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flfjllt'dul'ls that wuulrl hring mountain gruund \\'fill'!' to arid plains. 

'f'orlul· tlu· s\·stenl prol'it!es :---.') pef'f~ent; r~/ t!w 1\'att'l' used in Iron 
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\ lra\'!•lt•r llyiug m·t•r lmu m11 suo 

1 .. plainly that lht• l'OIIIItry has Htl 

I · ·· arid vlilllal<'. Tlw !nudau plalt•att 
is lnrgt•ly tlt•st•rt. !\lost of lra11 (<'X!'(•ptillg 
art•as i11 tlu• lllll'thw<•slt•l'll provillt't!S tuul 
uloug lht• soutlwm shor<•s ol' Lht• Caspian 
Sl'a) n•t•<'i\"I'S oulv si:-.: to I 0 im·lws of rniu­
lalt a yt•nr. < Hh;•r r<•gions of tlw world 
with so lillh• railll'all (for t•xnmplc' till' dry 
lu•url of Austmliu) urn lmrn•u of allt!lllpls 
at ngrit·ulltll'<'. Yl'l It·a11 is a fanlling 
t·ntllllry lhulnol only j.!;rows its ow11 food 
but nb11 llt:liHI!);t'S to pmdm•t• t•rops for 
t•:-.pml. s11vh as t•ollou, driPt! fmits, oil-

hy II. 1':. \\ ulll' 

st•t•ds a11d so 011. 11 has aelliovml this n·· 
Illarknbh• act•omplislmwul hy dt•v!'loping 
till ill!J;lltlious syslt•m for lapping lllltkr· 
ground walt•r. The sy.~l<•m, vallt•d qanat 
(frmn a St•milit• word nu•nui11).'; "to tlig"), 
was im•t•lltt•d in lra11 tlwnstlll(ls of yt•ars 
ago. alltl it is so simp!<' nncl oll't•t•Livt: Lhal 
il \\'tiS adopll'tl i11 many oth<'l' arid n·­
gioltS of Llll' t-.Iiddl<~ East nml nrmnulllw 
Mt•dilm'l'nlti'HJI, 

TlH• quuul sysl!!m mnsists of llll<lt!l'· 
ground duuuwls tltntt·oHv<•y walm from 
H<[ltift~rs in highlands lo llw slll'l'ttt'P nl 
loW<!!' h•vt!ls hy ~mvily. Tlw qnual works 

of lra11 m•n• built llllll svnlt• that rivalt•d 
tl\1' gn•at nqtH'duds of tlw Homan Em­
pin•. \VIH'I'I'a.~ LIH• Holllnll acptPdul'ts 
now art• oulv a lti.~lcn·it•ttl <·uriosilv. tlH! 
IrnHian svsl<:lll is still iu liS<' aflt•t.':l,OtHl 
y<'ars ami has <'tlltlilmnlly ht•t'll mqmwl­
(!(1. Tht•n• at'!! sonH' 22,000 qanal 1111il.~ 

i11 lt·att, t'11111prisiug mon• tlutll 170,000 
milt•s of lltlth•rgromHil'lmlllll'ls. Tht• .~ys· 
l<'lll supplic•s 7!) pt•r<•t•ttl of nlltlw wntt•r 
nst•d in that <'OIIlllry, pmvidiug wntt•r 
1111l o11ly for irrigation butnlso for honst•· 
hold t•onsumpliou. l!ulilrt•tt•ntly (ht•fon• 
lh<' huildiug of lh<• Karaj Dam) tht' lwn 
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million inhabitants of the city of Tehran 
depended on a <pnat system tapping the 
foo lh ills of the Elhurz !vloun tains for 
their enUre water :mpply. 

Dist~overics of nnclorgrouml eomluits 
in n 1111111her of andont Homan silos led 
sonw modern archaeologists to suppose 
the Homans had iuvmtted tho <ttmat sys­
l('ll1. \Nriltcn nwonls amlrecent excava­
tions l<)aVe 110 donbl, however, that 
undenllran (Persia) was its actual birth­
place. As early as the seventh century 
n.c:. tho Assyrian !dug Sargon II reported 
tl1at dming u eampaign in Persia he had 
found nn undergwund system for tap­
ping water in operatiou uenr Lake Ur­
min. His son, King Smumchcrib, applied 
the "secret" of using underground con­
duits in building an irrigation system 
nronnd Nineveh, and h<) cmtslrnctecl a 
<pna l on the Persian mmld to supply 
waler for the dly of Arbela. Egyptian 
inscriplious disdose that the Persians do­
lllllt)d. tho iclou to Egypt aFler Darius I 
emHJumed Lhnt country in 518 n.c. Scy­
lnx, a l'aptain in Dndus' navy, built a 
qunnl that brought water to the oasis of 
Knq..;, apparon Lly from the nndergronnd 
wulcr lnble of the Nile Hiver ]()() mil<•s 

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

Hcferences to c1anat systems, known 
hy various names, are fairly common in 
lhe literature of ancient and medieval 
times. The Greek historian Polybius in 
the second century n.c. described a 
<pnat that had been built in an Iranian 
desert "during the Persian ascendancy." 
It had been constructed underground, 
he 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." 

()tmats have been found throughout 
L the regions that came within the cul­

tural sphere of ancient Persia: in Paki­
stan, in Chinese oasis settlements of Tur­
kistan, in southern areas of the U.S.S.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 
oasis settlements are inigated 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 been excavated. In A.D. 728 the 
caliph of Damascus built a small qanat to 
supply water for a palace in the counh·y. 
A century later the caliph Mutnwakkil in 
Iraq likewise consh·ucted a qanat sys­
tem, presumably with the aid of Persian 
engineers, that brought water to his resi- · 
dence at Samnrra from the upper Tigris 
River 300 miles away. 

Thanks to detailed descriptions by 

fol' l'lenninfl und repuir of the eonduil tunnel helow; Called qanats 
ufter the Semitic word menning "to dig," the irrigation systems 

were invented in Persia during the first millennium n.c. The hori· 
zontal tunnel of the qunat is commonly from six to 10 miles long. 

95 



several early wdtm~, W<' han· n good 
it!Pn of the tedmhpws nsPd by the origi~ 
nnl qaual lmildPrs. Vilrm·ins. tlw lirst 
syst('lnalie historian of lt't ·lumlngy, gave 
an ueemmt of I ht• qmml syslt1lll ill tet·h­
nlt'al d(•lnil iu his histmic work De Al'­
dlitrTIIIm (about HO B.c.). ln the ninth 
t·<•ntury ,\.ll., nl tlw roqnesl or a Ptwsian 
proviltl'inl gm•t•ruor, Ahtlullah ilm-Tahir, 
a ~mnp of writors t•ompiletla trontisn 011 

LltP suhjC1d lilk'd Kit(I/H• ()uniy. All(l 
about A.D. ] 000 Hasan al-Hasib, an 
Arabian antlun·ily on engineering, wmto 
a tedmknl work that fortunately is still 
nvuilahlt• aml gives smprisingly good de­
tails of tht• eonstnu::tion and nutiulenanee 
of th() nndcmt qmwts. 

Tlw methods used in Irnn today aro 
11ot gronlly difFmeut from the sylitem 
dt'visetl thmtsaHcls of years ago, and I 
shall describe the systt•m as it t•mt now 

he observed. The project begins with a 
cm·dul survey of the term in by an expert 
ungnged by the prospective builders. A 
qmwt system is usually dug in the slope 
.;f a mountain or hillside wlwro material 
washed tlown tlw slope has lwPn depos­
ill;d in alluvial fans. Tlw smveyor ox­
mnilws lhPse faw; c·losdy, generally dm­
ing tho fall, looking for tmet;s of seopago 
to tlw sml'ace or slight vnriations in the 
vogetalion that may suggest the prt•s­
cmee of water sources buried in the hill­
sid(;). On loL·nting a promising spot, he 
urnmges for the digging of a trial well. 

Two diggers, ealled nwqmmi, take up 
this task. They set up n windlass at the 
smfnt•t1 to haul up the excavated matm·i­
nl in leather buckets nm1 proceed to dig 
u vertil•al shaft nhont three feet ill tliam­
eter, 0110 man worki11g with a mattoek 
nml the othor with a short-hamllml 

spade. As they load the ;;poi! in the buck­
ets, two workers at the surface pull it up 
with the wiudlass and pilo it around the 
mouth of the shaft. If luck is with lht'll1, 
the diggt>rs may strilw an aqnif'!•r nl tl 

th•pth of !'50 f<•<•t· or lt;ss. Somdinws, how­
\Wt'r, tlH'Y dig down 200 lo :lOO i'<'<'l lr l 
n•;uch wnt<"l', ant! this JHK'<'Ssi\nt<'S install­
ing a n•lay of wimllasSt;s at slag<•s ] 00 
fed apart on tlw way down. 

\Vheu thev arrive at a moist slrnlnm­
tt pottmlial 'aquift•r-tlw diggers scoop 
out a cavity to its impt>rmeahle day hot­
tom, and for the next fmv clays the IPalh­
cr buckets arc dipped into the holo ]Wri­
odieally to measure tho rule of aet'lllllll­

lalion of water in it. If nwru than n lrkklo 
of water is Howing into tlw hole, the sm·­
veyor l'Hil cmtclude that Ill.' hus tapJwd 
a gonuino <HJ!tifer. IIP may thou dPeide 
to s.ink nwre shal'ls iulo Llw stratum i11 

EXCAVA'l'JON Ol~ A QANAT hc~tins at the downhill end ufLcr u 
trial well ( rigltll hu~ 8\1!\l'ellsfully l!lpped the uphill wuteL' ltlhle. 
\Vlwm the ~rmluully sloping tunnel pusseH through zone,; of looHc 
ctll'lh 1 lr1jl J lwo(lH of tiltl support tlw wullH, hut u ttnmcl generally 

Iacko musom·y except ulthc <lind1urgc point. Vcutilution ,;hnflK nre 
dug at intervals of 50 ynrds or H(J; tmrlh uud rot•k ext~nvnted frotn 
the tunnel fucc ttrc winehcd to the HUdtH'c through the HhuftH, 
Sightings ovet· n pnir of oil lumps help to hep the tunnel dil(~lli'H' 
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tho immediate areu to determine the ex­
tent of the aquifer and its yield. 

The surveyor next proceeds to chart 
tho prospective course of an under­
ground conduit through whk·h the wa­
ter mn flow from this lwnd well or group 
nf wt>lls to tlw gmund smface at some 
point fnrllwr down the slope. For the 
downward pitch of the l'ondnit he selects 
a gradient sonwwhere bt•twt•en one foot 
in 500 and one in 1,500; the gradient 
must be slight so that the water will flow 
slowly and !lot wash material from the 
bottom of the conduit or otherwise clam­
nge it. For his measurements l·he survey­
m· ust~s simple instruments: a long rope 
aml a ](JVC'l. (The nintl1-eenlury treatise 
Kllah-£• Qrmiy deseribt•d a tubular water 
levd aml u large triangular levding de­
viee with a plmnh that was then em­
ployed in this tusk.) The smveyor lets the 

HEAl) WELL 

pr!li(I'C~~ on u ~truifllll lirw. A lump flume 

tJI!It illll'!lH hadJy a)HH !liV!~k Wlll'lliflfl of hnd 
nir. Befnt·tl the tmuwh~n· hr't!nk tht·on~h to 
tlw lwud m~ll, nwn Itt the ~urfiH'e huil il dry. 

rope down tu th<~ water level in the well 
and marks 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 u little below the water level indi­
('ated by the mpe. A series of vertical 
shafts for ventilation will have to be sunk 
from lhe surface to the conduit at certain 
measured intervals (perhaps 50 yards) 
along its path. Consequently the survey­
or must dete1mine 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 if the conduit ran a pedectly level 
course, He then calculates the additional 
dt~pth 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 moutl1 by the number of proposed 
ventilation shafts. 

As the muqarml 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 tl1e excavation of 
the conduit from tl1e mouth end, digging 
into the alluvial fan. To protect the 
mouth from storm-water damage they 
often line the flrst 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 CROSS SECTIONS indicate some of the variations poosible in qanat conduits. 
The tunnel walls may he strengthened with tile hoops (a) or where the tunnel passes 
I . 1 1 11 cotnpncted soil the wnlls mny be left unlined l b). If d1. e head well should 

1 trOll !I 1 t' ny or we " " d h d •d ( ) 
I Ill •fot•c 11eed to l1c dua deeper, the conduit would nlso nee to e eepenc c • go ( l'Y Hill lCl'C o 
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vnted material in buckets at the foot of 
the nearest ventilation shaft, and it is 
hault'd up by their teammates above. 
Tlw ltmttel needs uo reinforcement 
wlwro il is dug thmugh hurd day or a 
coarse conglomerate that is well pad::ecl. 
\Vltt'll the muqanni come to a boulder 
or other impassable obslude, they tun­
nel aromtd it ami then must recover 
tlwir bearing toward the next ventilation 
shaft. They show a good deal of skill in 
this, relying partly on their sense of di­
redion aml partly on listening for the 
souut!s of the diggers working on the 
vertieal shaft ahead. The greatest dan­
ger encountered by the muqanni is 
samly, soft, friable or otherwise unstable 
soil, which may cause the roof of the 
ttllHWI to collapse on them. In such pas­
sagus Lim diggers generally line the ex­
cavation with oval hoops of baked clay 
as Lltoy cut away the face of the work. 
(:asus ami air low in oxygen also arc 
hazards; tho diggers earefully wateh 
their oil lamps for warning of the possi­
hilily of a sulrocuting atmosphere. As 
tho IHIU(llll'lli approach the aquifer they 
!llnst be nlort to another danger: the 
possible llootling of the tunnel by a 
sudden imush of water. This hazard is 
particularly great at the moment of 
breakthrough into the head well; the 
well must be emptied or tapped very 
cautiously if the men are not to be 
waslted tlown the conduit by a deluge. 
Because of all these hmmrds m~tqanni 
call the qanat "the murderer." A mtt­
Cfalllti 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 nqui-
• fer and the slope of the ground, qnnnts 

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 
wnter discharge obtainable from indi­
vidual qnnnts also varies widely. For 
example, of some 200 qanats in the 
Vanunin plain southeast of Tehran the 
largest yields 72 gallons per second and 

RUINS OF PERSEPOLIS, the ancient capi· 
tnl of Pcr~iu built by Durius in 520 n.c., are 
nl the center of the uerinl photograph on the 
opposite page. The rows of small holes re· 
8cmbling pO<~kmnrks reveal the presence of 
Hevci·al qnnat HystcmH below the surfut~e: 
(llldt hole iH the top of n ventilation tihnft. 
Mo"t of the qanat8 around the ruins of 
I'erHtl!HiliH were huih only u few decadcH ago. 

WINDLASS CREW, sheltered from the sun by an improvised tent, raises a loud of ac· 
(~umulated 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 
initial investment in construction of a 
qanat 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 illustm­
tion at 1'ight on 1Jage 97]. 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. Mttqanni 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 qanats and the dis­
tribution of the water are ruled by laws 
and common understandings that are 
hallowed by tradition. The builders of 
a qanat 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 qanat, 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 nllocl\tion of watc•r from a 
(!H11Ul to the USers. ff the qaual is 0\\'IH'd 
by a Ianclownor who has Ltnwnl fanners, 
h~J usually appoints a wa lnr Imilill' who 
StlJWrvisPs tlw allotm(•nt of wator to <meh 
tenant i11 at'vordaJJl't' with tlw size of tho 
tenant's Lmn and tlw nalur<J of the erop 
he is gmwing. When tho peasants lhvm-

seh·es O\Vn the qannt, as is increasingly 
the ease under the ne\v land reforms in 
lmn, they eleet n trustworthy water 
bnililf who sees that each fanner ru­
eoivos his just share of the wale!' at the 
pro]Wl' limo--and who reeoivtJS n fret• 
slmrn himself for this service. The ha i­
liiF is guided by an allocation system that 

has been fixed for hundreds of years. 
For instance, three luunlets in the region 
of Sehdeh in woslorn Iran still receive 
thu shares that wm·o allollml to them in 
the 17th cm1tury by tlw t'ivil <mgiii<'<Jl' in 
tlw reign of' Shah Abbas Lh<' ( :n•at. Tho 
hamlets of' Dastgenl ami Parvar aw <'II· 
titlt>d to l'ight shan.•s apiec<' a11d K.artm1 

TILE HOOPS nre pileilnp neut· one of tho vm•tilml nhnfts thnt ltmd 
to the t•ouduit llmnel of 11 qunut under t~onHtrnction in l'Urul 

Imn. Thtlit· pt'eHcnt•e indi(•nteH that tht~ t•onsll'uNion ('l'tl\1' huH en· 
l:omllot·c<lu zone of loose eut•th nnd mliHl Hhnre up the tumwl wullH. 

HOW OF CHATEHS, eneh one murking the month of n qnnut ven· 
tilution shul't, runs uerosH tm ul'id plain in wcHtern Iran, The wulb 
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to nine shares, and these allocations are 
built into the outlets from the qnnat dis­
tribution basin: the outlets at Dastgercl 
and Parvar are eight spans wide and the 
ono at Karlm1 is nine spans wide. 

Tho agricultural production made 
possihh~ by the (JlllHtLS amply repays the 
investment in constnwlion antl mainte­
unnce. !vly own recent inquiries showed 
that the return on these investments 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 n qnnnt 10 to 1.5 miles long 
the cost runs to nh<lut ~90,000. 

Construction costs have risen in re­
t•tmt years as the standard oF living in 
lnlll has improved and labor costs have 
increased. Moreover, the division of 
lurgll lnmlhoklings into smaller ones un­
der the new land-distribution policy, ns 
well as the introduction of expemive 
motleru Fanning machinery, has made 
it diJilcult for the individual landowners 
Lo alFord the expense of constructing 
new qanats or maintaining old ones. 
lvlnny of these fanners are now drilling 
wells and using diesel pumps, rather 
than building underground conduits, to 
hring the water to the surface. Conse­
quently the construction of new qnnats 
may eease, unless the peasants' newly 
formed village cooperatives find it prof­
itable and enn raise the necessary capital 
Lo lniilcl them. 

vVbatever the future of Iran's qanat 
system may be, it stands out today as an 
impressive example of a detennined and 
hardworking people's achievement. The 
22,000 qanats 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 seeond­
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
cient to irrigate three million acres of 
arid land for cultivation if it were used 
entirely for agriculture. It has made a 
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
sponded to potential disaster with an 
ingenious and farsighted solution that 
represents a classic tribute to human 
resourcefulness. 

MASONRY MOUTir of an Iranian qanat is equipped with a pair of sluiee gates that allow 
divcndon of the water into separate canal systems. The amount of qanat water that may be 
allotted to village or individual is sometimes determined by decisions made centuries ago. 

STREAM OF QANAT WATER flows past a wall·enclosed garden in an Iranian town. The 
slreum lirst flows thro~tgh the town and then is diverted into farm irrigation channels. 
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