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The research aims to evaluate the geotechnical properties of the
Quaternary deposits, for the establishment of some engineering
facilities in addition to studying the effect of groundwater level
fluctuation and predicting the possible subsidence resulting from
groundwater withdrawal and impact of this oscillation on the
engineering properties of the soil in the Baiji / North Salah al-Din
Governorate for the site of Baiji gas power station power station and
the path of the strategic line, and the soil moisture changes, the
moisture content ratios of the samples ranged between (4.41-5.84%)
Specific  gravity values ranged between) 2.65-2.69) and from the
results of the Grain size analysis of soil, the percentage of clay and silt
was found to be the highest, and based on the plasticity chart, it was
found that the type of soil CL- ML, ML, the direct shear test showed
that the angle of internal friction ranged between (21°-22°) cohesion
strength between (39-49 kPa) and the results of the Consolidation Test
showed that the soil is over Consolidation O.C.R. From the results of
chemical analyses gypsum content was a high percentage, neutral
alkaline soil with a high organic content and a high percentage of
sulfates, chlorides, and bicarbonates, and the percentage of dissolved
salts exceeds (0.5%), which is considered high, The depths to the
groundwater of 11 wells were measured and distributed over the study
area and samples were taken from them Chemical analyses, and the
results of these analyses showed that the classification of water
according to the value of (pH) neutral alkalinity and Brakish Water
type, and according to the classification of water depending on the
values of the total hardness, it was found that it is of the Very Hard
type, as well as the stresses were calculated. Total, neutral, and
effective for calculating the possible ground subsidence resulting from
groundwater withdrawal, the percentage of subsidence of the soil
ranged between (0.200 - 0.275 cm), and the above properties indicate
engineering problems in the soil of the study area so they must be
addressed before the establishment of any engineering facility.
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- elindl Jael) zeiags (3) JS2 (ASTM D2216-10, 2010) Zislsal (385

Ayl ddhaia b il Jand) g 3 (Sl

daalsdl 385 Direct shear test for soil Ll jalull (adll asd Criecid duwigl) Glagadl) L
0o (shear strength of sOil) dujll (a8 daglie uld Gasdll 18 Jedis (ASTM, D 3080-03) 4y
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No Sampling depth(m) Moisture Content W%
ST1 1.85 5.84
ST2 1.5 4,412
ST3 2.7 5.37

Specific gravity (GS) =il 08
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NO Sampling depth(m) specific gravity Soil Type
ST1 1.85 2.67 Silty Clay
ST2 1.5 2.65 Silt

ST3 2.7 2.69 Silty Clay
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Atterberg Limits &y agas

Consistency ) alsall ssas sl dawls 3gaal) @l Crransy eyl allall sa Ll )@l dgaa auay e Jsl

iy (Al-Ashw, 1991) AT ) Alls (pe dusill 4 Jas (53 dull  shall (ssimdl) Lol Capess <(Limits
Clas Koy Eigall) ang Agaedl 2n G g2el) Bl P g +(7) IS 3 LS dipalll abade Cuen 4l
Joaall & aibully Zalll sl 8 sl 4 s oA Sl gginall Ao Jug Plasticity Index assalll dalas
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.z\ﬁjéﬂ\ A = PL
.(Das, 2010) s Lgduiual g Aouf)al) ddbaia gz Slail Aujal digall) Juds ) ABLAYL A5gallly Algaud) (gan ad il riaga 13 Jgin
NO P. L L.L P. 1 Classification Soil
ST1 25.78 29 3.22 Slightly plastic
ST2 25.09 27.65 2.66 Slightly plastic
ST3 24 28 4 Slightly plastic
80 :
Toughness and dry strength increase
Permeability & volume change f
70 )
decrease 7
Comparing soils at equal w,_ v”‘
60 Toughness and dry strength decrease
T Permeability & vol. change increase
50
x
§ CH
5 40
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8 30 i
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20 0 i
| I
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177 J
5 2 21 oL |
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NO Plasticit limit Liquidity limit Plasticity Index Gravel ratio% Sand ratio% Clay ratio% Silty ratio%  Classification Soil
ST1 25.78 29 3.22 8 21.55 34.76 35.69 ML

ST2 25.09 27.75 2.66 6 21.6 30.4 42 ML

ST3 24 28 4 8.3 20.43 32 39.27 CL- ML
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Gasy ¢ (Al-Ashw, 1991) Guwlad 55 Gasenll sladVh Giaay (alacall) Ll ana Glaii i laylassy
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.(Wilum & Starzewski.,1975)
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Chemical Analysis 4t Julla)

Falal) alsall lglead (5305 L} Sl Copatll dipra (i Lega Slale 23 Bujll AlaasSl (sl
Aull 2 laal QA il g (9,8,7) shaally . sailly dpetll ililaxS Ledle 5533l

leaiaiy pH a8y AL-Barazanji A. F., Gypsiferous Talaie) daaal) Gl Ciiiualy Gusad (S5iaa ol Jlar 7 Jgaad
) Aikis 7 i gard TDS g Ryan,2003) e alaisyl

NO GYP% Classification pH Classification TDS PPm
ST1 284 Al e 7.91 4o 5lill Alalxie 2930
ST3 25.82 Lnall Al 8.01 A5l Alalxie 3260

Ay Aiaie g ilai rand Ay gudanl) 3 gall g il ) dsans il 18 J g

NO o.M ClI (meg/l)
ST1 1.09 3.20
ST3 1.16 2.00
el dilaia g 3lai Ganad Liligl) Abuagilly il Slly lislSall Ol @S Com 19 Jsaad)
NO HCOs (meq/l) EC at 25¢ S04%
ST1 3.00 4.90 19.16
ST3 2.81 441 4.71

Lladlly Aalaially LA @ialgay) clus
Calculate total, neutral and effective stresses

Ll Lwxigl Gailadll e a8 Allg Ll desd LG e b o) (S Dl 8 dadsall obaall 2525 0
S5 G Akl Cue g deany 63 Lagagl (5309 Ll Aabual) Al JESU Aol Jaad ALlE saa3 2y
(Al-Dulaimi and Al-Shabani, 2020). sl cllaay) dighyy dalaill oo gaill cDlalas e oludl e
S Vs clgmmlio Y ol Adsall sbal e e il Jainall (V) Lassgl) g8 Al sdgl llall aaf ¢
Gaely 3 ) Aghy s die lolgal) eda 8 sl D) Jals lalgal) dijes (50 e Jasigll 138 ulas
Glis Ao gigie L o Llay dea 6l oy cclilea¥) o2 Claa (8 Lega hsd il J31s 3pa5al) ol
daadie e Bl 0sS5 Levie Jas) 13 (e daad (o dany agen Y eladld Gl clgadll 8 agasall elally 25l
Ll Jaly clalgal) um 1Y Jaall 138 e leia Janion cilgadll Jah slall (8 dasdie Lpl) 05S0 Latie L]
Mea¥) Glus 5 &byl o388 (Al-Ashw, 1991) olsal & leslun daih daasally Ladsall sball Cinus xic
Pore water pressure (<bwall clall Laa 5l Neutral stress u Jalaidll slgaYls Total stress ot SI
Cum Aaball dahaie z3lal ¢ LM ddlida Glee) e ¢ (12,11,10) Johaall 8 dacage mibilly 67 Jladll slgals

(67)5 (p3) 3o o Hsall elall gia QA (alydl o

LAY Aaaall 443 Clalgay) Glus @il 110 Jgaad)

depth (m) ot KN/m? UKN/m*> ¢ KN/m?
1 24.06 0 24.06
2 50.05 0 50.05
3 89.05 0 89.05
4 141.05 10 131.05
5 206.05 30 176.05
6 284.05 60 224.05
7 375.05 100 275.05
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Al Aasal) Aol clalgal) Gl it $11 Jgaal

depth (m) ot KN/m? U KN/m? ¢ KN/m’
1 19.95 0 19.95
2 46.55 0 46.55
3 86.45 0 86.45
4 139.65 10 129.65
5 206.15 30 176.15
6 285.95 60 225.95
7 379.05 100 279.05

LAY ddasal) Lﬂ Glalga) Qlua milii 112 J gaadl)

depth (m) ot KN/m? U KN/m? 6 KN/m?

1 14.7 0 14.7

2 54.39 0 54.39
3 98.49 0 98.49
4 157.29 10 147.29
5 230.79 30 200.79
6 318.99 60 258.99
7 421.89 100 321.89

Subsidence calculation gl clua

s Al 0sS olad) el by Al ik f dik b sy @) alecal) Ca bagigdl oy

& .(Al-Ashw, 1991) Lisgll Glua gy yeal b U selendly Galsall Aiide clida (pe AisSay Ausilaia

S adeg ((SUSAN) calecal) inie e e Talicad) s o Las ¢(Co) Dabia¥) Jids syl Jagagl) aloa
1(13) Jsaadl b dange ililly (8) Alabaall caen Jagsgll clion o5 a1 (s Jlasils Jagagl) colasa

Ah— Ae
1+e,

Ayl dhie cilasal g.»'ajl\h‘g,\gi? ad Cp 13 Jgaadl

Station subsidence (cm)
1 0.275
2 0.200
3 0.253

Groundwater hydrochemical dudsall sbual) duiliasSy ala

Langall ligWL Aaially 1 11 o 83salal L8ld) z3lall 48l el ¢la) duhall Cuieas

psmirally ((Ca™) assdlly (K )asuslisdly ((NQT) asaseall @l Jadsy (Major Cations) sl
«(SOs7) wliylly «(Cl) wysl<l Jaiiiy (Major ANions) dwdyll ddldl <l xS, (Mg*)
(EC) a8leSl Abiagily Aticiall Lgall obiall Aslaapidll cilaall s ) 2Ll (HCO5) s\l
b Asage ililly (PH)  usgrngdl (8)lly «(TDS) 440 43030 4ball asally Electrical Conductivity

69

-(14) Jsaad
i) 7 3laill dadleast) Cdllatl) milii puagy 114 Jgaad)

NO Ca Na K Mg Cl PPm HCOs COs SO4 PH TH EC T.D.S
PPm PPm PPm PPm PPm PPm PPm uc/cm?® mg/I|

Well 1 444.6 62.55 3.84 175.5 120.7 82.9 0 1740 7.4 1832.46 3810 3048
Well 2 437 57.08 5.12 198.3 170.4 97.6 0 1820 7.5 1804.50 4560 3648
Well 3 440 106.34 10.55 353 568 97.6 0 2315 7.78 1830.38 8080 6464
Well 4 460.2 68.85 7.26 273.6 426 78.1 0 2005 7.75 1904.97 5250 4200
Well 5 420 63.88 6.62 262.2 145.55 63.4 0 1988 7.65 1738.55 5040 4032
Well 6 448.4 51.92 5.62 2143 136.2 68.3 0 1743 7.72 1852.49 4160 3328
Well 7 456 83.64 9.89 319.2 816.5 73.2 9.6 2190 7.64 1894.33 6450 5160
Well 8 456 69.04 7.64 234.8 2272 78.1 0 1860 7.7 1888.70 4580 3664




70 U9 Al Cirad (Uasd s
Well 9 460 8352 9.26 2964 2982 732 0 2010 7.58 1909.15 6010 4808
Well 10 494 93.88 656  330.6 745.5 63.4 0 2065 737 2041.80 5490 4392
Well 11 415 64.12 522 228 355 73.2 0 1840 7.8 1714.55 5400 4320

Gl e cdahl dilaie 3 (14) Jsan Badsall obal (8 LIS L83 Llaall slpad) 385 A3lke e

Bpaal) i o lalaie) sbaall Caviai Cueny (Brakish Water & duhall dilaie sbe of 285 «(Todd, 2005)

G o) Gy o(Very Hard) Tas el g9l 0o 8 Zadpal) d2kaie olsa of 225 .(Todd, 2005) 41
.45kl daa i L) Davis and Dewiest 1996 pH 4.3

The effect of water on soil properties 4l palss Ao obuall il

Grinall et (A pusil lgdayad die S Sl Gigas I (oag ddlle Gl AN (A el aga O

el il e e Al I (s35 s el elad) Gl a5 sad) sl Cigie AT s skl
el () @l (63509 Alaall 038 (e Liad J5as 38 (il daslie o) LS Al B s3smgall cilalusall 2la5ig Lgd
el dang U Aadgall sliall Cigaaia 2% ()9 paall (o Gl Lgigh Aabieall Jlaa¥) cant gl Jagan g il
O -(p14.85 =3.85) o duball dilaia A LU dadsal) sball Culic cungls (Abdel Ghaffar, 2015) Laal
G Y1 138 o8 Ddsal) slaall L) iliagy Al A5l Ciaalsi Lo 136 Jle dakaiall 8 dadsal) sbaall (igesia
A(14) Jsaa dlle lasall z3lil Gund) s TDSAuws el ccliiall JSlia ) (gagae by Guall (ligd )

s gl oy zilall pasidl) il Geb lgagas A Qall e il b cla T dugiall caadl) o)

vie Gy slelye (e AN st ) Guad) e gpsha JKE dawi s (0.1) oo S] culS Dlle @l pll)

gl cliiall (aps Q) Jsa am (15- 5) dlaws alwall ddly disds Jlesin) i manails 5kl

sl dse e gpmant Ll @il 0588 G i Jlalie ) ols ALE ol e dgls i e Al
gl i) Al

Problems of gypsiferious dswal) cuill lgaud i) Jslial)

Lo clehil) 8 5S5aia iyl sl ang sales elally Gligdll LGN Golaall (pe 3 uall b Cagpadll e
5 (Ca*?) 55 s WS il A lehill dans 53 cue Lilisd oy Wl Tl 65 450 56Sal) cilaaa) o
vy Engineering problems dowaia JSUie I (g0 dille ety Ganll 3ga9 o) 050 olie (SO47?)
Gredi Ll ) 00 GuaAalide Hhlie I ol ALE (plee e dgls L5 e Ll duaigl) laad)
el alad (535 Of Ky pual) Oy Llba B Si5e 50 ) o g Sl B AN clll dse e
e 4ciog ddoall sluall & ailisd die Lk

ISt N dila) i) e ein A saal) 0585 (N (025 s ol ualie (am pa Hdbe (il
(Olorunfemi and Adeleke, )slSlly <Lyl (e Alle 3815 3gay die Lald Dl juddiy molall as
e9iis Lgilisd b et gl Gand) o Lglall Bl Gaad () HUadY) olie iy Lovied (gl Bl (5 .2017)
Ohae ) pliiie e ) aliiia Jagin Gigan daiy CaseS <8 o gl e B 055 Dl Gl Gn Silgad
& oW eld (Ca*?) 585 &b ((Majbel, 2023) (Differential settlement) Lalil) siglls ey Ll
-(14) Jsa> (ppm2315 -1740) & (SO42) S5 W) (ppm 494-460.2) s duhyall dikaie

Conclusion «laliiiu)

celalaid) g5l e o Al o Sdlud) el and i caagl L1
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Glaall Gl e Lualjiag dac i 455 Lg3s€ Al dilaie 8 G5l daule cile)all AR dadll (S5 .2
Ll lguans pe

Ll ol cogliie F Ul Jdyg el A8 Cuey Qi £l Llecat¥) s ) plewadY) (st il cuiy .3

R.C.O s} dkajia

LAyl dihie Aoy eiladl 45 Subsidence ad .

Alle Al iy 0sS Ally il Jgalls dicia dia Sliwsi e Ble b Al dakie Al o) .5
Adgal) sball Cins ddae die n)Y) Jagagl) Gaganl dulie Ay i il 038 s

- (Very Hard)las sue L) o bl 52 citin (Drackish water) & &l dakic sl of 225 .6

pallSl ilip)\Sy Guall 403 Aalee dagi o3ag slaall o g eIl lisl (e dlle 3815 39ag 7
Ayl dilaie g A Bagasall dudall caladll o) Culagleally
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