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ABSTRACT

The study includes seismic refraction tomography, along 12 traverses with a
total area of 35140m?, for the Teaching Hospital Project at Mosul University. The
aim of the study was to detect the thickness and types of the different subsurface
layers. The survey conducted by the Swedish ABEM Terraloc Instrument. The data
processed and presented as tomography sections by Seislmager/2D Program
Packages. The study shows the presence of three different subsurface layers. The
first layer represents the topsoil layer having velocity ranges between (350 m/sec-
700 m/sec), and thickness up to 3.2m. The second layer having velocity ranges
between 840-1700m and thickness between (3m-14.7m), mostly representing the
river deposits, composed specially of river terraces and clays. The third layer was
having velocity ranges between (1900 m/sec-2800 m/sec) and depth ranges
between (3.0m-17.9m) representing the hard bed, which is mostly composed of
marl layers belong to the upper part of Fat’ha Formation.
Keywords: seismic refraction tomography, Site Refraction, Inversion. 2D-
Imaging.

-

Aadiall
P3is ) Aedl) Adlpdenl Gl ga) ST D el diph e
vl Jlae 8 daudy Gligls gl dipll oday bl cad clihll e gl
Lankstone, ) deluall gabeally GlisnSsonedl oo LIS chanslpimg yalelly ddulls dyiaall
1990; ASTM, 2011; Hodgkinson and Bown, 2005; Bridlle, 2006; Yalmiz et al.,
daaldy 5yal) DA 2l 8 dpaall duaigll Jlae & Aaphll sda aladi) Sl Laa gl 285 (2006
Lsaill dida Glen i Ale 48y LY Site investigations dmisell culpail) Jlef b
Gphally smally g0l oLy Hard bed rock adall paall 46kl I Geall slads dastasd)
Ll aladind (o) ASS gl LeDlalae (ary aaats Aakall p3a ADla yaa Gl Al dagyud)
A il 4 Clgul culig dpaal dudgl JSLie Al 4 Absa) Aglidsal
Reynolds, 2003; McCann, et al., 1987; Mooney, 1981; Griffiths and King, 1981;)
-(Haeni, 1986;
Agliall ALKV LI Dbl dalus — (o) Cilinie il b a2300 Gyl sae clllia
ikl Bleely gl ad) oLl oaslpnll GalY) 8 (e e lgany CiliaS 3kl ok
(2010 « 3pes gilall) Gasll ae 255 Al
Seismic refraction) g usaill @WSNT 5 el 48 chanial Al Guaial)
gl (Initial Model) Sl Bhage acas allaii ag 4l bl s 4 (tomography



v el ifival) g5 pha aadl S gl 3l e

Gl GSay 258 Cus (INVersion) sSall ke (gyad Glld ay 3AY) Aadall eal eV asll
.gsn Jas gl s Spatial property distribution gudl slaw ¢l ajs ) 5yl dydial)
o pee a5 oAy Al pal) GUL iy dallae & ulaY) pualall cBll el dlee axiy
ehid Hpa I3 o papd ob Abbsall palill ag daad @Y Al dadall @k
(2011 ¢«J%a3) «( Tomography model ;8 sa i) (g pus

s a1l gy gl SN I mosall A8 aladiu) sa Al Auhal) (e Caagd) ()
Auhall dihie b daslpal) Glidall 430as (Bac

dual) ddlaia dpasigan

oAl el ol (B las e e (el dimll e Joagall At (o Ayl dilaie o8
ases o 280 lelsh Aldaine ddbaially ol Lul)ll Hpaill poney Ciymy L) diasall dadlal
(1 Jgall) 22 35140 ddleaY) \gialus &liiy o 125.5

Tertiary (DA jasll Glwil glaile Gl Jasall 4iae (o A3a) cula) 8 Caisy
bl Vs (husY) Cpusldl ) Fatha FRasadll oS be oprea CailSe Gaa ok
Aladl Sy e laly all saas QLY (e R Cisd e ey Bygear ()5 Ayl dilaie
Cllad (e Al 8ygemy () sSig AL (Sl 3 Y) GalSy Y W (oY) sl ) Injana Fn.
Joosall Gl ) Colall ehal aane it i 3 o loll saally gall el el
Jeudls River Terraces dpedll cabliadl il dfiadl Quaternary el jeasll cils
(1988 «s)»al)) Soil deposits 45l <l yis Flood plain deposits  oadll

i) Janl

2 oleall 5l 12 53 Terraloc®MKG iyl 55 sl Slea tial) Jeall 6 st

Sampling interval Sleal) dadses 3y% 48y of 3 cilasall GleeSU AN cDlaal) b dlle 38y

b 235 @ld (Geophones) dna )Y el caassinl WAglll (e VL e3a( 0.025) ils
AN UL Jad b 10y, o)



el g 2eal 5 lall yes o 80

)l dsdaie o Anilicad A g 1] A

Glihl Cymall Ll (lsall slaty) gas Gd igin —pe Jlad sladly chlsall @24

2280 sk aly Hlus JS (P-Waves) dadshll cilagall hlue 12 340 o5 Cum el yeil) culas il
Ao (85 7) Dlasal) o Alasdll of Cam 12-7 chjlsal) lacle 210 iy Hluse G A8lisall cuslS
LB cilasal) gl a3 10 5 Adylae aladtiud 45220 ilS (125 11) Slad) o5 215.5
G Jumdl Ao Jgumall clyasae @yl slagg 20,3 o)k JSAI (3 (susa g (ke iy
(Lines) Lasha 5 (1 s (Traverse) b slas JS () -Stacking ascasl) 4u& (e 32101
a5 230 Ailuay Lgazany oo (OVerlap) Sl 280 alsh aly bad U o)) us 2280 Lellshal ¢ sane
(Shot sl Lalass (Reverse) wSalls (Forward) ol cpalad¥ly s JS 8 Gl ¢ )yal
G G Al ) Cua Aaliine ye (gyals AadY (pn diluall LA8Y Jf culsy culK Point)
=7) QU (p ddlial) lS (s 82 5 <ilS (6,5,4,3) @l s 0 2.5 @il (3,2,1)



Elevation

s L el il gy pha aadl S (gl 3l e

lue 2ie Aally 2100 dlise e 2 250 Al Ao culS Al il A 010 (12
£280 A< Ailaall )5S iy 2200 Alin die il Tuala) Wl <2150

FM\M
sl dasall 5l (First arrivals) JsY) Jsaas) die)l aaad 8 S jpudil) Gillee )

sale i lly (Haeni,1986; Parasnis,1972) akdy J<I aliill dasall (Head waves)

Aagall JEB) () Jiay Alae — (1) (Aaie o) JTime- distance curves adlue — () Gliisiag
lihll P sl & Gay pal) el @nd sy (ABhall) JEBI saaall ge 2550
Janil usSas Al Ailus die () mlau e de gungall GeOphone Aaidl Ledalills dabial)
Clilie vie (L A8k e i gl (o BpuSiall Aansall Jgaas B30l e 332 Jeagy (53 aal)
Aasall dlli DA (e sl Al Akl Ao oy dipea

Pickwin zaliy ass Cus Seisimager/2D galn iesane ddalug Zlial) A0l &yl
Rne Bageay ledaday aghy D day Lgy o) WSalesish RGN Aagall Y1 Jgeasl diajl Ll
ehie ) lehisnd & (ag Al ga) Slisie awp Plotrefa malin a8 Sus Plotrefa galis
hie ) (onpail adaiall Jygat 2y o (g cclshadll G 3l A Ge TOMOGraphy (g sesi
Agunall dahidl cnd il dlews deje jeday i (Layered model) ik
Ll 03 (any b lggle Jseanl) 5 adaliall o3 (e it iy (2 JS )

361

801

1241
1681
2120
2560
2999
(mis)

350
(m)
-10 364
741
-20 1118
1494
-30 1871
2248
-40 2624
(mls)

10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Distance

IV sl



Elevation

el g 2eal 5 lall yes o 82

328

798

1269
1739
2209
2680
3149
(mis)

g 10 300
600
= 1900 200
% -20 1200
1500
1800
30 2100
2400
2700
40 4 / / / / | | / } 2999
0 10 20 3 40 50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 (mis)
Distance (m)

e S Ll
ihlsall Giand Aaday A ga i alalia 2 JSAI

(2 JSil) ) baghad ppen & Clids EDB dsa GG mall ekl dale 3ysuay

s (2 3.2) I deay dlanss ((B/a 700-8/a 350 ) com sy Al dc el J5Y) ddukal)
(& 1700 — /s 850)ch 7ol A1) depus Sllic Al Aagdall Aol L5l d5da Jics
<) Al alabiadll cilwsy Jia QleYl e oy ¢ (a 1474 3.0) o sl dlaus
o ekt lSlasall o3 L oppally QLY (an e panlly dolls «lShaall (e oty JS
Ladl 3 ) mhas o chladl o (e and Sy Chluall pea (8 8yaiie A3 S
oobi Adle A5l deyu ellias 5,a)y ZEN A Al Msa Uatise alaal) Ciliddl aall
el B el e o Sl Hard bed dlall dadal) s s - B/a 2800-1900 ¢
(p 17972 3.0) o= o Wheey Jahally Dl e 058 (o) Al (psS5 a (golall
O lggle Jpanll 5 Al dikaie 3 4peill laliadd) il il A€ans Alajla Jiey (3 JS1)
Ja e 0S5 Laasing Auball dilaie Jaws (B el e ST gl Cua BB Ll
e Jled = i Gagin olasl Sy 050 Moa Al Adlua lhy Joai Gk ) ciluse
oS Lo ge bdn by Gebby el M of ikl dagaal Sl o) e Ll
G e bl deil) laliadd) @lwsg of (1991 ccaiilly £Lall) 5 (1988 «gyseall )
Chyally Bars adshll cuShill 0 coal Gl o3 of s Al Ayl casSIRl
debl @iy e Jlad = Gyd sa na S oa s Small islands syl

A ke 8 bl ey Sl o3a dlans B bl o cps ¢ jie 140 — 10 o sl



&3

........... bl il g5l aadl U ()l 1) e

Adall Akl Geo iy (4 JSEN ) o 2011 cJins ) Ay 45T Lo Laf 13ay gl gl
(3 i) pailian s ek L 4y

Ay diasall daala dagdpal aguhs 4 (2008 Qladuy il Jaas
e Ble @ deasd) dasla e A8 Al oBa¥ b (1991 el gLl )
s Lol A Llaad) Jid Al Sl e A clidey slake Al
otigl aisddl gaill Glagmi Sl L 1y LalSgoe Glwgl) eda clew iy A
a5 Sl sl o3 laws o eds Cum )01 A<l 4 (2006 ¢ wigh (gl (oSall)
a8 Ay gl dail) 5yad) dikaie 8 (1994 cgilall ) L ol 1 Aubal) o WS <al5 e
Caald ) Auhall of cm 830 slaiy 38 clSlord) o of iy duhall dilaie e cailly
oo clladl eda dlaw o el Al dnglidl alaaiuly (2011 (i) e
o (25-1) om

0 50 100 150 200 250

Ayl Zbie 8 el Caliaall Aan 3kajla 13 Jl



130

el g 2aal 5 sl yes s 84

i al) Aalaie 8 Aleall Gl 4iee 3kajla 14 JSA)

Glalitiuy)
dahid aslsall &l ge daaly bsa gueall GLENT BB sl el
(lighs DB asms Jia Al Adbaa)) damglpal) Gl diidly clew jell Cua Al
oob aws (/a 700-5/5 350) c sh &bl depu dllia Al &) dida ot A5Y)
Ay dbid Al Gl 5 deill Glugll e ddds Jad AgBly (a 3.2-aa) o
i dpurigl Lalil) (e dlial) Zadall ag AN A8l o a8 ¢ Asha Gluxe 5 Glik
c(p 1797 2 3.0 )om sl Bee e 2y B/a 2800 —G/a 1900) s s 4Bl de e



& el ifival) g5 pha aadl S gl 3l e

Ay pal) jalaal)

LS ¢ iale Aagyhl LAlay Led ()8 Juasall dikie Laglen (1988 Sl xe Jese cgysall
Aain 158 (Jeapall Al caskal

luball sgaas dy)pd¥) LSl adsal Al et i Gale 2006 gl (@liny) il
cilain 8 ciiaal duigh A Jomgal) dnala i lesal

kindha iy Juagall daala 3S)al Ldsall obiall dae g )y L2008 o (pladlus allus il
O s 28275l lsally 350l Crsms 3K5al Guolidl (gysal) el aisall 50
148 - 141 4= <2008

A Alae el meall Ahlugy i 3pms e RISU aigal) gatl 1994 Ju (aSlal
53 = 260 3l 12 slae ¢ Joasall Anala (il

DY el b Aile — o) Sliinia o 805 @l 536 2010 Sl Ouies das cpilal
B 25 24 Al ylsdly 3sndl Eipny 35 bl gyl alel) il o))
32 =15 4= <2010 JsY!

£ayial sl gt i sedl S HpeSpnd) casliall ol Guki 2011wy (il
castll S ¢ jinale dagyll Ldiasall daala (8 Gaayail) QS g ke cailsil) Al
aica 97 Jasd dasla

daia¥) jalaall

ASTM Standard D5777, 2011. Standard Guide for using The Seismic Refraction
Method for Subsurface Investigation. ASTM International, = West
Conshohocken, Pa, 2011, Doi: 10.1520/D5777- 00r11e01, www.Astm.com

Bridle, R. 2006. Plus/minus Refraction Method Applied to 3D Block. SEG
Expanded Abstracts, Vol. 25, 1421p.

Dobrin, M. B. 1976. Introduction to Geophysical Prospecting. McGraw Hill Book
Co., 3rd edt., New York, 630 p.

Gamal, M. and Hanafy, S. 2004. Assessment of Seismic Hazards and Engineering
Problems at Newly Constructed Cities in Egypt. SEG Technical Program
Expanded Abstracts, pp. 490 - 493, doi: 10.1190/1.18452509.

Griffiths, D. H. and King, R. F. 1981. Applied Geophysics for Geologists and
Engineers. 2nd. Edt., Pergamon Press, Oxford, 230 p.



http://www.astm.com/

PEITAFCPLEN 2l lall pes Jas 86

Haeni, F. P. 1986. Application of Seismic Refraction Methods in Groundwater
Mmodeling Studies in New England. Geophysics, Vol. 51, No.2, pp.
236 - 249.

Hodgkinson, J. And Brown, R. J. 2005. Refraction Across an Angular
Uuconformity between Nonparallel Ti Media. Geophysics, Vol. 70,
D19 - D28.

Lanz, E., Maurer, H. and Green, A.G. 1998. Refraction Tomography over a Buried
Waste Disposal Site. Geophysics, Vol. 63, pp. 1414 - 1433.

McCann, D. M., Jackson, P. D. and Culshaw, M. G. 1987. The use of
Geophysical Surveying Methods in the Detection of Natural Cavities and
Mine Shafts. Quarterly Journal of Engineering Geology, London. Vol. 20, pp.
59 -73.

Mooney, H. M. 1981. Handbook of Engineering Geophysics, Bison Instruments
Inc., Minnesota, U.S.A.

Parasnis,D.S. 1972. Principles of Applied Geophysics, 2nded., London, Chapman
and Hall LTD. 214 p.

Reynolds, J. M. 2003. An Introduction to Applied and Environmental Geophysics,
Reynolds Geo-Science Ltd., U. K., 796 p.

Yilmaz, O., Eser, M. and Berilgen, M. 2006. Seismic, Geotechnical, and
Earthquake Engineering Site Characterization. SEG Expanded Abstracts,
Vol. 25, 1401 p.

Lankston, R. 1989. The Seismic Refraction Method: A Viable Tool for Mapping
Shallow Targets in the 1990°s. Geophysics, Vol. 54, No. 2, pp. 1 - 6.



