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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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No Sampling depth(m) Moisture Content W%
ST1 1.85 5.84
ST2 1.5 4412
ST3 2.7 5.37

Specific gravity (GS) =il s
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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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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
70 Permeability & volume change »f&
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Comparing soils at equal w,_ V¢
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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 21.6 304 42 ML

ST3 24 28 4 8.3 20.43 32 39.27 CL- ML
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Chemical Analysis 4l Jalast)
Foa)al Jalsall Lgbeaat (5305 Lol (Slal Copeail) ipa 3 1an Tage Shale a3 Bl AiLasl (palsdl
Aol Alaal Jlal il g (9,8,7) sl . Asaally dpaill Clilass Lge 5533l

ity pH a8y AL-Barazanji A. F., Gypsiferous falaie) dscnal) Gl ity Gueadl (Sgiaa s Jia 17 Jgaadl
Al dihia g ila gand TDS gl Ryan,2003) e saieyl

NO GYP% Classification pH Classification TDS PPm
ST1 28.4 Bl e 791 4 lall Alalaie 2930
ST3 25.82 Al Alle 8.01 A Sl Adlaia 3260

Al dddie g alad Gand & ganl) ) gall g il gl A il 18 Jgandl

NO o.M Cl (meg/l)
ST1 1.09 3.20
ST3 1.16 2.00

Ayl Ailala g3l Gt EilogSl Lbagily iy SlglSull O g G 19 Jsaal

NO HCO; (meg/l) EC at 25° S0.%
ST1 3.00 4.90 19.16
ST3 2.81 4.41 471
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Calculate total, neutral and effective stresses
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Gl 3 gl Aighy i die clalga¥) sde (8 ully Al JAls clalga¥) Aijes (9 (se Jasagd) 12 st
Glaa o gigue L) o bl das (6 gy «laleal) ol Claa 8 Lage g Gl Jals 3sasal cldl)
dasdie e Bl 0sS5 Lavie Jas) 138 (e dae (6 dasy agen Y eladld G cclgadll 8 sgnsall elally L5l
Ll Jaly clalga¥) orm 13 cJaall 138 e Teia Janioe lgadll Jaly slall (8 dasdie L5l 05S5 Latie L
MeaY! Gl 23 &byl 038 i (Al-Ashw, 1991) slsal b gl d a5k dacagally ddsall slaal) Cons vic
Pore water pressure <lwall Ll lia 5l Neutral stress U Jalidll slgayls Total stress ot <
G Ayl dahiie z 3kl ¢ LI dilide Glael e ¢ (12,11,10) Johaad) 8 daiage mililly 6 Jladll Slgals

(675 (p3) Bae o Ao bl agaia A (alydl

cAsY) Adnaall Aot Clalgal) Glua @il 110 Jgand)

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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LA Uaaall Al Clalga¥) Glua @il 11 Jgaad)

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

ARG Aaaad) A0 clalga) claa gl 112 Jgaadl

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 daggd) cluwa
o Ll oS el Qle) g Ll clide o Ak 8 sy 63 aleal) G Laggl) Jean
& (Al-Ashw, 1991) Ligell Clua (gygpmall ed AN clandly algall diliie Clih e 435Say duilaie
oS adle s (SUKEN) calacal¥) Jiaie due e lca¥) Jds of La o(C) Dabcaty) uls 2iylay agagll Class
1(13) Jsaad) b Aacnge eiliilly (8) Alslaall cron Jagagll ciluen 3 Jabicad¥) (s Jlexiany Jsagll olaen

Ah = Ae X
l+e,

Ayl ddlata cillasal ga.'a‘)\ﬂh‘y@.“ &é Omw 213 Jgaad

Station subsidence (cm)
1 0.275
2 0.200
3 0.253

Groundwater hydrochemical dudsall sluall dsiliasSy e

Lagal) UL Aadly iy 11 oo 83ald) 2ol z3lall 480es) el ) bl Ciieuas

assinally ((Ca™) asadllly ((K)asubislly ((Na") asagall clisd Jadsy (Major Cations) 4wl
(SOs7) wlinylly (CF) a8l Jaiiy (Major Anions) dwsll &dlull clisdl el (Mg*)
(EC) LSl Aobasilly Abicidl) Zdsal) sball AsliaSsndll cloall (s () dilal (HCO3) clisn)\Sally
& dnase Jilly (PH) - cingpugll JB)lls ¢(TDS) 4N 4501 dulall Sgally <Electrical Conductivity

69

-(14) sl
Lagslal) GSL&M Ailaxt) Bl il ag 114 Jeaad)

NO Ca Na K Mg Cl PPm HCO;, CO;4 SO, PH T.H EC T.D.S
PPm PPm PPm PPm PPm PPm PPm pc/cm?® mg/|

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 7.64 234.8 227.2 78.1 0 1860 7.7 1888.70 4580 3664




70 Odls sl laad o
Well 9 460 83.52 9.26 296.4 2982 73.2 0 2010 7.58 1909.15 6010 4808
Well 10 494 93.88 6.56 330.6 745.5 63.4 0 2065 7.37 2041.80 5490 4392
Well 11 415 64.12 5.22 228 355 73.2 0 1840 7.8 1714.55 5400 4320

il e Al dilaie & (14) Jsaa Badsall sball 8 LISH L83 dileall olpdd) 35 45)lae dicg

Bpasdl ad o lale) sbull Casial Caung (Brakish Water & &l dakhie sl of 2as ¢(Todd, 2005)

Gun sbaall Catats o(Very Hard) Tas usl) g5l (e o8 dudyl) dibaia sl of 2ay (Todd, 2005) &S
L5l s L3l Davis and Dewiest 1996 pH e

The effect of water on soil properties  4uill palss Ao bl il

raall s (Bl gyt Yo 5 JSUe Gigas I aa Alle b L5l (B ) asa )

el il e gin i I (535 s gl eled) st s o) Asall sl Cigaia AT G 1sh)l
sk (A @y (53509 dnlanll 238 Casnws Liad J5ia 8 Gl daglia o) LS Ll 8 Basagal) lalenall alasiy L
sl day U8 Ldgall sball Caguie 2n3 (59 peall (o N Lggh Adalisall Jlealy) cns sl Jaga g cliaal)
O +(p14.85 =3.85) o duhall didaia B O Ldsall sball Cualia cingli (Abdel Ghaffar, 2015) Lawd)
G V1 138 ol Adsall bl el cileagy Apen) Al Ciaalgi Lo 138 Jle dalaidl 8 Adsall bl Cgia
(14) Jsas Adle cilbaaal) #3lal Gaall 5 TDS A cilS ccliiall JSlia () (gagaw Jllig Gl ligd

Ao b ang gOlall Gasdl) & e lpgiad A gl o il il @l Al ) )

sie Gy sl e AN laglay S Gadd) (e gysha IS8 Las ay (0.1) (e ST cilS ddle syl

fpvtigh laadl (aps G Jss ae (16 5) clows ljall 4dly diks Jlaxind cnd pranaills 8yl

sl dge e gpmami il ) sS Gua dihite Hhlie ) LA ALE ple e Dgla L e A8
peig)) cland) Al

Problems of gypsiferious dswsal) cuyill lguus Al Jsliuall

Lo clehdll 8 5S5aie <yl shgy 2as soles elalls GLsAl AL Goledll e 22 el b Cagyeall (e
5(Ca™?) 35 oaky LS sl & el L 505 Gae Leslisd s Ll Tailis (5S5 A all A3 6al) ) (g
=y Engineering problems dowaia JSUae (I (sa5 ddle dacy unll dgag o 45N slie (SO42)
Gl AL G 06 CuaAalide e I ol ALE (e e dgls L5 e Al duaigl) claad)
@nexll alad (535 o (Ko gl s Llia (B Sise am ) ga5 Ally slad¥) 8 ANl eldl dga e
ie 4csisg ddoall sluall & ailigd die Ladh

JSB ) dila) cua) e g A (Gl 85 N 625 s bl sealie (me pe il (ulad
(Olorunfemi and Adeleke, x)slly <l (e dille 3815 25y vie daald DUl juddiy moludl) das
eoiiy Lgilisd A et glh Gund) e Lglall Aol Gend () HUadY) olse i Loxind (58] &l (4 .2017)
Ohae ) pliiie e ) aliiia Jagin Gigan day CaseS <8 o Glal) Gan 8 055 Dl s Gn Silgad
& WY elad (Ca*?) S5 il ((Majbel, 2023) (Differential settlement) Lealil) Lasiglls ey Ll
(14) Jsas (ppmM2315 -1740) &b (SO472) 38 Ll (ppm 494-460.2) G Aualyall didaie

Conclusion claliiiuy)

clulaid) gl e Al o) alaall el pand il gl L1
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) )l Cuns Laliiag dacls Ao Lg36S Audyal) dalaia b Al danl culehall ALY dail) (e .2
cpandl g pe

Ll Gy cogline Ll Qg clehill A8 e L8 2ol Llicaty) Qs o alecaly) (and il ey .3
R.C.O slacail) hajin

LAl dahie 4o iladl 45 Subsidence a3 .4

Alle A @ (5% g il gl Al Biaa Sl e Blae & Audpall dakie sl o L5
Adgall bl Cins ddee die insY) Jagagl) Cugaal daulia Ay i Al 038

- (Very Hard)ias syue Lg3) e sball o3a citias (brackish water) & duhall dilie ol of 225 .6

psnll &l lgn)lS Gural) AN A lee At shag sladll 3 as ISl Gl (e e SIS 35ag L7
bl dalaie di5 8 Bagagal) Al Cpalaad) o) culaslsaly
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