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ABSTRACT

This paper deals with declining of groundwater level and land subsidence in Neyshabur plain. This Plain is one
of the most important plain in Khorasane Razavi province in the northeastern part of Iran. Historical city of
Neyshabur is located about the central part of the plain. In the recent years, rapid population growth coupled
with agricultural expansion has tremendously increased pressure on the groundwater resources in the study
area. Therefore, unconsolidated sedimentary aquifer of the plain which called Neyshabur aquifer is heavily
overexploited and this causes aquifer compaction which resufts in land subsidence in some parts of the plain.
Land subsidence in this area causes many problems including, damage to roads, bridges and changing
elevation and slope in farm lands. Groundwater withdrawal also causes differential aquifer compaction and
reactivation of a buried fault which created a crack with several kilometers long along the fault which
extending in north-south direction. At present, the crack is extending in both sites in the north and south
directions, In this research three wells with a total depth of 100 m were dug in both sides of the cracks. The
types of underground soils are mainly from CL and ML according to the Unified Soil Classification System. In
final, based on the available information a land subsidence hazard zonation map was prepared for the plain.
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1. INTRODUCTION
Land subsidence resulting from

Pacheco et al. 2006, Phien-wej et al. 2006,
Quanlong 2006, Ruilin, 2006). For instance, well-

overexploitation of aquifers is a common problem
affecting our society. This phenomenon involves
the settlement of the surface of the ground and
affects wide areas. It is estimated that there are
overl50 cities in the world with serious problems
of subsidence due to excessive groundwater
withdrawal (Hu et al., 2004). Usually land
subsidence creates cracks and fissures on the
ground effects on the surface and subsurface
flows, quality of groundwater, deformation of
ground, flooding and movement of seawater
towards coastal areas. These factors cause serious
damages to urban and industrial areas and
farmlands. This phenomenon has reported from
different areas around the world (Bell and de
Brugn, 1999; Ortega—Guerrero et al., 1999; Stiros,
2001, Carbognin el al. 2004, Don et al. 2006,

known examples of subsidence include the Po
Valley (Italy), Mexico City (Mexico), Antelope and
San Joaquin Valley (USA), Bangkok (Thailand) and
many other areas in the world (Tomas et al
2005). Poland (1981) reported a considerable land
subsidence in one point of about 8.8 m in Los
Banos Kettleman City in San Joaquin Valley in
California due to declining of groundwater up to
1969. Land subsidence in the central part of the
Chalco Basin in Mexico City has increased to 0.4
m/yr since 1984 and by 1991 total subsidence had
reached 8 m. The rapid land subsidence in this
area is causing the accumulation of meteoric
waters during the rainy season resulting in
extensive flooding of farmland.
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[image: image2.jpg]A onedmensional mathematicd model s
empioyed to develop predictions of fute land
subsidence under a range of pumping canditions.
‘The mods! permits the hydrauic preperties of the
aquitard to vary as transiert funcions of hydraulic
head and porosity. Smulstions suggest that under
asrent pumping rates, total land subsidence in
the area of thickest lacustine sedment will reach
15 m by the year 2010 (Ortega-Guerrero et al.
1999)

Land subsidence has reported from
dfferent areas in Iran, espedally in the particns of
the country with low annual rainfalls (e.g. Mousavi
et al. 2001, Motagh et al. 2007, Alipour et al.
2008, Sdaimari and Mortazav, 2008). For
example, many plairs of the central and eastern
parts of Iran have subsided due to excessive
goundwater pumping and with subsidsnce often
come fissuring. The best known examgle of land
subsidence in Tran s Rafsanjan plain in the central
part of the country that land subsidence has
started from 1967.

This paper deals with land subsidence in
Nyshabur plain. Land subsidence resuting from
orerexplaitation of groundwater resources has
reported in scme areas of the plain. Groundwater
vithdrawal affects the sedimentary deposits that
il typical the unconfined aquifer of the plain.
These effects irclude  differential _aquifer
compaction and reactivation of a buried fault with
aeating a several kilometers long crack. Moreover,
this phencmenon causes many problems for
farmland, demage o well casing, changing
goundwater qulity and stuctral damage to
roads and bridges.
2. NEYSHABUR PLAIN

Neyshabur plain i Khorasane Razavi
frovince in northesst of Iran s surrounded with
Binalood mountain range (esstern partion of the
Albarz range) in rorth. The plain with an erea
sbout 4100 kmf, is a part from Neyshabur
watershed with & total area of 7330 km’, The
‘watershed s between longtudes 58 17" and 59
20 east, and latitudes 34° 39 and 35° 40 narth.
The watershed with an averags elevation of about
1900 m.a.51. 5 located in & semi arid area with an
average yearly rainfal of 292 mm. A tves
dmensions map of the watershed is shown in Fig.
i

3. ENGINEERING PROPERTIES OF
UNDERGROUND SOILS

Thres wels (TP1, TP2 and TP3) were dug
dose to the main fissure to study the underground
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sal types. TP1 ard TP2 are close to Bazobard
vilage in the northern part of the ack (TPLin
west and TP2 in east of the @ack). TP3 was dug
several kilemeters toward south close o Ardameh
vilage (Fig. 1). The soil types of P2 and T3 are
ML and CL according to the Unified Soi
Classification System. The soil types in TPL are ML
and CL with P and GW lerses. Table 1 presents
engineering preperties of tested soils.

In the last decades, rapid population growth
copled with agicultral  exparsion  has
temendously increased  presswe on the
goundwatsr  resowces of the  unconfined
Neyshabur dlain aquifer. Large increases in water
demard with itfe recharge have strained the plain
oroundwater resouces resulting in dedines in
water levels. Due to deciining of the grourdwater
levels, digaing new wells has been forbidden since
1965, Increase in pumping rate of gourd water
resaurces to a total amount of about 1,175 billicn
for providing water consumption for agricultural
and drinking purpeses has led to dedine in ground
water level. Grondwater is nique scurce of
water that provides water requirements for
Neyshsbur ity and thres towns and mary villages
in the plain with a total population of about half
million pecple.
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4. GROUNDWATER EXTRACTION AND
PIEZOMETRIC DRAWDOWN

Invesigaton revedled that the decine in
aroundustar Teel resch 1636 m durng 1966.
2006 inBaruband Fesometrs cose o asck nthe
st of Neshabur city. Fig2 shows gounduter
level decine. fom Mirch 1559 o March 2007,

Fowerar, pressure on grounduter sources and
[

decining of srounduater has caused land

subsidence i some pars of the plan. Based on
the svaiabl information from the urk hydogragh
and 5 GPS stain i north of Neydabar <y,
rounduaterexracions have caused more than2
m of waterdevel decine, esuking i neaty 3 mm
of subsidence dring 2005 0 2007,

Fig2 Gt e dcinefrom Mirch 155 to ach 2037
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Land subddence andysis and the prediction
of land subsidence due to groundwater and
hydrocarbon exraction is a fairly new field of
study. Fuller in 1908 was the first to suggest alink
between fluid exracion and land subsicence
(Jacksond et &, 2004), The phenomenon of land
stbsidence resuting from heawy withcrawal of
groundwater for municipd supply, industridl or
irgational use has been dbserved in various parts
of the world, viz, Koka (Inda), Venice and
Bologna (Italy), Mexico ity (Mexico), Tokyo and
Os3ka (Japan), Arizona, Calfornia and Nevada
{United States), Rubrgebiet (Germeny), Rafsanjan
and Mashhad (Iran) (Amelung et &, 1999,
Galloway et &, 1998; Rehman, 1995; Chatterjee
et d, 2006, Motagh et dl, 2007, Alpour ¢t &,
2008, Solaimani and Mortaza, 2008).

Permanent land subsidence Is most [ikely
due to compaction of clay beds within the aquifer
systems. When an aquifer systemis ful of water,
the gravel and sands are buoyant, As groundwater
levels decine from extraction, there is less
buoyancy to support the weight of the gravel and
sand that was previoudy ful of water, Addiional
weicht from the gravel and send aeates more
downward pressure on day beds that are between
the send end gravel strata from which water has
been extracted, When the water held in the days

aan no longer withstand the pressure from the
increased weight of the gravel and sands above,
the days are compressed and water is squeezed
from them. These clays wil never rezbsorb the
waler that has been expeled from them.
Permenent subsidence ocaurs and recharging the
groundwater to its origind levels will not resultin
the recovery of the orignd land aurface
dlevations, It has been recognized that because of
their low permeabllity, the day interbeds dran
more slowly than the coarser layers of the aquifer
and that therefore there will be a time-delay
between the extraction of the groundwater and
the occurrence of the sLbsidence,

The reason for land subddence in
Neyshabur plain is aquifer conpaction due to
dedining groundwater, The aquifer compaction is
often referred to as consolidation in sol mechanics
(Shearer, 1998). This study shows that the aeain
and around GPS station in the northem part of
Neyshabur cty had been undergoing lend
aibddence with an annual rate of 11.5 am during
05 to 2007 (Fig. 3). Ol sructures built on
these areas must withstand these vertical (and
sometimes horizontal) ground deformations, and
widespread damage ocurs when  differential
setfiements cannot be accomrmodated for beneath
their foundations.
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Fig. 3, Land stbsidence in the GPS station
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[image: image6.jpg]It shauld be known that the reported
depths of all cracks represent the limit to visible
floors of fissres and do rot account for anything
beyond that. There are speclations that the
fissures might have hidden subsurface extensions
and the exact depths of cracks cold be greater
than the reported figures.

The rate of land subsidence has increased
during the recent years due to high explaitation of
goundvwater in the plain, If the subsidence
cantinues in the futre it wil damage to the main
petrdl pipe line and railioad which passing dose to
Bazoband vilage. Detailed study ccrcerring the
rate of land subsidence and measuring the
cptimum pumping velume fiom groLndwater
resources are necessery to control the land
subsidence,

The relation between changes in pore-uid
pressure and compression o the aquife system s

based on the priciple of effective stress
(Terzaghi, 1925),

Where effective o irterg andlar stress (8, is the
difference between total stress (5 and the pore-
fluidpressure (o) (Fig. 6).

6. LAND SUBSIDENCE HAZARD ZONATION
MAP

Based on avalable information from GPS
station, ground water dedline and peizameter logs,
popuation dersity, a land subsidence hazard
2enation map was prepared for the sty area
(Fig. 7). According to this figure, important cities,
majer parts of industial area, and ral way and
high way located in the high to medium risk ane.

Fig. 6 Princile of effectve stress, as applied to land subsdence. Verticl dsplacement (m) of
lend surface s a result of a decresse in pore-fluid pressure ( p) and resutat norease in
effectve stress (0 exett on ahorzontd plane located at depth ( d) below land surfece in ine-
qraned maeral, under codtions of total stress () in a one-dmensional, fid-saurated
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[image: image7.jpg].7 Land subsidence hzard sntion map

7.CONCLUSIONS.

Lind subsidence  that resdts  from
owrexplotation of aqufers has ofen been
described by the theory of cansalidation. The
mecharism o lind subsidence due o the
ebyckraton of clay minerals i nct well adessed.

Land subsidence cha o groundwater level
Gedines bz been recognzed 35 3 problem in
alinial basirs in the arid and semiarid arexs o
central and sastem Iran, such 35 Neyshabr plain-
notheast of the country. The anrusl rate f land
subsidence i the nathern part of the historcal
Gty o Neyshabur haz been reparted to be 115

Ths phenameron has created serious
preblems incluing dffererial squier campadion
and reactivaton f 3 bued Fauk, which areated 3
crack with, several iamaters long sleng 3 bed
rok Fauk which extends in the narthezauth
dredion. A present, the crack is extendng i
both sites in narth and south, the narthern part
extendng in the pradmity of 3 wlage. Moreower,
damages have been reported to famlands, roads,
bridges, wels and ther structres.

Land sukzidance hasrd senation map was
prepared For the study area, based on avalable

infomatien from the GPS statien, greund water
dacine and population density. The histerial city
of Neyshabur is located n the high risk zone cf the
map,
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