cag plal b g 3 gall) Qs
(2017,2018,2022) a1 s=30 5 (2,3,4) Jslaall b 3 Ll s dlea¥) Lo gua ail 4y gsne o) 3 el xie
bl Cand alisal) sl Jaia (daghs Aol e ) A8LaVl el (3835 4 jlaie can 3l 5 (9) Jsandl sl
COSA Adlls e b ALl

Al il it aluall elal Jataa o gl 5 e ae o puall (305 51Slas i 2(10) Jgia

US water DS water Seepage Min. Pore water Max. Pore water

level(m) level(m) flux(m?3/s) pressure (kPa) pressure (kPa)
31.90 27.40 6.47x10* -3.741x10°® 312.80
31.90 29.00 4.17x10* 15.69 312.80
31.44 29.10 3.38x10* 16.67 308.30
31.80 29.85 2.81x10* 24.03 311.90
31.80 30.15 2.37x10* 26.97 311.90

Cgmie G GUA ) S S g el Jaraal) Aiad ol WS ala o pedl) (3035 ol BlSLaall il iy
ablll bl sl Al glal) die dAa jal) Alad) ie Gl s sall JIA (e 4 guna (3305 4SS e () 5 A all g pa84l)
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G zosall Jai 5 SSadl Gl e (gial iy (9) by Jstall e LS s plalil) ey e AL
O O 2l Gy Sus (Geo-Studio) s e s gl Cweadinl Al [2] Salll Jd (e Al Sllasal)
Bl il A8y ey Lae %5 (e J8) nlad Ay 9 30 Ay 488) gla IS g0 s gaas g Sl i gall 2l
Ladl) i e 4558 JA Ga elld g o 58S IS0 Jany alalill ilabd cand wdadll s ) iy SIS 3\SIaall il
s (11) ady JSE0 (1) s, JSall b el 5 LS 5 Bl bl cin slall a5 Sl 5 y2ugl) Jnieaall 4,0
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0.0

10

20

30 40 50
Distance (m)

60

70

Materials
Name ksat VWCSat
(mis)
40.0 [ CONCRET 1.0000E099 05
FILTER 1.0000E+020 05 uw
35.0 Sandstone 1.0000E-005 0.45 Pore-Water Pressure
. clayey carbonate 1.0000E-003 0.3 (kPa)
pilo 1.0000E-003 04
0.0 Silty sand 1.0000E-001 0.5 350
325
”
250
Elevation (m) 20.0 225
200
175
15.0 150
125
100
10.0 75
50
5.0 %
0
0.0
0 10 20 30 40 50 60 70
Distance (m)
Materials
Name ksat VWC Sat
(mis)
40.0 [ CONCRET 1.0000E099 0.5
FILTER 1.0000E+020 05 hp
35.0 Sandstone 1.0000E-005 0.45 Pressure Head
. clayey carbonate 1.0000E-003 0.3 (m)
200 pilo 1.0000E-003 0.4
: Silty sand 1.0000E-001 0.5 32
29.71
250 2743
25.14
22.86
Elevation (m) 20.0 Elux 1- 0 000647 m*3/s %g ;;
16
15.0 1371
11.43
10.0 o
4.57
50 229
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250
Elevation (m) 20.0 Flux 1: 0.000647 m*3/s
15.0
10.0

50

0 10 20 30 40 50

Distance (m)

60

Materials
Name ksat VWCSat
(m/s)
40.0 [ CONCRET 1.0000E-099 05
FILTER 1.0000E+020 05
35.0 Sandstone 1.0000E-005 045
. clayey carbonate  1.0000E-003 0.3
pilo 1.0000E-003 04
300 Silty sand 1.0000E-001 05

70

h
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(m)
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38
315
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303
30

297
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2713
27
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FS=1/(Head/Length)

()

Lo 7 sane dadd J8 (e (o) Gl 4 guaal) Gla¥) Sl ¢ JaaBl (1) Jsaadl el Gla¥) Jalae s (0
Bt 5 4kl Liiall Ala ol Jylas (2) 25

S Lo ) Ladie Jleal) calS il el Va8 L) (le) dales G 2(11) J9

US water
level(m)

Head Factor of Safety

31.90 7.00 3.42
31.44 6.54 3.66
31.80 6.90 3.47
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