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ABSTRACT	

This	 paper	 Showed	many	 estimation	 of	 transmissivity	 (T)	 and	 conductivity	 (K)	 by	 analysis	 pumping	 test	 data	 for	 four	
wells	in	Sinjar	area	is	located	in	the	north	western	part	of	Iraq	,	the	analysis	method	based	on	Theis	(1935)	method	and	
Cooper‐Jacob	 Straight‐Line	 Time‐Drawdown	 Method	 ,	 AquiferWin32	 software	 serve	 the	 writer	 to	 calculate	 the		
Transmissivity	values	and	display	of	aquifer	properties	,	Find	out	the	hydraulic	conductivity	by	using	Saturated	thickness	
and	transmissivity	data	of	the	aquifer	,	Measured	transmissivity	values	vary	from	1.034	m²/day	to	around	5.911	m²/day	,	
The		hydraulic	conductivity		was	range		between		0.021	to	0.049		m/day,	these	graph	are	presented	and	discussed.	

1. INTRODUCTION	

Pumping	 tests	 provide	 one	 of	 the	 most	 important	
procedures	 in	 practical	 ground‐water	 investigations	 ,	
Thus	 a	 pumping	 test	 to	 provide	 data	 from	 which	 the	
transmissivity	 ,	 and	 hydraulic	 conductivity	 of	 the	 tested	
aquifer	can	be	calculated	,	Well		tests		performed		in		four		
wells		that		penetrate		the		Quaternary		aquifer	indicated	,	
Such	a	 test	 is	 often	 called	an	 "aquifer	 test"	because	 it	 is	
the	 aquifer,	 rather	 than	 the	 pump	 or	 the	well,	 which	 is	
being	 tested.	 Secondly,	 the	 pumping	 test	 can	 provide	
information	about	 the	performance	and	efficiency	of	 the	
well	being	pumped.	

The	 Sinjar	 area	 is	 about	 40	 square	 kilometres	 covering	
the	 highest	 parts	 of	 the	 Sinjar	 anticline,	 outlet	 from	 the	
mountain	and	has	the	highest	density	of	population.	The	
water	 flows	 through	 the	 boundary	 to	 around	 latitude	
(36.32069	,	41.8641115	)		

2. AIM	OF	STUDY	

The	 key	 aim	 of	 pumping	 test	 is	 to	 determine	 pumping	
discharge	 of	 each	 well	 and	 sufficient	 groundwater	
available	for	the	proposed	use	,	The	purposes	of	the	study	
are	to	identify	and	assess	the	water	resources	and	aquifer	
properties.	 	 by	 measurement	 the	 Transmissivity	 and	
Conductivity	 of	 aquifer	 by	 pumping	 tests.	 The	 most	
important	 information	 that	 is	 collected	 as	 part	 of	 an	
aquifer	 test	 is	 the	 time‐drawdown	 data	 and	 depth	 to	
groundwater.		

	

2.1	TOPOGRAPHY	OF	STUDY	AREA	

The	 physical	 features	 of	 the	 area	 under	 study	 reflect	 its	
geological	structure,	Its	northern	limits	are	the	highlands	
of	 Jabal	 Sinjar	 1463	meters	 above	 sea	 level	 ,	 The	 lowest	
ground	 in	 study	 area	 is	 less	 than	 300	meters	 above	 sea	
level.		

	

2.2	CLIMATE	IN	STUDY	AREA	

The	 predominant	 climate	 of	 the	 area	 has	 semi‐arid	
characteristics.	 Winter	 starts	 in	 December	 and	 ends	 by	
the	end	of	February.	During	 this	season	 the	 temperature	
and	 the	 potential	 evaporation	 are	 minimal	 and	 the	
relative	 humidity	 and	 rainfall	 are	 at	 a	 maximum	 in	
relation	 to	 the	 remainder	 of	 the	 year.	 Spring	 starts	 in	
March	and	ends	by	 the	end	of	May.	This	season	marking	
the	transition	from	cold	wintry	weather	to	a	hot	summer	
and	 the	 weather	 is	 very	 pleasant	 in	 the	 study	 area.	
Summer	 starts	 by	 June	 and	 ends	 by	 the	 end	 of	 August	
each	year.		

2.3	TEMPERATURE	IN	STUDY	AREA	

The	temperature	of	the	study	area	is	mainly	controlled	by	
the	 physiographical	 features	 of	 the	 surrounding	 areas.	
The	 absolute	 maximum	 temperature	 recorded	 in	 Sinjar	
was	 51.1	 °C	 recorded,	 while	 the	 absolute	 minimum	
temperature	 recorded	 for	 the	 same	 period	 was	 ‐11.1°C.	
Generally	speaking,	 the	temperature	range	 in	this	area	 is	
neither	 too	 hot	 nor	 too	 cold.	 Being	 a	 semi‐arid	 region	 it	
varies	considerably	in	the	different	seasons.	

2.4	POPULATION	DENSITY	

the	 population	 density	 in	 2011	 was	 (200,000	 )	 the	
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estimations	 taken	 from	 the	 Ministry	 of	 Planning	 in	
Baghdad	 shows	 an	 	 in	 the	 population	 	 of	 the	 areas,	 the	
population	 has	 tripled	 in	 the	 last	 twenty	 years,	 and	 the	
estimations	of	water	use	for	one	person	is	0.432	m³/d	.	

2.5	AGRICULTURE	AND	LAND	USE	

Agricultural	distribution	 in	this	area	 is	greatly	controlled	
by	 the	 climate,	 soil	 type.	Agricultural	 is	 generally	denser	
in	 the	 northern	 part	 of	 the	 area	 compared	 with	 the	
southern	 desert,	 where	 some	 sections	 are	 completely	
devoid	of	any	growth.	Where	secondary	gypsum	occurs,	a	
salt‐tolerant	sagebrush	is	common	and	grasses	and	water	
plants	 occur	 in	 some	 of	 the	 shallow	 marshy	 lakes.	 the	
estimations	 of	 water	 use	 for	 Agricultural	 is	 3.2710	
m³/d/m²	.	

2.6	WATER	USE	IN	STUDY	AREA	

the	water	used	for	domestic	and	livestock	and	Agriculture	
only.	Water	 for	 irrigation	 is	obtained	 in	 limited	amounts	
from	the	shallow	hand‐dug	wells	by	the	use	of	centrifugal	
pumps,	 powered	 by	 diesel	 engines,	 which	 are	 run	 only	
intermittently	 to	 avoid	 over‐pumping	 of	 the	 well,	 which	
would	 otherwise	 run	 dry	 in	 one	 day's	 pumping.	 In	 the	
majority	of	the	hand	dug	wells,	Fresh	water	from	springs	
and	wells	is	used	for	drinking	in	the	northern	part	of	the	
area,.	 the	 ground	 water	 are	 used	 in	 winter	 and	 springs	
over	most	 of	 the	 area,	 although	 in	 summer	 and	 autumn,	
ground	 water	 becomes	 the	 only	 source.	 Ground	 water	
used	for	drinking	in	areas	up	to	about	10	kilometers	south	
of	Jabal	Sinjar.		

2.7	GROUND	WATER	LEVEL	

The	depth	to	ground	water	(water	 table)	 for	 the	shallow	
aquifers	 around	 (4.5	 to	 5.0)	 m	 from	 surface	 in	 most	 of	
Sinjar	 ,	 from	 the	 data	 provided	 in	 the	 Hydrogeology	
Department	 of	 the	 Institute	 for	 Applied	 Research	 on	
Natural	 Resources.	 construction	 of	 this	 cross	 section	
dependent	 on	 field	 work	 in	 the	 area	 shallow	 hand‐dug	
wells,	 for	 irrigation	 and	 drainage	 purposes	 and	 for	
estimating	 the	 likely	 extent	 of	 direct	 evaporation	 in	 the	
areas	of	 shallow	water	 table	or	capillary	zone	 ,	The	 total	
difference	 in	 elevation	 of	 the	 water	 table	 between	 Jabal	
Sinjar,	 and	 Sinjar	 is	 about	 175	 metres.	 Therefore,	 the	
elevations	 obtained	 from	 the	 data	 were	 accepted	 as	 the	
base	for	the	construction	of	cross	section	for	study	area	.	

	

Porosity	

The	 porosity	 was	 estimated	 value	 of	 10	 percent	 as	
effective	 porisity	was	 assigned	 for	 study	 area	 	 from	 the	

data	 provided	 in	 the	 reports	 of	 Ralph'	 M.	 Parsons	 Co.,	
2008	,	However,	this	high	value	of		ground	water		storage	
was	estimated		in	the	study	area	in	table	below	

	

2.8	AQUIFERS	TYPES		

A)	Unconfined	Aquifer:	 is	near	to	the	surface	area,	The	
groundwater	 vacillations	 take	 after	with	 a	 certain	 slack,	
contingent	 upon	 the	 profundity	 and	 the	 way	 of	 the	
unsaturated	zone,	the	variety	of	the	fallen	precipitations.	
The	unconfined	aquifers	 reach	out	 from	 the	water	 table	
to	 the	 base	 of	 the	 aquifer,	 spoke	 to	 by	 an	 impermeable	
limit.	

b	 )	 Confined	 Aquifer	:	 is	 overlain	 by	 a	 limiting	 layer	
which	 is	 for	 the	 most	 part	 semi‐pervious,	 permitting	
vertical	 fluxes	 between	 the	 neighboring	 layers,	 Unless	 a	
nonsensical	 deliberation,	 the	 bound	 aquifers	 are	 under	
weight;	 this	 implies	 that	 the	water	 level	 in	a	piezometric	
well	will	transcend	the	highest	point	of	the	aquifer.	

2.9	METHODS	USED	FOR	WELL	CONSTRUCTION	

2.9.1	 Methods	 Used	 For	 Well	 Construction	 In	 The	
Shallow	Aquifers:		

The	 construction	 of	 the	 hand	 dug	 wells	 in	 this	 area	 is	
similar	 to	 that	 used	 thousands	 of	 years	 ago.	 The	 second	
type	of	hand	dug	well	 is	 that	designed	to	be	used	with	a	
pump.	This	type	 is	more	costly	to	construct	and	 is	rarely	
deeper	 than	 25	 metres.	 The	 pump	 chamber,	 steps	 and	
exhaust	pipe	shaft	are	constructed	separately.	

2.9.2	 Methods	 Used	 For	Well	 Construction	 In	 Deep	
Aquifers:	

In	 the	 major	 villages	 of	 the	 area,	 deep	 wells	 have	 been	
bored.	These	wells	are	designed	to	be	operated	by	pumps	
giving	 higher	water	 yields	 ,	 The	 decision	 to	 drill	 a	 deep	
well	is	taken	regardless	of	the	existing	shallow	aquifers	in	
that	 particular	 location.	 Therefore	 deep	 wells	 can	
penetrate	both	shallow	and	deep	aquifers	even	though	the	
shallow	 aquifers	 can	 provide	 the	 total	 need	 for	 fresh	
water	 in	 that	 location.	 Two	 types	 of	 drilled	wells	 are	 in	
operation	in	the	study	area	

A)	The	Wells	Drilled	By	The	Resource	Development	

They	are	drilled	by	rotary	methods	with	the	exception	of	
some	of	 the	wells	 drilled	 in	 the	 hard	 rock	 areas	 of	 Jabal	
Sinjar	and	the	hilly	region	,	Each	well	was	furnished	with	a	
gravel	 pack	 around	 the	 casing	 which	 was	 perforated	 at	
intervals	opposite	the	permeable	horizons.	The	water	was	
pumped	out	of	these	wells	by	a	submersible	pump	driven	
by	an	electric	motor	

B)	 The	 Wells	 Drilled	 By	 The	 Ingra	 Consulting	
Department:	
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Percussion	drilling	by	the	use	of	hammer	was	used	in	the	
areas	of	 hard	 rocks	 like	 limestone,	while	 the	 rotary	drill	
technique	 was	 used	 in	 South	 Sinjar,	 in	 the	 weaker	
formation	 Submersible	 pumps	were	 used	 in	most	 of	 the	
deep	wells,	driven	by	diesel	engine	

2.10	 ANALYSIS	 OF	MULTIPLE	WELL	 PUMPING	 TEST	
DATA	

the	 following	 	 assumptions	 	 should	 be	 satisfied	 for	 the	
application		of	these	methods	at	the	table	mention	below,	

The	 aquifer	 	 is	 confined	 ,	 and	 the	 pumping	 well	 is	
unsteady	 the	 aquifer	 is	 pumped	 at	 a	 constant	 discharge	
rate.	the	diameter	of	pumping	well	is	very	small	any	store	
in	 the	well	 can	 be	 ignored	 .the	 aquifer	 is	 homogeneous,	
isotropic	 and	 of	 uniform	 thickness	 over	 the	 area	
influenced	 by	 the	 pumping	 test.	 The	 aquifer	 has	 a	
seemingly	 infinite	 areal	 extent.	 The	 pumped	 well	
penetrates	 the	 entire	 aquifer	 and	 thus	 receives	 water	
from	the	aquifer	by	horizontal	flow.		

	

	

METHOD	

APPLICATION	

ADDITIONAL	
ASSUMPTIONS		

	

REMARKS	Flow	
Condition	

Partial	
Penetration	

Other

	

Thiem	
(1906)	

	

Steady	state	

	

No	

The	 aquifer	 has	
been	 pumped	
long	 enough	 that	
equilibrium	 has	
been	 reached	
(drawdown	is	not	
changed	 with	
time)	

The	Drawdown	is	
influenced	 by	
well	 losses,	
screen	and	pump	
intake	

	

Theis	(1935)	

	

Transient	

	

No	

The	 aquifer	 is	
compressible	 and	
completely	elastic	

early	 drawdown	
data	 may	 not	
closely	 represent	
theoretical	
drawdown	data	

	

Hantush	
(1964)	

	

Transient	

	

Yes	

Anisotropy	
in	 the	
horizontal	
plane	

No	 vertical	 flow	
at	 the	 top	 and	
bottom	 of	 the	
aquifer	

Inflection	 point	
method	 can	 be	
used	 when	 the	
horizontal	 and	
vertical		

	

Jacob's	
Method	
(Cooper	 and	
Jacob,	1946)	

	

Transient	

	

No	

The	 aquifer	 is	
compressible	 and	
completely	elastic	

Condition	 that	 u	
values	 are	 small	
usually	 is	
satisfied	 at	
moderate	
distances	 from	
the	well	 within	 a	
hour	or	so.	

	

Weeks	
(1969)	

	

Transient	

	

Yes	

Anisotropy	
in	 the	
vertical		

t	>	(SD	/	2Kv) Similar	
procedure	can	be	
applied	 to	 leaky	
aquifers	

	

Papadopulos	
(1965)	

	

Transient	

	

No	

Anisotropy	
in	
horizontal	
plane	

Two	 dimensional	
coordinate	
system	 Min.	 of	
three	
observation	wells	

Papadopulos	
and	 Cooper	
(1967)	

	

Transient	

	

No	

Well	
Storage	

Pumping	 rate	 is	
the	 sum	 of	 the	
ground	 water	
entering	 in	 the	
pumping	 well	
from	the	aquifer	
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The	 writer	 work	 based	 on	 Theis	 (1935)	 method	 and	
Cooper‐Jacob	 Straight‐Line	 Time‐Drawdown	 Method	
because	firstly	the		Flow	of	wells	are	in	an	unstable	state	
(transient)	 ,	 secondly	 there	 isn't	 partial	 penetration	 in	
aquifer	

2.11	Theis	(1935)	Method	

Assumptions	 for	 transient	 drawdown,	 the	 Aquifer	 is	
confined	 top	 and	 bottom	 and	 compressible,	 There	 is	 no	
source	 of	 recharge	 to	 aquifer,	 The	 well	 is	 pumping	 at	 a	
constant	rate.			

	

Replace	the	integral	with	a	Taylor	expansion	series.	

	

Q	=	Constant	pumping	rate	(L³/T),	h	=	Hydraulic	head	(L),	
h0	 =	 Hydraulic	 head	 before	 pumping	 starts	 (L)	 ,T	 =	
Transmissivity	(L²/T),	t	=	Time	since	pumping	began	(T),	
r=Radial	distance	from	pumping	well	(L),	and	S	=	Aquifer	
storativity.			

Sometimes	 the	 series	 is	 referred	 to	 as	 the	Well	 function	
W(u).	

														

Rearrange	Theis	equation										 	

	

2.12	 COOPER‐	 JACOB	 STRAIGHT‐	 LINE	 TIME‐	
DRAWDOWN	METHOD	

Observed	 that	 u	 becomes	 small	 and	 higher	 terms	 of	
infinite	series	become	negligible	with	time	if	u<	0.05,	then	
u	=	(	r²	S	)/(	4Tt	)	,	ignore	all	higher	powers	and	

	

Convert	to	base	10	log	

	

Log	 equation	 plots	 as	 straight	 line	 on	 semi	 log	 paper.	
Generally	 u	 condition	 met	 for	 large	 t	 ,	 or	 small	 r	 ,	 Use	
method	 after	 sufficient	 time	 has	 elapsed	 Closer	
observation	wells.	first		Plot	time	drawdown	data	on	semi	

log	 graph	 paper.	 then	 Draw	 straight	 line	 through	 data	
points	 and	 extend	 backwards	 to	 zero	 drawdown	 axis	 ,	
Must	intercept	s	=	0	at	some	time	t0	,	then	Find	amount	of	
drawdown	(h0	‐	h)	or	s	for	1	log	interval.	

	Calculate		T		=				 	

Calculate	S		=						 	

T‐	m²/d	,	Q	‐	m³/d		S	=	storativity	 ,	r	=	radial	distance	to	
well	(m)	,	t0	=	time	where	straight	line	intersects	the	zero	
drawdown	axis	(days)	

		

Cooper‐Jacob	 straight‐line	 time‐drawdown	method	 for	 a	
fully	confined	aquifer	

2.13	AQUIFER	Win32	SOFTWARE	

A	definitive	 in	pumping	 test	 investigation,	AquiferWin32	
serve	the	writer	to	calculate	the	Transmissivity	values	by	
using	Theis	(1935)	method	or	Cooper‐Jacob	Straight‐Line	
Time‐Drawdown	 method,	 AquiferWin32	 is	 the	 most	
advanced	 programming	 framework	 for	 examination	 and	
showcase	 of	 aquifer	 test	 outcomes.	 AquiferWin32	
consolidates	 intense	 information	 administration	 abilities	
with	 all	 that	 you	 would	 expect	 in	 a	 Windows	 program	
AquiferWin32	 has	 been	 picked	 by	 the	 essayist	 to	 focus		
hydrologic	parameters.	

	

2.13.1	Major	Features	of	AquiferWin32	Software	

Information	 can	 be	 entered	 helpfully	 utilizing	 the	 new	
import	wizard,	or	you	can	enter	information	physically,	by	
cut	 and	 glue	 from	 spreadsheets	 or	 by	 importing	 content	
documents.	 Information	 can	 be	 entered	 utilizing	 any	
arrangement	 of	 units	 and	 Aquiferwin32	 gives	 the	 most	
adaptable	 unit	 transformation	 number	 cruncher	 of	 any	
aquifer	 test	 project.	 You	 may	 characterize	 any	
arrangement	 of	 units	 for	 any	 variable	 and	 change	 these	
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units	 whenever	 ,	 Aquiferwin32	 permits	 you	 to	 break	
down	your	information	utilizing	either	manual	on‐screen	
bend	coordinating	by	the	new	snap	and‐drag	highlight	or	
by	 means	 of	 computerized	 measurable	 coordinating	
methods.	 Dissimilar	 to	 some	 other	 pumping	 test	
investigation	 programming	 ,	 Aquiferwin32	 shows	 a	
boundless	 number	 of	 sort	 bends	 for	 different	 sort	 bend	
systems	.	You	indicate	which	sort	bends	you	need	to	view.	
This	 is	 likewise	convenient	 for	making	custom	sort	bend	
charts	for	utilization	in	the	field.		

3.	METHODOLOGY	

The	pumping	test	in	this	well	was	carried	out	immediately	
after	 the	 completion	 wells	 on	 26	 to	 30	 of	 May	 2011	 ,	
pumping	 tests	 were	 performed	 for	 one	 to	 five	 hours	 in	
the	 wells	 ,	 which	 are	 located	 at	 Sinjar	 area	 ,	 Such	 tests	
provide	only	one	reading	of	the	maximum		drawdown	of	
water	 level	 in	 the	 pumped	 well	 The	 assumptions	 and	
conditions	 for	 the	 aquifer	 are	 confined	 ,	 Flow	 to	 the	
aquifer	are	Transient	 ,	 the	withdrawal	of	any	differences	
with	 the	 time	 to	 be	 reckoned	 with	 and	 the	 hydraulic	
gradient	is	constant	over	time	.	

3.1	 RESULT	 OF	MEASUREMENT	 TRANSMISSIVITY	 IN	
WELL	NO	(1)	

	

	Pumping	test	for	Well	No	(1)	by	Theis	method	(T	=	1.034	
m²/d)	

	

Pumping	test	for	Well	No	(1)	by	cooper	and	jacob	method	
(T	=	1.271	m²/d)	

	

3.2	 RESULT	 OF	MEASUREMENT	 TRANSMISSIVITY	 IN	

WELL	NO	(2)	

	

Pumping	test	for	Well	No	(2)	by	Theis	method	(T	=	4.744	
m²/d)	

	

Pumping	test	for	Well	No	(2)	by	cooper	and	jacob	method	
(T	=	4.732	m²/d)	

3.3	 RESULT	 OF	MEASUREMENT	 TRANSMISSIVITY	 IN	
WELL	NO	(3)	

	

Pumping	test	for	Well	No	(3)	by	Theis	method	(T=	1.279	
m²/d)	
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Pumping	test	for	Well	No	(3)	by	cooper	and	jacob	method	
(T	=	1.510	m²/d)	

3.4	 RESULT	 OF	MEASUREMENT	 TRANSMISSIVITY	 IN	
WELL	NO	(4)	

	

Pumping	test	for	Well	No	(4)	by	Theis	method	(T	=	5.911	
m²/d)	

	

Pumping	test	for	Well	No	(4)	by	cooper	and	jacob	method	
(T	=	5.904	m²/d)	

3.5	TRANSMISSIVITY	MAP	OF	SINJAR		

The	 estimated	 values	 of	 T	 are	 plotted	 in	 below	 which	
represents	 the	 general	 pattern	 of	 transmissibility	 over	
most	of	the	area.		the	contour	line	representing	a	value	of	
3	m²/d	 extends	 further	 beyond	 Sinjar	 ,	 in	 genral	 such	 a	
map	could	be	useful	for	locating	abstraction	wells.	

	

4.	DISCUSSION	

1‐	 The	 Aquifer	 is	 pumped	 at	 a	 constant	 discharge	 rate	
pumping	 ,	 This	 means	 that	 the	 drawdown	 variations	
resulting	 from	 slight	 differences	 in	 the	 rate	 of	 discharge	
do	not	occur	during	pumping	test	,	A	summary	been	made	
of	 the	 results	 of	 pumping	 tests	 in	 the	 four	 locations	 are	
given	in	Table	below.		

	

2‐	The	transmissivity	values	of	the	aquifer	was	calculated		
by	 two	method	 ,	The	average	value	of	T	was	 taken	 from	
the	 two	 results	 and	 used	 for	 the	 calculation	 of	 the	
hydraulic	 	 conductivity	 	 K	 of	 	 the	 aquifer.	 The	 total	
saturated	 thickness	 of	 the	 aquifer	 was	 estimated	
calculated	from	the	geological	logging	of			the	eight	drilled	
wells	and	this	gave	a	value	of		K.	

3‐	some	of	plotted	points	are	not	fit	with	the	curves	were	
(drawdown	 ,	 time	)	not	accurate	due	to	the	oscillation	of	
pumping	 test	 in	 the	 pumping	 well	 of	 water	 L	 by	 jack	
pumping	.	

4‐	 Most	 of	 plotted	 points	 fit	 very	 well	 to	 the	 reversed	
Theis	 type	 curve	 ,	 This	 indicates	 that	 the	 aquifer	 is	
confined	.	

5.	CONCLUSION	

1‐	 The	 water	 storage	 in	 study	 area	 is	 143624800	 m³	
(groundwater	available)	for	26.8m	deep	are	sufficient	for	
water	use	for	1.5	years	without	recharge.	

1‐	 Measured	 aquifer	 transmissivity	 values	 vary	 from	
1.034	 m²/day	 to	 around	 5.911	 m²/day.	 Tests,	 The	
hydraulic	conductivity	was	range	between	0.021	to	0.049	
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m/day,	Yields	are	also	higher	in	wells	due	to	the	presence	
of	thicker	or	more	permeable	gravels	further.	

2‐	 The	 Optimum	 well	 operating	 characteristics	 are	
obtained	 when	 the	 product	 of	 yield	 and	 pumping	
discharge	 at	 a	 maximum,	 Thus	 the	 well	 no	 (2)	 are	
Optimum	well.	

3‐	The	value	of	the	hydraulic	conductivity	is	indicative	of	a	
confined	 silty	 clay	 horizons	 which	 function	 as	 a	 good	
aquifer.	

4‐	 The	 study	 of	 ground	 water	 is	 becoming	 increasingly	
important	with	 the	present	high	growth	of	population	 in	
the	developing	countries	of	the	worl,	the	ground	water	its	
proper	 provides	 the	 only	 solution	 for	 water	 shortage	
problems	in	Iraq.		

5‐	 Groundwater	 of	 aquifers	 in	 the	 Sinjar	 area	 should	 be	
considered	 At	 least	 partially,	 if	 not	 entirely,	 under	 the	
influence	surface‐water	sources.	
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