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The Social and Environmental Effects of Large Dams 
WHY DAMS? 
Dams and o the r wa te r projects a r e popular ly seen 
as p laying a vital role in economic deve lopment . 
— By supp ly ing hydro-e lec t r i c i ty , d a m s supply 

t h e ' power to p rogres s ' . 
— By prov id ing w a t e r for i r r iga t ion , t h e y he lp 

boos t food p roduc t ion , enab l ing m o r e m o u t h s 
to b e fed in an inc reas ing ly h u n g r y wor ld . 

— A n d b y r egu la t i ng t h e flow of r ivers , t h e y he lp 
r e d u c e flood d a m a g e . 
But do dams ach i eve t hose bas ic objectives? 

THE PACE OF CONSTRUCTION 
T h e p a c e of dam c o n s t r u c t i o n h a s a c c e l e r a t e d 
s ince Wor ld W a r II. A b o u t 38 p e r c e n t of t h e 
m o n e y loaned b y t h e Wor ld Bank for agricul­
tu ra l d e v e l o p m e n t s c h e m e s h a s b e e n for irri­
ga t ion projec ts—and 90 pe r c e n t of t h a t l end ing 
ha s o c c u r r e d in t h e last t e n y e a r s . 

By 1990, t h e wor ldwide to ta l of dams ove r 150 
m e t r e s in h e i g h t is e x p e c t e d to h a v e r e a c h e d 
113, of w h i c h 49 will h a v e b e e n buil t du r ing t h e 
1980s. 

Today , m o d e r n t e c h n o l o g y e n a b l e s u s to build 
dams of a size and complex i ty w h i c h wou ld h a v e 
s t agge red t h e anc i en t s . 
— In Egypt , t h e A s w a n High Dam is s e v e n t e e n 

t imes h e a v i e r t h a n t h e g r e a t p y r a m i d of 
C h e o p s . 

— In G h a n a , t h e Vol ta Dam i m p o u n d s a r e se rvo i r 
t h e size of t h e Lebanon . 
For t h e future , e v e n m o r e ambi t ious s c h e m e s 

a re p l anned . 
— In China , a 1,265 k i l ome t r e cana l will d iver t 

w a t e r from t h e Yang t se River t o t h e ar id n o r t h . 
T h e s c h e m e is e x p e c t e d to i r r iga te 3.8 mill ion 
h e c t a r e s of fa rmland a n d to g u a r a n t e e r egu la r 
w a t e r suppl ies to a fu r ther 1.3 mil l ion ha . 

— In India, a ser ies of cana ls will d iver t w a t e r 
from t h e Brahmapu t r a , t h e G a n g e s and t h e 
Indus Rivers to d r o u g h t - p r o n e r eg ions in 

W e s t e r n , C e n t r a l and S o u t h e r n India. Those 
cana l s will r ad i a t e ou t from t h e 2 ,000 mile-
long G a n g e s / C a l v e r y River Cana l , w h i c h will 
r u n d o w n a lmost t h e e n t i r e l e n g t h of t h e 
c o u n t r y . 

— In t h e USA, a p lan to b r ing w a t e r from t h e East 
of T e x a s to t h e arid and semi-arid w e s t e r n 
r e g i o n of t h e s ta te is still in t h e offing. T w o 
cana l s a re p roposed—one of 600 k i l o m e t r e s 
and o n e of 1,200 kms . T o g e t h e r t h e y will m a k e 
up t h e T e x a s W a t e r Sys tem. A l t h o u g h t h e 
s c h e m e w a s t u r n e d d o w n b y a local r e fe ren­
d u m in 1969, a r ev i sed v e r s i o n (no less am­
bitious) h a s b e e n p roposed . 

THE LURE OF HYDRO-POWER 
Power—and in pa r t i cu la r c h e a p power—is con­
s idered a sine qua non of d e v e l o p m e n t . 

O n t h e face of it, h y d r o - p o w e r is e x t r e m e l y 
c h e a p . A t 1,000 dol lars pe r k i lowat t of ins ta l led 
capac i ty , hydro -e lec t r i c i ty cos ts far less t h a n 
p o w e r from a t h e r m a l p lant , le t a lone a n u c l e a r 
r eac to r . 

J u s t ove r 123,000 m e g a w a t t s of hydro-e lec t r i ­
c i ty is c u r r e n t l y u n d e r cons t ruc t i on . Dams 
capab le of add ing a fu r the r 239 ,000 m e g a w a t t s 
a re in t h e p l a n n i n g s tage . 

If all t h e e n e r g y c o n t a i n e d in t h e r ive r s of t h e 
wor ld w a s to b e h a r n e s s e d b y dams , t h e n an esti­
m a t e d 73 ,000 t e r a w a t t - h o u r s (one t e r a w a t t be ing 
equ iva l en t to o n e tr i l l ion wat t -hours ) of e lectr i ­
c i ty could be p r o d u c e d e v e r y y e a r . T h a t ' s equa l 
to t h e p o w e r of 12,000 n u c l e a r r e a c t o r s . 

Techn ica l difficulties, h o w e v e r , p r e c l u d e m u c h 
of t h a t e n e r g y b e i n g explo i ted . N o n e t h e l e s s , t h e 
Wor ld E n e r g y C o n f e r e n c e cons ide r s it possible 
t o t ap 19,000 t e r a w a t t - h o u r s a yea r—as aga ins t 
t h e 1,300 t e r a w a t t h o u r s p r o d u c e d t oday . 

Thi rd Wor ld g o v e r n m e n t s h a v e e m b a r k e d o n 
mass ive s c h e m e s to exploi t t o t h e full t h e e n e r g y 
of t he i r r ivers . 
— In Brazil, t h e I taipu Dam o n t h e P a r a n a River 

will a lone g e n e r a t e 12,600 m e g a w a t t s — t h e 
equ iva l en t o u t p u t of 13 l a rge n u c l e a r p o w e r 
s ta t ions . 

— C h i n a ' s Sanxia Dam o n t h e Yang t se River is 
still m o r e ambi t ious . O n c e comple ted , t h e dam 
will g e n e r a t e 40 p e r c e n t of t h e c o u n t r y ' s 
c u r r e n t e lec t r i c i ty ou tpu t—prov id ing 25 ,000 
m e g a w a t t s , equ iva l en t to t h e o u t p u t of 25 
n u c l e a r p o w e r s ta t ions . 
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Briefing 
THE LURE OF IRRIGATION 

I r r iga ted agr icu l tu re is o n e of t h e mos t pro­
duc t ive farming sys t ems k n o w n to m a n . 

In 1982, t h e UN Food and Agr icu l tu ra l Organ­
isat ion (FAO) es t ima ted t h a t 220 mill ion ha . w e r e 
u n d e r i r r iga t ion . F A O h o p e s to b r ing a n o t h e r 
100 mill ion ha . u n d e r i r r iga t ion b y t h e t u r n of 
t h e c e n t u r y . 

Even tha t r a t e of expans ion will l eave m a n y 
h u n g r y , say some agronomis t s . Bruce Stokes of 
t h e W a s h i n g t o n - b a s e d W o r l d w a t c h Ins t i tu te 
a r g u e s t h a t 70 million ha . will n e e d to be b r o u g h t 
u n d e r i r r iga t ion wi th in t h e n e x t decade to k e e p 
pace wi th food d e m a n d . 

W i t h 50 pe r c e n t of t h e e a r t h ' s surface classi­
fied as 'arid ' or 'semi-arid' , t h e r e is li t t le h o p e of 
i nc reas ing t h e a m o u n t of i r r iga ted land w i t h o u t 
also inc reas ing w a t e r supplies. 

But w h e r e will t h e w a t e r c o m e from? 
To da te , t h e answer to t ha t ques t ion h a s gener ­

ally b e e n to tap g r o u n d w a t e r r e sou rce s . But 
t h e r e is a limit to t h e n u m b e r of wells w h i c h can 
be sunk—and t h a t limit appea r s to h a v e b e e n 
e x c e e d e d in m a n y pa r t s of t h e wor ld . 
— In t h e s o u t h w e s t e r n Uni ted States , t h e h u g e 

Ogal la la aquifer will be dep le t ed b y 40 pe r 
c e n t wi th in t h e n e x t 20 to 40 y e a r s if fa rmers 
c o n t i n u e to ex t r ac t w a t e r from it at p r e s e n t 
r a t e s . 

— Al ready , as a resul t of ove rexp lo i t a t ion of 
g r o u n d w a t e r r e se rves , m a n y farms in t h e US 
s o u t h w e s t h a v e b e e n t a k e n ou t of p roduc t ion . 
F a r m e r s c a n n o t afford to p a y for t h e i r r iga t ion 
w a t e r . 
Two o t h e r sou rces of w a t e r r e m a i n . One—de­

sa l ina ted seawater—is p roh ib i t ive ly expens ive . 
T h e o ther—rainwater—is too diffuse and unp re ­
dic table to r e ly upon . 

Large dams c o m p e n s a t e for t ha t unpred ic t ab ­
ility. T h e y s to re w a t e r w h e r e it is n e e d e d for 
w h e n it is n e e d e d . 

SO WHAT'S WRONG WITH DAMS? 
In a wor ld w h e r e mill ions go to bed h u n g r y and 
w h e r e few h a v e access to e v e n t h e c h e a p e s t 
ma te r i a l goods, it mus t s eem chur l i sh to ques t ion 
t h e bui ld ing of large-scale dams and o t h e r w a t e r 
pro jec ts . 

If w e ceased to build such dams , wou ld w e no t 
b e c o n d e m n i n g still m o r e peop le to d e a t h b y star­
vat ion? 

A n d "if t h e e x p e r t s insist t ha t d a m s p rov ide t h e 
r o u t e to p rospe r i t y for all, w h o a r e w e to ga insay 
them? 

Unfo r tuna te ly , t h e r e is a n o t h e r side of t h e 
dam-bui lding coin, a side w h i c h is r a r e ly s h o w n 

to t h e publ ic . It p o r t r a y s a p i c tu re of mass ive 
eco log i ca l d e s t r u c t i o n , of socia l u p h e a v a l , 
d isease and i m p o v e r i s h m e n t . 

RESETTLEMENT-THE FIRST BLOW 
O n e of t h e inev i tab le c o n s e q u e n c e s of f looding 
an a rea is t ha t t hose w h o p rev ious ly l ived t h e r e 
h a v e to be m o v e d . 
— G h a n a ' s Vol ta Dam saw t h e e v a c u a t i o n of 

some 78,000 people from ove r 700 t o w n s and 
vi l lages. 

— Lake Kainji in Niger ia displaced 42 ,000 people . 
— T h e Pa M o n g projec t in V i e t n a m u p r o o t e d 

450 ,000 peop le . 
F u t u r e pro jec ts involved t h e r e s e t t l e m e n t of 

still m o r e peop le . 
— Ch ina ' s T h r e e Gorges Dam s c h e m e will dis­

p lace 1,400,000 people . 
— In t h e Phil ippines, proposa ls to build 40 n e w 

large dams ove r t h e n e x t 20 y e a r s could affect 
t h e h o m e s of over 1.5 mill ion peop le . 
If t h e pas t is a n y t h i n g to go by , t h o s e rese t t l e ­

m e n t p r o g r a m m e s will b r ing n o t h i n g b u t un to ld 
h u m a n mise ry . Indeed, few e x p e r t s h a v e a good 
word to say for past s c h e m e s . As Professor 
Will iam A c k e r m a n n told an i n t e r n a t i o n a l confer­
e n c e on dams in 1976: 

"F rom t h e h u m a n poin t of v iew, r e loca t ion h a s 
b e e n o n e of t h e least sa t is factory aspec t s of 
r e se rvo i r p ro jec t s . . . Se t t l emen t s c h e m e s h a v e 
a h igh failure r a t e a r o u n d t h e wor ld . Even 
w h e r e p l ann ing is effective, some (especial ly 
t h e aged) will n e v e r come to t e r m s wi th the i r 
n e w h o m e s . For t h e m , t h e t r ans i t ion per iod 
e n d s on ly w i th d e a t h . " 
To pol i t ic ians, t h e idea t h a t r e s e t t l e m e n t migh t 

be u n w e l c o m e to local peop le is of ten i ncompre ­
hens ib le . 

A t | t h e he igh t |o f | the c o n t r o v e r s y ove r Sudan ' s 
Jong le i Canal—a canal w h i c h cri t ics c la imed 
would des t roy t h e w a y of life of local n o m a d s -
Sudan ' s S o u t h e r n Regional Pres ident , A b e l Alier , 
told t h e local reg iona l assembly: "If w e h a v e to 
dr ive our peop le to parad ise wi th s t icks, w e will 
do so . " 

Tha t i n to l e r ance of local fee l ings—combined 
wi th a dogmat ic belief in t h e benef i t s of t e c h n o ­
logical progress—is a fea ture w h i c h h a s char­
ac te r i sed all t oo m a n y r e s e t t l e m e n t s c h e m e s . 

Bloodshed is n o t a lways avoided. T h e Philip­
p ines G o v e r n m e n t , for example , b r o u g h t in un i t s 
of b o t h t h e a r m y and t h e pol ice to c ru sh oppo­
sit ion to t h e Chico Dam projec t . A r b i t r a r y 
a r res t s w e r e c o m m o n , and it is a l leged t h a t t h e 
g o v e r n m e n t forces w e r e respons ib le for assassin­
a t ing o n e of t h e chief o p p o n e n t s of t h e dam, A p o 
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Panga t Macli-ing Dulag. In t h e even t , t h e Chico 
pro jec t w a s cancel led—at least for t h e t ime 
be ing . 

LACK OF COMPENSATION A N D INFERIOR 
LAND 
Lack of compensa t ion and r e se t t l emen t on 
inferior lands a re c o m m o n fea tures of reset t le­
m e n t schemes . 
— Only those living on t h e ac tual site of Indon­

esia 's A s a h a n Dam will be compensa t ed for t h e 
loss of the i r land. As a result , 60 pe r cen t of 
those be ing rese t t led will r ece ive n o t h i n g at all. 

— Those families be ing rese t t led in Sri Lanka 's 
Mahawel i s c h e m e will r ece ive just £90 in com­
pensa t ion . T h e Victoria Dam, funded b y Bri­
tain, will flood 123 villages. A min imum of 
45,000 people will be affected. 

— For landless squa t t e r s , t h e p r o b l e m of compen­
sa t ion is agg rava t ed b y the i r lack of legal 
r igh ts . In Brazil, b e t w e e n one-and two- th i rds of 
t hose squa t t e r s affected by t h e T u c u r u i pro­
j ec t will b e unab l e to claim c o m p e n s a t i o n . 
" T h e t r e a t m e n t of squa t t e r s could p r o v o k e 
e n o r m o u s ha rdsh ip for t h e l a rge num b er s— 
poss ib ly 10,000—of a l r e a d y i m p o v e r i s h e d 
peop le to be displaced b y t h e r e se rvo i r , " says 

Dr Rober t Goodland , a sen ior ecologis t a t t h e 
W o r l d Bank. 

— A l t h o u g h e v e r y f a r m e r r e s e t t l e d u n d e r 
G h a n a ' s Upper Vol ta pro jec t w a s to r e c e i v e 12 
ac res , t h e l and c lea r ing got so b e h i n d t h a t o n l y 
8,000 ac res ou t of a n i n t e n d e d 54 ,000 a c r e s 
w e r e c l ea red before f looding. M a n y h a d t o 
r e ly on food hand-ou t s . 

ETHNIC DIFFERENCES IGNORED 
O n c e rese t t l ed , t h o s e w h o h a v e b e e n m o v e d 
often h a v e to c o n t e n d wi th p l a n n i n g au tho r i t i e s 
w h o a re indif ferent to t he i r cu l tu ra l t r ad i t ions . 
— At N e w Haifa, t h e a r e a des igna t ed to r e c e i v e 

t h e 30 ,000 Sudanese N u b i a n s u p r o o t e d b y t h e 
A s w a n Dam, t h r e e major e t h n i c g r o u p s w e r e 
se t t l ed t o g e t h e r . 

T w o of t h o s e g roups w e r e pas tora l i s t s , whi ls t 
t h e th i rd cons is ted of agr icul tura l i s t s . T h e 
resu l t w a s n u m e r o u s and b i t t e r d i spu tes o v e r 
l and r ights . In 1974, t h e a r m y h a d to b e cal led 
in to k e e p t h e p e a c e . 

O n e se t t l e r l i kened t h e N e w Haifa p ro jec t t o 
"a cage w h e r e t h e g o v e r n m e n t pu t a l amb and 
a wolf and a sked t h e m to f igure ou t o n e w a y or 
a n o t h e r to l ive peacefu l ly . " 

Flooded area: 
destroys agricultural land, 
displaces thousands of people. 

Enormous losses 
of water through 
evaporation. 
Irrigation channels 
spread disease -
particularly 
malaria (160 m. 
sufferers) and 
bilharzia (200 m. 
affected). 

Danger of collapse: 
The new technology 
of large dams is only 
imperfectly understood' 
-hydrologist Phillip 
Williams. 

By 1990, there will 
be 113 dams over 
150 metres high 

• 

Silt is trapped hitting 
agriculture and 
fisheries downriver, 
and reducing 
life of dam. 

3 



Briefing 
INAPPROPRIATE HOUSING 
T h e h o u s i n g p r o v i d e d u n d e r r e s e t t l e m e n t 
s c h e m e s is a f requen t source of conflict . 
— At N e w Haifa, m a n y families r ece ived two-

r o o m houses , wh ich w e r e t oo small to accom­
m o d a t e all the i r m e m b e r s . T h e h o u s e s also 
i gno red t h e basic social r e q u i r e m e n t of t h e 
set t lers—in par t i cu la r t h e n e e d for w o m e n to 
be sec luded from m e n , a t r ad i t ion t h a t was 
fundamen ta l to the i r Islamic beliefs. 

— In G h a n a , t h e h o u s e s p rov ided as pa r t of t h e 
U p p e r Vo l t a R e s e t t l e m e n t s c h e m e w e r e 
equa l ly unsa t i s fac tory . A m o n g o t h e r th ings , 
t he i r des ign failed to t a k e in to a c c o u n t t h e fact 
t h a t t h e local people w e r e p o l y g a m o u s . "In t h e 
t r ad i t iona l family h o u s e , t h e w i v e s h a d 
s e p a r a t e r o o m s , " r epo r t s S tan ley J o h n s o n , 
n o w w o r k i n g for t h e E u r o p e a n Commiss ion . 
" T h e n e w h o u s e s offered o n l y o n e r o o m for 
t h e m a n and all t h e w ives . " 

THE ROAD TO THE SLUM 
D e p r i v e d of t h e i r t r a d i t i o n a l c u l t u r e , a n d 
s t r ipped of t h e suppor t of t he i r communi t i e s , 
m a n y of t hose w h o a re r e se t t l ed drift t o w a r d s t h e 
ci t ies. 

T h e r e , a n o w familiar t r a g e d y r e p e a t s itself. 
T h e m e n f r equen t ly t u r n to a lcohol whi ls t t h e 
w o m e n a re f r equen t ly forced to p ros t i tu t e them­
selves s imply to e a r n t h e w h e r e w i t h a l to feed 
t h e m s e l v e s and the i r families. 

Ma lnu t r i t i on and disease a r e rife, jobs a lmost 
impossible to find. It is a wor ld far r e m o v e d from 
t h e 'parad ise ' offered b y t h e au thor i t i e s . Unfor­
t u n a t e l y it is a wor ld in w h i c h mos t of t h e 'bene­
ficiaries ' of dam pro jec ts spend t h e res t of the i r 
l ives. 

AFTER THE FLOOD-THE LOSS OF LAND 
Vast a r eas of land h a v e b e e n s u b m e r g e d u n d e r 
t h e r e se rvo i r s of dams. 
— 400 ,000 ha . d i sappeared b e n e a t h t h e w a t e r s of 

Lake Nasser . 
— 848,200 ha . w e r e lost to t h e Vol ta Dam. 
— 510,000 ha . w e r e f looded b y t h e Kar iba Dam. 

In m a n y cases , t h e f looded a r e a con t a in s thou­
sands of ac res of good agr icu l tu ra l land. 
— In Sri Lanka, t h e Vic tor ia Dam will d e s t r o y 

3,000 ac res of land cu l t iva ted wi th paddy , 
t o b a c c o , vege t ab l e s and o t h e r food crops; 
2,000 ac res cu l t iva ted wi th mixed fruit, cocoa, 
coffee, coconu t , spices, t u b e r s and soft wood; 
and 2,000 ac re s in big and small e s t a t e s of 
cocoa , coffee, pepper , rubbe r , coconu t , sugar 
c a n e and soft wood. 

— In India, t h e Srisailam Hydroe l ec t r i c Scheme 
n e a r H y d e r a b a d flooded some 107,000 ac res 
of farmland. 
In addi t ion, dams h a v e also caused t h e flooding 

of t h o u s a n d s of ac res of va luab le forests . 
— India 's N a r m a d a V a l l e y Project , w h i c h invo lves 

t h e bui ld ing of 30 major dams , will d r o w n 
150,000 ac res of forest, inc lud ing 35 ,000 ac re s 
of t e a k forest . 

LOSS OF WILDLIFE 
T h e inevi tab le loss of wildlife as a resu l t of 
impound ing a dam is r a r e l y s e e n as a r e a s o n for 
foregoing a projec t . Indeed , dams a re of ten si ted 
in ' p ro t ec t ed ' a reas . 
— T h e N a m C h o a n Dam in Tha i l and will flood 

app rox ima te ly 4 pe r cen t of t h e T h u n g Yai 
Wildlife Sanc tua ry . If t h e dam goes ahead , 
t h e n t h e la rges t popu la t ion of As ian e l e p h a n t 
in Thai land , as well as o t h e r t h r e a t e n e d 
species , such as t h e gaur and t h e tapir , could 
face des t ruc t ion . 

— T h e p ro jec ted a rea for Sri Lanka ' s M a h a w e l i 
s c h e m e con ta ins pa r t s of t h r e e wildlife sanc tu­
ar ies . T h e s c h e m e will ser ious ly d is rupt valu­
able w e t l a n d hab i t a t s a long t h e b a n k s of t h e 
Mahawel i , in addi t ion to affect ing t h e hab i t a t 
of such an imals as t h e Indian e l ephan t , t h e leo­
pard , t h e red-faced ma lkoha , t h e s w a n c roco­
dile, t h e e s tua r ine crocodi le , t h e Bengal 
m o n i t o r and t h e p y t h o n . 

— In N o r t h e r n Malaysia , t h e T e m e n g g o r Dam 
t h r e a t e n s t h e survival of 100 spec ies of mam­
mals and 300 species of birds . 

THE PROBLEM OF WATER LOSSES 
In ho t , d r y a reas , t h e loss of w a t e r from a d a m ' s 
r e se rvo i r and from its a c c o m p a n y i n g c h a n n e l s 
can be s t agger ing . 

Indeed , acco rd ing to Professor Wil l iam Acker -
mann , evapora t ion losses m a y in some cases be so 
h igh t h a t " t h e r e d u c t i o n of w a t e r yie ld . . . sur­
passes t h e possibil i ty of inc reas ing low-flow 
d i scharges from rese rvo i r s t o r a g e . " 
— In G u y a n a , evapo ra t i on losses from o p e n sur­

faces can r e a c h 139.7 cms. a yea r . 
— In Burma, t h e figure is b e t w e e n 114 and 152 

cms. a yea r . 
— In some reg ions of India, it is c o m m o n for up to 

300 cms. of w a t e r to be lost t h r o u g h 
e v a p o r a t i o n e a c h y e a r . 
Building vas t r e se rvo i r s in a r ea s w h e r e evapor­

a t ion r a t e s a re h igh is t h u s inv i t ing t roub le . 
In Egypt , Lake Nasse r loses a m i n i m u m of 15 

billion cubic m e t r e s a y e a r to e v a p o r a t i o n -
e n o u g h w a t e r to i r r iga te two mill ion ac res of 
farmland. 
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The catchment area of India's Narmada River, Madyha Pradesh. Much of this forest will be flooded when the Narmada Dam Project is completed. 

T h e p r o b l e m is often e x a c e r b a t e d b y i nc rea sed 
r a t e s of evapo t r ansp i r a t i on as a resul t of t h e 
invas ion of r e se rvo i r s b y aqua t ic w e e d s . 

In Egypt , t h e Min is t ry of I r r iga t ion n o w 
a c c e p t s t h a t e v a p o t r a n s p i r a t i o n c a u s e d b y 
aqua t i c w e e d s leads to w a t e r losses equ iva l en t to 
40 pe r c e n t of t h e gain ob ta ined b y t h e High Dam 
at A s w a n . 

Seepage from i r r iga t ion canals is also a major 
cause of w a t e r losses. In some cases , p l a n n e r s 
h a v e u n d e r e s t i m a t e d s e e pa ge r a t e s b y 100 pe r 
cen t . 
— In 1967, it was found t ha t b e t w e e n 13 and 19 

pe r c e n t of t h e w a t e r t r a n s p o r t e d a long India 's 
Upper Bari Doab Cana l was lost to s e e p a g e . In 
t h e pla ins of Ut ta r P radesh a n d t h e Punjab, 
such losses w e r e as h igh as 36 p e r cen t . 

— In Egypt , du r ing t h e summer , t h e m a i n irri­
ga t ion cana ls lose s o m e 1,500 mil l ion cubic 
m e t r e s t h r o u g h seepage e v e r y year—approx­
ima te ly 10 p e r cen t of t h e w a t e r avai lable for 
i r r iga t ion . 

— In m a n y a r ea s of t h e Middle East, a n y t h i n g 
b e t w e e n 10 and 70 p e r c e n t of t h e to ta l v o l u m e 
of w a t e r c o n v e y e d t h r o u g h i r r iga t ion cana ls 
can be lost to s eepage . 
A l t h o u g h in t h e o r y , s e e p a g e losses c a n b e cu t 

to a min imum, t h e cost of ins ta l l ing t h e 
n e c e s s a r y t e c h n o l o g y is prohib i t ive—at least for 
t h e major i ty of Thi rd W o r l d coun t r i e s . 
DAMS AND DISEASE 
In t e r m s of d isease and c o n s e q u e n t h u m a n 
suffering, t h e toll e x a c t e d b y w a t e r d e v e l o p m e n t 
p ro jec t s h a s b e e n t ru ly appal l ing. 

W h e n a r iver is d a m m e d and a la rge artificial 
l ake is c rea ted , t h o s e forms of life w h i c h w e r e 

adap t ed t o t h e p r ev ious r i ve r ine e c o s y s t e m a r e 
l ikely to d isappear . In t he i r p lace , o t h e r spec ies 
will e m e r g e . Some will t h r i v e in t h e lake , o t h e r s 
in t h e i r r iga t ion c h a n n e l s w h i c h it feeds. 

M a n y of t h o s e n e w species p lay a n in t eg ra l 
pa r t in t h e t r ansmiss ion of d isease . 

In par t icu lar , large-scale w a t e r p ro jec t s h a v e 
g r ea t l y i nc reased t h e i nc idence of w a t e r b o r n e 
diseases , n o t a b l y mala r ia and schis tosomias is . 
MALARIA 
In spi te of t h e efforts of t h e W o r l d Hea l th Organ­
isat ion (WHO), mala r ia r e m a i n s o n e of t h e mos t 
w idesp read and le tha l d iseases in t h e wor ld . 

Eve ry y e a r , mala r ia kills o n e mill ion peop le . 
At a n y g iven m o m e n t , 160 mil l ion peop le—the 

equ iva l en t of t h e en t i r e popu la t ion of J a p a n , 
Malays ia and t h e Phil ippines—suffer from t h e 
disease . 

In m a n , mala r ia is caused b y four spec ies of 
paras i te , all be long ing to t h e g e n u s Plasmodium. 

T h e paras i t e ha s a compl ica ted life-cycle. Re­
p r o d u c i n g on ly wi th in mosqu i to s of t h e g e n u s 
Anopheles, t h e paras i t e mus t pass an ' a sexua l ' 
p h a s e wi th in h u m a n s . 

W h e n an infec ted mosqu i to b i tes a h u m a n , 
t h o u s a n d s of P lasmodium paras i t e s a r e r e l eased 
in to t h e blood. 

T h o s e pa ras i t e s i n c u b a t e in t h e h u m a n liver, 
e v e n t u a l l y r e l eas ing the i r offspring in to t h e 
b loods team, w h e r e t h e y i nvade t h e r e d cor­
pusc les . 

Swamps, m a r s h e s and s t a g n a n t pools a r e ideal 
b r e e d i n g g r o u n d s for mala r ia ' s mosqu i to v e c t o r s . 

T h e i n t r o d u c t i o n of m o d e r n , p e r e n n i a l irri­
ga t ion s c h e m e s h a s g r ea t l y favoured b o t h t h e 
i nc idence a n d t h e l e tha l i ty of malar ia . 
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I—Briefing 

— Such pro jec t s h a v e c r ea t ed p e r m a n e n t and 
vas t ly e x t e n d e d hab i t a t s for t h e mosqu i to 
v e c t o r s of t h e d isease . 

— In Africa, w a t e r p ro jec t s h a v e led to a prolifer­
a t ion of Anopheles Gambiae and Anopheles 
Funestas, t h e former b r e e d i n g in r ice paddies , 
t h e l a t t e r in d ra inage and i r r iga t ion canals . A. 
Gambiae h a s t h e r e p u t a t i o n of be ing t h e mos t 
efficient of all t h e malar ia l mosqu i tos , b i t ing 
m a n in p r e f e r e n c e to o t h e r an imals . 

— In S o u t h Asia , i r r i g a t i o n s c h e m e s h a v e 
favoured t h e mosqu i to w h i c h ac t s as t h e 
v e c t o r for b o t h t h e Plasmodium Vivax and t h e 
Plasmodium Falciparum paras i tes . 

— Because p e r e n n i a l ag r i cu l tu re m a k e s possible 
t w o crops a yea r , it co r r e spond ing ly inc reases 
t h e per iod du r ing w h i c h mosqu i tos h a v e habi­
ta t s in w h i c h to b reed . 

— By inc reas ing t h e land a r ea u n d e r w a t e r , irri­
g a t i o n s c h e m e s a l so i n c r e a s e t h e t o t a l 
mosqu i to popula t ion—and h e n c e t h e likeli­
h o o d of infect ion. 

— Irr igated ag r i cu l tu re also c h a n g e s t h e b i t ing 
hab i t s of mosqui tos . A s t h e local h u m a n popu­
la t ion inc reases and c rops t a k e o v e r from live­
s tock, so t h e mosqu i tos swi tch from bi t ing 
an imals to b i t ing h u m a n s . 
Unfo r tuna te ly , o n c e t h e cond i t ions for malar ia 

h a v e b e e n es tabl ished, t h e d isease is v i r tua l ly 
impossible to con t ro l . 

N o t least a m o n g t h e p rob lems , is t h e r emark ­
able abil i ty of mosqu i tos to deve lop gene t i c 
r e s i s t ance to t h e insec t ic ides c u r r e n t l y used to 
d e s t r o y t h e m . 

In 1981 , t h e Wor ld Hea l th Organ i sa t ion (WHO) 
r e p o r t e d t h a t 51 s p e c i e s h a d d e v e l o p e d 
re s i s t ance to o n e or m o r e insect ic ide . 

A s a resul t , t h e r e h a s b e e n a r e s u r g e n c e of 
malar ia in m a n y coun t r i e s in w h i c h it w a s o n c e 
t h o u g h t to h a v e b e e n prac t ica l ly e l imina ted . 
SCHISTOSOMIASIS 
In 1947, an es t ima ted 114 mill ion peop le suffered 
from schis tosomiasis . Today , 200 mill ion people 
a re affected—the equ iva len t of t h e e n t i r e popu­
la t ion of t h e USA. 

T h e disease is caused b y paras i t ic f la tworms, 
k n o w n as ' sch is tosomes ' . T h r e e c o m m o n species 
infect man : S. Haematobium, S. Mansoni and S. 
Japoni. 

T h e la rvae of t h e sch i s tosomes deve lop wi th in 
t h e bod ies of f reshwate r snails. 

W h e n people swim or w a d e in w a t e r con tamin­
a ted b y infec ted snails, t h e l a rvae b o r e t h r o u g h 
the i r skin and e n t e r the i r blood s t r eam. 

From t h e r e , t h e y m o v e to t h e l iver, w h e r e 
t h e y m a t u r e in a few w e e k s and m a t e . T h e 

resu l t ing eggs l eave t h e h u m a n b o d y via u r i n e or 
faeces . 

T h e eggs of all t h r e e species t e n d to spread to 
va r ious o r g a n s whils t still in t h e body . T h e y h a v e 
b e e n r e c o v e r e d from t h e bra in , t h e spinal cord, 
t h e lungs , b ladder , append ix , r e c t u m , u t e r u s , 
sp leen and l iver. 

T h e d rama t i c spread of schis tosomias is ove r 
t h e last 35 y e a r s is l a rge ly t h e resul t of large-
scale w a t e r d e v e l o p m e n t s c h e m e s . Such s c h e m e s 
p rov ide ideal hab i t a t s for b o t h fresh w a t e r snails 
and t h e sch i s tosome paras i t e . 

T h e c o n n e c t i o n b e t w e e n schis tosomias is and 
w a t e r p ro jec t s is so wel l es tab l i shed t h a t Pro­
fessor Gi lber t W h i t e , a l ead ing a u t h o r i t y on eco­
logical p rob lems , wr i t es : 

' T h e invas ion by schis tosomiasis of i r r iga t ion 
s c h e m e s in arid l ands is so c o m m o n t h a t t h e r e 
is n o n e e d to give examples . T h e non- invas ion 
of s c h e m e s in a r eg ion w h e r e t h e d isease exis ts 
is excep t i ona l . " 
No t on ly is t h e snail v e c t o r ' s hab i t a t g r ea t l y 

e x t e n d e d b y w a t e r d e v e l o p m e n t pro jec ts bu t t h e 
condi t ions a re also c r ea t ed for m u c h longe r 
b r e e d i n g per iods . 
— In Kenya , schis tosomiasis n o w affects a lmost 

100 pe r c e n t of t hose ch i ld ren l iving in irri­
ga ted a reas n e a r Lake Victor ia . 

— In t h e Sudan, t h e mass ive Gez i ra i r r iga t ion 
s c h e m e , h a d a gene ra l infec t ion r a t e of 60-70 
p e r c e n t in 1979, wi th t h e r a t e a m o n g s t school­
ch i ld ren r e a c h i n g ove r 90 pe r cen t . All in all, 
1.4 mill ion peop le w e r e affected. 

— After t h e bui ld ing of t h e A s w a n High Dam, t h e 
infect ion r a t e rose to 100 p e r c e n t in some 
communi t i e s . 
Few doub t t h a t t h e disease is o n t h e i nc rea se . 

Letitia O b e n g of t h e Uni ted N a t i o n s Environ­
m e n t P r o g r a m m e w a r n s t ha t t h e c u r r e n t inci­
d e n c e of schis tosomiasis is " o n l y t h e t h in e n d of 
t h e w e d g e . " 

DAMS AND FISHERIES 
W h e r e f isheries h a v e b e e n set up in t h e reser­
voirs of dams, t h e y h a v e gene ra l l y en joyed on ly 
shor t - t e rm success . 
— At Lake Vol ta , a v e r y la rge fishing i ndus t ry 

was deve loped immedia t e ly after i nunda t ion . 
But c a t c h e s rapidly fell off as t h e s u b m e r g e d 
v e g e t a t i o n be low t h e lake ro t t ed a w a y and 
n u t r i e n t s b e c a m e less and less read i ly avail­
able . 

— T h e e x p e r i e n c e at Lake Kar iba is similar. Five 
y e a r s after t h e lake w a s formed, some 2,000 
f i she rmen w e r e l and ing 3,628 t o n n e s of fish a 
yea r . T e n y e a r s after c losure , n o m o r e t h a n 
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907 t o n n e s of fish w e r e caugh t . Efforts to 
r e s t o c k t h e l ake wi th n e w spec ies p r o v e d a dis­
mal fai lure. 
A d a m ' s impact on f isheries does no t beg in and 

end wi th t h e fate of t h e fish in its r e se rvo i r . In 
t e r m s of fish yie lds , t h e loss of fish t h r o u g h o u t 
t h e r iver bas in as a w h o l e can , in mos t cases , 
equal—or e v e n exceed—the t e m p o r a r y ga ins 
m a d e in t h e d a m ' s rese rvo i r . 
* Dams t e n d to r e d u c e t h e c a t c h of m i g r a t o r y 

fish b y p r e v e n t i n g t h e m from r e a c h i n g the i r 
spawn ing g rounds . 

* Dams r e d u c e t h e flow of r ivers—with disas­
t rous c o n s e q u e n c e s for fishlife d o w n s t r e a m . 

* W a t e r d e v e l o p m e n t p ro jec t s invo lv ing irri­
ga t ion s c h e m e s h a v e led to an inc rease in t h e 
sal ini ty of m a n y r ivers . In some cases , t h e salt 
c o n t e n t of t h e lower r e a c h e s is n o w so h igh 
t ha t f r e shwate r fish c a n n o t su rv ive . 

* T h e bui ld ing of a dam t raps silt w h i c h w a s pre­
v ious ly w a s h e d d o w n s t r e a m . T h a t silt con t a in s 
n u t r i e n t s w h i c h a re vi tal to t h e survival of 
f isheries in t h e lower r e a c h e s of t h e r ive r and 
in t h e sea b e y o n d . 

* T h e invas ion of r e se rvo i r s and the i r assoc ia ted 
cana l s b y aqua t i c w e e d s ser ious ly r e d u c e s fish 
y ie lds b o t h u p s t r e a m and d o w n s t r e a m of dams . 
T h e w e e d s affect fish popu la t ions in a n u m b e r 
of w a y s . 

— By inc reas ing w a t e r losses to evapora t i on , 
t h e y r e d u c e t h e a m o u n t of w a t e r avai lable for 
f isheries. 

— By v i r t u e of the i r s h e e r mass , t h e y r e d u c e t h e 
effect ive capac i ty of t h e reservo i r , h e n c e res­
t r ic t ing t h e hab i t a t avai lable for fish life. 

— W h e n t h e y ro t and die, t h e y use up va luab le 
o x y g e n . 

— By d iminish ing t h e sunl igh t b o t h at t h e surface 
of a r e se rvo i r and in t h e w a t e r s be low, w e e d s 
r e d u c e t h e biological p roduc t iv i ty of a reser ­
voir . 

— By tang l ing n e t s and fouling t h e p rope l lo rs of 
boa t s , w e e d s in t e r f e re wi th fishing act ivi t ies . 

— And , finally, t h e he rb ic ides used to e l imina te 
w e e d s lead also to t h e loss of fish life. 
Unfo r tuna te ly , t h e he rb ic ides used to con t ro l 

aqua t i c w e e d s a r e no t t h e on ly chemica l s w h i c h 
a re l ikely to pol lu te a l ake and its w a t e r - w a y s and 
t h u s affect fish life. 
— In India, pes t ic ide u se h a s led to t h e comple t e 

loss of fish life in s o m e r ivers , e s tua r i e s and 
rese rvo i r s . 

— In Thai land , in 1983, m o r e t h a n a mil l ion fish 
w e r e killed b y pes t ic ides in S u p h a n b u r i pro­
v ince . T h e inc iden t h a s b e e n desc r ibed as 

T h a i l a n d ' s " w o r s t m a n - m a d e e c o l o g i c a l 
d i sas te r . " 
Even w i t h o u t cons ide r ing t h e r e d u c t i o n in fish 

c a t c h e s a t t r ibu tab le to t h e ecologica l d i s rup t ion 
caused b y a dam, it is doubtful w h e t h e r t h e 
f isheries p rov ided b y a m a n - m a d e lake c a n com­
p e n s a t e for all t h e food r e s o u r c e s lost to 
f looding. 

In t ha t r e spec t , t h e w o r k of E u g e n e Balon is 
pa r t i cu la r ly r e l evan t . H e po in t s t o t h e p r o t e i n 
va lue : 
* Of t h e fish c a u g h t in a r iver be fo re it is im­

p o u n d e d ; 
* Of t h e c rops in t h e fa rmland w h i c h is flooded; 
* A n d of t h e wild g a m e w h i c h i nhab i t ed t h e 

of ten ex t ens ive c rop lands , r a n g e l a n d s , and 
forests t h a t a r e d r o w n e d b y a r e se rvo i r . 
W h e n t hose food r e s o u r c e s a r e t a k e n in to 

accoun t , a r g u e s Balon, dams m a y wel l cause a 
n e t loss in avai lable p ro t e in . 
DAM FAILURES 
It is on ly r e c e n t l y t h a t w e h a v e s t a r t ed bui ld ing 
la rge dams. O u r e x p e r i e n c e is t h u s l a rge ly w i th 
small dams . 

Even small d a m s h a v e no t p r o v e d pa r t i cu la r ly 
re l iable . O n e pe r c e n t of t h e m fail e v e r y y e a r . 

T h e c o n s e q u e n c e s of such fai lures h a v e of ten 
b e e n ser ious despi te t h e small size of t h e dams 
involved . 
— W h e n t h e T e t o n Dam col lapsed in 1976, it 

caused t h e d e a t h of 14 peop le , t o g e t h e r w i th 
o v e r 1 bil l ion dol lars w o r t h of d a m a g e . It w a s 
on ly 95 m e t r e s h igh . 

— T h e failure of t h e 23 m e t r e s h igh J o h n s t o w n 
Dam in P e n n s y l v a n i a kil led ove r 2,000 peop le . 

T h e i nc idence of dam fai lures is l ike ly t o 
i nc rease in t h e fu ture . A s Fe rd inand Budweg, a 
n o t e d Brazill ian e n g i n e e r po in t s out , 

" T h e n u m b e r of n e w dams in c o u n t r i e s w i th 
l i t t le or n o e x p e r i e n c e in t h e design, con­
s t ruc t ion and o p e r a t i o n of dams inc reases 
from y e a r to y e a r . Lack of e x p e r i e n c e m a y 
lead to t h e r epe t i t i on of e r r o r s and ser ious 
m i s t a k e s . " 
So too , as app rop r i a t e s i tes for bui ld ing d a m s 

beg in to r u n out , dams will i nc reas ing ly be con­
s t ruc t ed in less a n d less su i table p laces . Fai lures 
due to imprope r si t ing h a v e a l r e a d y occu r r ed . 
— T h e Malpasse t Dam n e a r Frejus in F r a n c e 

failed b e c a u s e it w a s buil t in t h e w r o n g p lace . 
This despi te w a r n i n g s from e n g i n e e r s . Its col­
lapse, in 1959, caused t h e d e a t h of 421 peop le . 

— Pe ru ' s Tab l achaca Dam is ser ious ly t h r e a t e n e d 
b y a landsl ide . In 1983, t h e slip m o v e d t o w a r d s 
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Briefing 
t h e dam at a r a t e of 70 mm. a day r caus ing seri­
ous c o n c e r n in Lima. 
Dams fail for o t h e r r e a s o n s too . 

* 'Over- topping ' dur ing per iod of flood is prob­
ably t h e most c o m m o n cause. Such over- topping 
caused t h e collapse of India 's M a c h a u II Dam in 
1979. It also led to t h e nea r failure of Pakis tan 's 
Tarbel la Dam in 1975. 

* Shoddy w o r k m a n s h i p is a n o t h e r factor. T h e 
failure of t h e St. Francis Dam in Cal ifornia ha s 
b e e n a t t r ibu ted to faulty founda t ions . Design 
e r r o r s w e r e a p p a r e n t l y also l a rge ly respons ib le 
for t h e collapse of t h e T e t o n Dam. Shoddy 
w o r k m a n s h i p is a p e r e n n i a l p r o b l e m th rough­
ou t t h e Third Wor ld . 

* Sabotage m a y also be a cause of dam failures. 
Severa l a t t e m p t s w e r e m a d e to b low up t h e 
C a b o r a Bassa Dam pr ior to t h e i n d e p e n d e n c e of 
Mozambique . 

* Finally, m a n y dams fail as a resu l t of 'pilot pro­
jec t s y n d r o m e ' — t h e t e n d e n c y of e n g i n e e r s to 
a s sume tha t t h e t e c h n o l o g y used to build small 
dams can be used, wi th little or n o modification, 

Transplanting rice in the Phillipines. Had the Chico Dam Project gone ahead, these tribal lands would have been flooded—and a unique agricultural system destroyed. The dam was stopped after massive local resistance. 

to build large dams. In fact, as t h e hydrologis t 
Philip Will iams points out, " T h e n e w t echno­
logy of large dams is only imperfect ly under­
s tood." 

DAMS AND EARTHQUAKES 
The pressure applied to often fragile geological 
s t ruc tu res by t h e vast mass of w a t e r impounded 
by a large dam can—and often does—-give rise to 
ea r thquakes . 

The first h in t tha t dams could cause ear th­
quakes came in t he late 1930s, w h e n increased 
seismic act ivi ty was r eco rded after t h e Lake Mead 
reservoi r was impounded by t h e Boulder Dam. 

By 1968, major e a r t h q u a k e s had occu r red at 
four la rge reservoirs : 
— At H s i n g e n g k i a n g in Ch ina (magni tude 6.1 o n 

t h e Richter scale) in 1962; 
— At Kariba in Rhodesia (magni tude 5.8) in 1963; 
— At Kremes ta in Greece (magni tude 6.3) in 1966; 
— A n d at Koyna in India (magni tude 6.5) in 1967. 

Originally it was t h o u g h t tha t e a r t h q u a k e s 
could on ly be induced w h e n a reservoi r was be ing 
filled—or i m m e d i a t e l y after it r e a c h e d i ts 
m a x i m u m he ight . 

But e a r t h q u a k e s can also occur w h e n a reser­
voir is empt ied and t h e n refilled. Cases in point: 
t h e e a r t h q u a k e s which hit F rance ' s Vouglans 
Dam and Corsica 's Alensani Dam. 

Recent ly , t h e lower ing of t h e w a t e r level in 
reservoi rs has b e e n l inked wi th e a r t h q u a k e acti­
vi ty . T h e implications of tha t finding are clear. As 
David Simpson, an exper t on reservoir - induced 
seismicity, no tes : 

" O n e of t h e obvious w a y s of decreas ing danger 
d o w n s t r e a m of a dam—the rapid emp ty ing of 
t h e reservoir—may, in fact, inc rease t h e danger 
of t r igger ing a fur ther inc rease in t h e level of 
(ear thquake) act ivi ty ." 
It is difficult to establish t h e geological con­

dit ions u n d e r wh ich induced e a r t h q u a k e s will 
occur . 

None the le s s , a genera l p a t t e r n has emerged . 
Areas most at risk appear to be those wi th "str ike-
slip or normal fault ing". Least at r isk are "a reas of 
low strain accumula t ion ." 

Tha t said, h o w e v e r , t h e A s w a n Dam is s i tua ted 
in such a ' low-strain ' a rea—yet , in 1981 , it exper i ­
e n c e d an e a r t h q u a k e of m a g n i t u d e 5.6 on t h e 
Richter scale . So too , t h e A k o s o m b o and Bratsk 
Dams h a v e e x p e r i e n c e d i nduced e a r t h q u a k e s 
despi te be ing in low r isk a reas . 

Such is t h e pauc i ty of ou r k n o w l e d g e of 
i nduced seismici ty t ha t David Simpson con­
cludes: "All l a rge re se rvo i r s mus t to some e x t e n t 
be cons ide red po ten t i a l sources of i nduced acti­
v i ty . " 
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Such wa rn ings , h o w e v e r , do no t s e e m to h a v e 
had a n y inf luence on c u r r e n t d a m bui ld ing pro­
g r a m m e s . 

T h e Indian g o v e r n m e n t , for example , is at pre­
sent constructing a large dam at Tehri on the Bhagi-
ra th i River in t h e mid-Himalayas—an a r ea of 
m a r k e d seismic ac t iv i ty . To m a k e m a t t e r s worse , 
t h e r o c k s of t h e r iver go rge w h e r e t h e dam is to 
be buil t a l r eady appea r heav i ly c r acked . 

In t h e l ight of our p r e s e n t k n o w l e d g e of reser­
voir i nduced seismici ty it is difficult t o see h o w 
t h e Indian g o v e r n m e n t can justify t h e Tehr i 
s c h e m e . 

N o r is Tehr i t h e on ly dam u n d e r cons t ruc t i on 
w h i c h is l ikely to cause e a r t h q u a k e s . W o r l d w i d e 
m a n y dams a re be ing built—or p lanned—in a reas 
of seismic ac t iv i ty . 

It is su re ly on ly a ques t ion of t ime be fo re o n e 
of t h o s e dams causes a t ru ly se r ious ea r th ­
quake—perhaps kil l ing t e n s of t h o u s a n d s of 
peop le . 

As J ean -P i e r r e Rothe , t h e F r e n c h seismologist , 
r e m a r k s : "By bui ld ing dams, M a n is p lay ing t h e 
s o r c e r e r ' s app ren t i ce . In t r y ing to con t ro l t h e 
e n e r g y of r ivers , h e b r ings abou t s t resses w h o s e 
e n e r g y can be sudden ly and d isas t rous ly re­
l eased . " 
THE MYTH OF FLOOD CONTROL 
Floods a re a se r ious p rob l em in m a n y r iver bas ins 
—part icular ly t h o s e affected b y m o n s o o n s and 
t y p h o o n s . 

In Asia a lone , floods de s t roy abou t 4 million 
h e c t a r e s of c rops a y e a r . T h e l ives of some 17 
mill ion people a r e affected. 

All t h e e v i d e n c e sugges t s t h a t floods a re be­
coming m o r e des t ruc t ive and m o r e frequent— 
this despi te mass ive e x p e n d i t u r e on flood con t ro l 
s c h e m e s . 

Such flood con t ro l s c h e m e s g e n e r a l l y invo lve 
t h e bui ld ing of e m b a n k m e n t s — i n o rde r to con­
ta in flood w a t e r s wi th in r ivers—or r e se rvo i r s in 
o rder to s tore flood w a t e r s for r e l ease at a la ter 
da te . E m b a n k m e n t s , dams and o t h e r similar 
devices a re r e fe r red to as ' s t ruc tura l con t ro l s ' . 

T h e r e is n o w a n inc reas ing b o d y of e v i d e n c e 
tha t s t ruc tu ra l con t ro l s do li t t le or n o t h i n g to 
r e d u c e t h e r a v a g e s of floods. O n t h e c o n t r a r y , 
t h e y e x a c e r b a t e t h e p rob l em b y inc reas ing t h e 
s eve r i t y of f looding. 
— In India, n e a r l y a bil l ion dol lars w a s spen t on 

s t ruc tu ra l con t ro l s b e t w e e n 1953 and 1979. 
Yet t h e Na t iona l Commiss ion on Flood Con­
trol e s t ima tes t ha t t h e a r ea r a v a g e d b y floods 
ha s a lmost doubled in t h e last 30 y e a r s . 

B.B. Vohra , P res iden t of t h e E n v i r o n m e n t a l 

P l ann ing Commiss ion , is s ca th ing of s t ruc tu ra l 
con t ro l s . " T h e bui ld ing of spur s and e m b a n k ­
m e n t s is n o a n s w e r to t h e p r o b l e m of f loods," 
h e says . R a t h e r t h a n so lv ing t h e flood 
p rob lem, t h e bui ld ing of e m b a n k m e n t s m e r e l y 
" c r e a t e s t h e i l lusion of do ing s o " . 

— In t h e USA, t h e devas t a t i on caused b y floods 
h a s i nc rea sed in spi te of t h e vas t a m o u n t of 
m o n e y spen t o n flood con t ro l s . B e t w e e n 
1933-1976, t h e US G o v e r n m e n t spen t o v e r $12 
bill ion on s t ruc tu ra l con t ro l s . Yet, o v e r t h e 
same per iod, t h e a v e r a g e a n n u a l cost of flood 
d a m a g e h a s r i sen from $350 mil l ion to 
b e t w e e n $3.5 and $4 billion. Tha t i n c r e a s e 
c a n n o t be exp la ined b y inf lat ion a lone . In 
m a n y ins t ances , flood con t ro l s h a v e m a d e t h e 
d a m a g e d o n e b y floods m o r e devas t a t ing . Pro­
fessor Cha r l e s Belt of St. Louis Univers i ty , for 
i n s t ance , po in t s ou t t h a t t h e floods w h i c h 
r a v a g e d t h e Mississippi Basin in 1973 con­
t a ined less w a t e r t h a n a p r ev ious less des­
t ruc t i ve flood. If t h e floods caused so m u c h 
d a m a g e in 1973, it w a s l a rge ly b e c a u s e of t h e 
leves and nav iga t i on s t r u c t u r e s w h i c h h a d 
b e e n buil t a long t h e r iver . 

T h a t flood con t ro l e m b a n k m e n t s ac tua l ly 
i nc rea se t h e s eve r i t y of floods is eas i ly ex­
p la ined . 

By con t a in ing a r iver wi th in c o n c r e t e e m b a n k ­
m e n t s , o n e does no t r e d u c e t h e to ta l v o l u m e of 
flood wa te r s . O n e does , h o w e v e r , d ramat ica l ly 
i nc rease t h e r ive r ' s r a t e of flow. 

W h e n a flood occurs , t h e w a t e r s a r e l i tera l ly 
prope l led d o w n s t r e a m . Inev i t ab ly t h e d a m a g e 
d o w n in t h e f loodplains d o w n s t r e a m is corres­
pondingly inc reased . 

It is for t h a t r e a s o n t ha t Dr M a u r i c e A r n o l d of 
Phi lade lphia ' s Bureau of O u t d o o r R e c r e a t i o n 
a rgues t ha t such s t ruc tu ra l con t ro l s as c h a n n e l s 
or cana ls should be r e g a r d e d no t as flood con t ro l 
m e c h a n i s m s b u t as " f lood t h r e a t t r a n s f e r 
dev ices . " 
DEFORESTATION, EROSION A N D FLOODS 
T h e p r o b l e m of floods h a s b e e n c o m p o u n d e d b y 
defores ta t ion . Cu t t i ng d o w n forests i nc r ea se s 
d ramat ica l ly t h e r isks of f looding. 

W h e n a c a t c h m e n t a r e a of a r iver is heav i ly 
forested, t h e e l abo ra t e roo t sy s t em of t h e t r e e s 
ac t s as a g ian t sponge , soak ing up rainfall and 
re leas ing it s lowly to t h e r iver be low. 

O n c e defores ted , run-off in t h e c a t c h m e n t a r e a 
is vas t ly inc reased . A c c o r d i n g to UNESCO, t h e 
w a t e r s h e d of o n e r iver r e l eased b e t w e e n 1 and 3 
pe r c e n t of t h e to ta l rainfall in t h e a r e a w h e n 
fores ted. O n c e t h e t r e e s h a d b e e n cu t down, 
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I—Briefing 

b e t w e e n 97 and 99 per cen t of t h e rainfall w a s 
re leased . 

Dur ing h e a v y rainfall , t h e v o l u m e of w a t e r 
ca r r ied b y r ive r s in de fores ted a r ea s can be 
mass ive . T h e p re s su re pu t on flood cont ro l 
e m b a n k m e n t s is t r e m e n d o u s . 

Defo res t a t i on h a s a n o t h e r se r ious conse ­
q u e n c e . It causes s eve re eros ion, inc reas ing t h e 
silt load of r ivers . 

W h e r e a r iver is channe l l ed t h r o u g h embank­
m e n t s , t ha t silt s imply accumula t e s . T h e h e i g h t 
of t h e r iver bed is t h u s ra ised unt i l , even tua l ly , it 
b e c o m e s h ighe r t h a n t h e s u r r o u n d i n g land. 

W h e r e Ch ina ' s Yellow River c rosses t h e 
Yellow Plains, t h e r ive r ' s bed is n o w 5 to 10 
m e t r e s above g r o u n d level . 

Such silt ing up fur ther inc reases t h e p r e s su re 
on e m b a n k m e n t s , w h o s e he igh t mus t be raised 
y e a r after y e a r in o rde r to p r e v e n t f looding. 

But ra is ing t h e he igh t of e m b a n k m e n t s does 
no t solve t h e p rob lem indef ini te ly . In t h e long 
run , it can on ly inc rease t h e s eve r i t y of future 
floods. For w h e n a b r e a c h occurs , t h e resul t is 
disaster . 

T h e te r r ib le floods w h i c h h a v e r a v a g e d India 
and Ch ina in r e c e n t y e a r s h a v e b e e n a t t r i bu ted 
to inc reased run-off and e ros ion in t h e catch­
m e n t a r eas of l a rge r ivers . 
— In China , t h e t h r e e major r ivers of S ichuan 

P rov ince c a r r y an es t ima ted 250 mil l ion t o n s 
of silt. M u c h of tha t silt has b e e n w a s h e d from 
land w h i c h h a s b e e n defores ted . Significantly, 
e v e n t h e provincia l au thor i t i e s h a v e b lamed 
t h e r e c e n t spa te of floods in t h e a r e a on 
defores ta t ion . 

— In India, r epo r t s The Economist, e ros ion h a s 
l a rge ly offset t h e p ro t ec t i ve va lue of embank­
m e n t s . As a resul t , t h e bui ld ing of embank ­
m e n t s has " p r o v e d n o m o r e t h a n a t e m p o r a r y 
pa l l i a t ive" to t h e p rob l em of f looding. 

BUILDING O N FLOODPLAINS: ASKING FOR 
TROUBLE? 
During pe r iods of h e a v y rainfall , free-flowing 
r ivers r egu la r ly burs t the i r b a n k s and i n u n d a t e 
the i r flood plains . 

In t imes g o n e by, peop le v e r y sens ib ly avoided 
bui ld ing p e r m a n e n t s e t t l e m e n t s on flood plains. 

Today , h o w e v e r , peop le h a v e b e e n p e r s u a d e d 
that—so long as e n o u g h m o n e y is spen t on 
s t ruc tu ra l controls—it is safe to build on t h e flood 
pla ins of t h e wildest r ivers . 

Significantly, t h e 1969 Uni ted N a t i o n s Con­
f e r ence o n Floods s ingled ou t t h e intensif ied use 
of flood plains as a major cause of t h e inc reased 
costs of floods in N o r t h A m e r i c a and W e s t e r n 
Europe . 

So too , Professor D.I. Sikka of t h e D e p a r t m e n t 
of Major Mult i -Purpose Projects in M a d h y a 
Pradesh b l ames t h e t e r r ib le d a m a g e caused in 
India b y t h e floods of 1971—and indeed t hose of 
m o r e r e c e n t yea r s—on t h e intensif ied use of 
flood plains. 
ONLY ACTING WHEN DISASTER STRIKES 
Struc tura l con t ro l s h a v e o t h e r d r a w b a c k s . T h e y 
a re e x t r e m e l y expens ive . 

In India, $900 mill ion a re b u d g e t e d for flood 
con t ro l m e a s u r e s over t h e n e x t few y e a r s . Even 
t ha t vas t sum is r e g a r d e d b y e x p e r t s as woeful ly 
i nadequa t e , some $1,300 million a re said to be 
r equ i r ed for t h e G a n g e s River Basin a lone . 

More often t h a n not , funds a re on ly a l loca ted 
for flood con t ro l s c h e m e s w h e n disas ter looms. 
" P a r l i a m e n t a r y ind igna t ion is roused on ly w h e n 
t h e w a t e r s a re at the i r h ighes t : d e m a n d s and 
p ledges alike be ing quie t ly she lved o n c e t h e 
de luge ha s d i sappea red , " c o m m e n t s India ' s The 
Statesman. 
THE TRADE OFF BETWEEN FLOOD CONTROL, 
HYDROPOWER AND IRRIGATION 
W h e n dams a re used to con t ro l floods, t h e r e is 
often a conflict b e t w e e n t h e n e e d to k e e p 
re se rvo i r s low for flood con t ro l pu rpose s and to 
k e e p t h e m h igh in o rde r to g e n e r a t e e lec t r i c i ty 
and p rov ide w a t e r for i r r igat ion. 

T h e resul t is a ' t rade-off b e t w e e n t h e t h r e e 
compe t ing demands—with t hose w h o wish t h e 
r e se rvo i r s to be kep t h igh invar iab ly w i n n i n g t h e 
day . 

T h e trade-off f r equen t ly p r o v e s d isas t rous . 
— In 1978, t h e au thor i t i e s of a dam in W e s t 

Bengal ma in t a ined t h e r e se rvo i r prac t ica l ly 
full e v e n du r ing t h e ra ins of M a y and J u n e in 
o r d e r to g e n e r a t e t h e m a x i m u m h y d r o -
e lec t r ic i ty . T h e r ive r ' s flood w a t e r s could no t 
be con t a ined wi th in t h e rese rvo i r . Inevi tably , 
vas t a reas of W e s t Bengal w e r e flooded. 

— M o r e r ecen t ly , t h e des i re to k e e p r e se rvo i r s 
full led to t h e d isas t rous floods t ha t r avaged 
California in 1983. H e a v y snowfall du r ing t h e 
w i n t e r led to inc reased run-off from t h e Rocky 
M o u n t a i n s in t h e spr ing. T h e w a t e r s of t h e 
River Co lo rado swel led to a lmost u n p r e c e ­
d e n t e d he igh t s . U n d e r p r e s su re from t h e 
tour i s t indus t ry , t h e farming lobby and t h e 
hydro-e lec t r i c i ty au thor i t i e s , t h e r e se rvo i r s 
a long t h e Co lo rado w e r e k e p t filled t o t h e 
br im. 

W h e n a decis ion to lower t h e r e se rvo i r s was 
even tua l l y t a k e n , it was too la te . Officials 
admi t t ed t h a t b y re leas ing t h e flood wa te r s , 
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t h e y w e r e u n l e a s h i n g a con t ro l l ed disas ter ' o n 
t h e South W e s t . Fifty-five t h o u s a n d ac re s of 
fa rmland w e r e f looded and a n e s t ima ted $100 
mil l ion w o r t h of p r o p e r t y de s t royed . 

DEALING WITH FLOODS: URGENT PRIORITIES 
Serious floods a r e n o t ac t s of God. A s M a u r i c e 
Arno ld wise ly po in t s out : 

' T o o often, flood policies and p r o g r a m m e s a re 
based on t h e a s sumpt ion t h a t flood disas ters 
r e su l t from n a t u r e ' s ac t ions , n o t m a n ' s , 
w h e r e a s in ac tua l fact t h e m i s e r y a n d d a m a g e 
a re mos t ly caused b y h u m a n er ror—especia l ly 
b y poor land m a n a g e m e n t a n d m y o p i c flood-
con t ro l s t r a t eg ie s . " 
W h a t t h e n should be done? T h e r e a r e t h r e e 

a r eas w h e r e w e can t a k e immed ia t e ac t ion . 
* T h e de fores ta t ion of t h e c a t c h m e n t a r e a s of 

t h e wor ld ' s g rea t e s t r ivers mus t b e ha l t ed 
immedia t e ly . 

* A mass ive and sys temat i c p r o g r a m m e of re­
affores ta t ion in such c a t c h m e n t a r eas is of t h e 
u t m o s t u r g e n c y . 

* And , finally, it is essent ia l to t a k e ac t ion to 
p r e v e n t t h e fur ther d e v e l o p m e n t of t h e flood 
p la ins of t h e g rea t r ive rs . 
A b o v e all, w e n e e d to deve lop a n e w a t t i tude to 

floods a n d t h e p r o b l e m of flood con t ro l . 
W e mus t a b a n d o n t h e il lusion t h a t floods can 

ac tua l ly be e l imina ted b y t echno log ica l m e a n s . 
Floods will c o n t i n u e to occur—regard less of 

t h e i n g e n u i t y of e n g i n e e r s . But floods n e e d no t 
p r o v e d isas t rous . 

O n t h e c o n t r a r y , t h r o u g h o u t h i s to ry , peop le 
h a v e m a d e use of floods to i r r iga te land and to 
fertilise the i r fields. 

If floods could be b r o u g h t o n c e m o r e u n d e r t h e 
joint con t ro l of t h e forests and t h e flood plains, 
w e t o o migh t l e a rn to l ive w i th floods. 
SALTING THE EARTH: THE PROBLEM OF 
SALINISATION 
All soils con t a in salt, t h e resu l t of w h a t geol­
ogists call ' w e a t h e r i n g ' . But if salt levels b e c o m e 
too h igh , t h e land b e c o m e s toxic to p lan t life. 

T h e p rob l em is pa r t i cu la r ly se r ious in t h e d r y 
t ropics w h e r e t h e r e is s imply n o t e n o u g h rainfall 
t o flush ou t t h e salts w h i c h a c c u m u l a t e in t h e 
soil. 

G r o u n d w a t e r p rov ides t h e m a i n r e s e r v e and 
sou rce of salts c i rcu la t ing in t h e 'soil profi le ' . For 
tha t r eason , it is essent ia l t ha t t h e w a t e r table 
b e n e a t h po ten t ia l ly sal ine soils be kep t as low as 
possible . 

If t h e w a t e r tab le is a l lowed to r ise, t h e n t h e 
g r o u n d w a t e r s a re d r a w n up to t h e surface 

t h r o u g h capi l lary ac t ion . O n t h e w a y up , t h e y 
add to the i r o w n salt load b y dissolving t h e salts in 
t h e soil. T h e land b e c o m e s w a t e r l o g g e d wi th 
inc reas ing ly sal ine w a t e r . 

As t h e y a p p r o a c h t h e sur face , t h e g round­
w a t e r s qu ick ly e v a p o r a t e . T h e sal ts t h e y c o n t a i n 
a r e t h u s left b e h i n d to a c c u m u l a t e o n t h e 
surface . It is n o t long be fo re t h e w h o l e a r e a 
b e c o m e s c o v e r e d wi th a w h i t e sal ine crus t . T h e 
land is t h e n said to b e 'sal inised ' . 

Even before t h e sal ine g r o u n d w a t e r s r e a c h t h e 
surface , t h e y s ta r t affect ing c rop y ie lds b y in ter­
fer ing wi th t h e capac i ty of p l an t s to t a k e up 
mo i s tu r e and o x y g e n . 

But in m a n y cases w h e n t h e land b e c o m e s 
sal inised, it is effect ively dead forever . 

IRRIGATION A N D SALINISATION: 
THE INTIMATE CONNECTION 
If ar id l ands a r e n o t to b e c o m e salinised, it is 
essen t ia l t ha t t h e 'water-sal t b a l a n c e ' of t h e soil 
is m a i n t a i n e d . 

W a t e r mus t n o t be a l lowed to a c c u m u l a t e in 
t h e soil. So too , salt mus t n o t b e added to t h e soil 
un less a n equa l a m o u n t of salt c a n be f lushed ou t 
of t h e land. 

I r r iga t ion s c h e m e s t h r o w t h e de l ica te wate r -
salt b a l a n c e of m a n y a r ea s d a n g e r o u s l y ou t of 
ki l ter . 
* Pe renn i a l i r r iga t ion invar iab ly ra ises t h e w a t e r 

t ab le . In some a reas , g r o u n d w a t e r t ab les a re 
r is ing at a r a t e of 3 t o 5 m e t r e s a y e a r . T h a t r ise 
in g r o u n d w a t e r levels is caused p r imar i ly b y 
w a t e r losses d u e t o s e e p a g e from i r r iga t ion 
c h a n n e l s . 

* I r r iga t ion also adds d i rec t ly to t h e salt load of 
soils t h r o u g h inc reas ing t h e r a t e of evapo t r ans -
p i ra t ion . N o t on ly does i r r iga t ion i n c r e a s e t h e 
e x t e n t of v e g e t a t i v e cover—and h e n c e t h e r a t e 
of t r ansp i ra t ion—but it also r e q u i r e s w a t e r to 
be sp read t h in ly ove r a wide a rea , t h u s ra is ing 
d i rec t e v a p o r a t i o n losses. T h e resu l t of such 
evapo t r ansp i r a t i on is t h a t t h e n a t u r a l salts in 
w a t e r b e c o m e c o n c e n t r a t e d in t h e soils. 

A c c o r d i n g to Professor A r t h u r Pi l lsbury of 
t h e Unive r s i ty of California, t h r e e - q u a r t e r s of 
t h e w a t e r appl ied e a c h y e a r to i r r iga te land in 
t h e US is lost to evapo t r ansp i r a t i on . T h e resul t 
if a four-fold c o n c e n t r a t i o n of sal ts in t h e 
r e m a i n i n g w a t e r . Such w a t e r of ten con t a in s 
m o r e t h a n 2 ,000 pa r t s pe r mil l ion of salt. 

* High e v a p o r a t i o n r a t e s also i nc rease t h e salt 
b u r d e n of r e se rvo i r s and r ivers . A s a resul t , t h e 
w a t e r used to i r r iga te m a n y a reas is n o w in 
itself a significant factor in t h e sp read of salin-
isat ion. A c c o r d i n g to Professor Vic tor Kovda of 
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t h e Univers i ty of Moscow, t h e bes t i r r iga t ion 
w a t e r from r ivers n o w con ta ins 200 to 500 mil­
l i g r ams / l i t r e of salts. "Supply ing 10,000 cubic 
m e t r e s on 1 h e c t a r e of land dur ing t h e irri­
ga t ion season t h u s deposi t s 2 to 5 t o n s / h a of 
salts in soils ," h e no t e s . "Af ter 10 to 20 y e a r s of 
i r r igat ion, th is a m o u n t b e c o m e s e n o r m o u s -
a m o u n t i n g to dozens and e v e n h u n d r e d s of 
t o n s pe r h e c t a r e . " 

THE EXTENT OF THE PROBLEM 
F A O es t ima tes t ha t at least 50 pe r c e n t of t h e 
wor ld ' s i r r iga ted land n o w suffers from salinis-
a t ion. 

O t h e r s put t h e figure e v e n h ighe r . Sixty to 80 
pe r cen t of i r r iga ted land is sal inised says Kovda. 
Be tween 1 and 1.5 mill ion ha . s u c c u m b to salinis-
a t ion e v e r y y e a r . Significantly, m u c h of t h a t land 
is " in i r r iga ted a reas of h igh po ten t i a l pro­
duc t ion . " 

A c c o r d i n g to o n e r e c e n t s tudy , as m u c h irri­
ga ted land is n o w be ing t a k e n ou t of p roduc t i on 
due to wa te r logg ing and sal inisat ion as n e w irri­
ga t ion s c h e m e s a re b r ing ing in to p roduc t ion . 
— In Pakis tan , 25 million ac res of t h e 37 mill ion 

ac res u n d e r i r r igat ion a re e s t ima ted to be 
salinised, wa t e r l ogged or bo th . 

In t h e lower Indus, c o n c e n t r a t i o n s of salt in 
t h e g r o u n d w a t e r h a v e b e e n found to r e a c h 
30 ,000 ppm—almost as sal ty as seawa te r . 

All told, an es t ima ted 100,000 ac res a re lost 
annua l ly to wa te r logg ing and sal inisat ion in 
Pak i s tan—more t h a n 100 h e c t a r e s a day . 

— Of t h e a r ea e a r m a r k e d to r ece ive w a t e r via 
Ch ina ' s g iant Yangtse Divers ion s c h e m e , 2.7 
mill ion h e c t a r e s a l r eady suffer from salinis­
a t ion . 

A fur ther 4.7 mill ion h e c t a r e s consis ts of 
po ten t ia l ly sal ine soil " w h i c h is mos t vu lner ­
able to s e c o n d a r y sal inisat ion if affected b y 
de t r imen ta l fac tors . " 

— In Egypt , t h e p rob lems of sal inisat ion and 
wa te r logg ing h a v e b e e n descr ibed as ' g rave ' . 

A US AID mission r e p o r t e d in 1976 t ha t 4.2 
mill ion feddans* w e r e u n d e r g o i n g slight to 
s e v e r e effects from i n a d e q u a t e d ra inage , and 
un less s o m e t h i n g w e r e done , all wou ld be 
s e v e r e l y affected. W a t e r l o g g i n g a lone is esti­
m a t e d to h a v e r e d u c e d agr icu l tura l product i ­
v i ty b y at least 30 pe r cen t . 

— M o r e t h a n 50 pe r cen t of t h e 3.6 million 
h e c t a r e s u n d e r i r r igat ion in Iraq suffer from 
sal inisat ion and wa te r logg ing . Vast a r ea s of 
South Iraq n o w "gl is ten like fields of freshly 
fallen s n o w " , r epo r t s Erik Eckholm, t h e en­
v i r o n m e n t a l wr i te r . 

— 500 ,000 ac res in Syria—half of t h e c o u n t r y ' s 
i r r iga ted land—are w a t e r l o g g e d or salinised. In 
m a n y locat ions , it is e s t ima ted t ha t 70 per cen t 
of t h e soils pu t u n d e r i r r iga t ion a re po ten t i a l ly 
sal ine. 

— In Iran, 15 pe r cen t of t h e i r r iga ted land is 
affected to some d e g r e e b y wa te r logg ing , 
sal ini ty and alkal ini ty . Of t h e c o u n t r y ' s 16.8 
mill ion h e c t a r e s of a rab le land, 7.3 mil l ion a re 
es t ima ted to be sal ine and 6.2 mill ion a re 
wa te r logged . 

— In India, t h e a m o u n t of land d e v a s t a t e d b y 
w a t e r and salt has b e e n var ious ly e s t ima ted at 
b e t w e e n 6 mill ion and 10 mill ion hec ta res— 
almost a q u a r t e r of t h e 43 mill ion h e c t a r e s 
u n d e r i r r igat ion. 

— In t h e US, J a n Van Schi lgaarde , Di rec tor of t h e 
US Salinity Labora tory , cons iders t h a t 25 to 35 
per cen t of t h e c o u n t r y ' s i r r iga ted land suffers 
from sal ini ty—and t ha t t h e p r o b l e m is ge t t i ng 
worse . If n o remedia l m e a s u r e s a r e t a k e n , t h e 
h igh ly p roduc t ive San J o a q u i n Val ley could 
lose over a million ac res of fa rmland in t h e 
n e x t h u n d r e d yea r s . 

CAN SALINISATION AND WATERLOGGING 
BE AVOIDED? 
It is r a r e to find i r r iga ted a reas w h i c h h a v e avoid­
ed t h e twin p rob lems of wa te r logg ing and salinis­
at ion. Indeed, i r r iga ted land h a s b e e n d e g r a d e d 
wi th such regu la r i ty t ha t Kovda sees " inc reas ing 
sal ini ty in i r r iga ted soils of arid l a n d s " as be ing 
"prac t ica l ly un ive r sa l " . 

A loys Miche l of t h e Univers i ty of Rhode Island 
goes a s tep fur ther . " W a t e r l o g g i n g and sal ini ty, 
or b o t h p rob lems , will inev i tab ly ar ise in all bu t 
t h e t ru ly excep t iona l sur face-water i r r iga t ion 
s c h e m e s . " 

T h e p r o m o t e r s of large-scale i r r iga t ion insist 
t ha t sal inisat ion and wa te r logg ing a re no t t h e 
fault of p e r e n n i a l i r r iga t ion per se . O n t h e con­
t r a ry , t h e y claim, t h e p rob lems resul t from tech­
nical and adminis t ra t ive 'mis takes ' w h i c h can 
easily be co r r ec t ed in t h e fu ture . 

But, is it rea l ly possible to avoid wa t e r l ogg ing 
and sal inisat ion in lands w a t e r e d by large-scale 
i r r iga t ion schemes? A n d if so, how? 
* O n e course is to l ine i r r iga t ion canals , t h e r e b y 

r e d u c i n g seepage . Unfor tuna te ly , t h e cost of 
l ining canals is exorb i t an t—one r eason , w h y 
l ining is r a r e ly instal led. 

But, l ining i r r iga t ion canals is b y n o m e a n s a 
ce r t a in m e t h o d of r educ ing all s eepage . For 
o n e th ing , t h e l ining does no t last indef ini te ly: 
for a n o t h e r , its eff iciency is l a rge ly d e p e n d e n t 

* 1 feddan is equal to 1.038 acres. 
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on r egu la r and t h o r o u g h m a i n t e n a n c e . 
* A n o t h e r s t r a t e g y is to dig t u b e wel ls in o rde r to 

p u m p out g r o u n d w a t e r and t h u s lower t h e 
w a t e r t ab le . A la rge n u m b e r of such wel ls h a v e 
b e e n s u n k in Pakis tan , Ch ina and e l s e w h e r e . 

O n c e again , h o w e v e r , t he i r h igh cost h a s 
of ten p r o v e d an i n s u r m o u n t a b l e p rob lem. In 
addi t ion, t u b e wel ls h a v e a sho r t life span and, 
wi th l ined i r r iga t ion canals , t h e y sha re t h e 
in t r ac t ab le p r o b l e m of r equ i r i ng r egu la r main­
t e n a n c e if t h e y a re to work . 

W h e r e t u b e wells h a v e b e e n used, as in 
Ch ina , t he i r successes in b r ing ing d o w n t h e 
w a t e r tab le appea r short- l ived. 

I ronical ly, too , t h e excess ive use of t u b e 
wel ls can, in itself, e x a c e r b a t e t h e p r o b l e m of 
sal inisat ion. W h e r e t h e w a t e r t ab le is l o w e r e d 
too far (as h a s h a p p e n e d in ce r t a in pa r t s of t h e 
Sou th -wes te rn Uni ted States) aquifers can be so 
dep le t ed t h a t t h e y b e c o m e closed bas ins . Used 
i r r iga t ion w a t e r t h e n a c c u m u l a t e s in t h e m . 

* A th i rd m e t h o d for r e d u c i n g t h e r a t e of salin­
isa t ion is t h e i n t roduc t i on of ' o v e r h e a d sprink­
le rs ' . Such spr ink le rs a re said to minimise w a t e r 
use and, t hus , ru le ou t ove r -wa te r ing as a cause 
of wa t e r l ogg ing . 

N o n e t h e l e s s , spr ink le rs a re no t w i t h o u t the i r 
p rob lems . In h o t a reas , t h e w a t e r can e v a p o r a t e 
e v e n before it h i ts t h e g round . And , spr ink le r 
i r r iga t ion h a s b e e n associa ted wi th i nc rea sed 
pes t o u t b r e a k s . 

* T h e mos t effect ive m e a n s of c o m b a t i n g wate r ­
logging and sal inisat ion is to build dra ins . Irri­
ga t ion w i t h o u t d ra inage is n o w gene ra l l y 
a c c e p t e d to be litt le m o r e t h a n a rec ipe for eco­
logical disaster . 

But d ra inage is r a r e l y instal led in i r r iga t ion 
s c h e m e s . 

Dra inage was n e v e r instal led in t h e va r ious 
i r r iga t ion pro jec ts w h i c h h a v e b e e n set up in 
t h e C h a m b a l a r eas of Rajhas tan and M a d h y a 
P r a d e s h in Ind i a . W a t e r l o g g i n g q u i c k l y 
deve loped in t h e a rea . 

In N e w South Wales , Aust ra l ia , t i led d ra ins 
h a v e indeed b e e n instal led—but on ly for t h o s e 
i r r iga ted lands u n d e r in t ens ive h o r t i c u l t u r e . 
O t h e r i r r iga ted c rops go u n d r a i n e d . 

Even in A m e r i c a ' s San J o a q u i n Val ley , some 
60 pe r cen t of fa rmers do no t h a v e a d e q u a t e 
d r a inage facilities. 
O n e r e a s o n for t h e r e l u c t a n c e of g o v e r n m e n t s 

to instal l d r a inage lies in t h e e x p e n s e involved . 
The UN Food and Agr icu l tu ra l Organ i sa t ion 

(FAO) es t ima tes t ha t instal l ing effect ive drain­
age costs b e t w e e n 200 and 1,000 dollars p e r hec ­
t a r e of land. 

T h e cost of d ra inage is usua l ly u n d e r e s t i m a t e d 

w h e n p l ann ing n e w i r r iga t ion s c h e m e s . "Cos t s 
for d r a inage a r e a lways u n d e r - e s t i m a t e d and 
w h e n i r r iga t ion s c h e m e s o v e r r u n the i r budge t s— 
w h i c h t h e y a lways do—there is l i t t le m o n e y or 
in te res t left for d ra inage , "no t e s Carl W i n d s t r a n d 
in his book , Wafer Conflicts and Research 
Priorities. 

He goes o n to q u o t e Erik Eckho lm w h o 
r e m a r k s : " T h e l egacy of th is c o n t i n u e d def iance 
of rea l i ty is a s t u p e n d o u s loss of global agri­
cu l tura l o u t p u t . " 

In fact, if t h e t r u e cost of d r a i n a g e w e r e t a k e n 
in to accoun t , t h e n m a n y w a t e r p ro jec t s wou ld 
cease to b e e c o n o m i c . 

SALINITY AND DOWNSTREAM AGRICULTURE 
Lining canals , d igging wel ls and i n t r o d u c i n g 

d ra inage a re all m e a s u r e s u n d e r t a k e n to e n s u r e 
t ha t sal ts a re f lushed a w a y from i r r iga ted land. 

But t h e f lushed salts mus t go s o m e w h e r e . 
Genera l ly , t h e y e n d up in t h e n e a r e s t r iver , t h u s 
inc reas ing t h e r ive r ' s salt c o n t e n t . 

For fa rmers d o w n s t r e a m of i r r iga t ion s c h e m e s , 
t h e p r o b l e m is obv ious . T h e y m u s t use increas ­
ingly sal ine w a t e r to i r r iga te t h e i r o w n fields. 

W h e r e r iver bas ins h a v e b e e n h igh ly devel­
oped, d o w n s t r e a m fa rmers mus t cope w i t h o t h e r 
p rob l ems too . 
* If t h e r e a re ci t ies u p s t r e a m , the i r i r r iga t ion 

w a t e r is l ike ly to be c o n t a m i n a t e d w i t h 
domes t i c w a s t e and indus t r ia l chemica l s . 

* Over-use of w a t e r u p s t r e a m c a n s e v e r e l y res­
t r ic t t h e flow of a r iver—in s o m e cases to t h e 
e x t e n t t h a t sea w a t e r is a l lowed to i n t r u d e in to 
t h e Delta . 

In some r ive r bas ins , n o t a b l y in Bangladesh , 
sea w a t e r h a s b e e n k n o w n to i n t r u d e up to 100 
k i l ome t r e s in land . 
M a n y d o w n s t r e a m fa rmers in arid a r ea s n o w 

find the i r l ive l ihoods t h r e a t e n e d b y deve lop­
m e n t u p s t r e a m of t h e m . 
— G e o g r a p h y h a s c o n d e m n e d Pak i s t an ' s Sind 

p r o v i n c e to b e i n g a ' s ink ' for t h e w h o l e Indus 
Val ley . 

A s a resu l t of e c o n o m i c d e v e l o p m e n t wi th in 
b o t h Afghan i s t an and t h e Punjab—the t w o up­
s t r eam s ta tes w h i c h sha re t h e Indus—its 
w a t e r s a re inc reas ing ly pol lu ted . 

A l t h o u g h t h e Tarbe l la Dam w a s buil t t o 
supply some 92 mil l ion ac r e feet of good 
qua l i ty w a t e r to t h e Sind, few e x p e r t s e x p e c t 
t h e dam to p rov ide a p e r m a n e n t so lu t ion to t h e 
p rob lem. 

T h e d e m a n d for good w a t e r h a s led to t h e 
Punjab ' s ex t ens ive g r o u n d w a t e r r e se rvo i r s 
b e i n g m i n e d on a l a rge scale . But t h a t supply 
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will s tar t r u n n i n g ou t b y t h e e n d of t h e 
c e n t u r y . 

"Sooner or la te r" , says A l o y s Michel , " t h e 
c o n c e n t r a t i o n of salts . . . is b o u n d to i nc rea se 
d o w n s t r e a m . " 

T h e on ly solut ion—or r a t h e r palliative—is to 
' expor t ' t h e h igh ly sal ine w a t e r s d i rec t ly to t h e 
sea or to allow t h e m to a c c u m u l a t e in s inks 
a long t h e dese r t marg ins . 

T h e cost of e i the r u n d e r t a k i n g , h o w e v e r , 
wou ld be e n o r m o u s . It is h a r d to see h o w 
fur ther sal inisat ion can be avo ided in t h e a rea . 

— Like t h e Sind, Iraq is at t h e tail e n d of a sha red 
w a t e r supply—the River Euphra t e s . T h e r iver 
also r u n s t h r o u g h T u r k e y and Syria. 

Should p lans to build n e w dams a long t h e 
r ive r go ahead , t h e n , acco rd ing to Professor 
Pe t e r Beaumon t of Bangor Univers i ty , " t h e 
l ike ly d e m a n d for w a t e r will b e in excess of t h e 
avai lable flow of t h e r iver . " 

Iraq will suffer most . V e r y li t t le w a t e r will be 
left for h e r to use and w h a t w a t e r t h e r e is will 
h a v e h igh salt and pol lut ion loads. 

O n e c o n s e q u e n c e will be a c o r r e s p o n d i n g 
fall in t h e q u a n t i t y and qual i ty of food pro­
d u c e d in t h e area . 

— Before it r e a c h e s South Aust ra l ia , t h e River 
M u r r a y flows first t h r o u g h t h e Sta tes of Vic­
tor ia and N e w South Wales . Toge the r , t hose 
t w o s ta tes c o n t r i b u t e 64 pe r cen t of t h e 1.1 
mill ion t ons of salt car r ied b y t h e r iver e a c h 
yea r . 

As a resul t of abs t rac t ion u p s t r e a m , t h e 
a m o u n t of w a t e r r e a c h i n g South Aus t ra l i a ha s 
b e e n drast ical ly r educed . W h a t w a t e r does 
a r r ive is ser ious ly pol lu ted wi th agr icu l tu ra l 
and industr ia l was tes . 

I r r igat ion w a t e r w h i c h seeps b a c k in to t h e 
M u r r a y br ings wi th it salts from u n d e r l y i n g 
g r o u n d w a t e r s . Because t h e g r o u n d w a t e r s of 
Sou th Aus t ra l ia a re na tu ra l ly saline—in some 
a reas , t h e y a re salt ier t h a n sea wa t e r—the re­
su l t ing salt load can be v e r y h igh . 

In a n a t t e m p t to comba t t h a t p rob lem, t i led 
d ra ins w e r e instal led be low i r r iga ted lands in 
s o m e areas , t h e w a t e r be ing p u m p e d in to 
' evapo ra t i on bas ins ' on t h e r iver flats. Those 
bas ins w e r e no t wa te r t igh t , h o w e v e r , and 
h igh ly sal ine w a t e r is a l r eady seep ing ou t of 
t h e m in to t h e M u r r a y . 

T h e p rospec t s for t h e fu ture a re gr im. "In 
t h e face of r is ing sal ini ty levels and inc reas ing 
d e m a n d for good w a t e r for m e t r o p o l i t a n Ade­
laide, t h e fa rmers ' fu ture looks dec idedly 

s h a k y , " c o m m e n t s M Bulter, a g e o g r a p h e r at 
Adela ide Col lege . 

He goes on to w a r n : " I r r iga ted land will 
e v e n t u a l l y be a b a n d o n e d and fa rmers will lose 
a w a y of l ife." 

— N o r t h e r n Mexico is pa r t ly d e p e n d e n t for its 
w a t e r on t w o ' shared r ivers '—the Rio G r a n d e 
and t h e River Colorado . T h e w a t e r from b o t h 
r ivers is n o w so sal ine t ha t it c an on ly be used 
twice before it b e c o m e s too b rack i sh for agri­
cu l tu re . 

Salt c o n c e n t r a t i o n s in t h e Rio G r a n d e h a v e 
inc reased from 221 to 1691 ppm in r e c e n t 
y e a r s . If sal ini ty levels in t h e River Co lo rado 
c o n t i n u e to r ise at t he i r p r e s e n t r a t e , t h e n b y 
t h e y e a r 2010, t h e economic cost in t e r m s of 
lost p roduc t i on and decl in ing w a t e r qua l i ty 
will h a v e e x c e e d e d $1.24 billion. 

A m e r i c a h a s ag reed to r e d u c e t h e sal ini ty 
levels of w a t e r s e n t e r i n g Mexico . To t h a t end , 
a mass ive desal in isa t ion p lant is be ing built on 
t h e Mex ican bo rde r at Yuma in Ar i zona . 

Original ly pr iced at $300 million, t h e p lan t is 
n o w e x p e c t e d to cost m o r e t h a n $1 billion. 

At t ha t p r ice , i r r igat ion w a t e r p rov ided b y 
t h e p lan t will cost some $800 pe r acre-foot , 
m o r e t h a n 35 t imes t h e c u r r e n t cost of irri­
ga t ion w a t e r in t h e Imperial Val ley of Cali­
fornia. 

EFFORTS TO COMBAT SALINITY: THE US 
EXPERIENCE 
M u c h of t h e sal ine w a t e r from t h e farms in t h e 
Imperial Va l l ey—where 500,000 ac res a re u n d e r 
irr igation—is channe l l ed for 80 miles via t h e All-
A m e r i c a Cana l in to t h e na tu ra l l y sal ty, in land 
Salton Sea. 

Few agr icu l tura l a reas , h o w e v e r , h a v e a Salton 
Sea at the i r disposal. W h e r e n o na tu ra l salt 's ink' 
exists , t he r e fo r e , artificial evapo ra t i on bas ins 
h a v e b e e n built . 

Those basins do not—and cannot—provide a 
last ing solution to the salt p roblem. In part icular , 
t h e y resul t in t h e con tamina t ion of g roundwa te r s . 

Saline w a t e r rapidly b r e a k s d o w n soils w h i c h 
a re i m p e r m e a b l e to fresh wa te r , t h e r e b y render ­
ing t h e m p e r m e a b l e . Even bui lding evapo ra t i on 
bas ins on i m p e r m e a b l e land will no t p r e v e n t t h e 
long- te rm c o n t a m i n a t i o n of g r o u n d w a t e r s . 

Nor does it he lp to l ine bas ins wi th an imper­
vious mate r i a l such as plast ic or asphal t . 

"Conce ivab ly , such l inings will be effect ive for 
as long as 50 y e a r s but , u l t imate ly , o n e e x p e c t s 
t h e m to fail," w a r n s A r t h u r Pi l lsbury. "In all 
probabi l i ty , the i r l ifetime w h e n t h e y a re exposed 
to sal ine w a t e r will be sho r t e r t h a n the i r l ifetime 
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Perrennial irrigation agriculture is notorious for causing waterlogging and salinisation 
is w h e n t h e y a re exposed to fresh w a t e r , for 
w h i c h t h e y a re no rma l ly t e s t ed . " 

A p a r t from e v a p o r a t i o n basins , t h e o t h e r prin­
cipal m e a n s of disposing of w a s t e i r r iga t ion 
w a t e r s is via long-dis tance d r a inage cana ls . 
— In S o u t h e r n California, a 290-mile long 'mas te r 

d ra in ' h a s b e e n half-built—at an e s t ima ted cost 
of o v e r 1.2 bill ion dollars—in o r d e r to t a k e t h e 
w a s t e w a t e r s from t h e San J o a q u i n Val ley 
d i rec t ly to t h e Pacific. 

T h e Cana l will h a v e t h e capac i ty to m o v e 
m o r e t h a n 3 mill ion t o n s of salt e v e r y y e a r . If 
t h e cana l is a l lowed to c o n t i n u e to t h e sea, t h e 
d u m p i n g of such mass ive quan t i t i e s of salt will 
cause un to ld ecological d a m a g e in t h e del ta 
a rea . T h e d ra inage w a t e r is also heav i ly con­
t a m i n a t e d wi th agr icu l tura l chemica l s . 
It is a m o o t po in t as to w h e t h e r long-dis tance 

d ra inage canals ac tua l ly avoid t h e fur ther salinis­
a t ion of w a t e r tables . A r t h u r Pi l lsbury for 
i n s t ance a rgues t ha t such sal inisat ion is on ly 
avoidable w h e r e t h e w a t e r t ab le is semi -perched 
—that is, i sola ted from t h e deepe r , ma in b o d y of 
g r o u n d w a t e r . 

T h r e e major s c h e m e s h a v e b e e n p roposed in 
o rde r to p rov ide w a t e r to flush excess salts from 
t h e soil of t h e US south-wes t and—more import­
an t from t h e G o v e r n m e n t ' s po in t of v iew—to 
e x t e n d t h e a m o u n t of l and u n d e r i r r iga t ion . 

All t h r e e s c h e m e s involve impor t ing vas t 
quan t i t i e s of w a t e r from o t h e r pa r t s of t h e US. 
Two h a v e r u n in to f inancial difficulties and t h e 
th i rd looks un l ike ly eve r to ge t off t h e g round . 
— T h e Pe r iphe ra l Cana l Project , w h i c h would 

b r ing w a t e r from N o r t h e r n California to 
S o u t h e r n California, at a cost of b e t w e e n $700 
mill ion and $1.3 billion, w a s v e t o e d d o w n in a 
1982 r e f e r e n d u m . 

— T h e Texas W a t e r System, w h i c h was i n t ended 
to b r ing w a t e r to t h e semi-arid and arid W e s t of 
Texas , has also b e e n v e t o e d b y local t axpaye r s , 
w h o bau lked at hav ing to f inance t h e $3.5 bil­
l ion project . 

— T h e N o r t h A m e r i c a n W a t e r and Power Alli­
a n c e (NAWAPA) s c h e m e is t h e most ambit ious . 
It would diver t w a t e r from Alaska and Nor th ­
e r n Canada to var ious par t of Canada , t h e US 
and Mexico . T h e d ra inage a rea of t h e s c h e m e 
would be 1.3 million square miles and 160 
million acre-feet of wa t e r would be d iver ted 
sou thwards for i r r igat ion and w a t e r w a y 
cont ro l ' . 

T h e es t imated cost of t h e project is $200 
billion. If t h e expe r i ence of similar projects is 
a n y t h i n g to go by, t h e final cost could well be 3 
to 4 t imes h igher . 

T h e s cheme is l ikely to be s t r enuous ly op­
posed b y env i ronmenta l i s t s and b y Alaska and 
Canada , n e i t h e r of w h o m t a k e k indly to t h e 
idea of the i r w a t e r s be ing d iver ted to t h e 
A m e r i c a n Southwest . Indeed, it s eems t ha t 
t h e r e is little c h a n c e of t h e s c h e m e eve r coming 
in to opera t ion . 

Significantly, h o w e v e r , A r t h u r Pi l lsbury 
a r g u e s t h a t w i t h o u t t h e N A W A P A s c h e m e , 
t h e fu ture of t h e Sou thwes t is e x t r e m e l y pre­
car ious . He descr ibes t h e p ro jec t as " t h e on ly 
c o n c e p t a d v a n c e d so far t h a t will e n a b l e t h e 
lower r e a c h e s of w e s t e r n r ive r s to a c h i e v e t h e 
salt ba l ance n e c e s s a r y for t h e long t e r m hea l t h 
of w e s t e r n agr icu l tu re , on w h i c h t h e e n t i r e US 
and i n d e e d t h e wor ld h a s m u c h d e p e n d e n c e . " 

He goes o n to w a r n : "Unless t h e lower r ive rs 
a r e a l lowed to r eas se r t t he i r n a t u r a l funct ion 
as e x p o r t e r s of salt t o t h e ocean , t o d a y ' s pro­
duc t ive l ands will e v e n t u a l l y b e c o m e salt-
e n c r u s t e d and b a r r e n . " 
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I—Briefing 

SALINISATION: N O TECHNOLOGICAL 
SOLUTION 
By op t ing for t echno log ica l so lu t ions to w h a t a re 
essent ia l ly ecological p rob lems , t h e fur ther 
sal inisat ion of lands t h r o u g h o u t t h e wor ld is 
ensu red . 

In effect, w e h a v e b e c o m e t r apped on a t e c h n o ­
logical t readmil l . 

In t h a t respec t , t h e e x p e r i e n c e of t h e US South­
wes t is pa r t i cu la r ly e loquen t . In the i r th i rs t for 
wa te r , t h e i nhab i t an t s of t h e Sou thwes t h a v e 
s u n k tube-wel ls and built h u g e rese rvo i r s . In 
the i r fight agains t sal inisat ion, h u g e fo r tunes 
h a v e b e e n spen t on l ining i r r iga t ion canals , 
d igging dra ins and bui ld ing e v a p o r a t i o n ponds . 

But t hose m e a s u r e s h a v e s ingular ly failed to 
solve t h e Sou thwes t ' s p rob lems . Salinisat ion is 
ge t t ing worse—and t h e r e is still no t e n o u g h 
w a t e r to satisfy d e m a n d . 

T h e sea rch for n e w ' t echno log ica l fixes' ha s 
n o w b e c o m e inc reas ing ly de spe ra t e . River bas in 
t ransfer s c h e m e s and gene t i ca l ly -eng inee red 
sa l t - to lerant c rops h a v e b e c o m e t h e o rde r of t h e 
day . But at w h a t financial—let a lone e c o l o g i c a l -
cost? 

Sooner or la te r t h e t echn ica l fixes will r u n out . 
Even n o w m a n y of t h e p roposed s c h e m e s a re too 
cost ly to implement . How long will it be before 
t h e r eg ion is t r ans fo rmed in to a sa l t -encrus ted 
desert? A n d h o w m a n y o t h e r a r eas a r o u n d t h e 
wor ld will go t h e same way? 
SEDIMENTATION: THE WAY OF ALL DAMS 
Sooner or la ter , t h e r e se rvo i r of a dam mus t fill 
up wi th t h e silt and o t h e r de t r i tus wh ich t h e dam 
p r e v e n t s from flowing d o w n s t r e a m . W h e n t ha t 
h a p p e n s , t h e dam mus t be decommiss ioned : 
indeed , w i t h o u t its reservoi r , a dam is n o m o r e 
t h a n a use less slab of c o n c r e t e . 

In t e m p e r a t e a reas , t h e s e d i m e n t a t i o n of a 
r e se rvo i r is usual ly a slow process . 

A s tudy by Dr Cybe r sk i of t h e State Hydro-
logical-Meteorological Ins t i tu te , W a r s a w , for 
i n s t ance , r ev i ewed s ed imen ta t i on r a t e s at 19 
r e se rvo i r s in Cen t r a l Europe . Cybe r sk i found 
t h a t t h e i r s t o r a g e capac i t y (which r a n g e d 
b e t w e e n 120 and 183,000 acre-feet) was dep le ted 
b y s ed imen ta t i on at an a v e r a g e r a t e of 0.51 pe r 
cen t pe r a n n u m . 

In t h e t ropics t h e s i tua t ion is v e r y different 
indeed . Tha t difference can be expla ined , princi­
pally, b y t h e devas ta t ing effect w h i c h deforest­
a t ion h a s had on t ropical soils. 

G iven t h e p r e s e n t r a t e of de fores ta t ion in t h e 
t ropics ( twenty-five ac re s of ra infores t a r e lost 
t h r o u g h o u t t h e wor ld e v e r y m i n u t e of t h e day) it 
is h a r d l y surpr is ing t h a t r ivers in t h e reg ion 

c a r r y e n o r m o u s quan t i t i e s of silt. 
Pred ic tab ly , t h e r a t e of s e d i m e n t a t i o n in t h e 

t ropics in r e c e n t y e a r s ha s b e e n n o t h i n g shor t of 
d isas t rous . 
— In India, t h e e x p e c t e d s i l ta t ion r a t e of t h e 

Nizamsagar Dam in A n d h r a P radesh w a s 530 
acre-feet a yea r . T h e ac tua l r a t e w a s c loser to 
8,700 acre-feet a y e a r . Indeed, t h e d a m ' s reser­
voir is a l r eady es t ima ted to h a v e lost 60 pe r 
cen t of its s to rage capac i ty . 

— Few of t h e o t h e r dams n o w o p e r a t i n g in India 
(in 1978, t h e r e w e r e 835 , twen ty - s ix of w h i c h 
p rov ided m o r e t h a n two- th i rds of t h e coun­
t r y ' s s to rage capaci ty) h a v e e scaped si l tat ion 
p rob lems : m o r e impor t an t still, m a n y h a v e 
e x p e r i e n c e d si l tat ion r a t e s w a y above those 
p red ic t ed b y the i r p l anne r s . 

— In Haiti , t h e Pel igre Dam on t h e A r t i b o n i t e 
River was buil t to last 50 y e a r s : in fact, its 
r e se rvo i r h a s silted up so qu ick ly t ha t t h e dam 
will p robab ly be decommiss ioned in 1986— 
after jus t 30 y e a r s of ope ra t ion . 

— In China , t h e Sanmenx ia Reservoi r , w h i c h w a s 
comple t ed in 1960, h a d to be decommiss ioned 
in 1964 due to p r e m a t u r e s i l tat ion. W o r s e still, 
t h e Laoying Reservoir ac tua l ly silted up before 
its dam was comple ted . 
Clear ly , t h e p r e m a t u r e s ed imen ta t i on of reser­

voirs ser ious ly affects t h e e c o n o m i c s of a dam 
project . 

If a dam ' s r ese rvo i r silts up severa l t imes m o r e 
rapidly t h a n p red ic ted (or w o r s e still, as at 
Laoying, before t h e dam e v e n h a s a c h a n c e to 
function) t h e t ime over w h i c h t h e cos ts of t h e 
d a m m u s t be a m o r t i z e d is i n e v i t a b l y de­
c reased—thus m a k i n g n o n s e n s e of t h e calcul­
a t ions used to justify t h e dam ' s cons t ruc t ion . 

As t o d a y ' s dams silt up , so t h e y will l eave 
b e h i n d a vas t m u d d y was te l and . 

C o m p a c t e d b y t h e we igh t of a r e se rvo i r ' s 
wa t e r s , t h e fine par t ic les of silt w h i c h h a v e b e e n 
depos i ted in t h e r e se rvo i r form a br ick-hard pan 
as t h e y build up . 

Even w h e n t h e last w a t e r s of t h e r e se rvo i r 
h a v e d ra ined away , t h e land b e n e a t h will no t be 
sui table for bas in i r r iga t ion or rain-fed agri­
cu l tu re . 

On ly a n a r r o w strip close to t h e dam, w h e r e 
t h e coa r se r and t h e r e b y less c o m p a c t e d par t ic les 
of silt a re l ikely to h a v e accumula t ed , will be 
sui table for cu l t iva t ion . 

A n expanded vers ion of this Briefing 
Document (24 pages) can be obtained from 

The Ecologist, Worthyva le Manor, 
Camelford, Cornwall , U.K., price £1.75. 
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