The Qanats of Iran

Some 3,000 years ago the Persians learned how to dig underground

aqueducts that would bring mountain ground water to arid plains.

Today the system provides 75 percent of the water used m Iran

WuIff, H. E. (1968): The Qanats of Iran. —
Scientific American, 218 (4): 94-100, 8 Abb;
New York.

Uaveler Hyiog over Tran can see

/X plainly tal the country bas an
- arid elimate, The Tranian plateau

is fargely deserts Most ol Traoy (excepting
areas in the novthwestern provivees wd
wlong the southern shores of the Caspian
Sen) receives only sis to 10 inches of raine
Fal o yoar, Other regions of the world
with so litte rainfall (for example the drey
et of Austealiv) are harren of altempts
al agriculture. Yet Iran is o fwrming
coutry Uil not only grows its own food
It also manages to produce crops for
expart, such as cotton, dried fruits, oil-
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seeds aud so on, T has achieved (his ve-
markable accomplishment hy developing
an ingenious system for tapping wnder-
ground water, The system, called qanal
(frow a Semitie word meaning “to dig”),
was invented in Tran thousands of years
ago, and s so simple and effective that
it was adopted in many other arid re-
gions of tie Middle Fast and avowud the
Mediterranean,

The qunal system consists of wunder-
ground chinnels that convey water from
aqquifers in highlands to the swrface at
lower levels by gravity, The quuat works

of Trinn were huilt on o seale that vivaled
the great agneducts of the Roman -
pire. Whereas the Roman acqueducts
now are ouly a historical cuvdosity, the
Iranian system is still in use aller 3,000
vewrs and has continnally been expand-
ed. There are some 22,000 qanat wnils
in Iran, comprising more than 170,000
miles of wndergronnd channels, The sys-
tem supplies 75 pereent of all the water
used n that conntry, providing wialer
not only fov irvigation but ulso for house-
lold consuuption, Unil vecently (hefore
the huilding of the Karaj Dam) the two

ALLUVIAL FAN

UNDERCGROUND AQUEDUCT vonveys water gently downhill
fromt the highbunds to distribution cnaly in the arid plain below,
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The water souree is the head well Gight), which reaches down 1o
the water table, The other shafts provide ventilation and give aceess




million inhabitants of the city of Tehran
depended on a qanat system tapping the
foothills of the Elburz Mountains for
their entire water supply.

Discoveries of underground conduits
in a number of ancient Roman sites led
some modern wrehacologists to suppose
the Romans had invented the qanat sys-
tem., Written records and recent excava-
tions leave mo doubt, however, thal
ancient Iran (Persia) was its actual birth-
Place. As early as the seventh century
n.¢. the Assyrian king Sargon Il reported
that during o campaign in Persia he had
found an underground system for tap-
ping water in operalion near Lake Ur-
wmia, Iis sou, King Sonmacherib, applied
the “secret” of using underground con-
duits in building an irvigation system
around Nineveh, and he constructed a
qanat on the Persian model Lo supply
waler for the city of Arbela, Egyptian
inseriptions disclose that the Persians do-
nated the idea to Tgypt after Davius 1
conguered that country in 518 n.c. Sey-
lax, a eaptain in Darius” navy, built a
cfanat that hrought water to the ousis of
Kurg, apparently from the underground
water table of the Nile River 100 miles

VENTILATION SHAFTS

away. Remnants of the qanat are still in
operation. This contribution may well
have been partly responsible for the
LEgyptians” friendliness to their conquer-
or and their bestowal of the title of
Pharaoh on Darius.

References to ganat systems, known
by various names, are fairly common in
the literature of ancient and medieval
times. The Greek historian Polybius in
the second century B.c. described a
qanat that had been built in an Iranian
desert “during the Persian ascendancy.”
It had been constructed underground,
le remarked, “at infinite toil and expense
... through a large tract of country” and
brought water to the desert from sources
that were mysterious to “the people who
use the water now.”

() anats have been found throughout

¢, the regions that came within the cul-
tural sphere of ancient Persia: in Paki-
stan, in Chinese oasis settlements of Tur-
Listan, in southern areas of the U.S.5.R.,

in Iraq, Syria, Arabia and Yemen.
During the periods of Roman and then
Arabian domination the system spread
westward to North Africa, Spain and
Sicily. In the Sahara region a number of
ouasis settlements are frrigated by the
qanat method, and some of the peoples
still call the underground conduits “Per-
sian works.” In the Middle East several
particularly interesting qanats construct-
ed by Arab rulers of early medieval times
have bLeen excavated. In a.n. 728 the
caliph of Damascus built a small ganat to
supply water for a palace in the country.
A century later the caliph Mutawakkil in
Iraq likewise constructed a ganat sys-
tem, presuraably with the aid of Persian
engineers, that brought water to his resi--
dence at Samarra from the upper Tigris
River 300 miles away.

Thanks to detailed descriptions by

WATER-INTAKE AREA

were invented in Persia during the first millennium n.c. The hori-

. eloani cenair . i »] helow, Called qanats ' .
for clemning and repaiv of the conduit tunnel be i o 1 tummel of the qanat is commonly from six to 10 miles Tong.

after the Semitie word meuning “to dig,” the irrigation systems
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several enrly writers, we have a good
idew of the technigues used by the ovigi-
nal qanat builders. Vitruvius, the livst
systenatie historian of teclinology, guve
an aeeount of the tanat systom in teeh-
riead detail in his historic work De Ar-
chiteetura {nbout 80 n.0.), In the ninth
century b, b the request of a Persion
provineial governor, Abdullah ibn-Tahir,
a group of writers compiled a treatise on
the subject titled Kitah-¢ Quniy. And
about Ap, 1000 Hasan al-IHasib, an
Avabian nuthority on engineering, wrote
a teehnieal work that fortunately is still
available und gives surprisingly good de-
tails of the construction and maintenance
of the ancient qunats,

The methods used in Iran today we
not greatly diffevent from the system
devised thousands of years ago, and I
shall deseribe the system as it can now

be observed, The project beging with a
saveful survey of the terrain by an expert
engaged by the prospective huilders, A
qunat system s usually dug in the slope
of @ mountain or hillside where materinl
washed down the slope has been depos-
ited fn alluvial fans, The surveyor ex-
amives these fang closely, gencrally dur-
fng the fall, looking for traces of seepagoe
to the swface ov slight vaviations in the
vogetation that may suggest the pres-
enee of water sources buried in the hill-
side. On locating a promising spot, he
arranges for the digging of a trial well.
Twa diggers, called muganni, take up
this task. They set up a windlass at the
surfuce to haul up the excavated materi-
al in Jeather buckets and proceed to dig
a vertical shalt abont three feet in diam-
ater, one nman wm-king with a mattock
and the other with a short-handled

spade. As they load the spoil in the buck-
els, two workers al the swrface pull it up
with the windlass and pile it wround the
wouth of the shaft. I Tuck is with them,
the diggers may strike an aquifer at w
depth of 50 foet or less, Sometimes, how-
ever, they dig down 200 to 300 feet to
reach waler, and this necessitates fustall-
ing a relay of windlasses at stages 100
feet apart on the way dowu,

When they arrive ab o moist stralmn—
a potential aquifer—the diggers scoop
out a cavity to its impermeable clay hot-
tom, and for the next few dayy the leath-
er buckets are dipped into the hole peri-
odically to measwre the rute of accnmn-
lation of water in it. If more than a trickles
of water is flowing inte the hole, the snr-
veyor can conclude that he has tapped
a genuine aquifer. e may then decide
to sink more shafts inlo the stratum in

EXCAVATION OF A QANAT begins at the downhill end after a
1rial woll (right) hos suceessfully tapped the uphill water table.
Where the gradually sloping tunnel passes through zones of loose
enrth (feft) hoops of tile support the walls, but u tunnel generally
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Ineks masonry except at the discharge point. Ventilation shalts mre
dug at intervals of 50 yards or so; earth and rock exeavated from
the tunnel face are winched to the surfuce theough the shafis,
Sightings over a pair of oil lamps help to keep the tunnel diggers®



the immediate urea o determine the ex-
tent of the aquifer and its yield,

The surveyor next proceeds to chart
the i}mspective course of an mder-
ground conduit through which the wa-
ter ean flow from this head well or group
of wells o the ground surfuce at some
paoint farther down the slope. For the
downward piteh of the conduit he selects
a gradient somewhere between one foot
in 500 and one in 1,500 the gradient
must be slight so that the water will flow
slowly and not wash material from the
bottom of the conduit or otherwise dam-
age it. For his measurements the survey-
or uses simple instraments: o long rope
and a level. (The ninth-century treatise
Kitab-e Quniy deservibed a tubular water
level and a kuge triangular ]weling de-
vice with a plimb that was then em-
ployed in this task.) The surveyor lets the

HEAL WELL

progress on o straight line. A lamp flame
that burns badly also gives warning of had
nir, Bofore the wnnelers brank through to
the head well, men at the surface hail it dry,

rope down to the water level in the well
and marky the rope at the surface to
show the depth, This will be his guide
for placing the mouth of the conduit;
obviously the mouth must be at some
point a little below the water level indi-
cated by the rope. A series of vertical
shafts for ventilation will have to be sunk
from the surface to the conduit at certain
measured intervals (perhaps 50 yardls)
along its path, Consequently the survey-
or must determine the depth from the
surface for each of these shafts, He uses
a level to find the drop in the ground
slope from each shaft site to the next and
marks the length of this drop on the
rope. This tells him how far down from
the surface each shaft would have to be
dug il the conduit ran a perfectly level
course. He then caleulates the additional
depth to which each should be dug (in

view of the prospective pitch of the con-
duit) by dividing the total drop of the
conduit from the well's water level to
the mouth by the number of proposed
ventilation shafts,

As the muganni proceed to dig the
conduit itself, guide shafts are sunk to
the indicated depths at intervals of about
300 yards to provide information regard-
ing the route and pitch of the conduit for
the diggers. They start the excavation of
the conduit from the mouth end, digging
into the alluvial fan. To protect the
mouth from storm-water damage they
often line the first 10 to 15 feet of the
tunnel with reinforcing stone. The con-
duit is about three feet wide and five
feet high, As the diggers advance they
make sure they are following a straight
course by sighting along a pair of burn-
ing oil lamps. They deposit the exca-

TUNNEL CROS5 SECTIONS indicate some of the variations possible in qa’nal cfndmts.
The mnnel walls may be strengthened with tile hoops (fz) or wherc1 l];,e l:lmnr}zl 1})):)3;;33
through elay or well-compacted soil the walls may be I(fft unlined (b).If ¢ ?ebezl(] we s‘do(c)
go dry and therefore need Lo be dug deeper, the conduit would also need to be deepene .
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vated material in buckets at the foot of
the nearest ventilation shaft, and it is
hauled up by their teanunates above.
The tunnel needs no  reinforcement
whare it is dug through hard clay or a
coarse conglomerate that is well packed.
When the muganni come to a boulder
or other impassable obstacle, they tun-
nel around it and then must recover
their bearing toward the next ventilation
shaft, They show a good deal of skill in
this, relying partly on their sense of di-
reetion and partly on listening for the
sounds of the diggers working on the
vertical shaft ahead. The greatest dan-
ger encountered by the muganni is
sandy, sofl, [rinble or otherwise unstable
soil, which may cause the roof of the
tunnel to collapse on them. In such pas-
sigres Lhe diggers generally line the ex-
cavaltion with oval hoops of baked clay
as they cut away the face of the work,
Gases and air low in oxygen also are
hazards; the diggers carefully watch
theiv oil lunps for waming of the possi-
bility of & sullocating aunosphere, As
the muganni approach the aquifer they
must be alert to another danger: the
passible {looding of the tumel by a
sudden inrush of water. This hazard is
particularly great at the moment of
breakdwough into the head well; the
well must be emptied or tapped very
cautiously if the men ave not to be
washed down the conduit by a deluge.
Because of all these hazards muganni
all the qanat “the murderer.” A mu-
qanni always says a prayer before en-
tering a qanal, and he will not go to work
on a day he considers unlucky.
Depending on the depth of the aqui-
fer and the slope of the ground, ganats
vary greatly in length; in some the con-
duit from the head well to the mouth is
only a mile or two long, and at the other
extreme one in southern Iran is more
than 18 miles long. Commonly the
length is between six and 10 miles. The
water discharge obtainable from indi-
vidual qanats also varies widely, For
example, of some 200 qanats in the
Varamin plain southeast of Tehran the
largest yields 72 gallons per second and

RUINS OF PERSEPOLIS, the ancient capi-
tal of Persin Luilt by Darius in 520 B.c., are
at the center of the aerial photograph on the
opposite page. The rows of small holes re-
gembling pockmarks reveal the presence of
geverul ganat systems Dbelow the surface:
cach liole is the top of a ventilation shalt,
Most of the gonats around the ruing of
Persepolis were huilt only a few decades ago.

T

WINDLASS CREW, sheltered from the sun by an improvised tent, raises a load of ac-
cumulated silt in the process of cleaning a qanat conduit tunnel. Standing beside the tent
is a child who is needed on this job because the ventilation shafts are smaller than usual.

the smallest only a quarter of a gallon
per second.,

Not until the qanat has been com-
pleted and has operated for some time
is it possible to determine whether it will
be a continuous “runner” or a seasonal
source that provides water only in the
spring or after heavy rains. Because the
initia] investment in construction of a
ganat is considerable, the owner and
builders often resort to probing and la-
borious devices to enlarge its yield. For
example, they may extend branches from
the main conduit to reach additional
aquifers or excavate the floor of the ex-
isting conduit in order to lower it and
tap water at a deeper level [see illustra-
tion at right on page 971, A great deal of
care is also given to the maintenance of
the qanat, The ventilation shafts are
shielded at the top with crater-like walls
of spoil and sometimes with hoods to
prevent the inflow of damaging storm
waters. Muganni are continually kept
employed cleaning out silt that is washed

into the conduit from the aquifer, clear-
ing up roof cave-ins and making other
repairs.

N is to be expected of a system that
has existed for thousands of years
and is so important to the life of the na-

tion, the building of ganats and the dis-

tribution of the water are ruled by laws
and common understandings that are
hallowed by tradition. The builders of
a ganat must obtain the consent of the
owners of the land it will cross, but per-
mission cannot be refused arbitrarily. It
must be granted if the new qanat will
not 'interfere with the yield from an ex-
isting ganat, which usually means that
the distance between the two must be
several hundred yards, depending on
the geological formations involved.
When the parties cannot agree, the mat-
ter is decided by the courts, which nor-
mally appoint an independent expert to
resolve the technical questions at issue.
Similarly, there are traditional systems
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for the fair allocation of water from a
qanat to the users. If the qunat is owned
by a landowner who has tenant farners,
he usually appoints o water bailiff who
supervises the allotment of water to cach
tenant in accordance with the sive of the
tenants farm and the nature of the ceop
he is growing, When the peasauts them-

TILE HOOPS are piled up near one of the vertienl shafts that lead
to the conduit tannel of a qunat under constenction in rural

ROW OIF CRATERS, each one marking the mouth of a qanat ven-
tilation shaft, runs across un arvid plain in western Iran, The walls
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selves own the ganat, as is increasingly
the case under the vew land veforms in
Iran, they elect a trustworthy water
batlilf who sees that each farmer ve-
ceives Iiis just share of the water at the
proper time--and who receives a Iree
share himsell for this service. The bai-
Biff is guided by an allocation system that

has been fised for hundreds of years,
Foriustance, three hamlets in the vegion
of Sehdeh in western Ivan still veceive
the shares that were allotted to them in
the 17th century by the civil engineer in
the reige of Shah Abbas the Great, The
haalets of Dastgerd and Parvar are en-
titled to eight shares apicee and Karton

Tran. Their presence indieates that the constenetion erew has en-
countered a zone of loose eurth and must shore up the tunnel wally,

of the eraters proteet the shafts and the tunnoel below from erostonul
damage from the inflow of water during a heavy dosert rainstorm,




to nine shares, and these allocations are
built into the outlets from the qanat dis-
tribution basin: the outlets at Dastgerd
and Parvar are eight spans wide and the
ane at Karton is nine spans wide.

The agricultural  production made
passible by the qanats amply repays the
investment in construction and mainte-
nance. My own recent inquiries showed
that the return on these nvestments in
the value of crops and sale of water
ranges from 10 to 25 percent, depending
on the size of the qanat, the yield of wa-
ter and the kind of crop for which it is
nsed. A qanat about six miles long costs
hetween $13,500 and $34,000 to build,
the cost varying with the nature of the
terrain, For a qunat 10 to 15 miles long
the cost runs to abdut $90,000,

Construction costs have risen in re-
vent years as the standard of living in
Iran has improved and labor costs have
increased.  Moreover, the division of
large lndholdings into smaller ones un-
der the new land-distribution policy, as
well as the introduction of expensive
modern Farming machinery, has made
it difficult for the individual landowners
o allord the expense of constructing
new qanals or maintaining old ones.
Many of these farmers are now drilling
wells and using diesel pumps, rather
than building underground conduits, to
bring the water to the surface. Conse-
(quently the construction of new qanats
may cease, unless the peasants’ newly
formed village cooperatives find it prof-
ituble andl can raise the necessary capital
Lo build them,

Whatever the Future of Iran’s qanat
system may be, it stands out today as an
impressive example of a determined and
lhardworking people’s achievement. The
22,000 ganats in Iran, with their 170,-
000 miles of underground conduits all
built by manual labor, deliver a total of
19,500 cubic feet of water per second—
an amount equivalent to 75 percent of
the discharge of the Euphrates River
into the Mesopotamian plain. This vol-
ume of water production would be suffi-
clent to irrigate three million acres of
arid land for cultivation if it were used
entirely for agriculture. It has made @
garden of what would otherwise have
become an uninhabitable desert. There
are indications that in early times the
country had a flourishing vegetation
that gradually dried up, partly because
of deforestation and the loss of fertile
soil by erosion. The Persian people re-
spon(led to potential disaster with an
ingenious and farsighted solution that
represents @ classic (ribute to human
resourcefulness.

MASONRY MOUTH of un Iranian qanat is equipped with a pair of sluice gates that allow
diversion of the water into separate canal systems. The amount of ganat water that may be
allotted to village or individual is sometimes determined by decisions made centuries ago.
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STREAM OF QANAT WATER flows past a wall-enclosed garden in an Tranian town. The
stream first flows through the town and then is diverted into farm irrigation channels.

105




