T 21-2, 75- 79 (2011) “ICAL VDT X Jint Intemationd Symposum with JAALS'

Journd of Arid Land Sudies -Referead Artide-

Underground Irrigation Canalsin theArid Regionsthrough the
High-resolution Satellite Imagesand Fidd Works

HidehiroSoHMA™ and Hisao WUsHIKI?

Abgract:  Underground irrigation candsin the arid region are discussed through the high-resolution satdllite images, Corona, which
cover whole of asingle cand system and its surroundings, in addition to the terrestria conditions.  Among the karez candsin Turpan
Basn, Ching, the reverse “J' plan pattern a the dlwvid fans is diginctive.  Mather wells of this patern were moved up-stream,
extending oblique to the dope, to manage lowering of groundwater.  In Yazd areq, Iran, ganat systems develop aong the bottom of
the longitudina valey reflecting the basin and range landform which can collect groundwater from the both sde.  This terrestrid
condition seems to have produced 300 m degp and 80 km long ganat.  Some ganats are found neerly dong the contour line at the
lowest margin of a amal pediment, like frontlet. The same type is congructed in the vdley of Bamian, Afghanigan. At the
northern piedmont dluvia fans of Qilian Mountains, Ching, there are underground irrigetion canas with vertilation ducts dug in the
upper part of the river terrace diff and horizontal agueduct water isflowing directly from theriver channd.  This system is connected
to underground irrigation canalswith vertica ventilation ducts.
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1. Introduction

Professor KOBORI Iweo promoted researches on the
underground irrigetion cands, conssted of verticad shafts and
nearly horizonta tunnels, caled gandt, karezand soon.  They
spread dl over the world, especidly in the arid region (Kobori,
1996). It israther difficult to catch the whole system by the
ground-level view. Previoudy, researches on ganat were
restricted within ardaively samal area, mainly focused on the
usages dong a sngle or smdl numbers of them. However,
introduction of the high-resolution satdlite images, such as
Corona and QuickBird, made possible to recognize debris
hegps of shafts of underground irrigation cands in the large
area from the great dtitudes.  Consequently, we could get the
whole images both of a single cand system and neighboring
ones, in addition to the terrestrid conditions, namely landform
and landscgpe.  Based on the interpretation of Coronaimages,
maximum ground resolution aout 3 m, following
characterigics of underground irrigetion cands areidentified.

2. Sudy area

Sudies were conducted on underground irrigetion cands
(karez) of the Turpan Basin, Ching, the Yazd area (ganat), Iran
and the Bamian aea, Afghanisan, and the underground
irrigation cands at the Zhangye didtrict, Gansu, China (Fig. 1).
Except the last one in the semi-arid region, others are Stuated
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Fig. 1. Sudy area (Modified from Research Center for Slk Roedology, 1996).

in the aid region. Among them, the fidd survey was
conducted only at the Turpan Basin.

3. Reallts

3.1. Turpan Basn

Many karez sysems didribute in the Turpan Basin,
(International Conference On Karez Irrigation, 1993). Basd
on the interpretation of Corona images, debris hegps of karez
systems ae easly recognized as the dots  Therefore
dignments of them correspond to the karez sysem. Thelr
digtributions are classfied as follows, on the dluvid fan of the
gravd desat of the northern and southern piedmonts of
Haming Mountain and on the mud desert of the lower margin
of the latter, and this classfication is nearly same as Yang
(1993) and alittle bit different from Liu (1993).
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Fig. 2. Digribution of karez sygems at the northern piedmont of the
Flaming Mountain (Lower marginal parts of the alluvial fans
from the Tianshan Mountains).

Wet debris from the tunnel

Fig. 3. Karezrepairing in theTur pan Basn.

Figure 2 shows the mog typicd karez systems in the
Turpan Basin, namdy, the shaft dignment of the pardld
pattern, development & the lower margind part of the dluvid
fan and the length of the shaft dignment around 2 km (Sohma,
2002). Generdly spesking, based on the consderation of the
grain szes of the deposts, it will be severely hard to construct
the shafts or tunnels of the karez systems at the upper or middle
reeches of the dluvid fan by the primitive methods, namely
without meachine ass ances.

During the research with professor Kobori in 1999, we
encountered repairing of one karez, in the gravel desart of the
south-western part of the Haming Mountain.  The depth of
the verticad shaft was more than 40 m (Fig. 3) and it was very
deep. This degp aguifer levd was concordant with
remarkable decrease of karez sysems in number & Toksun
area, western part of the Turpan (Kimoto et al., 1991).

Shaft patterns digned in the reverse “J’ shape of the upper
pat of the karez systems developed at the southern piedmonts
and the western parts of Flaming Mountain, but did not
develop & the mud desart arees.  Figure 4 suggests, a leedt,
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Fig. 4. Upward movements of the mother wdl lines (Southern

piedmont of the Flaming Mountain). Daa avalable from
U.SGeologicd Survey, EROS Data Center, Soux Fl SD.
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Fig. 5. Digribution of karez and oasesalong the prafilein the Trupan
Basin. K:kaez O: oadis

two step movements of the mother well lines, linked line of the
neighboring mother wels, to the upper course againg the
subsidence of the groundwater level, and the reverse “J’ shape
pattern was dominant & the upper most mother wells areas in
Fgure4.

Based on the above, shafts dignment of the reverse “J’
shapeis conddered to manage lowering of groundwater level.

Based on the Corona images teken in 1966, the
digributiond relationship between the karez systems and oases
dong the profile in the Turpan Basin is summarized as Figure
5. Electricdly-powered pumping wells were not popular in
thisbasn in 1966. Fgure 5 suggests didribution of casesin
thisbasn dosdy relaed with the karez systems

3.2.Yazd area

Yazd areais well known as one of the oldest areas where
the underground irrigetion cand system, ganét, was entered in
use (for example, Kobori, 1996).  In addition, there is a ganat
reeched to 80 km in the length of horizontd tunne (Yazdi,
2011, persona communication), and agana of 300 min depth
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Fig.6. Index map of the Yazd area. Daa avalable from
U.SGeologicd Survey, EROS Data Center, Soux Fdl SD.

(Kobori, 1996).

Yazd and surrounding arees are characterized by the “basin
and range’ landforms of the Iranian plateau, and without
gladiers on the mountains.  Annud precipitation is more than
100 mmvyr with mainly in the winter season.

Figure 6, collected of 10 sheets Corona images in the
mosaic gyle, istheindex map of the Yazd area.  Each Corona
images are about 18 kmwide and were taken on May 25 1970.

In Figure 6, narrow nearly straight lines running in NW-SE
with shadows on the both sdes are mountains and between
them are badins or vdleys reflecting the “basn and range’
landforms.

321 Abarqu

Abarqu is located about 130 km southwest of Yazd.
There developed two different types of gandt; one is nearly
aong the dope a the lower pat of the dluvid fan from the
west, and the other is a the bottom of the vdley dong the
southwestern flank of the mountain running NW to SE (Fig. 7).

Qana systems at the margind part of the dluvid fan have
the same terredtrid condition with those of the Turfan Badin,
and this type is most common in the underground irrigation
cands.  Qands condructed a the vdley bottom are
connecting oases and groundwater of this type come from both
sdeof thevaley reflecting the basin and range landform.
3.2.2.Yazd

Figure 8 is the Corona imege of a part of Yazd which
developed a the longitudina valey of the basn and range
landform.  InFigure8, individud debris hegps of the ganat are
recognized as each dots and ther dignments show ganat
sysdems.

From Figure 8, followings are gpparent; 1) there are clear
differences in the dot sizes showing those as the detris hegp
sizes and those in the amount of debris brought from the
underground, 2) distances of the each debris hegps of a ganat
are roughly dassified into six groups ranging from 10 mto 15
m, 25 mto 30 m, around 50 m, 60 mto 75 m and 100 m, 3)

Qanat at the marginal0a
of the alluvial fan -

Fig. 7. Two types of Qanat at Abarqu (Location is shown in Fig. 6)..
Oreisa the lower margind part of the dluvid fan and the other
dretched dong valley bottom.

Fig. 8 Qanat sygemsin Yazd (Locationisshownin Fig. 6).

some gana lines cross each other.

Above mentioned 2) and 3) suggest difference in the depth
of the horizontal tunnds, and 3) aso suggedts difference in
digging gages.

Based on the above, it is dear that ganat sysems in Yazd
are dug at the longitudind vdleys changing in depth and in
magnitude for along period.  This terrestrid condition of the
longitudind valleys, rdated with the basin and range landform,
permits to congtruct ganat systems such as 80 km in the length
of horizontd tunnel and as 300 min depth.
3.2.3.Mahyar

Mahyar is Stuated at about 250 km from Yazd to the WNW
and a about 45 km from Esfahan to the south. There



Fig.9 Qanat along the frontlet of the pediment (Near Mahyar).
Qunat: white brokenline.

%@ DigitalGlobe, Inclt
All Rights Reserygtl)’

: 4 e | {
Fig.10. Karez of frontlet type at the southern part of Bamian,
Afghanigtan (Sohma, 2008).

developed a gana system dong the southeastern piedmont of
thelow hill (Fig. 9). The horizontd tunnd of this ganat did not
diginthedirection of theindinaion of the hill dope, but nearly
the right angle to it, intending to gather groundwater & the
piedmont part of the hill.

Wecdl thisganat system asthefrontlet type.

Figure 10 is the QuickBird image, resolution about 61 cm
and taken on Feb. 1 2003, of the southern part of Bamian,
Afghanigan. Thereisavaley flowing to the north and smadl
dluvid cones from the both side develop at the bottom part of
thevdley. Therearetwo karez sysems of the frontlet type a
the lower parts of dluvid cones and distances of the debris
hegps are about 10 m (Fig. 10; Sohma, 2008): Digtances of
eech shaft are around 10 m.  These karez systems which are
nearly impossible to recognize in the Coronataken in 1965 are
conddered to have been congtructed around 2000 as a part of
the recongtruction plansfor Afghanistan.
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Type2: The horizontal ventilation duct type

Fig1l Horizontal ventilation duct type, at the northern piedmont of
theQilian Mts.  (Watanabeet al., 2006)

3.3. Zhangyedistrict

There is other type of the underground irrigation cands;
horizontal ventilation ducts type (Fig. 11; Watanabe et al.,
2006), a the northern piedmont dluvid fans of Qilian
Mountains, Zhangye digrict, Ganau, China (Fig. 1). Their
terregtrid conditions are the head parts of the large confluent
dluvid fansand dimateis semi-arid.

Ordinary underground irrigation cands have veticd
ventilation ducts, or vertica shafts, from which debris from the
horizonta tunnel are removed outsde of the sysems.  But the
ventilation ducts of the underground irrigation cands a
Zhangye didtrict were dug at the upper part of the river terrace
to the underground agueduct in horizonta directions.
Moreover, water flowing into underground aqueduct does not
originate from the groundwater but from river channels.

Though the ventilation ducts of this sysem can not be
recognized in the high resolution satdllite images such as the
Coronaimage, the outlet part of it is recognized connecting to
debris hegps of the underground irrigation cand of the verticad
ventilation ductstype.  This suggests the origin of this system
isclosy related with the vertica ventilation ductstype.

Anyway, this type underground irrigation cand has been
condructed under the intention of trangport water for
agriculturd irrigation where water is hardly available, same as
underground irrigation cand of the verticad ventilation ducts

types

5. Conduding remarks

In this paper, based on the interpretation of high resolution
satdlite images such as Corona and QucikBird, we described
underground irrigation canals congtructed in the arid regions of
Ada

Based on the historica documents, this type underground
irrigation cand was condructed in the Ming Dynasy
(Wetanabe et al., 2006).



Table 1. Comparison between Trupan and Yazd.

Yazd

Trupan

Climate

Landform

Digtribution of
underground irrigation

Plan pattern of

More than 100 mm/yr
(winter precipitation)

Basin and range landform
without glacier

Along the bottom of
longitudinal valley, aluvia
fan margin and frontlet of
the pediment

Pardlel, aossng with
different depth and vey

Lessthan 20 mmvyr

Tianshan mountains with
glacier and Flaming
mountain at the front

Alluvid fan margin and
succeeding mud desert

Parallel, oblique, reverse'J

underground irrigation long, and frontlet

Frg of dl, not only QuickBird images but dso Corona
images are very effective to capture the wholeimage of asingle
underground irrigation cand, in addition to the ter redrid
conditionsaround it.

Underground irrigation canadsarewel developed in Turpan
Basnand Yazd area(Table1). Especidly, intheformer case,
thereverse“J’ plan patternin thedluvid fansisdidinctive.

By this pattern, the horizontal tunnd were extended oblique
to the dope to acquire more water within limited distances, and
the mother wells were moved up-dream to manage lowering of
groundwater leve.

Inthe latter case, systems were developed dong the bottom
of the longitudind vdley reflecting the basn and range
landform where groundwater can be callect from the both sides.
This terredtrid condition seems to have produced 300m deep
and 80km long ganat. In addition, the frontlet type ganat
extending nearly dong the contour line a the lowest margin of
the small pediment isdso characteridtic.

At the northern piedmont aluvid fans of Qilian Mountains,
Zhangye didrict, Gansu, Ching, there exig the verttilation ducts
of the underground irrigation canas dug in the upper part of the
river terrace cliff and horizontd agueduct water is flowing
directly from the river channd. This system continues to
underground irrigation cand of the verticad ventilation ducts

types.
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