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INSTITUTIONAL ISSUES IN IRRIGATION MANAGEMENT: 
DEWAHUWA AUGMENTATION SCHEME 

Introduction 

Agriculture has always played a central role in the society and economy of Sri 
Lanka. Today, more than 50 % of the 16 million people who inhabit this island 
off the southern coast of lndia earn their living through agricultural production. 
In spite of this large agricultural base, however, the country continues to import 
sizable quantities of faod every year. With rising unemployment and overcrowding 
of the urban areas, expansion of the agricultural secter of the economy seems to 
ofter solutions to several of the development problems facing Sri Lanka. Ac­
cordingly, the primary foeus of development activities has been to increase agri­
cultural productivity, and the principal means employed has been the improve­
ment and expansion of irrigation facilities . 

Rainfall in Sri L;-,n ka is concentrated into two monsoon seasons. During the 
months of Septemr~r to February, cool air trom the Asian continent collects 
moisture as it passes over the Bay of 8engal in a southwesterly direction. Reaching 
Sri Lanka, this air -nass deposits most of its moisture over the Greater part of the 
island. This period is known as Maha, or wet season , Ouring the months of March 
to August, the heating of air over Asia draws air north from the Indian Deean. The 
warm, moist winds bring rain to the southwest quarter of the island, but the 
mountains of the central high lands prevent the rains from reaching the remaining 
three-fourths of the country. This region, therefore, is referred to as the "dry 
zone", and this season iscalled YaJa, or dry season. 

In ancient Sri L ~ lka, cultivation in the dry zone was accomplished by an intri­
cate system of reservoirs, er tanks, built by the Sinhalese kings. Oue to invasions 
fram lndia, outbreaks of malaria, and other factors, the Sinhalese civilization 
gradually shifted to the south and west, and these irrigation systems fell into dis ­
repair. In the 19th century, the British colonial rulers began to restore the aneient 
tanks. The restoratien of these irrigation systems has continued since the island 
gained its independence in 1948, and resettlement of the dry zone areas has form­
ed a major part of the government's development programs. In addition to the re­
habilitation of ancient schemes, numerous modern irrigation works have been 
built, most notably these constructed under the ambitious scheme, which includes 
four large dams, will provide irrigation fer over 300,000 acres of new land (1). 

Dewahuwa Tank, located in the dry zone of Sri Lanka, halfway between 
Kandy and Anuradhapura, is said to have been bunt during the 2nd century B.C. 
After being breached in the 10th century, It remained neglected until restoration 
began in 1946. The first thirty-five families moved to the Dewahuwa p roject in 
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• 1950, and ultimately. 468 families were resettled there. The Srj Lankan govern-
ment provided each of these original households with 5 acres of paddy land and 
an additional 2.5 acres of highland on wh ich to build their hauses and grow 
vegetables and other rainfed eraps. The third generation of settiers has begun 
establishing their families, so that more than 800 independent households now 
live within the project area. 

During the first twenty years of operation at the Dewahuwa project, the 
farmers were able to harvest a fairly successful paddy crap in most Maha seasons, 
but no Yala cultivation was possible, due to lack of Water. In October 1970, the 
Government of Srj Lanka signed an agreement with the Japanese government to 
launch the Srj Lanka Japan Rural Development Project. The site chosen for the 
project was Dewahuwa. The project's goal was "to increase the agricultural and 
agroindustrial productivity so that direct benefit would be brought to the actual 
tillers of the soil while increasing the living standards of the inhabitants as a 
whole" (2). BV 1974, the Japanese had concluded that insufficient water for Yala 
cultivation was the principal obstacle to the achievement of this goal, and they 
pledged their support for what later became known as the Dewahuwa Augment­
ation Scherne (3). 

Dewahuwa Augmentation Scheme 

Recognizing the need for additional water at Dewahuwa, the Irrigation Depart­
ment conducted a study of the project area and, in 1967, reported that the only 
feasible source of additional water was the Nalanda Reservoir, located about ten 
miles southeast of Dewahuwa (Figure 1). The Nalanda Reservoir was constructed 
to provide flood contra I and irrigation water for the Amban Ganga river basin, 
and later, a channel was constructed to allow diversion of same of this water to 
the Kala Wewa irrigation system via Welamitiya Ova . Releases into Welamitiya 
Ova are controlled bV the Ebbawela Regulator. The 1967 studv investigated a 
plan to divert same of the water released from the Ebbawela Regulator to Dewa­
huwa by means of a link canal constructed between Welamitiya Ova and Kalugal 
Ova, which feeds into Dewahuwa Tank. Since the water from Nalanda was already 
allocated to other areas, and because they expected difficulties in land acquisition 
and in preventing encroachments on land along the canal, the report concluded 
that the construction of the link canal should not be undertaken (4). 

When the Japanese arrived at Dewahuwa in 1970, work had begun on the first 
stage of the Mahaweli project,whichincludedplans for the diversion of water from 
the Mahaweli Ganga to both of the areas served bV Nalanda. Therefore, Nalanda's 
water would no longer be needed in those areas, and it seemed logical to make 
this water available to the farmers at Dewahuwa. Accordingly, the Japanese pre­
pared "An Outline of Benefits Nalanda Diversion Can Bring" in Mav 1974 . Two 
vear.; later, in Mav 1976, the Irrigation Departrnent published a feasibility report 
based on the Japanese studV. This detailed re port failed to acknowledge the prob· 
able difficulties which were expressed in the 1967 report and concluded that the 
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Dewahuwa Augmentation Scheme was "highly reeoriimended for immediate 
implementation." (2) 

In August 1978, the Irrigation Department began eonstruetion of the link canal 
using government-owned equipment. Subsequent equipment failures caused con­
struetion delays, prompting the government to hire a private eontraetor to finish 
the projeet. The five-mile-Iong ea nal was eompleted in July 1982, and diversions 
began in June 1984. 

Detailed Project Description 

Nalanda Reservoir 

Nalanda Reservoir is approximately 30 miles north of Kandy. It has a gross 
storage capacity of 12,400 acre-feet (ac-ft) and a catchment area of 48 square 
mi/es. The average annual catchment y ie ld, based on Hydrology Division records 
for 1958 - 1971 is 82,200 ac-ft. Nalanda is at a higher elevation and in a better 
climate than Dewahuwa. Although no reliable rainfall data is available, 80 - 90 
inches per year would be a fair estimate. Only 210 acres of paddy land are irrigat­
ed below the dam at Nalanda (2). 

Ebbawela Channel and Regulator 

Nalanda Reservoir is connected with Welamit iya Ova by means of the 2300 ft 
long Ebbawela Channel. Releases into Welamitiya Ova are controlIed by the 
Ebbawela Regulator which consist~ of four gates (18 ft wide X 7 ft high) with a 
maximum discharge of 7450 feet /second (cusees). The regulator, however, is at 
a high level in relation to the reservoir, such that the height of the water level at 
full capacity is only seven feet above the regulator's sil l. Therefore, only 3300 
ac-ft of storage is available for release into Welamitiya Ova, and mueh of the year 
the water level is too low to perm it any releases . 

Welamitiya Anicut and the Link Canal 

The Welamitiya Anicut is located approximately four miJes downstream from 
the Ebbawela Regulator. The eatehme nt area of Welamitiya Ova, above the ani­
cut, is 8.1 square miles and provides an estimated annual yield of 10,450 ac-ft (2) . 
The present anieut is an improvement of an old structure which provided irrigat­
ion water for about 100 acres. When the link canal was constructed, the anicut 
was improved to allow a diversion capaeity of 130 eUSeCS into the canal. 

The link canal is an earthen channel 5 .25 miles long with a bed with of 14 ft 
and side slopes 1 on 1.5. The design capacity is 130 cusees with a full supply 
depth of 3 .5 ft. The channel gradient is 0 .00035. The canal is designed not to 

64 



interiere with the existing drainage pattern whieh feeds"several village tanks near 
the canal. Many large eonduits cross over the eanal earrying the flows of small 
streams, and the eanal itself is carried ae ross (me large stream via a closed conerete 
ehannel on the underside of a bridge. Flood control is aehieved by an overflow 
spill loeated about one half mile below the anicut, and by side spills along the 
eanal. Flow measurement deviees include a Parshall flume just below the anieut 
and a weir gauge at the point of discharge into Kalugal Ova, approximately three 
miles south of Dewahuwa Tank. 

Considerable disagreement exists between Irrigation Department doeuments 
and irrigation officials eoneerning the legitimate use of the diverted water. The 
Department's feasibility report states that the new eanal "will be eonstrueted to 
replenish Dewahuwa Tank and irrigate the ... 680 acres of existing lands along the 
eanal route" (2). Today, however, the loeal irrigation offieials contend that the 
only legal turnout along the eanal provides irrigation for some lands belonging to a 
nearby temple. The extent of these lands is between 250 and 400 acres, depending 
upon whom one is asking. All other extractions of water from the eanal are eon­
sidered illegal. 

Dewahuwa 

Dewahuwa Tank is located in the Central Province, approximately 80 miles 
northeast of the capital city, Colombo, and 10 miles northwest of Nalanda 
Reservoir . It has a eatehment area of 26.0 square miles and a gross storage capaci­
ty 019 .700 ac-ft . The estimated annual catchment yield is 27,600 ac-ft (2). The 
average anual rainfall at Dewahuwa for the period 1944 - 1974 was 61.0 in­
ches (5) but only 52.0 inches lor 1975 - 1986. The monthly distribution 01 the 
rainfall, shown in Figure 2, illustrates the differenee between Maha and Yala 
seasons. The Dewahuwa sehe me eurrently irrigates about 3000 acres in Maha. The 
Yala 1984 and 1985, approximately one third of the total acreage was cultivated. 
This proportion was increased to almost half in 1986. Only 20 % of these Yala 
cultivations are rice paddy, the remaining arßas being used for other food crops 
whieh require less water. 

Current Study 

Today, more than four years after completion of the eanal and twelve years 
after the Japanese study, the Dewahuwa Augmentation Seheme is not functioning 
satisfactorily. The farmers of Dewahuwa have yet to receive any noticeable bene­
fit from the divers ion. Why has this project, which cost the government millidns 
of rupees to build, failed to achieve its objectives? What steps can be taken to 
make it successful? Under the direction of the International Irrigation Manage­
ment Institute (11MI), I attempted to establish some answers to these questions. 
I spent two weeks living at the project site, gathering data and information from 
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irrigation officials, Irrigation oepartment re cords, IIMI ~cords, and various other 
sources. I then spent two more weeks at 11M I headquarters, near Kandy, discus­
sing my fi ndings with members of the IIMI staff and conducting computer analys­
es of the data. Unable to reach any significant conelusions before the end of my 
stay, there, I have continued my study since returning to my horne institution, 
Texas A & M University. 

My search for answers to the questions posed at the beginning of the study has 
covered the nontechnical as weil as the technical aspects of the project. Indeed, 
the nontechnical constraints were so readily apparent that I began to wonder 
whether any technical analysis was necessary . Recognizing that some things may 
have changed since lieft Sri Lanka, I will outline these non-technical problems by 
relating some of my experiences and presenting some of the information acquired 
during the course of my study. The final two sections give the details of the tech­
nical analyses and some conclusions and recommendations. 

Nontechnical Constraints 

Institutional Strucrure 

The institutione structure of the bureaucracy wh ich controls irrigation in Sri 
Lanka consists of t:hree separate departments under two different ministries. The 
Agrarian Services Department, wh ich in the Ministry of Agriculture,looks after al! 
of the small tanks, defined as those irrigating less than 200 ac res. The larger 
systems are divided between two departments in the Mahaweli and Lands oe­
velopment Board was established to oversee the Mahaweli projeet. At that time, 
the Irrigation oepartment relinquished responsibility for all of the areas scheduled 
to benefit from this enormous scheme.-Today the Mahaweli oevelopment Autho­
rity has replaced the Mahaweli Development Board as the controlling ageney in 
those areas. Although the Dewahuwa Tank is under the authority of the Irrigation 
Department, an three of these agencies have affected the operation of the Oewa­
huwa Augmentation Scheme . 

The unusual complexity of the institutional structure surrounding this project 
makes it an interesting ease study of the interaetions between the three depart­
ments, as weil as the operations within a single department. Since the water in the 
Nalanda Reservoir was intended for areas ncw served by the Mahaweli scheme, the 
proposal for an alternatve use required the approval of the Chairman of the Maha­
weli Oevelopment Board before diversion.s could begin. This requirement may ex­
plain so me of the delay in implementation . One of the extraordinary features of 
the Oewahuwa Augmentation Scheme is that it lies in three different irrigation 
districts within the Oepartment of Irrigation. Furthermore, these three districts 
are administered by two different Deputy Oirectors (0 .0.) of Irrigation. Nalanda 
Reservoir is in the Matale district, wh ile the Ebbawela Regulator and the link 
are in the Dambulla district. Both of these distric ts report to the 0 .0. office in 
Kundasale, near Kandy. Oewahuwa Tank, on the other hand, is in the Mahaillup-
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pallama district under the 0.0 . office in Kekirawa. Th@ administration and co­
ordination of all these offices is the responsibility of the Matale Kachcheri. Thus, 
obtaining all of the desired information required spending two full days and 
several halfdays travelling to each of these places. 

Communication between the departments is often slow, or even non~xistent. 
In the 1986 Yala seasan, for example, agents fram the Agrarian Services Oepart­
ment promised farmers along Welamitiya Ova that they would receive the water 
released form the Ebbawela Regulator . The farmers, therefore, increased their 
cultiva tion acreage in expectation of more water. Unfortunately , the Agrarian 
Services Oepartment has no authority over the Ebbawela releases and did not con­
sult the Irrigation Engineer (I.E.) at the Dambulla district office before making 
this promise. Therefore, when the I.E. began diverting the water into the link 
canal, the WeJamitiya farmers were understandably angry. A major controversy 
was averted because Oewahuwa had received unusually high rainfall that spring, 
and the management agreed to allaw the misguided farmers at Welamitiya to have 
the water which was promised to them (6). 

Even within the Oepartment of Irrigation , communieation between the various 
offices seems to be lacking. The 0.0. in Kundasale informed me that he had only 
recently instructed the I.E. in Oambulla to start keeping arecord of diversion 
through the Welamitiya Anicut into the link canal. When I arrived at the Dambulla 
office, I found records of Parshall flume measurements at the anicut beginning in 
January 1984. I was not surprised, therefore, to learn that a formal re quest made 
by a group of farmers might take a full year ta travel through the bureaucratic 
channels for conducting a study and submitting aproposal, before adecision can 
be made (6). 

Politics 

01 course, bureaucracies must operate within the framework of politics , and 
management of the Oewahuwa Augmentation Scheme is no exception . One of the 
major issues in the operation of the project is the illegal "tapping" of water by 
farmers along the link cana!. Their siphon tubes and small pumps were operating 
without any attempt to hide them, yet the I.E. said that he was powerless to stop 
them . He explained that the farmers had appealed to the local Member of Parlia· 
ment (M.?,), who gave them his tacit consent in order to keep them happy and 
voting. Oue to the M.P.'s considerable political power, extending, perhaps, even to 
influence over the appointment of loeal irrigation officials, the I.E. was very re­
luctant to act against his consent. Similarly, a proposal for uniting the entire 
Oewahuwa project under one district office to facilitate its efficient operation will 
probably never be approved because it would most likely result in the dissolution 
of the Mahailluppallama district office . Since the Deputy Minister of Irrigation is 
from that eieetarate, it is doubtlul that he would allowthe office to be closed (7). 
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Financial Constraints • 
One of the major construction proposals included in the original plans for the 

Dewahuwa Augmentation Scheme was improvement of the Ebbawela Regulator, 
but this work was never completed. The proposal was to construct another re­
gulator adjoining the Ebbawela structure, but ten feet below the current sill level. 
This new outlet would require deepening of the channel leading to the regulator, 
but would greatly increase the volume of water available for diversion. When the 
contractor began work on the proposed improvement, they discovered that the 
channel bed is solid rock, as is the foundation of the regulator structure itself. 
Thus, the work would require blasting operations which meant significant cost 
increases. The Irrigation Department decided not to spend the additional money, 
and work at Ebbawela was halted (8). 

Due to the substantial amount of money the present government is diverting 
to National Security, the Irrigation Department's budget has become even tighter. 
Obviously, a shortage of funds affects many aspects of irrigation management. At 
the Dambulla irrigation office, for example, three of their four jeeps have broken 
down, and they are unable to pay for the needed repairs. Having only one vehicle 
to cover all the project sites in the district inhibits the effective monitoring of 
the projects by decreasing the frequency of visits to each site. The effects of the 
reduced budget are also noticeable at the field level. At Dewahuwa, the Technical 
Assistant (T.A.), who is the resident irrigation official, does not have funds for 
system maintenance. (Another factor contributing to this lack of operating funds 
will be discussed later.) Therefore, when a channel wall broke, it continued to 
flood the adjacent paddy field until the surrounding farmers · repaired it them­
selves. While farmer initiative should be encouraged, their crude repair of the 
channel wall is only temporary, and they expect the irrigation department to re­
pair it properly. 

Physical Constraints 

Physical constraints 10 the effective management of irrigation systems such as 
the Dewahuwa Augmentation Scheme include poor transportation and com­
munication facilities . Many of the projects are in remota locations, requiring 
severa l miles of travel on poorly maintained roads that are sometimes impassable 
without a four-whee l-drive vehicle. Since telephones cannot be found in these 
areas, the irrigation officials must 90 to the sites to obtain information and to give 
instructions. Thus, much of the officials' time is spent travelling between sites. 
One afternoon, I wentwith the l.E. from Dambulla to see the Ebbawela Regulator. 
We reached Ebbawela, more than one hour of travel time from Dambulla, to dis­
cover that the gate operator, whom we wanted to see, had gone to Dambulla to 
talk to the LE. Our principal purpose for going to Ebbawela was 10 ve ri fy that the 
gate operator had received the message 10 open the gates the day before. The gates 
were closed, indicating another communication failure. We opened one of the 
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gates, but the absence of communication between EbbatNela and the Welamitiya 
Anicut prevented us fram knowing, until two days later, that we had opened it 
too much. The flow was greater than the capacity of the link canal, and much of 
the water intended for Dewahuwa was continuing down the Welamitiya Ova. 

Sociological Considerations 

Regardless of the quality of design and construction, the success of an irriga­
tion system depends on the actions and interactions of people - both individuals 
and groups. Recognizing this fact, an outline of a "feasibility study for irrigation 
system and settlement planning", distributed by the Irrigation Department in 
1977, includes a recommendation for a "socio-economic study" of the proposed 
project area (9). In its 1967 report, the Irrigation Department listed four reasons 
for not recommending construction of the link canal; two of these reasons were 
based on sociological considerations. The report stated that building the canal 
"through an undeveloped area with good climatic conditions ... (wouldl im­
mediately result in encroachments along it" and that the acquisition of private 
lands was "bound to be resented" (4). I found no record of any further sociologi­
cal studies, and neither of the two later reports mentioned these anticipated dif­
ficulties. When construction of the canal was half finished, however, the local 
M.P. forced the Irrigation Department to halt construction and investigate alter­
nate rautes because farmers were unhappy about having the canal eut aeross their 
lands. The investigators found no viable alternative, and the canal was completed 
along the planned route (8) . Today, those farmers who resisted the canal's con­
struction are illegally irrigating their lands with water taken from the canal. 

From an objective point of view, one can hardly blame the tapper for his 
actions. The farmers at Dewahuwa have not paid for the water flowing through 
his paddy field, nor did they pay for the canal construction. Their only claim to 
the water is that the government has designated it for them. But why should the 
government do that? Why should the farmers at Dewahuwa, who already have a 
tank, receive more water, while these farmers along the canal ":'lust rely on rainfall 
for their paddy cultivation? From the tapper's viewpoint, the government is 
obligated to provide water for him, as weil . 

This concept of government obligation to supply the needs of the farmers is an 
interesting problem in itself. Past and current government policies have fostered 
this attitude. Resettlement of the dry zone areas through restoration of ancient 
tanks has been a major focus of the government's development programs. Ta at­
tract people to these resettlement schemes the government has offered free land, 
free irrigation facilities, and financial support. In 1984, the Dewahuwa manage­
ment created an organization of farmer representatives to participate in manage­
ment policy decision-making. At that time, they also began collecting operations 
and maintenance fees to help pay for the maintenance of the irrigation channels 
and agricultural extension classes held a few times each year. The goal of these 
moves is to gradually turn management of the irrigation system over to the 

70 



• farmers . Today, however, less than 25 % of the farmers are paying these tees; after 
th irty-six years of having everything provided by the government, they see no 
reason to start paying, now. This lack of farmer support, combined with reduced 
Irrigation Department budgets has left the management with insufficient funds to 
properly maintain the irrigation structures. 

This inability to solieit farmer financial involvement also has some bearing on 
the problem of lowering the Ebbawela Regulator. According to the T.A. at Dewa­
huwa, the increased incorne resulting tram a single year's cultivation of the tu II 
acreage in the Yala season would more than pay tor the cost of modifying the 
regulator. The problems with that argument is that the farmer's increased profit 
is not going to he lp the government pay the initia l construction costs, and obtain­
ing a loan from an international agency such as the Asian Oevelopment Bank 
(AOB), would be very difflcuJt for the government, at this time, due to its already 
large foreign debt. One solution, therefore, might be for the farmers at Oewahuwa 
to approach the AOB with a earnings each year to pay back the loan . This ap­
proach has been tried successfully on a much larger scale in the Philippines (10). 
The people with whom I have discussed this solution say it is impossible, at this 
time, since it requires a strong farmer organization with the ability to extract pay­
ments from its members. They say that the concept of paying for improvements 
contradicts the conditioning they have received over the last three decades. 

Missing and Unreliable Data 

Since hydroJogical conditions vary trom year to year (or even day to day), 
primarily due to variations in rainfalJ, any study of those conditions must be for 
a lang period of time in order to attain same degree of statistical accuracy. The 
researcher, therefore, r.1ust collect large amounts of detailed data for analysis. Ob­
viously, the results of I.is study depend on the quality of his data, which, in turn, 
is dependent upon the careful measurement and tabulation of the physical pheno­
mena that the data represents . I have concluded that much of the data I collected 
does not meet these requirements. A few examples should serve to support my 
conclusion: 

At the 1.E.'s office in Dambulla, I was pleased to find records of Parshall flume 
height measurements from the Welamhiya Anicut since they would provide 
information about the volurnes and frequencies of past diversions. When I 
visited the site, however, I was rather disturbed to find that the numbers for 
the gauge, which was painted on the flume, had all worn off, leaving only a 
thin red stripe with a few tick marks. To reassure me, the old man who records 
the measurements,ran up to his hause and returned shortly, carrying a long 
pole. He walked to the edge of the flurne, pushed the pole into the water until 
it touched bottam, then puHed it out and proudly showed me the water mark. 
Taking the pole back to his hause, he found a tape measure and measured the 
distance from the end of the pole to t he water mark, never wondering whether 
he had put the pole into the water at the correct pOSition in the flurne, nor if 
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• the pole had been vertieat, nar if the water märk had changed whi le he walked 
back to his house. 
The I.E.'s office also had records of weir gauge readings tram the other end of 
the link canal. These readings were recorded in feet and inches. When I went to 
that site with the man who records that data, I discovered that the gauge was 
marked in feet and tenth of feet. I watched as the man counted tour marks 
below the 1-foot mark and recorded O' - 8", when it should have been 0.6'. 
Using the data col/eeted fram records of changes in reservoir storage, reservoir 
overflow, and sluice releases, I attempted to estimate the amount of water 
flowing inta Dewahuwa Tank 8ach month. When I had finished the calcula­
tiens, several of the months had negative inflow values, which, taken literally, 
meant that in one month alm ost 1500 acre-feet of water fJowed back up the 
river. The absence of any recorded sluice releases in that month seems reason­
able since no cultivation took place during that Yala season . One possible ex­
planation for the missing water, however, is that the farmers asked to have 
some water released for domestic purposes (e.g. bathing and washing clothes), 
and since these releases were not for irrigation purposes, the management did 
not see the need to record them. 
J found that much of the data I asked to see had never interested anyone be­

fore, and, therefore, I was the first to discover the discrepancies, the inconsist­
encies, and the gaps in the information available. When copying the Parshall flume 
heights, I found that records for the periodsNovember 1984 to November 1985, 
and March 1986 to November 1986, were missing. The 1986 data was in the old 
man's notebook at the site (he had simply forgotten to send his week ly reports), 
but the other data was never found. Similarly, when I asked to see the rating curve 
for the flume, which would allow me to convert the height measurements to 
actual flow measurements, they couldn't find it. It had been lost, misplaced, or 
perhaps it had never existed. For almost three years they had been diligently re­
cording feet and ,inches, not realizing that these measurements were meaning­
less without the ability to interpret them. Yes, the I.E . knew, but he was not the 
person recording the data. I believe many of the problems I found with the data, 
are the result of the person in the field not understanding the meaning and the 
importance of the measurements he is taking_ 

lechnical Analyses 

As noted in the previous section, much of the data collected during the study 
was determined to be unreliable. Therefore, the planned technical analysis based 
on computer modeling of the system had to be reduced to two largely theoretical, 
conceptual analyses. The first analysis is a modification of an operational study of 
the Dewahuwa Augmentation Sehe me conducted by the Irrigation Department 
for their feasibility report. The second analysis is an examination of the flow 
characteristics in the link canal, including an assessment of the illegal tapping 
problem. Although these studies are less extensive than the original project pro-

72 



• posal, they provide valuable insiaht into the problems facing the operation of the 
link canal and may have direct implications for the future successful management 
of the system. 

Operational Study 

In a 1982 letter to the Deputy Director in Kundasale, the I.E . in Dambulla 
wrote, ..... I da not see the necessity for working out sta"nding orders for issue of 
water tram Ebbawela sluice inta Welamitiva OVa to be conveyed inta Dewahuwa 
Tank ... What is being issued ... is virtually spill water of Nalanda , .. completely in­
dependent of the requirements of the f iel ds under Nalanda. To my mind, there 
are only two considerations that should govern issues through Ebbawela. They are 
that Dewahuwa Tank should be below spill level and that there should be water 
above the Ebbawela sluice sill. As 500n as both these conditions are existent, then 
water should be released into Welamitiya Oya" (11). This is precisely the system 
of diversion management adopted by the Irrigation Department in November 
1986 and was, therefore, used in conducting this operational study. The earlier 
study done by the Irr igation Department used a more complicated approach to 
system management. Dtner modifications to the previous study included updating 
the monthly duty of water and the monthly evaporation figures for Dewahuwa 
and assuming conveyallce lasses in the streams and in the canal. Two separate 
studies were actually conducted. For the first study, cenveyance lasses were 
assumed to be 15 % tor both Welamitiya Ova, between Ebbawela Regulator and 
the anicut, and the combination of link canal and Kalugal Ova, between the 
anicut and Dewahuwa. In the second study. the conveyance losses for the com· 
bination were increased to 30 % to account for the greater conveyance distance 
and the very low slope of the canal. The following assumptions were made for 
both studies: 

Cropping patte,,, at Dewahuwa in Yala 1985 an Maha 1985/86 is typical 
Rainfall and evaporation for these seasons is typical 
Therefore. monthly duty of water for full Maha cultivation and 1/2 Yala culti· 
vation taken trom sluice re lease records for these seasons 
Monthly water rl '...: ty for full Yala cultivation estimated as twice that for 1/2 
Yala cultivatioi I 
Mont..,ly evaporation for Dewahuwa Tank take n fram evaporation pan measure· 
mnts, using a pan coefficient of 0.75 (see Appendix for evaporation pan data) 
Monthly evaporation figures at Nalanda assumed to be 10 % lower than these 
at Oewahuwa since it Is in a wetter climate, and a pan coefficient of 0.70 was 
used since Nalanda Reservoir Is deeper than Oewahuwa Tank 
Initial storage on October 1 taken as the averages of 1982 - 1986 records for 
Nalanda Reservoir and 1976 - 1986 records for Oewahuwa Tank 
Monthly duty of water for 210 acres at Nalanda taken trom the Irrigation Oe­
partment's feas ibility report (2) 
Monthly duty of water for 680 acres at We lamitiya assumed to be equivalent 
lac-ft/ac) to that for Nalanda 
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Tab!e 2: Operationa! Study with 15 % and 30 % Lasses 
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Monthly catchment yield for Nalanda Reservoir and'tJewahuwa Tank taken as 
averages of Hydrology Diversion records for 1959 - 1971, as given in the Irri­
gation Department's feasibility report (2 ! 
Monthly yields for Welamitiya Ova taken from estimates given in the Irrigation 
Department's feasibility report (2) 
The results of these studies appear in Tables 1 and 2. 80th studies seem very 

encouraging, since Oewahuwa Tank experiences a net increase in storage during 
the year, indicating that the diversion scheme shauld be successful. Befere draw­
ing any conclusions, however, the preceding assumptions need to be e)(~mined 
closely. The most important data used in these studies are the monthly catchment 
yields. Oue to time constraints, this data could not be verified ncr updated. Con­
sidering the unreliabi/ity of other data gathered in this study, caution should be 
exercised in placing much significance on these results until verification and up­
dating has been done. 

Link Canal Flow Characteristics 

On November 20, 1986, the water being diverted through Welamitiya Anicut 
exceeded the capacity of the canal such that much water was passing over the 
overflow spill. At the discharge end, however, the water in the canal was only 
0.6 ft deep.Why? Where was all of the water going? A simple and seemingly ob­
vious answer, and one which was immediately accepted as the answer, is that the 
th irty-five siphon tubes and tour small pumps, wh ich were illegally irrigating 
paddy fields along either side of the canal, had taken all of the water intended for 
Oewahuwa. Therefore, at the Dewahuwa Project Committee meeting the follow­
ing day, the Project Managerorganized a group of farmers to go and talk with the 
I.E. in Oambulla about correcting this urgent problem that was preventing their 
tank from filling_ A few days later, this group took their complaint to the District 
Minister's office. Most people were certain that they were finally going to solve 
this problem of an ineffective augmentation scheme. A careful examination of the 
data, however, indicates that tapping is only one of the problems to be addressed. 
A much more significant problem appears to be a substantial reduction in canal 
flow capacity _ 

Siphon Tube Discharge 

How much water are the tappers actually taking? Cauld their siphon tubes and 
pumps account for aJl the missing water? We can estimate the siphon tube dis­
charge by combining the Bernoulli equation with the Darcy-Weisbach formula 
for head lass due to friction in pipies (see Appendix). We da not have enough in­
formation to use these farmulas unless we make several assumptions . In making 
these assumptions, we will choose the possibilities which give the highest value fcr 
discharge. 
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'We must begin by choos ing a pipe roughness. Clearly, assuming a smooth pipe 

wall w ill give the highest discharge. Next, we seleet a length of 20 H . Most of the 
siphon tu bes used by the tapper:;. were much langer than 20 f t, some of thern lang· 
er than 100 ft. For the elevation difference , we w ill assume " ci va"lue of 10ft. AI ­
though a few of the f jelds are more than 10ft below the water level in the canal; 
most a"re less than 10ft. Using a tube diameter of 3 inches and an entrance lass 
coefficient of 1.0, we obtain a trietion faetar of 0 .0145, a velocity of 14.3 ft /sec, 
and a discharge of 0.70 cusecs. Using conservative "assumptions (pipe roughness 
of galvanized iran, length = 50 ft, elevation difference = 6 tt), we obtain a frietion 
factor of 0 .025, a velocity of 7.4 ft/sec, and a discharge of 0 .36 cusecs. 

Pump Discharge 

Tc estimate the discharge of the pumps, we are again required to make _some 
assumptions. As before, aur assumptions will be chosen to give the highest esti­
mate. A small pump such as t hose used by the tappers typically has a 3.5 horse­
power motor. Assuming 80 % efficiencies for both the motor and the pump and a 
total dynamic head of 10 ft (see Appendix ), we obtain a flow of 2.0 cusecs. Since 
these efficiencies are quite h igh, particularly when o ne consi ders the environment 
in w hich the pumps are being used, the actual flow w ould be much less, probably 

1.0 - 1.5 cusecs . 
So how much of Dewah uwa's water, w as lost to fields alon9 the canal on Nov-

ember 20, 1986? Using aur libera l estimates, we have: 
35 tu bes X 0 .70 cusecs + 4 pumps X 2.0 cusecs = 32.5 cusees 
And using more conservative estimates : 
35 tubes X 0.50 cusecs + 4 pumps X 1.5 cusecs = 23.5 cusecs 
80th of these values represent a considerable quantity of water, but we need 

more information, such as the amount of water actually reaching Kalugal Ova, be­
fore making any conc1usions. 

Canal Discharge 

To estimate the canal discharge, we can use the standard we ir equation (see 
Appendix). The water flows into Kalugal Ova through two adjacent bays, each 
6.25 ft wide. Using a le ngth of 12.5 ft and a he ight of 0.6 ft, we obtain a total 
flow of 19.3 cusecs. This number represents an over-estimation of f low since the 
constrictions caused by the transition fram a trapezoidal channel cross section to 
two rectangular we irs , separated by a 1.5 ft w ide concrete div ider, produce an 
artificially high water level. 

These calculations demonstrate that the water be ing lost to tapping, whether 
estimated liberally or conservatively, is indeed significant and must be seriously 
considered. The sum of these flows, however, using the li beral estimate, is only 
51.8 cusecs. In addition to these flows, we must account for the irrigation of t he 
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temple lands. According to the I.E. in Darnbulla. the legal allocation for these 
lands is 5 CUseC5, but he suggests that they are probably receiving more than that. 
Continuing our liberal assumptions,we will a:i ow 1 0 cusecs 10r the temple . Adding 
this number to the previous surn and assuming a conveyance loss of 30 %, gives a 
total flow of 88.3 cusecs. This value represents only 68 % of the design capacity 
of 130 cusecs on the same day that water was being lost to overflow at the head 
end of the eanal. If we use Dur conservative estimates and allow only 7.5 cusecs 
for the temple, this figure becomes 71 .9 cusee', or 55 % "f capacity . 

The Flume 

k. mentioned earlier, the reliability of the Parshall flume height records is 
questionable, and without a rating curve or the dimensions of the flume, it would 
be rather difficult to estimate the aetual amount of water entering the canal. How­
ever, an examination of the flow through the flume provides the probable answer 
to the question concerning the missing water. On the day in question, the flow in 
the flume was submerged, which means the discharge through the flume was great­
Iy reduced. The flume probably has a 6 ft or 8 ft wide contracted section (throat). 
Using a flow rate correction chart for submerged Parshall flumes (12), a flume 01 
this size with an upstream head of 3.5 ft (the design full supply depth lor the 
canal) would have a flow rate correction of 40 - 50 cusecs. This correction re­
duces the capactiy flow to 80 - 90 cusees. Therefore, the probable answer to the 
missing water question is that the water is not missing; it simply never entered the 
canal. 

The Manning Elfect 

Why is the flow rate in the canal reduced by almost 50 %? Normally, the flow 
accelerates through the throat of a Parshall Ilume, causing a hydraulic jump at the 
exit. The absence of this hydraulic jump indicates submerged flow, in which the 
water is unable to accelerate due to low-velocity flow downstream. Manning's 
formula for uniform flow in open channels (see Appendix) provides an explana­
tion for the reduced velocity in the cana!. With an assumed flow depth of 3.5 feet 
and assuming constant canal geometry and slope as given in the detailed project 
description, the only variable is the variable n, known as Manning's coefficient of 
channel roughness. Similar to the friction factor in the Darcy-Weisbach formula 
for pipe flow, the Manning's coefficient varies with the type of channel surface. 
For earthen channels, such as the link canal, the value of Manning's coefficient 
varies from 0.017 for "straight and uniform canals" to 0.095 for channels with 
"dense, uniform stands 01 vegetation over 10 inches long" (131 . From the formula, 
it is evident that the discharge is inversely proportional to n, such .that doubling 
the value of n causes the discharge to reduce by half. 

The canal had a substantial amount of vegetation growing on the side slopes 
and in the canaJ itself . It seems reasonable, therefore, to suggest that the value of 
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the Manning's coefficient is currently much higher tl111.n the value used in the 
design of the canal , the difference being large enough to cause a 40 - 50 % re­
duction in flow capacity. Thus, a technical analysis of the flow in the canal indi­
cates that the principal problem is not really a technical problem at all; 1t is a 
problem of maintenance. 

Conclusion 

Why is the Oewahuwa Augmentation Scheme not functioning satisfactoril y? 
Technically, the system 1s fail1ng to meet its objectives due to a significantly re­
duced flow rate in the link canal, but, as demonstrated in the last sectlon, this 
problem is only one symptom of the much larger problem of ineffective system 
management. What steps, then , can be taken to make the project successful, and 
who should be responsi ble for their impl ementation? 

Several of the problems out iined in t he section on non-technical constraints 
are beyond the control and influence of the local management and even the Irri­
gation Department, itself. These include the finaneial and physical constraints. 
Most of the other constraints , however, can be addressed at various levels of re­
sponsib il ity. In November 1986, the Irrigation Department asked [IM I to conduct 
an objective invest igation of the proposa[ to unite the entire Dewahuwa Augmen­
tation Scheme under one district off ice . Based on the findings of the current 
study, such a change might alleviate several of the problems encountered in the 
compJex institutional structu re surrounding t he projec1. At the local level, the 
Irrigation Department can take steps to improve the quality of data colJection and 
tabulation. The best meth od for achieving t his goal is improved instruction of 
field ass istants and more frequent mon itoring of their werk. It is imperative that 
this instruction should 110t only teach the field assistant the mechanics of his job 
but also provide him with an understanding of why that job is meaningful and 
important. Frequent monitoring of a fie ld assistant's work wouJd eliminate the 
possibility that a fu ll year passes before anyone real izes that a gauge marked in 
feet and tenths of feet is being read in feet and inches. 

The role of the local management should continue to be the encouragement, 
coordination, and organiza tion of increased farmer involvement in management 
operations and decision-making. The management at Dewahuwa is to be com · 
mended for erganizing a eollective response to the tapping problem . Such collee­
tive action may be the only way to overcome the project's political constraints 
and will necessarily strengthen the farmer or9anization by demonstrating their 
potential effectiveness in promoting change. 

The sociological constraints are probably the most difficult to overcome since 
they involve so many people with differing opinions of wh at the projects ob­
jectives should be. Obviously, a tapper's interest in the project is very different 
from that of the farmer at Dewahuwa. In assessing the problems with the canal's 
operation, it is evident that the tappin g problem is rather insignificant relative to 
the maintenance problem . If t he canal were operating at full capacity , the volume 
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of water reaching Kalugal Ova would almost tripie in spite of the 20 - 30 cusees 
aliowed for tapping. Since the complete elimination of tapping is probablv im­
possible (24-hour patrols of the canal are highlV impractical) and since the judi­
ciousness of doing so is questionable, perhaps a solution can be found which will 
benefit both groups of farmers. Proper canal maintenance should be the top 
priority . Considering the Irrigation Department's financial limitations and slow­
ness to aet, a quick solution will probably require the active participation of the 
farmers, themselves. -

One possible solution requires the cooperation of irrigation officials, local 
management officials, and the farmers at both sites. The removal of vegetation 
that has reduced the flow capacity of the canal seems to be a relativ~lv easy task 
which can be performed without heavy equipment er substantial government 
assistance. 11 the irrigation officials would stap the diversion of water into the 
canal, a large group of farmers with mammoty (hoe~ike farming implements) 
could clear the canal in a day or two. While this solution presents some logistical 
problems (e.g. transportation of farmers and implements), these should not be 
insurmountable, and the potential benefits are many. The increased canal dis­
charges would allow the farmers at Dewahuwa to see immediate results from their 
efforts, providing another example of the benefit of organized collective effort. 
They will also discover that they need not be dependent on government assistance 
to improve their irrigation system and witl be more likely to take an active role in 
management operations. Furthermore, cooperation between the Dewah uwa 
farmers and the farmers along the canal in this maintenance operation could pro· 
vide the basis for negotiations concerning the amount of water to be taken from 
the canal for irrigation. 

In conclusion, this study indicates that the Dewahuwa Augmentation Scheme 
can be successful. The challenge is to find a solution which is beneficial and ac­
ceptable to all groups concerned. Such a solution may involve fundamental 
changes in the current goals and policies of the system management, but the alter­
native is to accept the dillicult task of enforcing an unpopular policV . 
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