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FOREWORD

Sustainability is an intrinsic characteristic of Heritage. Mainstreaming science heritage
in our school education, policy and engineering designs, and community governance
could be the best multi-disciplinary solution for our prevailing sustainability challenges.
Heritage is not for the sake of heritage; it has important sustainability lessons for
our future survival. It is generally said that we are the product of our heritage as it
manifests itself in our very sense of being or identity, our aspirations, our designs,
our creations, our possessions, our worldviews, and the list can easily be endless.
We are basically living our heritage. However, most of us like to think that heritage
is something that was in the past or it was some part of our distant history, which
seems a very narrow conceptualization of the whole idea of heritage. In temporal
terms, heritage is not a discrete concept, but a continuum of intellect-driven human
evolution. It has no past, no present and hence no future. Whatever we create today
for future is an incremental addition to what is there already, though maybe not in a
very physically spatial sense, but definitely in terms of our thought processes. And, it
only makes sense that it is simply impossible to completely drain all our accumulated
thoughts or learnings and then let something new fill in the vacuum. Without going
into any dictionary-type definition of heritage, let’s try to look at it as an intangible
force that guides us in future. This characterization holds true for all our aspects —
physical and non-physical. So, when we talk about water heritage, we subtly mean
how water was always there even before us, is there at present and will always be
there even if we cease to exist or simply disappear.

Therefore, it is grossly erroneous to assume that historical water was something
different than today’s water or future water. Water is always water and it is infinite
in many ways unless some cosmic events force it into unknown blackholes. It is a
different matter how it always been contained in various natural earth formations,
man-made structures or conduits, and vast atmospheric spaces.

Let’s look at “sustainability” and then we try to establish a relationship between water
heritage and sustainability, if any. Again, without taking any help of a dictionary, in
very pure terms, sustainability could be thought of as a state of equilibrium that
continuously balances the multiple opposing forces. These forces could either be
living or non-living, or any combination of them, obviously subject to our current level
of intellectual depth. Sometimes we can understand a concept that we are not able
to comprehend by looking at a probable antonym of it. For sustainability, it would
definitely be “chaos” i.e., dominance of one set of forces with nothing to balance
them. So, in other words, sustainability is something which is basically resisting
chaos, which many of us believe is the term for extinction of human species as we
know them, if not all forms of biological life on earth. Non-living are not part of any
of this as they were never created and can never be destroyed based on the law of
conservation of mass or energy. To take the argument a little further, it would imply
that sustainability is somehow our very basic instinct of survival or sustenance.

Now let’s walk into the real world of today equipped with the above principles of “water
heritage” and “sustainability.” Water heritage is a continuum whether humans are
around or not. In fact, water does not need humans at all as it can create biological
life of its own choosing as it has done before, if again, we ignore the temporal
aspect. It is the other way around that humans need water for their sustainability
or survival. Unless they come to terms with these basic ugly truths, no holistic
approach to development could be conceived. UN-SDGs breakdown sustainability
into its various essential elements from human perspective or we can say SDGs
are the physical spirituality necessary for future human survival. At given point of
time individual elements could be vital to a specific stakeholder group; and if we do



not want to leave anyone behind, then all stakeholders would need to come to the
common recognition of these basic laws of science and apply them religiously in
their own domain of influence. No individual stakeholder should be allowed to rock
the boat and it is the existential responsibility of the rest of the stakeholders that
the boat remains in a state of equilibrium. Development is a very subjective term
that changes with time, contexts and assumed priorities. At some point of time in
history it was like not dying from plague or eaten by a predator was development,
today it may be the satisfaction that our future generations will have a content life
in physical and emotional terms, and we really cannot know in future what animal
would be called the development. Goals are just goals that keep us on our toes to
make urgent efforts in the short run, but human life can be much more than just
scoring some goals. It should be based on an eternal sense of harmonious living by
all, including plant and animal kingdoms, within an environment that is empowered
and capacitated to sustain us all.

It is not that the climate is changing for the first time; it is an eternal constant. At
different times we have dealt with it appropriately depending on its nature and
continued to thrive. This time it is no different; it only depends how intelligently we
adapt considering the accelerated rate of change and surely by not feeding this
monster at all so that it can consume us all.

This publication chronicles the heritage irrigation structures that document the tests of
time that these structures have undergone over thousands of years and demonstrate
important lessons for water security, food security, and sustainable agricultural water
management in future.

Prof. Dr. Ragab Ragab
President, ICID
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INTRODUCTION

Lix

Since the dawn of human civilization water has been an enabler of societal
development so much so that we started believing “Water is Life,” a common phrase
in most languages. And, life is multi-dimensional involving not only a physical aspect
but also economic, social, cultural, political, religious, and spiritual concepts. Early
human settlements emerged around natural water availability and continued to do so
for thousands of years. During civilization process the water bodies/scapes became
integral parts of human communities and societies and their economic, social, cultural,
political, religious, and spiritual activities. Historically, we have always assumed
that water is not a limiting factor for human development, however, as our numbers
grew from millions to billions, we started to see the finite dimension of water that
we now term as “water scarcity” and once a life-critical natural resource becomes
limiting our attention is diverted to its value, its use or misuse, its criticality to our
survival and its conservation. We have started feeling constrained and questioning
our early assumptions of infiniteness of water, and more importantly exploring ways
to overcome this scarcity as climate change coupled with over-stretched carrying
capacity of our ecosystem have exacerbated the human development situation.

Fortunately, water is now being discussed in many domains which have a diverse
worldview of water. Water is not owned by just one discipline of human existence, its
multi-dimensionality needs to be put in a holistic perspective facilitated by a dialogue
among the stakeholders having asymmetric knowledge contexts, capacities, beliefs,
socio-economic backgrounds, cultural and spiritual visions.

ICID’s World Heritage Irrigation Structures (WHIS) program aims to do just that by
bringing together on one platform all the stakeholders so that they can understand
each other’s viewpoints, positions, and arguments based on a common recognition
of the physical, socio-economic, cultural and worldviews/constructs of water.

Er. A. B. Pandya
Secretary General, ICID






SCHEME FOR RECOGNITION OF WORLD

HERITAGE IRRIGATION STRUCTURES (WHIS)

1. BACKGROUND

At the 63rd meeting of the International Executive Council
(IEC) held in Adelaide, Australia, in 2012, President
Gao Zhanyi suggested that a process for recognition of
the historical irrigation structures on the lines of World
Heritage Sites as recognised by UNESCO shall be
initiated. Accordingly, a Task Team was set up to work
out objectives, guidelines, and procedures to select the
historical irrigation structures. The Scheme was discussed
during the meeting of WG-HIST at the 65th IEC meeting.
The members suggested changes in the scope of the
Scheme, and the present Scheme has been revised
and updated to include both the old operational irrigation
structures and structures that have primarily archival
value. The Management Board (MB), at its first virtual
meeting of 2018 (MB-1/18) held in Kathmandu, Nepal,
decided to prefix the word 'World' to HIS as the Scheme
was conceptualised initially for recognising the individual
structures forming an irrigation system, irrespective of
its location.

2. OBJECTIVE

The "World Heritage Irrigation Structure" (WHIS) program
aims to document the historical structures worldwide that
have contributed to the evolution of irrigation and drainage
in agriculture through history. The irrigation or drainage
structures that fulfil the criterion in this document are,
thereby, registered in the WHIS Register. As of 2020, a
total of 106 systems have been recognised in the register.
The main objectives of recognition as a "World Heritage
Irrigation Structures” are:

» To trace the history and understand the evolution
of irrigation in civilisations across the world,

* To select and collect information on historical
irrigation structures from around the world,
understand their significant achievements, and
gather knowledge about the unique features that
have sustained the project for such a long period,;

e Tolearn the philosophy and wisdom on sustainable
irrigation from these structures; and

e To protect/preserve these historical irrigation
structures

[ xi |
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3. SCOPE

3.1 Thetype of the structures or facilities to be considered
for recognition as World Heritage Irrigation Structures
shall fulfil the following criteria:

(@) The structure shall be more than 100 years old;

(b) The structures shall fall under one of the
following categories:

e« Dams (operational mainly for irrigation
purposes),

e Water storage structures such as tanks for
irrigation,

e Barrages and other water diversion
structures,

e Canal Systems,

¢ Old waterwheels,

¢ Old shadouf,

e Agriculture drainage structures,

e Any site or structure functionally related
to present or past agricultural water
management activity.

4. CRITERION

The structure recognised as a World Heritage Irrigation
Structure should fulfil one or more of the following criteria.

e The structure should represent a milestone/turning
point in the development of irrigated agriculture
and should bear exceptional testimony to the
development of agriculture and increase in food
production along with the improvement of the
economic condition of farmers;

e The structure that was ahead of its times in
terms of project formulation, engineering design,
construction techniques, dimensions of the system
itself, quantum of water diverted, and size of the
command; [any one or more of these]

e The structure must have made an outstanding
contribution to enhancing food production,
livelihood opportunities, rural prosperity, and
poverty alleviation in a region;



» The structure was innovative in its ideas at the time
of its construction;

e The structure contributed to the evolution of
efficient and contemporary engineering theories
and practices;

e The structure is an example of attention
to environmental aspects in its design and
construction;

e The structure was an example of engineering
marvel or excellence at the time of its construction;

e The structure was unique in some positive and
constructive way;

e The structure bears the stamp of a cultural tradition
or a civilisation of past the past;

The systems fulfilling the above-laid criterion are classified
into two lists:

e ListAwould include those structures which are still
operational and present an outstanding example
of sustainable Operation & Management over a
long period;

e List B would consist of those structures which
essentially have archival value and are no more
functional

5. SIGNIFICANCE

The process of documentation, recognition, and
appropriate management of the World Heritage Irrigation
Structures will benefit the irrigation and drainage fraternity
as well as the society in general by providing:

(@) Understanding of the factors that make the
heritage structures sustainable and learning
lessons from there;

(b) Education opportunity for professionals,
students, and the general public; and

For UNESCO World Heritage Sites, inclusion means
maintaining the status quo forever. But it would be
incorrect to stipulate the same for irrigation structures,
as the people have the right to replace the older systems
with more efficient ones for better water use efficiency.
Recognition as a WHIS would be used to draw the
attention of the concerned governments to provide
sufficient resources to maintain the WHISs. ICID may
provide small-scale technical guidance to the project
authority through a team of experts from ICID for its further
sustainability, conservation, and safety management as
long as possible. ICID, through various kinds of published
material (Coffee table publications, web pages, and so

on), should bring these WHIS into the public knowledge
and the role they have played in achieving food security.

6. PROCEDURE

Historical irrigation and drainage structure fulfilling
the criterion laid under section 4, based on the
recommendation of the Jury to be constituted following
the guidelines, as presented below, will be approved by
the International Executive Council to be recognised as
World Heritage Irrigation Structure (WHIS) that will be
included in an "ICID Register of World Heritage Irrigation
Structures" and presenting a "World Heritage Irrigation
Structure" Plaque citing the salient features of the WHIS.
The Plaque will be awarded to the National Committees
for onward transmission to the authorities responsible
for the running and maintenance of the structure for
displaying prominently on the body of the structure. The
ICID Register of WHIS would be publicised through ICID
media channels.

The National Committee should report the current status
of the registered WHIS site to ICID after five years of
registration.

Any National Committee/Committee of ICID can nominate
or send a proposal for recognising historical irrigation
structures meeting the criteria. The maximum entries per
National Committee/Committee are limited to up to four
(4) in ayear. The NC shall obtain a letter of support from
the relevant authorities.

The Jury or Panel of Judges is constituted by the
President shall form a Panel of Judges, broadly following
the composition below for adjudication with the objective
to provide recognition to World Heritage Irrigation
Structures:

e Chairman, PCSO - Chairman
¢ Chairman/Ex-Chair, WG-HIST - Member
¢ Nominees from 3 NCs of ICID - As Members

e Secretary-General, ICID - Member-Secretary

The nomination process for recognition of World Heritage
Irrigation Structures is open-ended, and the National
Committees desirous of submitting a nomination can fill in
the required information in the Nomination Form available
on the ICID website. The nomination forms received by
30th June every year will be processed together and
presented to the following Executive Council meeting
after due processing.
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WG-HIST CHAIR AND MEMBERS

Sl. No. | Name Country Position
1 Dr. Kamran Emami Iran Chair
2 Mr. Charles L. Abernethy United Kingdom Member
3 Dr. Sinite YU Chinese Taipei Committee Member
4 Dr. Ahmed Adam Ibrahim Sudan Member
5 Prof. Dr. Yutaka MATSUNO Japan Member
6 Dr. Masaomi KIMURA Japan Member
7 Eng. Ahmed Awad Hag Abd-Elnabi Egypt Member
8 Dr. Dia El Din Ahmed El Quosy Egypt Member
9 Dr. Laszlo G. Hayde Hungary Member
10 Dr. Shivaji T. Sangle India Member
11 Dr. A. Hafied A. Gany Indonesia Member
12 Engr. Sirika Ahmad Abubakar Nigeria Member
13 Dr. Gerhard Backeberg South Africa Member
14 Mr. Chaiwat Prechawit Thailand Member
15 Mr. Ju Chang Kim South Korea Member
16 Mr. Wang Li China Provisional Member
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18 Dr. (Mrs.) B. Dolfing Netherlands Permanent Observer
19 Dr. Ir. M. Ertsen (IWHA) Netherlands Permanent Observer
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UNITS CONVERSION

Unit Description Approximate Conversion (if not standard)

acre

BCM Billion Cubic Meter

cm centimetre
ds desisiemens
fed feddan Area (Egypt): After 1830, approximately 4,200.833 square meters
(about 1.038 acres). Also romanized as faddan, and called feddan
mastri. When Egypt adopted the metric system, the feddan was the
only old unit that remained legal. Currently taken as 0.42 hectares.
gal gallon
gm gram
ha hectare
h hour
hp horsepower
inch

kg kilogram
kirat Area (Egypt): 175 m?

Kpa kilo-pascal

kW kilo-watt

kWh kilo-watt-hour

L litre

meska Area (Egypt) ?
MCM Million Cubic Meter

mg milligram

Mha Million Hectare

mile

ML Megalitre or Million Litre (?)

mm millimetre

Mpa Megapascal

MT Metric Tonne

mu Chinese unit of land measurement
Q Quintal 100 kg (India)

RMB Currency (China)
S second

T or Ton | Tonne
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AUSTRALIA

1.1 BLEASDALE VINEYARDS FLOOD GATE

Name Bleasdale Vineyards Flood Gate
Location Langhorne Creek SA, Australia
Latitude -35.3088

Longitude 139.0518

Category of Structure Flood gate

Year of commissioning 1900 AD

River Basin

Murray-Darling Basin (Bremer River)

Irrigated/Drained Area

7011 ha

/




History

The Bremer River wooden irrigation diversion weirs are
a series of levee banks and small wooden floodgates
used to divert the floodwaters of the Bremer River into
vineyards before discharging the water into adjacent
Ramsar-listed Wetlands of international importance. Built
in the 1890s on the Bleasdale property near Langhorne
Creek in South Australia, the first of these diversion weirs
(c. 15 feet wide by 12 feet deep) was constructed of four
massive sawn Redgum logs embedded in masonry piers
in the banks of the Bremer River sec-ured to a concrete
platform.

The floodplains of the Angas and Bremer Rivers are part
of the traditional homelands of the Ngarrindjeri people,
who flourished on the abundant native foods of the area
for many thousands of years before European settlement.
Diverting the water of the Bremer River was essential for
the European settlers to obtain productive food crops and
stimulate the burgeoning economy of the region because
of its semi-arid nature and unreliable rainfall.

Description

The floodgates are simple and robust, precisely shaped
Redgum planks dropped into grooves in the stone piers.
Individual logs can be removed or replaced to control the
level and thus the volume of water entering the vineyard.
They bear testament to the capacity of the settlers to
utilise existing resources in a sustainable manner upon
which has been built one of South-Eastern Australia’s
premier viticulture regions. Today, vineyard managers
still use these structures to divert floodwaters for passive
irrigation and prevent saline groundwater from upwelling
into the irrigation area as the floods move through the
district.

There is no proper management of the diversion process,
which relies on communication between adjoining
landholders to enable water to flow between irrigated
blocks. Generational ownership of the properties has
ensured the continuity of these traditional practices.
Legislation in South Australia has acknowledged the
outstanding contribution of these diversion weirs to
modern productivity in an environmentally sustainable
manner. Diversion weirs and levee banks have been
mapped and licensed for contemporary use under the
Water Allocation Plan for the Eastern Mt Lofty Ranges.
Along with irrigation water, the diversion of floodwaters
ensures that the aquifers are recharged, and the adjacent
iconic Redgum swamps and Lake Alexandrina receive
environmental water.

The Bleasdale Vineyards flood gate is still operational
today, a testament to the structure’s simple yet effective
design and operation. Over the years, there have been
incidences where upstream activities, including mining
and urbanisation, have impacted the quality of received
floodwaters. However, ‘pollution’ from upstream is
not a recent phenomenon as captured in the Angas
Bremer Regional History documents. While point source
pollution caused by mining and industry is infrequent

and now largely no longer an issue, upstream housing
development has influenced the natural flooding regime.
Anecdotally it is considered that peak flows now move
more quickly through the Bremer River system due to a
more rapid generation of runoff in the headwaters of the
Bremer River near Mt Barker.

The Bremer River catchment also has a high density
of farm dams to fill and spill before the water flows
downstream. Regulation introduced through the Eastern
Mt Lofty Ranges (EMLR) Water Allocation Plan assists in
ensuring equitable sharing of the limited water resource
and providing for critical flows on which the environment
and water-dependent ecosystems are dependent.

Water Heritage

South Australia is the driest state in the driest inhabited
continent on Earth. The semi-arid nature of the agricultural
land and the lack of reliable rainfall has made sustainable
irrigation a challenging enterprise since European
settlement (1836).

Early structures focused on the standard practice of
damming the Bremer River and its neighbouring Angas
River to enable irrigation and better utilisation of the land.
The residents concluded that dams were inappropriate
infrastructure because of the need to keep the rivers
running in their original courses across the relatively flat
landscape, which was innovative thinking that retained
the iconic Redgum swamps as natural resources for
timber and helped the control of groundwater rise across
the region.

Wooden diversion gates on the rivers and between
properties were seen as fit-for-purpose, allowing everyone
to share the water resource and collect the silt from the
river to fill depressions and create suitable topography
for establishing irrigated crops, including grapevines for
wine and dried fruit. Diversion weirs instead of dams also
enabled irrigators to harvest water of the best quality
selectively, letting any pollution released from the new
townships in the Adelaide hills bypass the vineyards.

The first diversion channel was built on the Bleasdale
property in the 1860s to drain water from the Bremer
River to a depression, irrigated and filled with silt to create
flat land. The floodwaters were relatively uncontrolled
through this channel. The debris carried with the water
caused substantial infrastructure damage, resulting in the



construction of the first wooden diversion weir that could
be operated to regulate flow and control inputs.

The successful installation and operation of many of
these diversion weirs embedded in levee banks over
the next few decades was the foundation of viticulture
in the region and facilitated the Langhorne Creek Grape
Vendors’ Association formation in 1929. Certainty of fruit
supply enabled wineries to develop. In ‘bad’ years, currant
grapes grown for drying could be sold for distillation at
Bleasdale winery, thus providing secure income for the
rural community.

The construction of such simple yet sound irrigation
infrastructure in these wooden diversion weirs has
sustained the region’s environmental assets that would
have been destroyed otherwise. Water that has been
used for irrigation or is diverted away from crops drains
into the Redgum swamps in the region and into Lake
Alexandrina, which are part of the Ramsar-listed Coorong
and Lakes Alexandrina and Albert Wetland of international
importance.

During the Millennium Drought (2000-2010), the majority
of the Redgums along the lower River Murray that also

feeds into Lake Alexandrina were in poor health (75% in
Health Class 1 or 2) due to the legacy of building large
storages and over-extraction of water across the Murray-
Darling Basin. By stark contrast, more than 80% of the
Redgums in the Angas Bremer Irrigation Management
Zone were in the top two health classes (Class 4 or
5), having been sustained by regular and appropriate
flooding.

The redgums would likely have been lost or substantially
degraded if the initial plans for damming the Angas and
Bremer Rivers had been implemented in the 1800s.
The development instead of a series of diversion weirs
is a testament to the irrigation excellence and positive
outcomes of using simple technology at Langhorne Creek
for sustaining irrigation and environmental assets for more
than 100 years.

The 2015/16 Irrigation Annual Report of the Angas Bremer
Water Management Committee reported that the district
had 7,011 ha of irrigated crops, of which 5,658 ha were
wine grapes. The average district water use across all
crop types was 2.99 ML/ha and 2.88 ML/ha for wine
grapes.
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1.2 DETHRIDGE OUTLET / WHEEL

Name Dethridge Outlet/Wheel

Location Various

Latitude Various

Longitude Various

Category of Structure Waterwheel

Year of commissioning 1910 AD

River Basin Through Australia and various other countries

Irrigated/Drained Area Over 2 million ha
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History

Constructed between 1887 and 1891, the Goulburn Weir
is located on the Goulburn River, approximately 8 km
north of Nagambie in Central Victoria, and was the first
primary diversion structure built for irrigation in Australia.
Considered very advanced, it appeared on the Australian
half-sovereign and ten-shilling banknotes from 1913 until
1933.

Completed in 1891, Goulburn Weir was the first central
diversion structure built for irrigation development in
Australia. It enabled gravity diversion into Waranga Swamp
via the National Channel (now Stuart Murray Canal). In
1905, the swamp was dammed to form Waranga Basin,
the first significant storage built in the Goulburn system.
The East Goulburn Main (EGM) Channel was constructed
to supply the Shepparton District in 1910. Construction
of the Waranga Western Main (WWM) Channel from
Waranga Basin to the Serpentine Creek in 1912 provided
the platform for a significant extension of irrigated
agriculture in the Tragowel Plains District. Following the
Eildon Reservoir expansion, the Stuart Murray Canal was
duplicated from Goulburn Weir to Waranga Basin by the
Cattanach Canal, and the EGM Channel was enlarged.
These works enabled the diversion of approximately
10,000 ML/day from Goulburn Weir for irrigation.

The Goulburn Weir was considered a project of national
significance when completed in 1891. In 1893, the
Victorian Government funded the book “Goulburn Weir
and its Dependant Systems of Works” by Stuart Murray,
lead engineer of the weir’s construction. The book is still
listed in some university library catalogues.

Description

Dethridge outlets/wheels have been used to distribute and
measure water onto surface irrigation farms. This simple,
robust measuring device has served the irrigation farmers
and irrigation water providers of Australia and other
countries since 1910. The Dethridge Outlet has generally
now been superseded by newer digital technologies
for measuring water volumes delivered onto farms and
vineyards/orchards, but it played a significant role in the
equitable sharing for irrigation of water resources in many
countries. At its peak of use, the Victorian State Rivers
and Water Supply Commission (SWRWC) estimated that
40,0001 Dethridge wheels were in operation in Australia
and elsewhere.

Dethridge wheels have been used across Australia and
many other parts of the world for over 100 years. The
steel in the Dethridge wheel was protected by tar, epoxy
paints, or galvanising but deteriorated over time and
so was replaced by newer wheels. The concrete in the
Dethridge Outlet emplacement was often 75 =100 mm
thick and would have deteriorated and been replaced.
Modernisation programs of irrigation infrastructure have
seen these water wheels replaced.

The Dethridge outlet/wheel came in 3 sizes, with the
largest of these being the most common. The standard
size of the Dethridge outlets/wheel was 5 CFS (cubic feet
per second). The second most common was the 2.5 CFS
outlet, with both these size wheels used with broad area
irrigation. The third size was 1.5 CFS capacity, almost
exclusively used in horticulture systems where smaller
delivery volumes were required. Farmers often ordered
their water for delivery in ‘revs’, with delivery volumes
determined by the wheel's number of revolutions over a
set time period.

Water Heritage

At the time of its introduction, the Dethridge outlet/
wheel was innovative in that it could measure flow
onto the paddock/field from the
irrigation channel and hence
the volume delivered over time.
The flow rate was converted to a
volume by counting the number of
complete revolutions; the wheel
undertook as counters attached
to a wheel spoke and recorded
every revolution. It was simple and
robust yet accurate.

The volumetric measurement of
water applied to the farm allowed
for charges to be made on a volumetric basis of water
use, not just the area irrigated. Accuracy was somewhat
independent of flow rate, but generally, it was considered
acceptably accurate. The Dethridge outlet/wheel with the
volumetric measurement of water supplied to an irrigation
farm enabled equitable sharing of limited water resources
via volumetric entitlements of water to farms.




1.3 GOULBURN WEIR

Name Goulburn Weir

Location Nagambie, Central Victoria, Australia
Latitude -36.71722°

Longitude 145.1700°

Category of Structure Weir

Year of commissioning 1891 AD

River Basin Goulburn River
Irrigated/Drained Area 1,130 ha; capacity (25,500 ML)
/ AN
AN /
Histo ry Eildon Reservoir expansion, the Stuart Murray Canal was

Constructed between 1887 and 1891, the Goulburn Weir
is located on the Goulburn River, approximately 8 km
north of Nagambie in Central Victoria, and was the first
primary diversion structure built for irrigation in Australia.
Considered very advanced, it appeared on the Australian
half-sovereign and ten-shilling banknotes from 1913 until
1933.

Completed in 1891, Goulburn Weir was the first central
diversion structure built for irrigation development in
Australia. It enabled gravity diversion into Waranga Swamp
via the National Channel (now Stuart Murray Canal). In
1905, the swamp was dammed to form Waranga Basin,
the first significant storage built in the Goulburn system.
The East Goulburn Main (EGM) Channel was constructed
to supply the Shepparton District in 1910. Construction
of the Waranga Western Main (WWM) Channel from
Waranga Basin to the Serpentine Creek in 1912 provided
the platform for a significant extension of irrigated
agriculture in the Tragowel Plains District. Following the
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duplicated from Goulburn Weir to Waranga Basin by the
Cattanach Canal, and the EGM Channel was enlarged.
These works enabled the diversion of approximately
10,000 ML/day from Goulburn Weir for irrigation.

The Goulburn Weir was considered a project of national
significance when completed in 1891. In 1893, the
Victorian Government funded the book “Goulburn Weir
and its Dependant Systems of Works” by Stuart Murray,
lead engineer of the weir’s construction. The book is still
listed in some university library catalogues.

Description

The 654 km Goulburn River is a highly regulated waterway
with 41 tributaries along its course. It rises north of central
Victoria’s Great Dividing Range and joins the River Murray
near Echuca. The river is recognised as a significant
waterway under the Heritage Rivers Act 1992. Goulburn
Weir is located downstream of Nagambie township.
The weir regulates the river creating two major pools



connected by the old river course. The northern pool
is commonly called Goulburn Weir, while the southern
pool is known as Lake Nagambie. At full storage level,
the Goulburn Weir system has an area of 1,130 ha, a
volume of 25,000 ML, and a maximum depth of 15 m.
The upstream catchment area is 10,205 km?, including
the Lake Eildon catchment area of 4,000 km?.

Goulburn weir is a concrete structure, 212 m long and 15
m high, founded on bedrock, and its downstream face
stepped with granite blocks quarried from nearby Mount
Black. The original superstructure included 21 cast and
wrought iron gates mounted between cast-iron piers.
Powered by water-driven turbines, the gates lowered into
recesses in the weir crest to pass the river and flood flows.
The weir is currently a fully operating water supply asset,
diverting water down four major carriers (Stuart Murray
Canal, Cattanach Canal, East Goulburn Main Channel,
and the Goulburn River) to supply irrigation, urban and
environmental water across Northern Victoria and mitigate
flood events on the Goulburn River.

The weir was illuminated with electricity from one of the
first hydroelectric turbines in the southern hemisphere.
The electricity-powered five arc-lamps assist in weir gate
operations and detect floating debris so that it was safely
guided over the weir. Works to stabilise the deteriorating
weir structure were completed in 1983, with a significant
refurbishment in 1987, aided by advice on architectural
and heritage matters from expert consultants and the
engagement of specialist contractors.

Nine steel radial gates mounted between concrete piers
replaced the main weir superstructure. Two original gates
and their lifting gear were retained to preserve part of
this unique piece of engineering history. The weir raises
the level of the Goulburn River so water can be diverted
by gravity along channels to supply irrigation water.
The weir's gates can release up to 96,000 ML daily.
Water travels via the Stuart Murray Canal, Cattanach
Canal, and the East Goulburn Main Channel to supply
the Central Goulburn and Shepparton Irrigation Areas
and the Rochester and Pyramid Hill Irrigation Areas via
Waranga Basin.

The weir also forms Lake Nagambie around which
recreation, farming, and housing developments have
grown. The lake covers 1,130 ha and, when full, holds

25,500 ML of water. The constant water level provided
by the weir means locals and visitors can enjoy rowing,
fishing, boating, water skiing, wakeboarding, and
canoeing all year round.

The Goulburn Irrigation System supports some of
Victoria’s best-irrigated agriculture, including horticulture
and dairy. Typically, 91 % of water released from Lake
Eildon is diverted for irrigation purposes at Goulburn
Weir, averaging 846,000 ML annually. The Goulburn
Weir Complex is recognised by the National Trust of
Australia (Victoria) as a place of state significance and
high importance by Heritage Victoria.

Maintenance and upgrade works are consistently required
to maintain the weir’s functionality. In the past, GMW
has implemented works to minimise the impact on the
structure of flood events and earthquakes, including the
installation of ground anchors between 1980-1987. A brief
description of the works carried out since its inception is
given below:

e 1890: Original weir comprises a 210 m long concrete
and masonry weir. Flow control was via 21 cast iron
butterfly flood gates operated by an innovative water
turbine arrangement.

e 1980-1987: Significant foundation strengthening,
including installing pier and toe plinth anchors—
upgrading the operating gear and installing radial
gates. Original cast-iron gates replaced with 9 No. X
12.87 m X 3.65 m high radial gates (two of the original
gates retained for heritage reasons).

e 2007: Replacement of compromised bar anchors with
re-stressable strand anchors in four piers

e 2009-2010: Installation of gate locking mechanisms
on each of the main Spillway Gates: Installation
of new full raised proximity sensors and end stops
on each of the main Spillway Gates; Installation
of new structural elements to strengthen the weir
superstructure; Refurbishment of the hoist system
on each of the main Spillway Gates, including the
replacement of grease in the gearboxes and gearbox
mounting plates; Upgrade of the existing Gate Control
System to make it consistent with the new standards
being implemented throughout G-MW; Installation
of the new Gate Actuator Control Panels for each of
the main Spillway Gates; Installation of new power
supply cabling; Replacement of the existing Cathodic
Protection cabling system on the Weir Structure:
Installation of new gate position encoders.

e 2015: Upgrade of a gantry crane to rectify non-
compliance and other maintenance issues identified
in the 25-year crane design review completed. The
work included replacing the conductor rails, and hoist
ropes, and installing new safety equipment (operation
warning signs and anemometer (wind speed)).



Water Heritage

The Goulburn Irrigation System supports some of
Victoria’s best-irrigated agriculture, including horticulture
and dairy. Recreation, farming and housing developments
have also flourished around Lake Nagambie. Goulburn
Weir is the central diversion point for water from the
Goulburn River. Water is distributed west via the
Cattanach and Stuart Murray Canals to Waranga Basin
and east via the EGM Channel to supply the Shepparton
Irrigation Area, recognised as one of the most highly
productive regions within the nation. From Waranga
Basin, the WWM Channel takes water as far as Boort
and Pyramid Hill. The water diverted from Goulburn Weir
is used for domestic and stock supplies and irrigation. It
provides water to urban water authorities to supply potable
water to numerous rural townships in northern Victoria.
Over the last ten years, annual diversion for irrigation has
averaged 846,000 ML, generating 25% of Victoria’s total
agricultural output.

Goulburn Weir is also a vital recreation site and tourist
destination. Many water-based activities are conducted at
Lake Nagambie, including rowing, water skiing, angling,
duck hunting, and boating. Recreation provides the
township of Nagambie with a valuable source of income.
Visitors come from all over Victoria to marvel at the steady,
bright electric light and floodlit water spray when the
reservoir gates are operated at night.

Works to stabilise the deteriorating weir structure were
completed in 1983, and in 1987 a major refurbishment
was undertaken. Two of the original gates and lifting gear,
mounted on the angled western abutment, were retained
to preserve part of this unique piece of engineering history.
In 1988, the refurbishment work received the Engineering
Excellence Award, Public Works Section ‘for stabilisation
and reconstruction of a superstructure and retention of
heritage value and charm’ by the Institution of Engineers
Australia (Victoria Division).
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2.1 36 WEIRS OF BAISHAXI STREAM

Name 36 Weirs of Baishaxi Stream
Location Jinhua City, Zhejiang Province, China
Latitude 28.989
Longitude 119.482
Category of Structure Weirs
Year of commissioning 27 AD
River Basin Woujiang river basin
Irrigated/Drained Area 1.85 Mha
/
AN




History

The 36 Weirs of Baishaxi Stream, located in the Jinhua
City of Zhejiang Province, is an ancient weir complex for
flood control, water storage, and the utilisation of water
power.

In 27 AD, Lu Wentai, a general of the Eastern Han Dynasty,
along with 36 of his sub-ordinates, decided to manage the
frequent droughts and floods in Fucang (Wucheng District
of Jinhua City in the Zhejiang Province). They built Baisha
Weir in the Gaoru Village to facilitate irrigation, thereby
starting the construction of the 36-weir complex along the
Baishaxi Stream. Over the next hundred years, following
Lu Wentai's technique and the success of the weir, the
residents built other weirs, ultimately creating the Baisha
Weir complex. From the upstream to the downstream,
the 36 weirs cover a river section as long as 45 km and
form a water level difference of 168 m. These weirs have
ensured stable crop yields despite drought and excessive
rain. Considering the regional topography of the Baishaxi
Stream, including large vertical drops, rapid flow, and
abundant deep pools, people built weirs at the pools and
dug canals for irrigation. In this way, a water use system
combining pools, weirs, ponds, wells, and springs was
established, with a guaranteed water supply. During the
infamous AD 238 drought, the Baishaxi Stream Basin
registered a steady harvest thanks to the 36-weir irrigation
water supply, while the peripheral areas suffered from
total crop failure.

Description

Most of the 36 weirs are located in natural deep pools.
Based on the theories of modern hydraulics, this not only
improved their water storage and diversion capacity but
also reduced the impact of water flow. Of the 36 weirs,
21 are still functioning. The bamboo cages filled with
stones have been replaced by concrete and masonry. The
building of two reservoirs further guaranteed water supply.
Reservoirs, weirs, and canals have formed a complete
irrigation system that has increased the irrigation area
from 8,000 ha to 18,533 ha.

The establishment and renovations of the cascade weirs
have fully tapped the local natural resources such as
pines and bamboo, which were respectively made into
reinforcing stakes and cages filled with stones. In addition,
building low cascade weirs, relatively more straightforward
and less risky, has reflected the ancient Chinese
philosophies of water management and harmonious
coexistence between man and nature.

The 36 ancient weirs are distributed as follows from the
upstream to the downstream:

1. The Shafan Weir was located initially at Longzui
Pool to the south of Shafan Village at Shafan Town
in Wucheng District, Jinhua City. The water of Liyan
Pool is channelled to irrigate 7.3 ha of farmland.
Situated in a basin, Shafan uses water coming
from the convergence of dozens of river branches
flowing from mountains that collect rainwater over a

distance of 131 km. Shafan Reservoir dam was built
on Shafan Weir.

The Dafentou Weir (also known as the Qinglong
Weir) is located at Lingjiao Village, Shafan Town.
The weir measures 1 m high and 40 m long. Water
from Dagongtan Pool is channelled into the Dafentou
Weir, runs to the foot of the mountain ridge to the east
of Baishaxi Stream and irrigates 1.3 ha of farmland.
In 1999, the weir was rebuilt into a power plant weir
of concrete structure combining the functions of both
weir and bridge.

The Tingjiu Weir (also known as the Fucang Weir
and colloquially called the Xinluxia Weir) is located
at Tingjiu Village, Shafan Town. The water of Liugou
Pool is channelled into a creek and runs for about
100 m until it flows into a weir canal and empties into
the west of Baishaxi Stream, irrigating more than
33.3 ha of farmland.

The Sheji Weir, also known as Lingxia Weir,
channelled water into Lingxia, or the tract of land
under the mountain ridge. Water from the Weir
irrigated 6.7 ha of farmland in Lingxia from 1689 to
1750. Later, a flood dyke was built, but the weir was
discontinued following the destruction of the farms in
the flood. The weir is now rebuilt into a hydropower
station.

The Baisha Weir was the first weir initiated by Lu
Wentai. Also known as Gaoru Weir, it is located at
Gaoru Village, Shafan Town. The head of the weir
was destroyed in the 1975 floods, and the weir was
rebuilt and renamed the Xiaoxili Weir in 1978. The
original weir measured 1.7 m high and 70 m long.
The water of the Baisha Weir irrigates 46.7 ha of
farmland at the villages of Tingjiu and Gaoru to
the west of the Baisha Stream. It was rebuilt into a
concrete weir in May 2012.

The Shangshui Weir is located to the south of
Dongbian Village in Shafan Town. Water from the
weir runs eastwards and irrigates 11.3 ha of farmland
in four lower-reach villages of Dongbian, Gaoru,
Lingjiao and Jiudian.

The Zhoucun Weir is located at the end of
Hengshantou Pool in Tianning Temple at Zhoucun,
Shafan Town. The water of the Zhoucun Weir runs
eastward and irrigates the farmland at Damaitan and
Zhou Village. The weir measures 1.2 m high and 80
m long. In May 2012, the Zhoucun Weir was rebuilt
into a concrete weir.

The Huangtankengkou Weir is located near
Huangtan Pit at Saifan Village in Shafan Town. It was
initially a tiny tier, with its water running to the west of
Baisha Stream and irrigating 1.3 ha of farmland. In
1951, a new channel was opened at Saifan Village
to enlarge the weir. The temporarily enlarged weir,
made of sand and stones and measures 1.5 m high
and 80 m long, is used to irrigate 20 ha of farmland.



10.

11.

The Shangtang Weir, also known as Shangshuidui
Weir, is located in front of Zhou Village in Shafan
Town. Water from the Weir runs eastward and is
mainly used to motivate the water-powered trip
hammer to irrigate farmlands along the Baisha
Stream Basin. The water-powered trip hammer
was destroyed, and the Shangtang Weir was
discontinued in 1953. The Shangtang Weir was
rebuilt into a concrete weir in 2011.

The Xiatang Weir, also known as Xiashuidui Weir,
is located near Zhou Village at Shafan Town and is
separated from the Shangtang Weir by a pool. It was
used to provide water to motivate the water-powered
trip hammer and irrigate 0.3ha of farmland behind
it. The riverbed changed its course during a flood
in 1975; as a result, both the water-powered trip
hammer and the Xiatang Wei were destroyed. The
Xiatang Weir was rebuilt into a concrete weir in 2011.

The Peijia Weir is located to the south of Peijia Pool
at Qingcao Village, Shafan Town. Water from the
Weir irrigates 2.1 ha of farmland near the Qingcao
Stream in the west of the Baisha Stream.

12.

13.

14.

15.

The Qingcao Weir is located to the south of the
Qingcao Pool in Shafan Town. The weir measures
2 m high and 90 m long. Water from the Weir runs
eastward to Qingcaofan and irrigates 4.5 ha of
farmland there. The area of the farmland under
irrigation increased to 7.4 ha after the founding of
the People’s Republic of China.

The Yatou Weir, also known as the Shetou Weir,
is located north of Qingcao Village and south of
Xiawu Pool in Shafan Town. Water from the Weir
runs westward to Liaotou Village and irrigates 1.7ha
of farmland.

The Zhutoutan Weir is located south of Zhutou Pool
at Liaotou Village, Shafan Town, and is colloquially
known as the Liaotouhui Weir. Water from the Weir
runs to the west of Baisha Stream and irrigates 5ha
of farmland. The weir was rebuilt into a concrete weir
combining the functions of a bridge, road and weir.

The Shanjiao Weir was located along the stream to
the south of Shanjiao Village at Shafan Town. The

16.
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20.

21.

22.

Shanjiao Weir was discontinued when a highway and
a bridge were built at the mountain’s foot in 1964.

The Chensi Weir is also known as the Chensiwutan
Weir or the Big Weir. It is located to the west of
Shanjiao Village at Shafan Town and south of
Chensiwu Pool. The weir measures 1m high and 90m
long, with its water running westward into villages like
Zhongyangtan, Shanjiao, Zaoli and others a total of
8.7 ha of farmland.

The Zaoli Weir was initially located to the south of
Zaoli, Lanbei Town, and Zaoli Pool. The water from
the weir ran eastward and irrigated 0.7 ha of farmland
at Renjiafan with a water-powered trip hammer. Both
the Zaoli Weir and the trip hammer were inundated
after the construction of Jinlan Reservoir was
completed in 1960.

The Shanglanbei Weir was located at the original
Zaolidiankou in Lanbei Town. The water had to be
lifted by an ox-drawn water lift near the Li Village
to irrigate 1.7 ha of farmland at the head of the
stone bridge of Shanglanbei. Initially, there was a
water-powered trip hammer. Both the Shanglanbei
Weir and the trip hammer were inundated after the
construction of Jinlan Reservoir was completed.

The Moshi Weir was located at the original
Miaokangkou in Dayan Township. The water ran
eastward to Moshifan and Shitangtou and irrigated
nearly 6.7 ha of farmland. The weir was inundated
after the construction of Jinlan Reservoir was
completed.

The Zhucun Weir was located at the original
Zhu Village, Dayan Town. The Zhucun Weir was
inundated after the construction of the Jinlan
Reservoir was completed.

The Xidong Weir and Shirenshan Weir were located
north of Shitang and Tantoudian, respectively, in
Dayan Township. The water ran eastward and
irrigated 1.7 ha of farmland at Shangshishi and
Xiashishi. Both the Weirs were inundated after the
construction of the Jinlan Reservoir.

The First Weir is colloquially called Qiannian
(Millenium) Weir. It was initially located at Shanhoujin
Village in Langye Town and Qiannianjiao Pool
between Yanshan Mountain and Wuguishan
Mountain. The dam of Jinlan Reservoir is built on
the original site of the First Weir. The weir measured
4 m high and more than 60 m long. The water ran
westward and irrigated 1,600 ha of farmland in
rural villages, including Yangtangxia, Zhili, Kaihua,
Zekou and Xiayang. From March 1953 to July 1954,
a double-hole water intake sluice was built, a new
channel of 108 m long was opened, the general
canal was deepened, and a sluice gate and a flood
protection embankment were built, respectively. The
renovated First Weir benefitted five townships and
22 villages. It can irrigate 2133.3ha of farmland and



23.

turn 40ha of dry land into irrigated land. Following the
construction of Jinlan Reservoir, the weir was rebuilt
into an artificial lake with dry stones in November
1962. The weir measures 38m long and 1.2m high.
The tailwater of a hydropower station is channelled
into a water intake sluice and runs to Jiangtou where
it is diverted into Majilong Reservoir. The water
canal runs 6.9 km long from the mouth of the weir to
Zhenggangshan Reservoir. After the First Weir was
widened and deepened, the designed flow capacity
of the upper reaches was 4 m3/sec, and the size of
the area under gravity irrigation increased to more
than 2,666.7 ha.

The Second Weir is located at the foot of Langfeng
Mountain to the east of Langyexu Village, Langye
Town. The water runs eastward to the farmland in
the villages of Quankou and Changshan. The water
is also channelled to Qingtang Reservoir to irrigate
more than 2,000 ha of farmland.

24.

25.

The Third Weir, also known as Wentai Weir, was
originally located south of Xindianxia Village, Langye
Town. The water runs eastward to the villages of
Houjin and Matandai. The Third Weir has inner and
outer weirs, with a water lift from the outer weir to
Gaocheng Village, located to the west of Baisha
Stream. As the water level reduced in the inner weir,
it was difficult to lift water, so the dragon-bone water
lift or water pump was installed. The weir dyke made
of pebble stones was built at Dongshan Pool in 1968.

The Fenglu Weir, known as the Changshu Weir in
ancient times, is located to the south of Dongpu
Village, Langye Town, benefiting Gufang and Linjiang
and channelling water into the Zhililong Reservoir.
Originally it was a temporary weir made with cages
filled with stones and was destroyed and repaired
from time to time. A stone weir made of concrete
blocks was constructed from 1978 to 1979. The
Fenglu Weir measures 115 m long, 1.3 m high, 1.3
m wide at its top and 2.3 m wide at its bottom. It
has a double-hole water intake sluice and is made
of dry-laid block stones, with cement mortar used
to point the weir wall. It can protect a five km-long
section of boundary paths of fields and the canal.
The designed flow capacity is 4 m3/s. The Fenglu
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Weir can benefit more than 1,333 ha of farmland.
The weir is expanded into a concrete weir functioning
both as weir and road.

The Fourth Weir is located to the east of Lutou
Village, Bailonggiao Town. The water runs westward
to the villages of Gufang, Houdu and Xinchanggiao.
In 2008, it was rebuilt as a concrete weir serving
as a weir and road open to small motor vehicles. It
benefits more than 93.3 ha of farmland.

The Huashan Weir, known as the Shigu Weir in
ancient times, is located to the west of Youlanli
and Gufang in Bailonggiao town. The water of the
Huashan Weir is channelled from Huashan Pool
and runs eastward, irrigating 16.7 ha of farmland in
Youlanli and Gufang. It is a temporary weir made of
sand and stones.

The Fifth Weir, a temporary weir made of sand
and stones, is located east of Gufang Village at
Bailonggiao Town. The water runs eastward and
is channelled from Zhixian Temple and reaches
Rangchang Town via Tianmu Hill, irrigating more than
66.7 ha of farmland. At the lower reaches, the water
from the Fifth Weir, the Second Weir and the Hanlong
Weir irrigates the same farmland. It measures 70 m
long and 1m high.

The Dongshan Weir is located at the foot of
Dongshan Hill, Xinchanggiao Village at Bailonggiao
Town. A six-sided hollow Dongshan Pagoda of bricks
and stones stands on the hill. With water channelled
from Dongshan Pool, the inner weir measures 25
m long and 1 m high and is made of lime, clay, and
sand. It irrigates 40 ha of farmland in the villages of
Xinchanggiao and Daxu. The outer weir measures 1
m high and 40 m long and irrigates more than 53.3 ha
of cropland in the villages of Gufang, Xinchanggiao
and Daxu. The outer weir is a temporarily built weir
made of sand and stones.

The Hanlong Weir, also known as the Anlong
Weir, is located east of Xinchanggiao Village at
Bailonggiao Town. The water runs eastward. In
1947, the Jinhuajiang Water Conservancy Section
designed and built the weir along with seven flood
control dykes and dams with cages filled with pebble
stones. In the second design and rebuilding in 1963,
the weir was made of dry-laid block stones, with
cement mortar used to point the weir wall. The weir
measures 140 m long and 1.4 m high. The water is
channelled from Wazaotou, with one branch running
to Dongli and Daxu and the other branch running to
Rangchang Township, irrigating 200 ha of farmland.
At the lower reaches, the water from Hanlong Weir
and the Fifth Weir irrigate the same farmland. It was
the longest weir in Jinhua County at that time.

The Matan Weir, also known as Wantan Weir, is
located east of Xinchanggiao Village, Bailonggiao
Town. It irrigated the villages of Dongli, Dayu,



Rangchang and Yedian. The weir disappeared after
the water from Hanlong Weir was diverted to irrigate
farmland in 1963.

32. The Yushan Weir is located at the foot of Yushan
Park at Bailonggiao Village, Bailonggiao Town. It was
renovated in 1533 and rebuilt into a concrete block
weir in 1965. The weir measures 92 m long and 2 m
high. Itirrigates 200 ha of farmland in the villages of
Bailonggiao, Yedian and Dongyu. The Stone Tablet
of Yushan Weir, which was made in May 1733, is still
housed in the ancestral temple of Dongyu Village.

33. The Shanghe Weir and Xiahe Weir are located in the
southeast village of Bailonggiao Town. The Shanghe
weir measures 50 m long and 0.5 m high. Itirrigates
53.3 ha of farmland at Linjiangshangfan. The Xiahe
Weir and the Shanghe Weir are the two parts of
the same weir, with a distance of 20 m between the
crests of weirs in the upper reaches and the lower
reaches. The Xiahe Weir irrigates more than 40 ha
of farmland at Linjiangxiafan.

34. The Zhongji Weir, located at Dongyu Village,
Bailonggiao Town, irrigates more than 1.3 ha of
farmland. It is the last one of the 36 weirs. In 1954,
the water from the weir in the upper reaches was
channelled for irrigation.

In the past two millennia, people and the government have
joined hands to manage the weir complex and retain the
community’s wisdom and experience. The government
laid down the general rules of weir management, clarifying
water rights and repair responsibilities, coordinating the
operation of the 36 weirs, and guaranteed equitable
distribution in dry months. In addition, each weir has
its water user association (WUA) responsible for weir
management and related affairs. Inscriptions from Ming
Dynasty also highlighted the community’s role in the repair
and maintenance work of the weirs since the beginning,
especially in the cases of silting-up and destruction by
flood. The 36 Weirs of Baishaxi Stream have consistently
played an essential role in the region’s social-economic
development and ecological environment since ancient
times.

Water Heritage

From the Shafan Weir on the upper reaches to Zhongji
Weir on the lower reaches, the 36 Weirs are located
on a belt extending 45 km with a drop of 168 m in
elevation, exhibiting its ingenuity in terms of planning and
construction scale. The weirs contributed to agricultural
development and growth in food output. Historically,
following the example of the weir complex, more than
6,000 water-diverting weirs were built for agricultural
development. Awater-powered machine trip-hammer, an
advanced production tool for the time, was employed in
the weir complex along the Baishaxi Stream. More than
150 water-powered trip-hammers were built in the 120
villages of the Baishaxi Stream Basin. The advanced
grain-processing technology promoted liquor making,
which later became the primary livelihood in the Tang and
Song Dynasties. The machine trip-hammers were also
used for crushing kaolin, the raw material of porcelain,
supporting the development of local porcelain-making
businesses.

It is one of the earliest weir irrigation projects in Zhejiang
Province and even in China. Each weir was built and
periodically renovated. The topographic feature of the
region, such as deep terrace pools, was capitalised upon
to build the structure. The weirs were built along the lower
reaches of each deep pool to reduce the impact of water
flow and to increase water storage of the weir in dry
months. The principle of “dredging the pool thoroughly and
keeping the weirs low” was practiced during the annual
repairs of weirs for increasing water storage of deep
pools, improving the water-diversion capacity of canals,
increasing the energy dissipation effects of deep pools
and ensuring the safety of weirs. It was constructed in a
conducive way to preserve biodiversity and ecological
restoration.

The construction of the weirs has boosted local cultural
and economic development. Historically, more than 100
poems were composed to sing the praises of the 36
Weirs of the Baishaxi Stream. Nearly 100 Baisha Temples
have been constructed in the region. The influences of
Baisha Culture derived from these memorial structures
are prevalent today.




2.2 CHANGQU (BAI QI) CANAL

Name Changqu (Bai Qi) Canal

Location Hubei Province (Xiangyang City), China
Latitude 31.982032

Longitude 112.165078

Category of Structure Canal System

Year of commissioning 279 BC

River Basin Yangtze River (Sub Basin: Han River)
Irrigated/Drained Area 20200 ha

History

Located in the city of Xiangyang in the northwest of the
Hubei Province and the river basin of the Manhe River
in the middle reach of the Han River, the Changqu (Bai
Qi) Canal was first built in 279 BC. It is a “melons on
vines” irrigation system with a history of over 2,200
years. The Xiangyang Plain has an average annual
precipitation of 900 mm; however, the distribution of
rain in a year or between the years is uneven. The
construction of the Changqu (Bai Qi) Canal promoted
agricultural development. It also boosted the economy of
the Xiangyang-Yicheng Plains, turning it into a renowned
grain production area in the middle reach of the Han
River. At present, it covers an irrigated farmland (mainly
rice fields) of 20,200 ha, which reached over 28,000 ha
in earlier years. The Changqu (Bai Qi) Canal, named
after its originator Bai Qi, is a paradigm of a sustained
irrigation project.

The general of the Qin Kingdom, Bai Qi, constructed
dams and canals in 276 BC as a warfare tool to flood
the enemy troops. This project later became a critical
irrigation system on the Xiangyang Plain. The name

Changqu Canal (“long canal”) was derived from the
central canal, which ran about 50 km, in the Tang Dynasty
(AD 618-907). The canal witnessed large- and small-
scale engineering maintenance in different dynasties and
ages. In particular, the Han (206 BC-AD 220) and Tang
(AD 618-907) Dynasties witnessed many advancements.
The project was renovated several times from the Qin
and Han Dynasties (221 BC-AD 220) to the Southern and
Northern Dynasties (AD 420-589). In the 12th century,
the irrigation system was further refurbished to cater to
garrison troops and peasants to reuse wasteland and
grow food grain. Due to the unrest and weak upstream
water transport, the structure was rebuilt in the middle of
the 20th century.

Constructions were done to connect the Manshui River
with the Changqu (Bai Qi) Canal, which increased the
irrigation water supply and covered an area of 33,333 ha.
The canal also promoted social stability and economic
development in the Han River region. It brought higher
grain production, the prosperity of silkworm breeding,
mulberry planting, cotton planting and spinning, and the
development of fishery and husbandry.

(14)



Description

The Changqu (Bai Qi) Canal Irrigation System consists
of headworks, canal networks, and water regulation
and storage projects. The headworks are located at the
converging point of the mainstream of the Manhe River
and its tributary Qinglianghe River near Wu’an Town in
Nanzhang County. The project diverts water from one
side of the weir. The weir is 120 m long and 3.4 m high.
At present, the primary water source of the Changqu (Bai
Qi) Canal is the Sandaohe Reservoir. The irrigation area
covers the two counties (cities) of Nanzhang and Yicheng.
The central canal is 49.25 km long with 38 main branch
canals in the irrigation system, which connect many
reservoirs, weirs, and ponds. There are ten medium-
and small-sized melon-like reservoirs and 2,671 weirs
and ponds in the irrigation district. The reservoirs are
connected to the Changqu (Bai Qi) Canal through ditches
and canals and are controlled by water gates.

The Changqu (Bai Qi) Canal has a history of over
2,200 years, from its construction during 770-476 BC
to the present. The project has a detailed layout and
ingenious design, and its hub projects retain the traditional
engineering characterised by water storage with weirs,
flood discharge, and water diversion from one side of the
weir. The current canal layout is identical to that of ancient
times. The system provides irrigation water to an extensive
area of farmland in Xiangyang and Yicheng and plays an
essential role in promoting regional social development
and economic prosperity and managing natural disasters.
The canal benefitted the economy, irrigation, flood control,
drainage, and ecological agriculture. In over 2,000 years,
it has contributed significantly to the agricultural and
economic development of the Xiangyang-Yicheng Plains,
making it a renowned grain production region. The canal
plays an essential role in resisting natural disasters like
drought and flood.

After the recent renovations, the canal has accumulated
over 14 BCM of agricultural and industrial water to the two
counties (cities) of Nanzhang and Yicheng. The annual
total grain yield in the irrigation district reached 250 million
kg. The Yicheng city in the central irrigation district is a

rich agricultural county with high-yield fields and is one of
the 484 counties in China that produce high-quality grain.
It played a prominent role in making Xiangyang the first
major city of grain production with a grain yield of over 5
billion kg in the Yangtze River Basin.

Water Heritage

The irrigation system and its management protocols
can be traced back to the 11th and 12th centuries.
Historical records and stone inscriptions from different
periods prove the engineering aspects (water diversion
structures and canal systems) found today in the Changqu
(Bai Qi) Canal. The canal was a milestone in irrigation
infrastructure in the Xiangyang-Yicheng region. Since the
Northern and Southern Song dynasties (AD 960-1279),
the canal watered over 10,000 ha of irrigated land in its
peak time in history. At present, its irrigation area amounts
to 20,200 ha, and the annual total grain yield in the area
reaches 250,000 tons.

The Changqu (Bai Qi) Canal has contributed to water
resource management, the planning of engineering
projects and architectural technology. Its water storage
and regulation projects have unique and sustainable
features. Like melons on vines, ponds were connected
with canals. In this way, water was diverted from multiple
sources,. Water flowed downward from higher storage
facilities which were joined together to form a network
in which they supported each other as water sources.
Watergates were used to control water diversion. The
time-share rotation irrigation system adopted in the project
has been used till today and experienced innovation and
development.

The Changqu (Bai Qi) Canal facilitated irrigation, flood
control, and drainage and fishery in the Han River region
from time immemorial. It has contributed to the formation
of “a land of fish and rice” and “the granary of all China”
and the creation of rich and profound regional culture.
The project still functions today, irrigating 20,200 ha of
farmland and benefiting a population of 3.37 million in six
townships and towns.




2.3 CHATAN WEIR IRRIGATION SYSTEM

Name Chatan Weir Irrigation System
Location Jiangxi Province, China
Latitude 26.83288889

Longitude 114.24083333

Category of Structure

Irrigation System

Year of commissioning

937 AD

River Basin

Ganjiang River, the tributary of the Yangtze River

Irrigated/Drained Area

3,300 ha

/

AN

/

History

Located on Niuhou River (a tributary of Ganjiang River) in
Taihe County of Jiangxi Province, Chatan Weir Irrigation
System has provided for the local farmland and people
for more than 1000 years. Taihe enjoys abundant
precipitation (1434.2 mm/year) and excellent farmland
fertility. In 937 AD, Zhou Ju built a weir with timber piles
and bamboo battens upstream of the Niuhou River to
overcome the drought problem in the area.

Initially, the weir was made of timber piles and bamboo
battens. The wooden structure was replaced by stonesiin
the 14th century and later by concrete. Initially, 36 canals
irrigated more than 600 ha of farmland in Gaoxing and
Luoxi townships. The weir has undergone significant
repairs in later dynasties. However, the location of the
weir and the main canal system stay unchanged. Today,
it irrigates more than 3,300 ha of land.

Chatan Weir is a typical sustainable irrigation system
with continuous operation and management. As a family

project, it was passed down for 1,000+ years. The Zhou'’s
had a well-established management and maintenance
system for this project and designated family members
to manage it with a dedicated budget. However, it wasn’t
monopolised: all residents in the area used the water
for irrigation, reflecting the principle of “being broadly
beneficial”. With the vicissitude of time, the family’s control
weakened at the end of the Song Dynasty. The “Five
Clans’ Convention” was formulated in 1341 AD, specifying
the members who could act as the project operator in
turns. The five clans’ official sponsorship and civilian
management system effectively addressed the ever-
worsening water shortage and improved the system’s
overall efficiency. In the 17th century, the main canal of
Chatan Weir was 30+ km long and passed 100+ villages.
With the aid of waterwheels, this project irrigated an area
of 2,667 ha, serving several tens of villages.

For the reconstruction of Chatan Weir in 1938, Chatan
Weir Reconstruction Committee was established upon
the government’s approval. Other than members of the



five clans, other residents were also included as members
of the committee. After maintenance, the Taihe County
government adopted the proposal of local esquires. It
approved the establishment of a nonprofit organisation,
i.e. Chatan Weir Administration Committee, to ensure
the smooth operation of the irrigation infrastructure.
After 1949, the People’s Government Taihe County
reconstructed and expanded Chatan Weir and canals
in 1952, 1956 and 1965. A siphon pipe was constructed
on the northern trunk canal to divert water across the
Niuhou River, expanding the irrigating area in southward
and northward directions.

In 1983, the weir was further heightened and reinforced,
and the southern main canal was developed so that higher
lands could benefit from gravity irrigation. A hydropower
station was also constructed on the trunk canal with an
installed capacity of 125 KW and an annual generating
capacity of 700 MWh. Today, the ancient project of Chatan
Weir brings more benefits than ever.

Description

Chatan Weir irrigation system includes canal headwork,
flood control works, canal systems, and regulation and
storage projects. The Niuhou River flows out of the
mountains and turns around at a steep angle; the weir
guides the trunk river into the canal, ensuring discharge
and reducing the pressure on the weir. Divided into the
main and auxiliary sections, the weir was first built with
wood. By the second half of the 14th century, the wooden
structure was replaced by a stone one. Then the weir
underwent multiple major repairs till 1983 when its body
was solidified with concrete. The main section is 105 m
long and 4 m tall, the auxiliary part is 177 m long and
4.1 m tall, and the top and the bottom are 7 m and 18
m wide, respectively. Both sections are equipped with a
sand-flushing sluice to avoid silting up in front of the weir.
Besides, the main section is also provided with a rafting
path. 3.5 km downstream the Chatan Weir, a stone weir
called Diaoshi was set up to divert the spring and summer
floods back into the Niuhou River. In 1965, a new gate
was installed at the intake of the main canal to control
water diversion, and Diaoshi Weir was removed.

The canal system of Chatan Weir is divided into general
main canals, main canals, branch canals, and distributing
ditches. The general main canal starts from the intake and

flows across a low-head hydropower station into the north
main canal, irrigating the low-lying farmlands at Heshi and
Luoxi townships. Before it passes the hydropower station,
the general main canal bifurcates, and part of it flows into
the south main canal, irrigating the high-lying farmland
upstream by gravity. The main canals are 35 km long and
are equipped with one inverted siphon, one tunnel, and
246 agqueducts. In addition, 17 distribution gates and three
water release gates are built on various levels of canals.
Meanwhile, many lakes and pools serve as storage and
regulation project. The overall system has ensured a
steady grain output during stable as well as dry periods.

Chatan Weir was initially a family project. It was ultimately
managed by a joint committee of the community and the
government. The weir survived all these years due to its
scientific design and the participatory management style
which still have reference value today. Currently, the weir
is exposed above the water surface during the drought
season when the residents, including their livestock and
vehicles, use it as a passageway. With a catchment area
of 1,070 km?, the Weir experiences large water flow during
the flood season, leading to severe erosion.

Water Heritage

Chatan Weir was constructed in 937 AD. The weir, canals,
ponds, and flood prevention work constitute an integral
irrigation system together. In terms of scale and design
concept, the weir took a leading role among other works
of the same era.

As one of the longest weirs in China in that era, it was
designed to fully consider uneven water inflows and
provide sufficient water during the drought period.
Diaoshibei, an accessory flood control project, was
constructed on the trunk canal 3.5 km downstream of
Chatan Weir to effectively drain the excess flood into
Niuhou River during the flood period and hence prevent
the downstream farmlands from being flooded.

In the early days, Chatan weir was primarily an irrigation
projectirrigating 600 ha of land. After multiple renovations,
maintenance and the reinforcement work in 1983, its
water inflow and water level increased. A small-size
hydropower station was constructed with an annual
generating capacity of 700 MWh to cover the operating
and management expenses. The lakes and ponds



distributed within the irrigation zone work for irrigation
and impounding purposes and are also used for aquatic
breeding by residents.

The construction of the Chatan Weir irrigation project
improved the local economy, promoted social and cultural
development, and led to rapid immigration and the
expansion of the local clans. It also became an important
cultural bridge that linked the local clans together for

the canal's management. It is a true emblem of local
cultures and traditions. In honour of Zhou Ju, the founder
of Chatan Weir, a memorial grave was built, which has
become a protected national cultural relic. Zhou’s village
also preserves Zhou's Ancestral Temple which was
constructed 300 years ago with the constructor’s portrait
inside. Each year, the villagers hold a sacrificial ceremony
to memorise Zhou Ju and his contribution.

24 CHONGYI SHANGBAO TERRACES

Name Chongyi Shangbao Terraces
Location Jiangxi Province, China
Latitude N 25°24’'~25°55’

Longitude E 113°55'~114°38’

Category of Structure

Terrace

Year of commissioning

12" to 13" Century

River Basin

Zhangjiang River Basin under the Gangjiang River
System, Yangtze River tributary

Irrigated/Drained Area

more than 3,400 ha

&

History

According to the Classic of Mountains and Seas and other
historical documents, the development of the Shangbao
Terraces dates back to the pre-Qin period before 221
BC. Later in the Qin and Han dynasties, the terraces
had gradually taken shape. After regular repairs and
expansions in the later dynasties of Tang, Song, Yuan,
Ming and Qing, the terraces eventually obtained their

present magnificence. The remains of the stone dog
preserved at the Chishui Village of Shangbao Township
are proof of the terraces’ early history.

Chongyi Shangbao Terraces began to form a full-scale
in the Southern Song Dynasty more than 800 years ago.
However, agricultural development in the region dates far
back to the Qin and Han Dynasties. After China was unified
in 221 BC, people from the north began to migrate to this



region. A prefectural government was then established,
and Chongyi County was within its jurisdiction. Later in
the Tang Dynasty (618-907), the local ethnic minorities
and migrants from the north (the Hakka people) gradually
integrated, and the large scale development of terraces
started. This process continued into the Song Dynasty
(960-1279). At that time, the locals built terraces on gentler
mountain slopes to expand arable land and constructed
systems of mountain ponds, canals, ditches and bamboo
pipes to utilize the abundant water resources and achieve
gravity irrigation. In the later half of the Song Dynasty or
the Southern Song Dynasty, the Terraces had reached
a relatively large scale, which ensured local grain output
and supported population growth. In the later Dynasties
of Yuan (1271-1368) and Ming (1368-1644), the migration
continued, and the following ballooning demand for food
made it necessary to build more terraces. As a result,
isolated terraces gradually became contiguous, spanning
mountain after mountain. By 1552, 60 weirs had been
built, irrigating more than 530 ha of land. At the early
stage of the Qing Dynasty (1636-1912), the government
adopted a series of policies to encourage migration and
agricultural production. For instance, financial subsidies
were offered for land reclamation. As a result, more and
more people were driven to relocate to Chongyi County,
leading to a surge in population and further expansion of
terraces. It was during this period that Chongyi Shangbao
Terraces attained its current scale. Also during this period,
even more attention was given to the conservation of
water and soil resources. By 1893, 77 weirs had been
built, irrigating more than 780 ha of farmland.

After the foundation of the People’s Republic of China
in 1949, both the scale (3,400 ha) and the grain yield of
the Terraces further expanded thanks to the construction
and rehabilitation of infrastructures such as canals and
weirs. In addition, the protection of the local ecosystem
and cultural heritages has been gaining weight. In 2012,
it was given the title “the largest Hakka Terrace in the
World” by the Guinness Book of Records. In April 2018,
it was listed as a “Globally Important Agricultural Heritage
System” by FAO.

Description

Between the Luoxiao Mountains and the Zhuguang
Mountains, at the source of the Zhangjiang River, a
tributary of the Ganjiang River in the Yangtze River basin,
there is a settlement of the Hakka people where the local
mountains have been transformed into terraces. This is
the Chongyi Shangbao Terraces, a marvel of the Hakka
farming culture.

Located in the northwest of the mountainous Chongyi
County of Jiangxi Province of China, the Terraces cover
an area of about 3,400 ha distributed in 26 villages of the
three townships of Shangbao, Fengzhou and Sishun. With
a maximum altitude of 1,260 m and a minimum of 280 m,
the terraces have a vertical drop as large as 1000 m, and
the largest terrace has as many as 62 levels of ridges.

Shaped by the mountainous terrain, the Chongyi
Shangbao Terraces flourish because of the water. The

densely forested mountains help store abundant water
resources; the granite mountain structure constitutes an
impermeable reservoir so that rainwater harvested on the
mountaintop can only seep out from the hillside slopes,
creating a natural underground distribution and drainage
network with reliable water supply to the terraces.

For thousands of years, local people have respected the
laws of nature and built terraces with a water distribution
system tailored to the local conditions. Connected to this
irrigation network, each ridge serves as a small reservoir
and soil preservation bed, preventing and controlling
land erosion. This is indeed a good example of irrigation
engineering created and perfected by the ancient Chinese
people.

In general, the Chongyi Shangbao Terraces adopt gravity
irrigation, and various irrigation methods are applied
in different water demand scenarios such as isolated
hills and seasonal and meteorological changes. The
irrigation system of the terraces can be divided into
three categories, namely the water storage structures,
the canal network, and water flow regulation facilities.
There are three ways of water storage: water directly
seeping out of the mountain slopes, man-made water
storage and distribution structures, and man-made filter
and sedimentation facilities. Under the category of the
canal network, there are several sub-categories: diverting
water with weirs, delivering water through inverted
siphons, using the small plots of farmland as canals,
delivering water with aqueducts and bamboo tubes, and
lifting water with waterwheels. For water flow regulation,
water-distributing stones and pipeline valves are installed.

Today, the structure and layout of this gravity irrigation
system are still intact. As a product of the sweat and
wisdom of the ancient Chinese people, it has become
an important part of the local agricultural economy.
Combined with the development concept of modern
agriculture, it is helping realize the value and functional
potential of the terraces.

With the simplest engineering facilities and minimal
maintenance, the Chongyi Shangbao Terraces have
achieved sustainable and efficient gravity irrigation
and thus strongly boosted land reclamation and
agricultural production. Currently, the average grain
yield has exceeded 7,500 kg/ha. Meanwhile, the



ecological concepts and experience in construction
and management accumulated over the past millennia
could serve as a valuable reference for modern terrace
management and soil and water conservation.

The Longsheng Terraces of Guangxi, the Yuanyang
Terraces of Yunnan, and the Chongyi Shangbao Terraces
are the three most scenic terrace systems in China. The
Chongyi Shangbao Terraces also called the heavenly
stairs, are spectacular throughout the year. In spring,
the irrigated paddy fields are like strings of silver chains
hanging in the mountains; in summer, the lush crops are
like green waves pouring from the sky; the autumn is the
season of gold, featuring the joy of harvest; in winter, the
terraces are covered with pure snow, auguring another
fruitful year.

Water Heritage

The building of the Terraces has improved irrigation
conditions and thus enlarged the area of the paddy field.
According to the Chronicles of Chongyi County, back
in 1522, Chongyi County had about 4181 ha of arable
land; in 1706, it grew to about 5235 ha; then, in 1765, it
further increased to 5384 ha; by 1937, the arable land
had expanded to around 9772 ha; after the foundation of
the People’s Republic of China in 1949, the figure was
10491 ha, of which 10280 ha were paddy field, and the
growing trend has continued.

The development of the Terraces has also driven the
formation of the local paddy-based agricultural structure.
Within the long history of the Terraces, people have bred
various strains of rice tailored to local water and soil
conditions, including varieties of indica rice, japonica rice,
early season rice and late rice, and formulated different
cropping systems respectively. Irrigation and drainage
facilities of the Terraces have greatly boosted local grain
yield. According to the Chronicles of Chongyi County,
by 1942, the grain yield per hectare had reached 3240
kg; currently, the figure is more than 7500 kg/ha. It is the
sound irrigation and drainage system of the Terraces that
has transformed the wild mountains into a land of fertility
and prosperity.

The construction of the Terraces is a process of mountain
development and population growth. The irrigation and
drainage system, by bolstering land reclamation and
agricultural production, has also helped the expansion of
human settlements and population growth, which in turn
further enhanced local economic and social development.

Currently, the Terraces supply 76.5% of food crops,
various oil-bearing crops, vegetables and fruits for the
local people. In 2015, the economic revenue of the
proposed site was 1.357 billion yuan. The income from
farming/agriculture contributed 87.8% to the total income
of the rural households, while that from agriculture and
forestry contributed 78.7%.

When building the terraces, the locals had fully considered
the natural conditions of the mountains: the forest on
the mountain top was preserved for water conservation;
below the mountain top, villages were built; and below

the villages lay the terraces. The canopy and soil of the
forest above the terraces can greatly conserve water and
effectively regulate the spatial and temporal distribution
of rainwater. On rainy days, the forest ecosystem on the
top part of the mountain can retain part of the rainwater,
which will decrease the surface runoff and weaken the
flood peak of rivers.

Meanwhile, in the dry season, the water conserved by
the forest will infiltrate gradually into the terraces to meet
the water demand of terrace crops. The soil of terraces
can also conserve water to some extent and guarantee
the water demand of varieties of plants in the ecosystem.
Soil retention is also an important ecosystem function
of these terraces. Covered by dense forests, terraces
are rich in a variety of plants. Soil fixation character of
vegetation roots is realized by the organic matter secreted
by plants, which can therefore cement the soil and make
them strong enough to resist soil erosion. The canopy of
tall trees intercepts raindrops to undermine the erosion
force of rain splashing directly on the soil, while the
regulation of the ground vegetation and the litter layer
on precipitation and runoff eliminates the erosion forces
of rainfall from the top and runoff on the surface of the
soil. Therefore, the terraces can help achieve better soll
conservation, which is reflected in avoiding the waste of
land, reducing sediment deposition and preventing the
loss of soil nutrients. In this way, the elements of forests,
villages and terraces are transformed into an integrated
and eco-friendly agricultural system.

The building materials of the Terraces and the local
farming practices have also reflected the respect and
protection of nature. Built with locally produced soil,
bamboo pipes and stones, the terraces fit perfectly into
their surroundings, minimizing the impact on the local
ecosystem. In addition, only organic fertilizers such as
animal waste and plant-based compost are applied.

Besides, the design and scale of the terraces are based
on the carrying capacity of local water resources. In
ancient times, people drew insights and lessons from past
experiences and formulated reclamation plans annually. If
the hydrothermal condition was good, the plan would be
more ambitious; if a drought was likely, they would reduce
or even stop the work of reclamation. This principle of
measured development has helped prevent the waste of
human and material resources and the drastic change in
the local ecosystem.

The Terraces are models of sustainable management
of land and water resources in mountainous and hilly
areas, providing important experiences for coping with
global ecological problems like land degradation, extreme
droughts and floods caused by climate change.

The history of Chongyi Shangbao Terraces dates back
to the 12th-13th centuries. The Terraces are constituted
by water storage structures, water diversion structures,
canal systems, waterwheels and drainage structures.
Its engineering form remains unchanged today. The
gravity irrigation system of Chongyi Shangbao Terraces
is an embodiment of the ancient Chinese philosophy of



harmony between man and water, and man is an integral
part of nature. In addition to the use of locally available
building materials, the layout, engineering design and
construction of weirs, water intakes and canals are all
based on local terrain and resource availability, aiming at
minimizing the possible impact on the local ecosystem.

Besides, the Terraces are home to various heritages of
agricultural culture, including proverbs and calendars

assisting farming and rituals and customs such as bull
dance. In April 2018, the Terraces, under the name
of “Jiangxi Chongyi Hakka Terraces”, were listed as a
“Globally Important Agricultural Heritage System” by FAO
as part of “Rice Terraces in Southern Mountainous and
Hilly areas, China”.

2.5 DONGFENG WEIR

Name Dongfeng Weir

Location Jiajiang County of Sichuan (Zhoucun City), China
Latitude 29.786

Longitude 103.499

Category of Structure Diversion weir for irrigation

Year of commissioning 1662 AD

River Basin

Qingyijiang River, a tributary of the Yangtze River

Irrigated/Drained Area

5113 ha

/

AN

/

History

Builtin 1662 during the Qing dynasty in southwestern China,
the Dongfeng Weir is a masterpiece of historic irrigation
development and the most incredible work of diversion
irrigation without dams along the Qingyijiang River, the tier
3 tributary of Yangtze River. It is an outstanding example
of sustainable operation and management, ecological

conservation, and development in its command for more
than 350 years. As a public infrastructure, the Dongfeng
Weir, with its water distribution system, was initially
built by the government of the Qing Dynasty in 1662.
The local people took charge of annual repair outlay,
labour expenditure, and construction supervision. This
management mechanism continued until 1949.



Description

Dongfeng Weir is located in the Jiajiang County of Sichuan
Province at the upper reach of the Qingyijiang River,
where the river starts to enter the county. The premise
enjoys the natural advantage of gravity water diversion.
To divert water from the river, it is necessary to cut a water
inlet in the first place.

As a water inlet, the Dongfeng weir was initially made
of bamboo baskets filled with cobbles and earth-rock
available in local mountains. In addition, the whole
project consists of one 12 km main diversion canal,
two secondary canals diverting into four by-canals, one
tunnel, 11 aqueducts, 21 watergates and other supporting
facilities. The main diversion canal connects ten previous
micro canal systems, and the net of canals goes through
Jiajiang County.

Since the completion of the project in 1662, its irrigated
area has expanded over ten times from 467 ha to 5,113
ha, covering four towns and 48 villages. The local
multiple cropping index has increased to 2.68 and the
cultivated area to 13,367 ha. The weir serves combined
functions of irrigation, drainage, urban flood control,
and environmental water management. Two sub-canals
throughout the county create an aesthetic and pleasant
environment for the residents. The sufficient water supply
through the weir helps in reducing pollution. Several
changes to the site of the water intake ensured diverted
surface water of Qingyijiang River with reduced sediment
load and helped in ecological and water-soil conservation.
Overall, the weir and canal system has contributed
to irrigation farming, ecological conservation, and the
economy. Before the Dongfeng Weir and Canal system,
Jiajiang County was drought-prone. The Dongfeng weir
and canal substantially promoted irrigation and economic
development along the Qingyijiang River. Since its
completion in 1662, a sufficient irrigation water supply has
ensured agriculture stabilisation and social development.

The project has continuously been used for more than
350 years and underwent reconditioning twice to achieve
an increased and sufficient water supply. In 2006, when
the once-in-a-century drought attacked Sichuan Province
and led to severe water shortage in many places, Jiajiang
County was not affected. It achieved a good harvest
thanks to Dongfeng Weir. Apart from playing a critical role

in fighting drought, the water reserve of Dongfeng Weir
also replenishes groundwater sources and improves the
ecological balance.

As to the management of Dongfeng Weir, the local
government manages the general canals and branch
canals; the water user associations in villages are
responsible for the sub-lateral canals. During the peak of
irrigation, four other groups are set up to communicate
among water users and between water users and project
managers to coordinate water supply. The project provides
sufficient, reliable, and sustainable irrigation water supply
and is now performing the combined function of irrigation,
drainage, urban flood control, and eco-environmental
water supply.

Water Heritage

The design and construction of the weir exemplify the
ancient Chinese philosophy of harmony with nature.
According to the local geological and hydraulic conditions,
in 1662, the county magistrate Wang Shikui led the
construction of Dongfeng Weir. At that time, the Weir was
made of bamboo baskets filled with cobbles and earth-
rock from local mountains at that time.

As a cultural icon, the weir played an essential role
in smoothly bringing together the community and the
government. It has also saved the region from multiple
droughts. The weir also provides the residents with a
pleasant neighbourhood.

Dongfeng Weir is a waterworks built in the Qing Dynasty
for sufficient, reliable and sustainable irrigation water
supply. The whole site has remained in use continuously
for 360 years. It has been reconditioned twice on large
scale, and the water inlet has been moved three times for
sufficient water supply. The several changes to the site of
the water inlet has made sure that the surface water of
the Qingyijiang River could be diverted efficiently. In this
way, the water flow is increased, sediment reduced, and
ecological and water-soil conservation achieved.



2.6 DUJIANGYAN JIANGYAN IRRIGATION SYSTEM

Name Dujiangyan Irrigation System

Location Sichuan Province (Dujiangyan City), China
Latitude 31.008651

Longitude 103.606847

Category of Structure

Water diversion structures and canal systems

Year of commissioning

256 BC

River Basin

Minjiang River (a tributary of Yangtze River)

Irrigated/Drained Area

701,066.7 ha

/

AN

/

History

The Dujiangyan irrigation system was built in 256 BC.
For over 2,200 years, it has played an imperative role
in the economic and social development of the Sichuan
province and left a rich water cultural heritage for future
generations. The irrigation system provides an abundant
water supply to the Chengdu Plain and offers benefits
for irrigation, flood prevention and control, and water
transport. It contributes to creating a land of abundance
on the Chengdu Plain with an abundant water supply and
no famine. Because of the irrigation system, the Chengdu
Plain has been the granary of western China and the
political, cultural, and economic centre of southwestern
China since the 2nd century.

The Dujiangyan Irrigation System was continuously
built and developed in different dynasties and ages.
The period of creation and improvement began in 256
BC when the governor of the Shu Prefecture, Li Bing,
constructed the Dujiangyan Irrigation System. The water
of the Minjiang River was introduced into the heartland

of the plain by building the Fish Mouth Levee and the
Bottle Neck Canal. The project was mainly used for flood
prevention and control, water transport and irrigation.
In AD 662, the Flying Sand Weir was completed, which
signified the formation of the distribution of the three major
projects of the headworks of the Dujiangyan Irrigation
System. During the Tang (AD 618-907) and Song (AD
960-1279) dynasties, prosperity and stability prevailed,
expanding the irrigation area of the Dujiangyan project to
cover 12 counties. By the end of the 1940s, the project
provided irrigation water to 1,88,000 ha of farmland
in 14 counties on the Chengdu Plain. From 1949, the
system experienced large-scale transformations and
development. Currently, the project provides irrigation
water to 7,10,000 ha of farmland in 38 counties in 7 cities
of the Sichuan Province.

Description

The Dujiangyan Irrigation System is built at the point
where the Minjiang River enters the Chengdu Plain. The
river is a first-level tributary of the Yangtze River with a



total length of 711 km. Its middle reach within the Chengdu
Plain runs 216 km long, accounting for 30% of its total
length. Here, the river’s gradient gradually drops from
10% to 1%, and its slope is around 8.2%. The left bank of
the river is the ancient landslide belt of Er'wang Temple,
and Mount Lidui is the product of geotectonic movement.

The Dujiangyan Irrigation System is an engineering
system that consists of headwork, water-diverting
channels at various levels in the irrigation district, ponds,
weirs and farmlands. The project has created a water
environment characterised by crisscrossing rivers and
densely distributed ponds, lakes and swamps on the
Chengdu Plain. The headwork system mainly consists of
the three major parts of the Fish-Mouth Diverting Levee,
Flying-Sand Weir (spillway) and Bottle Neck Canal, and
the Baizhang Dike’s auxiliary projects and the Renzi Dike.
Itis the water-diverting hub of the irrigation system where
people fully utilise Minjiang River bed terrain and manage
river water diversion, sediment flushing, inlet flow control
and flood discharge, and achieved multiple benefits with
minimal engineering facilities.

The headwork project has been renovated and improved
many times for the sustained development of the
Dujiangyan Irrigation System. Starting from the Fish
Mouth Levee, the water flow is controlled by water
diversion levees and overflow weirs made of bamboo
cages and timber piles. Though no gate has been
installed, the water of the Minjiang River could reach the
farmland and the residential communities smoothly.

The system’s management mechanism was characterized
by a conjunctive workflow between the government
and the community. Such arrangements ensured the
sustained development of the irrigation district and
provided a historical experience that people can draw
from for present-day water resources projects. The
management of the irrigation system involved a highly
centralized administrative system with a decentralized
approach. The water resources officials in provincial,
prefectural and county governments carried the
administrative management for headwork, channels and
weirs at the main canal level, and while branch canal
level, and rural water resources bodies, field ditches were
managed by the community. Such an official and non-
governmental management system allowed a mutually
beneficial relationship.

The Dujiangyan Irrigation System has a super-large
irrigation district, the first one with an irrigated area that
exceeds 6,66,666.67 ha in China. At present, the project
has already developed into a tremendous engineering
system composed of headwork projects, water-diverting
canals of various levels in the irrigation district, various
kinds of engineering structures, large, medium and small-
sized reservoirs, ponds and weirs. An engineering pattern
characterized by the combination of water diversion,
water storage and a weir system has been formed as the
System’s feature. There are now 111 main and sub-main
canals in the irrigation district that run 3,664 km long, 260
branch canals that run 3,234 km long, each irrigating
thousands of hectares of farmland, and field ditches

below branch canals that run over 34,000 km. There are
also three large reservoirs, 21 medium-sized reservoirs,
small-sized reservoirs and other micro water storage
facilities, all these providing a gross storage capacity
of 2.471 BCM. At present, the irrigation system covers
an area of 23,200 km2 and provides irrigation water to
710,000 ha of farmland.

In addition to guaranteeing agricultural water, the
system also possesses multi-target comprehensive
service functions such as providing urban industrial
and domestic water, preventing and controlling floods,
generating electricity, promoting the development of
aquaculture and farmed animal industries, planting
industry, and tourism, and supporting the environmental
protection. It possesses a critical status and role in the
national economy and social development of the Sichuan
Province. The population benefited by the Dujiangyan
Irrigation System accounts for 27.5% of the provincial
total; the industrial output value and the gross national
product of the Dujiangyan Irrigation District account for
44.6% and 44.3%, respectively.

The weirs or canals of the Dujiangyan Irrigation System
as irrigation water supply channels, drainage channels
and waterways reshaped the rivers on the Chengdu
Plain. They provided for the city of Chengdu and the 14
county towns and market towns in water supply, water
transport, environmental needs, and flood prevention and
control. The System provided a high-quality landscape
environment, habitat environment and ecological
environment. The construction of the Dujiangyan Irrigation
System radically improved the urban and rural ecological
environment of the Chengdu Plain. The Mohechi Pond,
the Jinshuihe River, the Yuhe River, the Fuhe River, the
Modihe River, and the Qingshuihe River were built in
different ages from the Tang Dynasty (AD 618-907),
constituted the developed urban water system of the city
of Chengdu. There are 192 bridges of various kinds in the
city. The Dujiangyan Irrigation System nourished the land
of the ancient Shu region. Vibrant woods and bamboo,
crisscrossing rivers, and densely distributed lakes, weirs
and ponds formed a beautiful landscape.

Water Heritage

The Dujiangyan Irrigation System is a dam-less water
diversion project with the longest history in the world.



Its history exceeds 2200 years (dated back to 256 BC).
The project’s planning, design, and construction address
the issues of irrigation, flood prevention and control, and
water transport have been scientifically addressed. Its
engineering form remains unchanged today.

The headwork system mainly consists of the three major
parts of the Fish-Mouth Diverting Levee, Flying-Sand
Weir (spillway) and Bottle Neck Canal, and the Baizhang
Dike’s auxiliary projects and the Renzi Dike. It is the
water-diverting hub of the irrigation system. The people
adopted measures to build on the local geographical and
climatic conditions. They fully utilized the terrain of the
Minjiang River bed and scientifically resolved the issues
of river water diversion, sediment flushing, water transport
and flood discharge, materializing the development
philosophy of the harmonious coexistence of man
and nature. Weir engineering technology and annual
maintenance system were formed with unique features.
People summarized the water regulation principles and
philosophy epitomized by “digging riverbed deep and

building weirs low” and created the Dujiangyan water
culture with great charm.

Built at the end of the Warring States Period (475 BC-
221 BCQ), it laid a good foundation for developing water
resources projects on the Minjiang River. Since the
Western Han Dynasty (206 BC-AD 24), the irrigation
district of the project saw rapid development. The
headwork was gradually improved and perfected.
Irrigation channels extended on the Chengdu Plain and
formed a crisscrossing river network. The water channels
in the irrigation district, similar to natural streams, provided
irrigation water and the convenience of flood discharge
and water transport. The developed regional economy
made Chengdu Plain the political, cultural, and economic
centre of southwestern China. From the Three Kingdoms
(AD 220-280) to the Five Dynasties and Ten Kingdoms
(AD 907-960) after the Tang Dynasty (AD 618-907),
Chengdu remained the economic epicentre for a long
time. In contrast to the Central Plains in turmoil at that
time, the affluent Chengdu Plain was prosperous and
stable and won the “Land of Abundance” reputation.

The Dujiangyan Irrigation District has become the
heartland of the Sichuan Province with the most
prosperous and developed economy. The Dujiangyan
Irrigation System has played a critical role in the Sichuan
region’s grain safety, economic development, and social
stability for over 2,200 years. Though the irrigation system
accounts for less than 5% of the provincial total land area,
the project covers 25.8% of the population and 20.7% of
the province’s effective irrigation area. It is both a water
resources project with great historical relevance that has
played a role in the unification of China and a construction
that achieved harmony between man and nature.




2.7 HANZHONG ANCIENT WEIR IRRIGATION SYSTEM

Name | Hanzhong Ancient Weir and Irrigation System
Location | Shaanxi Province (Hanzhong City), China
Latitude 35.394

Longitude 109.188

Category of Structure
Year of commissioning
River Basin

Irrigation System
Early 10" Century
Han River (a tributary of the Yangtze River)

Irrigated/Drained Area

14500 ha

/

AN

/

History

Hanzhong Ancient Weir Irrigation System (Shanhe Weir,
Wumen Weir and Yangtian Weir) is located in Hanzhong
Basin, southwestern part of Shaanxi Province. It is a
typical irrigation system with weirs diverting water in the
upper reaches of the Han River. Hanzhong Ancient Weir
Irrigation System mainly refers to Shanhe Weir on the
Baohe River, and Wumen Weir and Yangtian Weir on the
Xushui River (both the Baohe River and Xushui River are
tributaries of the Han River). The canal networks of the
three weirs are interconnected with the irrigation area
forming an organic whole. They irrigate the core area of
the Hanzhong Basin, hence pushing forward the regional
agricultural development.

By the 1st century AD, Hanzhong Basin had a large-scale
irrigation system using water diverted through weirs. In
the 11th century, the irrigation project of the Han River
witnessed re-development. During the Jin—Song Wars
(1125-1234), Hanzhong as the frontier base provided
war expenses leading to its rapid development. During

the Song Dynasty (AD 960-1279), the Hanzhong
Ancient Weir Irrigation System, consisting of Shanhe
Weir, Wumen Weir, and Yangtian Weir, took shape by
and large. In the mid-12th century, the irrigation area
of Shanhe Weir amounted to 15,333.3 ha. During the
Yuan (1271-1368), the Ming (1368-1644) and the Qing
(1644-1912) dynasties, the irrigation system underwent
several renovations. Between the 14th century and 16th
century, the government and the people rebuilt the five
water intakes and expanded the stone canals at the
irrigating gate of Wumen Weir successively. As a result,
the irrigation area increased by 3,333.3 ha. At the end of
the 16th century, the water intake sluice of Yangtian Weir
was reconstructed on a large scale by modelling after
Wumen Weir. By then, the irrigation area of Yangtian Weir
totalled 1,667.7 ha.

During the reign of Emperor Jiaqging (1796-1820), the
irrigation water use and labour expenses of Yangtian
Weir were shared proportionately between Chenggu
County (30 %) and Yang County (70 %), respectively.
Baohui Canal was constructed in 1942 and Xuhui Canal



in 1948, replacing the original Shanhe Weir, Wumen Weir
and Yangtian Weir. Later, due to the scanty water of the
Xuhui Canal, the old Wumen Weir and Yangtian Weir
were rebuiltin 1952, and the irrigation areas of both weirs
increased to some extent. In 1975, with the reconstruction
of the Shimen Reservoir, all the fields irrigated by the
original Shanhe Weir were included in the irrigation district
of the South Trunk Canal of Shimen Reservoir. In 2006,
Wumen Weir was listed as an important heritage site
under state protection by the State Council. Currently, the
irrigation area of the three weirs totals 14,500 ha.

Description

Hanzhong Ancient Weir Irrigation System consists of three
irrigation districts that interconnect and complement each
other, jointly irrigating the core area of the Basin. The
Irrigation System is mainly composed of canal headwork,
irrigation and drainage canal network and control work.

Shanhe Weir dams the water of the Baohe River, which
is a tributary of the Han River. The headwork of Shanhe
Weir is at the mouth of the Baohe River Valley. During
the Southern Song Dynasty (1127-1279), it had six weirs,
unfortunately, destroyed by a water rush. During the
Yuan, Ming and Qing periods, there were four weirs from
north to south. Shanhe Weir | and Shanhe Weir Il were
built and managed by the government and are still the
main irrigation facility of Shanhe Weir. The water intake
is on the left bank of the Baohe River. The trunk canal
winds eastward to Shibalipu where it turns southward
into the Han River. Its overall length is 35 km, with
over 60 branches. Shanhe Weir Il is about 1 km away
downstream of Weir Il. Shanhe Weir IV, constructed in
1932, is 1.5 km away downstream of Weir Ill. Both weirs
dam the water of the Baohe River at one of its branches
on its east bank.

Wumen Weir is located along the Xushui River, 15 km
north of Chenggu County. It mainly consists of a water-
diversion weir, five water intakes, a water intake sluice
and water outlet sluice, and an irrigation canal network.
The water-diversion weir stretches over the Xushui River
and shapes like a turning curve. Five water intakes
located to the southeast of the barrage are the facility
for irrigation diversion and water control. To ensure flood
control safety of the canals, water intake sluice and water
outlet sluice are constructed 300 m away downstream of

the five water intakes. In case of excessive flooding, the
water empties into the Xushui River via the water outlet
sluice. Both sluices are still in use today. The trunk canal
passes through the five water intakes and then bifurcates:
one branch flows eastward and the other westward. The
two branches flow for 550 m, performing the function of
desilting, speed reduction and erosion prevention, and
then reuniting again. The trunk canal is 22.8 km long.

Yangtian Weir, located at the middle reaches of Xushui
River, about 10 km north of Chenggu County, consists of
a water-diversion weir, water-control headwork, irrigation
canal and excessive water outlet. The dam barrage is a
masonry gravity dam thatis 120 m long, 5 m wide and 2 m
high. The trunk canal is 11 km long. 500 m away from the
diversion dam is the relic of an ancient canal embankment
that runs 900 m. The excessive water outlet, built during
the Wanli period (1573-1620) of the Ming Dynasty, is 950
m away downstream of the headwork.

Hanzhong Ancient Weir Irrigation System, taking
advantage of Han River tributaries, dams water with
weirs. It takes advantage of the North-South gradient
to deploy the irrigation canals and downflow weirs.
With minimum engineering facilities and management,
it performed multi-functions such as water diversion,
irrigation and water volume control. The diversion canal
begins in the east river valley of the Baohe River and
ends at Shibalipu Town, Hanzhong City—a distance of
35 km. Yangtian Weir is located to the north of the Han
River and covers Chenggu County and Yangxian County.
Itirrigates about 666.7 ha of farmland in this region. Today,
most canals in Hanzhong Basin are included in Shimen
Reservoir Irrigation Scheme or transformed into one part
of modern irrigation districts: Baohui Canal and Xuhui
Canal. Despite this, it maintains its ancient irrigation area
and traditional management mode. Currently, the direct
irrigation area of the three weirs totals 14,500 ha.

Hanzhong Ancient Weir Irrigation System contributed
to increased agriculture production, the development of
tourist economy, and a rich cultural heritage. Over the
past 1,000 years and more, it has played a crucial role in
developing the agricultural economy of Hanzhong Basin,
the upper reaches of the Han River. Currently, Hanzhong
Basin is a crucial rice-producing area of the Qinling-Daba
Mountain area.



With social and economic development and an improved
standard of living, people consider the irrigation
system of a higher spiritual value. Since its inception,
a significant number of natural and cultural relics have
been left behind. Taking advantage of these relics, the
management unit of the irrigation district promoted
tourism, stimulating the development of the local tourist
economy. Shimen Reservoir in Shanhe Weir was the site
of the ancient Bao-Xie Plank Road, which has profound
historical and cultural deposits concerning the Han
Dynasty and the Three Kingdoms (Wei, Shu and Wu, AD
220-280). Specifically, Shimen Plank Road Scenic Area
has been set up to develop its tourist industry. This not
only increased the economic returns of the Department of
Water Resources and stabilized the water management
staff but also contributed to the economic development
of Hanzhong. Moreover, the Goddess of Mercy Pavilion,
Longmen Temple at Wumen Weir, Tomb of Yang Congyi
beside Yangtian Weir, Orange Orchard Scenic Spot, Dou
Mountain Taoism Center and Wetland Scenic Spot of
Xushui River form the major scenic spots of ecological
tourism of Hanzhong. The Museum of Hanzhong boasts
a great number of water conservancy cultural relics,
facilitating the tourist economy of the irrigation district.

Hanzhong Ancient Weir Irrigation System witnessed a
sustainable management model--a joint governance
model of the government and the common people. As of
great military and strategic significance, it was jointly run
by the government, the army and the civilians until the
12th century. Shanhe Weir was garrisoned by troops who
opened up the wasteland, grew grain and built irrigation
and drainage projects. After the Ming and Qing dynasties,
Hanzhong Ancient Weir Irrigation System was mainly
“superintended by the government and constructed by
the common people”. Beneficiary peasant households
undertook routine maintenance. In the case of overhaul or
reconstruction, the local government would offer financial
aid. Village regulations and agreements were carved on
stone tablets by the government showing respect to the
wisdom of the labouring people and standardising a joint
management system. Currently, Hanzhong Ancient Weir
Irrigation System is managed by the Hanzhong Bureau
of Water Resources. They are in charge of monitoring
and preserving Hanzhong Ancient Weir Irrigation System,
guaranteeing the project’s safety and sustainable
irrigation. Archaeological investigations are conducted,
and the relics are preserved at the Museum of Hanzhong,
which has an extensive collection of water conservancy
inscriptions, irrigation tools, models, etc.

Water Heritage

Hanzhong Ancient Weir Irrigation System originated
from the early period of the Northern Song Dynasty (AD
960-1127), and the project has a history of over 1,000
years. Hanzhong Ancient Weir Irrigation System played
a significant role in the construction of Hanzhong, which
was a cradle of the Han culture. It had a history of over
2,300 years since King Hui of the State of Qin established

Hanzhong Prefecture in 312 BC. During the Three
Kingdoms Period, Hanzhong was a strategic area of
diplomatic importance and home to famous personalities
like the warrior Zhu Geliang, Zhang Qian (pioneer of
the opening of the Silk Road), and Cai Lun (inventor of
papermaking technology, one of the four great inventions
in Chinese history) was buried.

Historically, Hanzhong was the birthplace of the Han
Dynasty (206 BC-AD 220) and successive dynasties.
Since the construction of the Hanzhong Ancient Weir
Irrigation System, cultural traditions with distinctive
local features emerged. Yang Congyi (1092-1170), who
contributed to weir construction, was worshipped and
offered sacrifice every year.

The irrigation system is a cultural icon carrying forward
the history of many generations. For the past 1,000 years
and more, farmers in the irrigation district have benefited
a lot from the three weirs of Hanzhong, hence holding a
profound cultural identity. It represents water conservancy
and cultural inheritance. Festivals and customs have
been observed for thousands of years like the festival
of opening canals to draw off water. Stone tablets also
recorded the contributors and recognised them as water
gods. The inscriptions showcase the history of the
weirs, system, disputes over water conservancy, and
local conditions and customs. These historical datasets
are of vital significance to the history of the region and
demonstrate a social perspective of Hanzhong.

Hanzhong Basin, located in a humid subtropical
area, boasts an annual average rainfall of 846.6 mm,
however uneven. The System capitalised on this rich
water resource. Irrigation canals and overflow weirs
were deployed by taking advantage of the North-South
gradient. It performed multi-functions such as water
diversion, irrigation and water volume control with limited
engineering facilities and management. The production of
grain crops such as rice and wheat increased, and cash
crops including rape, maize, soybean, tea and oranges
and tangerines gained popularity. This improved the
livelihood of the farmers and promoted the prosperity of
the countryside and reduced poverty. Gradually, it became
a major grain-producing area, leading to grain production,
higher incomes and sustainable development.

The Hanzhong Ancient Weir Irrigation System still
maintains the ancient irrigation project’s water use method
and irrigation area. The direct irrigation area of the three
weirs reaches 14,500 ha. Currently, heritage signs have
been set up at important sites of the irrigation district to
increase the public’'s awareness of cultural heritage and
to facilitate protection and exhibition. For over 1,000
years, farmers in the irrigation district have benefited a lot
from the system. People share a strong sense of cultural
identity and pride in the System creating the social basis
for its protection and inheritance.




2.8 HETAO IRRIGATION DISTRICT

Name Hetao Irrigation District

Location Hetao Irrigation District of Inner Mongolia, China
Latitude 40.32 - 41.30

Longitude 105.02 - 109.32

Category of Structure

Irrigation System

Year of commissioning

2" Century B.C.

River Basin

Yellow River Basin

Irrigated/Drained Area

67000 ha

/

AN

/

History

Situated in Bayannur City, Inner Mongolia Autonomous
Region, the Hetao Irrigation District covers one of the
most significant ancient irrigation areas in the Yellow
River basin. The Hetao Plain is a flat and fertile region
with favourable temperate arid and semi-arid climates
and good precipitation levels, enabling the irrigation of
the Yellow River to support the agricultural and economic
development of the area. Therefore, the system is a
witness to the conflicts and integration between nomadic
and farming civilizations over the long history.

Irrigation activities in the Hetao region date back to the
Qin dynasty and were recorded and documented since
the Han dynasty. In 215 BC, Meng Tian, a famous general
in the Qin dynasty, led people and promoted farming
and settlements south of the Yellow River, including the
Hetao Plain. Several historical records present the time
and scale of irrigation in the region. After the unification of
China in the Sui and Tang dynasty, farming and irrigation
facilities were ramped up. There were three canals,

namely Lingyang, Xianying, and Yongqing, during the
Tang dynasty, and the total irrigation area covered was
32,000 ha, and annual grain production reached 400,000
hu. The landmark Shuibushi, or Water Administration
Regulations, released by the Tang government,
standardized the construction of irrigation structures
and management at the national level, promoting further
development of irrigation farming.

A growing population marked the end of the 18th century,
and the public voluntarily initiated the construction of
irrigation structures and used the river as the primary
water supply source, before which the irrigation was
limited, and the area was mainly used as a grazing
field. In 1850, the Hetao section of the Yellow River was
rechanneled from the Wula River in the north to the route
in the south (the mainstream nowadays). The channel
served as the new water supply of the Hetao Plain
irrigation structures.

Later on, businessmen drove the expansion of the
irrigation structure. In 1911, with over 40 canals diverting



the water of the Yellow River, the system irrigated over
66,667 ha in the area, and the Hetao Irrigation District
developed. After 1949, the system and the corresponding
administrative regulations multiplied. The Sanshenggong
diverting system, established in 1961, marked a new
era for the irrigation system featuring advanced water
supply and drainage systems and the integration of main
structures and seven supporting systems for irrigation
and drainage.

Description

The Yellow River originates in the Hetao Irrigation District
at Sanshenggong headwork, and flows through the
main canal, 13 branches and supporting channels to
supply water for farms and lakes. The water then enters
the drainage receiver in the Wuliangsu Sea through
the Honggebu pumping station. It is returned into the
Yellow River at the exit section of the central drainage
system, completing an irrigation system with a single
water intake. The system consists of 183,500 structures
in total and covers an area of 600,000 ha. The heritage
of Hetao Irrigation District includes eight major ancient
canals, the original system before 1949, remains and
historical sites of the abandoned structures, and those
non-engineering items of historical and cultural values,
including inscriptions and documents water-deities,
worship temples and management facilities. The region
experiences a temperate continental arid and semi-arid
climate, with average annual precipitation of 169.4 mm,
and average yearly evaporation of 1500 mm.

The management of the structure was passed through
many dynasties, from the Qin Dynasty to the Tang
Dynasty. After establishing the People’s Republic of China
in 1949, the government managed the construction and
management of the irrigation system.

Throughout the 2,200 years of Hetao Irrigation District’'s
history, the irrigated area continued to grow. Though not
recorded before the Tang dynasty, from the 7th to the 8th
century, it was nearly 32,000 ha, 66,667 in the early stage
of the 20th century, 266,667 in the middle age of the 20th
century, and 600,000 at present. The water availability
also improved. With effective and efficient irrigation, grain
output and population on the Hetao Plain kept growing.
Grain produced during the 7th and 8th centuries was
25,000 tons, 150,000 tons in the middle age of the 20th

century, and over 3 million at present. The number of
people in the area grew from 50,000 in the Han dynasty
(2nd century B.C.) to 400,000 in 1946 and 1 million in
1985. Crops of the irrigation area were mainly wheat,
corn, soybeans and sorghum. Other than grain, Lycium
barbarum and grape were also featured plants in the
area. While Hetao Plain is now a significant grain base
in northern China, it is the construction and development
of the Irrigation Structure that facilitates the prosperity of
agriculture and the economy of the place.

The Hetao Irrigation Structure located in the middle
and upper reaches of the Yellow River mainly realizes
irrigation and diversion without dams, which caused little
influence on the environment, and managed to exist for
over 2,000 years without rendering detriments. In addition,
the professional planning of warping irrigation and crop
rotation increased the fertility of the saline-alkali land. The
irrigation system across the whole Hetao Plain realized
the relatively even distribution of local water resources
and generally improved the ecological conditions of the
place. In conclusion, as a heritage irrigation structure,
the Hetao Irrigation Structure greatly benefited the local
environment.

At present, the irrigation structure is preserved the
same as in the late stage of the Qing dynasty. The
Sanshenggong irrigation structure built in 1961 integrated
the existent scraps of channels and canals and unified
diversion headworks. The irrigation and drainage
system improved and thus increased irrigation coverage
and water availability. The administration of the Hetao
Irrigation District builds the Museum of the Yellow River
Irrigation Culture to preserve the cultural items and
heritage of the irrigation structure. At present, authorities
in the irrigation area are formulating plans to protect and
preserve the heritage structure. Once completed, the
plans will serve as legal documents to systematically
manage and preserve the structure and guarantee
sustainable development.

Water Heritage

The Hetao Irrigation District is a classical large-scale
irrigation project in Mongolian Plateau in China. The
system’s coverage reached over 32,000 ha in the Tang
Dynasty and 66,667 ha in the Qing Dynasty. In 1940,
the area irrigated was more than 266,667 ha, and the
present coverage increased to more than 600,000 ha.
Therefore, the irrigation area in the system had always
been a representative exemplar of where techniques were
very advanced for their time.

The establishment and development of the structure, that
diverted the Yellow River in the Qin Dynasty and Han
Dynasty, is the preclude for agricultural development in
Hetao Plain. The construction of the supporting structures
at the end of the Qing dynasty was a turning point and
milestone ushering in an era when modern agriculture
in the Hetao region embraced rapid development. In
conclusion, the construction of the irrigation system laid
the foundation for Hetao Irrigation District to become a
major grain-producing base. The development of the



Hetao Irrigation District served as strong support for
the nomadic civilization to transform into an agricultural
civilization, which dramatically enhanced food production,
increased agricultural output and local capacity for
supporting the population, and improved economic
benefits.

Alarge amount of mud and sand discharged into the river
makes the Yellow River the most sediment-laden river
globally, which determined that the irrigation structure
was constructed without large barrages or dams. Such a
system with a relevant small influence on the environment
provided historical references for the construction theories
and the evolution of technologies for modern hydropower
engineering; hence it is of great academic value. The
gradient of the irrigation area is small, resulting in poor
drainage conditions and severe salinization problems.
Referring to practices in the long history, local people
summarized systematic methods and measures for crop
screening, colmatage, drainage and cultivation practices,

thus supporting modern theories and technologies for
combatting salinization. The Hetao Irrigation District was
constructed with diversion headwork without a dam and
technologies for salinization prevention, so the whole
system was flexible enough to accommodate after the
rechannelling of the Yellow River. The ecology and
environment were better preserved and guaranteed the
essential condition for the irrigation system to develop,
so the system is an exemplar of structures of its type in
arid and semi-arid regions. During the district’s evolution,
engineers chose to apply the small-influence development
mode that utilized the high-sediment river to irrigate
salinized land and headwork with the dam.

The Hetao Irrigation District is where nomadic and
agricultural civilisations meet, so it bears the records of
civilizational conflicts and combinations and the political,
economic, and cultural evolutions. The development of
the irrigation area is closely linked to China’s political
situation, geopolitical landscape and the changes in
population, society and economy. Therefore, the Hetao
Irrigation District witnessed the development of the
Chinese civilizations and bore traces of history. Through
2200 years, the operation and management system
has been changing and adapting to developments, be
it natural, social, economic, political, or even military
situations, especially since the end of the Qing dynasty.
In addition, the modest degree of development and the
ecology-friendly planning enabled the area to enjoy
sustainable development and thus become an exemplar
of sustainable irrigation.




2.9 HUANG JU IRRIGATION SYSTEM

Name Huang Ju Irrigation System

Location Fujian Province (Ningde Municipality), China
Latitude 26.8875

Longitude 119.475

Category of Structure

Irrigation System

Year of commissioning

Early 7" century

River Basin

Huotong River

Irrigated/Drained Area

1333.33 ha

/

AN

/

History

Huang Ju Irrigation System is located in the valley of the
middle reaches of the Huotong River at Huotong Town
in Jiaocheng District of Ningde City, Fujian Province.
According to genealogical records and local historical
data, the building of the Huang Ju Irrigation System began
in the early 7th century. For more than 1,000 years, it
played a significant role in promoting local economic,
cultural, and social development. Even today, it plays an
essential role in agricultural irrigation, domestic water
supply, and hydraulic processing.

In the early 7th century, Huang Ju of the Sui Dynasty
presided over the construction of a long weir for damming
the water of Dashi Stream, a large tributary on the left
bank of Huotong River, the digging of the Longyao Canal,
and the digging of Pipa Culvert at Songanyang on the
right bank of Huotong River for conducting water through
the mountain. At first, Longyao Canal was used to irrigate
about 66.7ha of fertile land at Shigiao Village. The area

of the irrigated land expanded to more than 1000 ha
after the construction of Pipa Culvert was completed.
The Huotong River changed its course due to floods in
the Ming Dynasty, which led to significant changes in
the local hydrologic environment. Despite this change of
watercourse, the two water-diversion projects have been
constantly improved and are in use today since the Sui
and Tang dynasties.

Description

Huang Ju Irrigation System encompasses two irrigation
projects. On the right bank of the river sits Longyao Canal,
and on the left bank of the river sits Pipa Culvert. The trunk
canal is about 10,000 m long, with an irrigated area of
1333.3 ha. The main crops planted in the irrigated area
include paddy rice, tea tree and loquat. In Longyao Canal,
the trunk canal is an open canal that is more than 5,000 m
long, 1.51 to 2.72 m wide, and 0.95 to 3 m deep. A stone
weir with a length of more than 20 m is built at the head
of Longyao Canal. The water from the Dashi Stream—a



large tributary of the Huotong River—is diverted into the
channel of the open canal. The water bifurcates into two
branches at a large banyan tree located along Longyao
Canal’'s natural village. The water that runs along the
terrain of one branch is used to irrigate farmlands at higher
elevations while the water of the other is diverted into the
village. The water in the village forms five cascades where
water-powered huskers are built using the discrepancy in
water levels to process agricultural and sideline products,
grain, and oil. Then the water further bifurcates into two
sub-branches. One sub-branch is used to irrigate more
than 66.7ha of fertile land in Shigiaoyang via Keshanliang,
and the other is diverted into Sun Pond, Moon Pond, Star
Pond, and other water-storage ponds. The latter sub-
branch forms nine twists in Shigiao Village. A stone toad
is erected at the water’s diversion. Its purpose is to block
the swift currents to raise the water level. It also facilitates
the management of the channel section by section and
makes it convenient for villagers to use water for domestic
use and as drought reserves. Thus, a water supply system
characterized by three toads and nine twists is created.

The water from the canal is pooled for irrigating farmlands,
and the Luoxing Pond in front of the Longshou Hall at
the back of the village plays the role of water storage
and adjustments. On the left bank of the Huotong River
is Pipa Culvert. In the initial construction of Pipa Culvert,
seven parts were dug at Song’an’yang for diverting water
from Huotong River into Duping Lake via Pipa Culvert.
Only five parts of the original Culvert remain today.
Their total length is 77 m, average height is 2.41 m, and
width is about one meter. The water diverted from Pipa
Culvert mainly irrigates farmlands in the Hutouyang area.
The Pipa Culvert and the head of the open canal in the
lower reaches are dangerous and feature a remarkable
discrepancy in elevation. On one side of the Culvert,
sediment flushing outlets were dug for convenience in
dredging and de-silting.

The extant canal network of Longyao Canal and
Pipa Culvert maintains its original features. Huang Ju
Irrigation System plays an irreplaceable role in promoting
sustainable social development, ensuring economic
prosperity and resisting natural disasters in Ningde City.
Its irrigation area expanded from more than 1,000ha in
its early days to the presentl1,333.3ha, covering many
natural villages including Shigiao Village, present Huotong
Village, Pipadong Village (part of the land along Huotong
River), and the original Huotong Village. Thanks to Huang

Ju Irrigation System, advanced farming techniques and
strains of crops were introduced from the Central Plain
Areas of China. The area became the production base for
loguat and tea leaves and is the home to late-maturing
lychee in south China.

Water Heritage

According to genealogical records and local historical
data, the Huang Ju Irrigation System building began in
the early 7th century. Having been in use for more than
1,000 years on end, it is still delivering benefits today. The
discrepancy of elevation was taken into consideration, and
a scientific plan was designed. For example, the weir was
built to block water, and the open canal and the culvert
were constructed to divert water. A reasonable layout for
water diversion, delivery, storage, irrigation, and drainage
was thus formed. This layout ensures the irrigation system
achieves various purposes. In the excavation of canals,
an advanced water conservancy construction technique
was introduced from the Central Plan Area to Fujian in
preparing stone materials. Mountain stones were heated
with fire to cause expansion and then cooled with water
to force contraction. In this way, a reasonable cross-
section of tunnels was also formed, increasing the canal’'s
structural stability.

Before the construction of the irrigation system, the
area nearby Huotong River was but a barren valley.
The area was thick with weeds; there were very few
pieces of fertile land, and people lived hard life. Later the
project for diverting water from Longyao Canal and Pipa
Culvert was completed. Advanced cultivation and seed-
selecting techniques, fine strains of crops and farming
techniques were introduced from the Central Plain Area
into the valley of Huotong River. The soil conditions
improved, the number of strains of crops increased, and
the original barren valley turned into a piece of fertile
land where loquat, tea leaves and rice are cultivated.
By introducing water-powered mechanical equipment,



farming techniques and new strains of crops, Huang Ju
Irrigation System promoted economic development. The
rich irrigation culture is also derived from the irrigation
system.

The irrigation left an indelible imprint on the region’s
culture and history. At Huotong Town—where the irrigation
system is located—the ancient buildings, streets, local
customs and habits derived from the irrigation system
remain today. As the founder of the irrigation system,
Huang Ju is remembered as a guardian deity. The
historically formed activities of honouring ancestors
have crucial cultural significance in the maintenance and
operations of the system until today.

For about one thousand years, under the joint management
of the government, non-governmental sectors, and the

community the Huang Ju Irrigation System has been
protected and maintained as a valuable heritage. Today,
the Water Resources Bureau of Jiaocheng District in
Ningde City and the People’'s Government of Huotong
Town under Jiaocheng District in Ningde City exercise
joint management over the Huang Ju Irrigation System
by taking charge of its daily maintenance. The irrigation
system provided stable agricultural irrigation, domestic
water supply, and hydraulic processing and enabled
Ningde to become a highly livable city that boasts a
sound ecological environment. Covering an effective
irrigated area of 1333.3ha, Huang Ju Irrigation System
guarantees that thousands of people living in Shigiao and
other villages nearby have access to safe water.

2.10 JIANGXIYAN IRRIGATION SYSTEM

Name Jiangxiyan Irrigation System

Location Zhejiang Province (Longyou County), China
Latitude 29.031

Longitude 119.151

Category of Structure

Irrigation System

Year of commissioning

1330-1333 AD

River Basin

Yangtze River

Irrigated/Drained Area

2333 ha

/




History

The Jiangxiyan Irrigation System is located in Jinqu Basin,
west of Zhejiang Province. Longyou County of Zhejiang,
situated in the moist subtropical monsoon climate region,
boasts abundant rainfall, with annual average precipitation
totalling 1761.9 mm. Jiangxiyan Irrigation System is the
best preserved and the most representative part of the
weir system of the Lingshangang River. The irrigation
project of the Jiangxiyan Irrigation System makes full
use of the terrain and its features. It takes the 5.33 ha
of a sandbank in the riverway as the link, connecting
Jiang Weir and Xi Weir, hence an angle-square-shaped
retaining dam flowing from west to east with around 570
m, and a side-direction overflow weir, which realizes dam-
less water diversion. Irrigating over 2,333 ha of farmland,
the System is a model of mountain-river diversion projects
constructed in ancient China.

In the 14th century, with the drastic increase in population
in southern China, it was imperative to develop agriculture.
Jiangxiyan Irrigation System was constructed from 1330
to 1333 under the supervision of a Mongolian official and
is the only one of them built over 680 years ago, which
is still in use today. The System faced many washouts,
overhauls, and repairs and maintenance. The annual
repair system, established in the Ming Dynasty (1368—
1644), was passed on from generation to generation.
The canal system of the Jiangxiyan Irrigation System,
extending to the county town of Longyou, became a
water conservancy project with comprehensive profits of
irrigation, navigation and municipal water supply.

Since the 1950s, the headwork and the canal system
of the Jiangxiyan Irrigation System have experienced
several renovations. And the latest renovation was
completed in 2014. It has maintained its original layout,
structure, and weir building technology ever since its
construction.

Description

The Jiangxiyan Irrigation System is composed of water-
diversion headwork, irrigation, drainage canal network
and control work. The water-diversion headwork includes
Jiang Weir, Xi Wei, intake gate and scouring sluice. Jiang
Weir and Xi Weir are also called the Upper Weir and the
Lower Weir, respectively. Jiang Weir is located on the
right side of the sandbank on the upper reaches of the

Lingshangang River. Itis 100 m long, and its bed is 32 m
wide and 63.2 m high. Xi Weir is located on the left side
of the end of the sandbank on the lower reaches. It is
50 m long, and its bed is 30 m wide and 63.1 m high. Xi
Weir is arc-shaped, diverting water into the main irrigation
canal through the intake gate. With the proper design of
the weir crest elevation, Jiang Weir and Xi Weir regulate
and control the water level, and the adequate volume of
water is diverted. The weirs provide the water needed for
irrigation, whereas the rest of the water runs downward
when spilling over the weir crests. A scouring sluice
has been built between Xi Weir and the intake gate for
preventing sludge from accumulating at the river intake.
The Lingshangang River was an important waterway
historically. A raft sluice was specially built on the weir. It
was closed when the water was diverted for irrigation and
was opened for navigation the rest of the time. In light
of the local geographical conditions, the headwork was
constructed to divert water, drain flood, discharge sand,
and create conditions for river traffic.

There were two main canals in the ancient Jiangxiyan
Irrigation System: the East and West canals. According to
a historical record, the irrigated area was more than 3,333
ha during Emperor Qianlong’s reign of the Qing Dynasty.
Jiangxiyan Irrigation System has been optimized since
1973. The system is composed of a general main canal,
four main canals, namely the east canal, the west canal,
the middle canal and the Guancun Canal, and 15 branch
canals. The four main canals have a total length of 18.8
km. The 15 branch canals have a total length of 30.87
km. Twenty-four slices of different sizes are distributed
on the canals. They regulate and distribute water and
drain floodwater.

The whole system mainly irrigates 21 administrative
villages under the jurisdiction of the Longzhou
neighbourhood, Donghua neighbourhood and Zhanjia
Township, with the irrigated area totalling 2,333 ha.
Paddy rice is the main grain crop in the irrigation district.
Vegetables, tea bushes, oranges and tangerines are
the main cash crops. In 1955, double-cropping rice was
popularized, which led to a dramatic increase in grain
yields. As a result, Sihoufan was known as a barn and
a genuine land of fish and rice. After the completion of
the Jiangxiyan Irrigation System, its capacity for drought
resistance was greatly enhanced. Water diverted from the
Jiangxiyan Irrigation System is still in use in the downtown
area of Longyou.



Presently, a special management organization is in
charge of the maintenance and protection of the project
and the heritages, guaranteeing engineering safety and
the sustainable development of irrigation and facilitating
the long-term protection and inheritance of the irrigation
system scientifically. The local government conducts
systematic surveys and protects the cultural relics. Now,
hydraulic engineering inscriptions, irrigation tools and
management records are well preserved in Longyou
Museum.

Water Heritage

Jiangxiyan Irrigation System played a vital role in boosting
agricultural and commercial development. It provided for
irrigation, domestic supply, and ecological development.
With increased water supply, irrigation techniques
advanced. With the evolution of food processing methods,
labour productivity significantly increased. The region
flourished in other commercial activities like the handicraft
industry. After its completion, Jiangxiyan Irrigation System
has made full use of the headwaters of the Lingshangang
River. It guarantees gravity irrigation, irrigating over 2,000
ha of farmland in the lower reaches. The largest irrigated
area in history amounts to 3333.33 ha, intensely pushing
forward the local agricultural development. Jiangxiyan
Irrigation System makes full use of the natural conditions
of the Lingshangang River flowing from the mountainous
area to the plains. Based on the sandbank in the riverway,
the weirs were built rationally and scientifically, featuring
dynamic integration of the upper and lower weir.

Moreover, it takes full advantage of the water resources
of the natural rivers to irrigate the farmland and improve
people’s survivability. In this sense, it is a model for
respecting nature and attaching importance to sustainable
development. According to historical records, there
were 72 sub-weirs under Jiangxiyan Irrigation System
in the 17th century. Water-powered devices such as
water-powered trip hammers and scoop waterwheels

were installed along the canals to help farmers process
products and lift water to irrigate farmland. The ruins of
water-powered trip hammers can still be found in some
places, which are named after the trip hammers. A
pinewood framework was embedded into the weir body
to consolidate the weir structure. After a flood damaged
the weirs, the mortar was used to consolidate the weir
surface when the weirs were repaired.

Following the completion of the Jiangxiyan Irrigation
System, a 300 m2 weir god temple was built at Shanlitou
Village to commemorate the Mongolian official and the
Jiang and Xi families who had contributed the most.
Every year, rituals like closing the weir, discharging water
and praying for rain in times of drought were held at this
temple. It was also the site for the government officials and
the villagers to discuss official business. The temple was a
bond of communication between the government and the
common people. Beside the temple, there is a camphor
tree that has a history of over 360 years. Now, it is still
thriving. It is called Weir God Tree by the local people.

The Jiangxiyan lrrigation System has successfully
functioned for more than 680 years, owing to its effective
management and operation system. Since its construction,
it has been supervised by the local government and
managed by the general public. Traditionally, county-level
officials granted the management power and assigned
specific tasks to the prestigious local gentry who would
later distribute maintenance work to farmers benefiting
from the irrigation system. Under the supervision of the
prefectural and county governments, the local gentry was
specifically responsible for repairing weirs and canals,
managing relevant funds, and formulating relevant rules
and regulations. This approach of integrating government
supervision and private management is still in use today.
It guarantees the sustainable operation of the Jiangxiyan
Irrigation System.




2.11 LI CANAL-GAOYOU IRRIGATION DISTRICT

Name Li Canal-Gaoyou Irrigation District
Location Gaoyou Irrigation District, Jiangsu, China
Latitude N 32°38'~33°05’

Longitude E 119°13'~119°50’

Category of Structure Irrigation System

Year of commissioning 486 BC

River Basin Huai River and Yangtze River
Irrigated/Drained Area 39,260 ha

/

AN

/

History

The history of the Gaoyou Irrigation District started with
the famous Hangou Canal. The Master Zuo’s Spring and
Autumn Annals records in the ninth year during the reign
of Duke Ai of Lu (486 BC): “In the Autumn, State Wu built
Hangou Canal, which linked Jianghuai Area”. In 486 BC,
Fuchai, King of State Wu, fought for hegemony with the
State Jin to defeat State Qi and become the lord in the
north. At that time, there was no connecting waterway
between the Yangtze River and the Huaihe River.

Fu Chai decided to excavate canals to connect the lakes
between the two rivers, whereby forming a waterway
connecting the two rivers and shortening the march route.
Hangou Canal dug under the order of Fu Chai, the King
of Wu, is very beneficial to the development of the local
economy and has become one of the main water sources
for local agricultural irrigation in the historical evolution.

It is because of the characteristics of Hangou Canal
and the good irrigation function that the local economic,
military and administrative status has become prominent.
As a result, Yingzhou, the first emperor of China, built a
high platform and a post office here in 223 BC, which is
the origin of the name of Gaoyou (‘Gao’ means high in
Chinese and ‘you’ means post). This reflected that the
Gaoyou region had good irrigation agriculture at that
time, which provided a solid economic foundation for the
establishment of the Post Office of Qin. Three years later,
Qin Shi Huang built a road to the seaside in Gaoyou,
which can better reflect the local economy and agriculture.

Description

Building the Lake dyke: The formation of the irrigation
network in the Sui and Tang Dynasties. During the
Zhenguan period, thanks to the water conservancy
function of the Hangou Canal (the precedent of Li
Canal) dug in the Sui, the Gaoyou section of Hangou



Canal formed a water conservancy irrigation network
managed by the central government officials under
uniform planning.

According to the Six Codes of the Tang Dynasty, “When it
comes to irrigation, it shall carry out average irrigation in
the best season according to the amount of water”. Later,
due to the fall of the water level of the canal that it was
impossible to carry vessels, while the pond to the west
of Li Canal had less water and also was not enough for
water transport. Therefore, Governor Li Jifu built Pingjin
Weir at the north entrance of Fanlianghu Lake to control
the drainage of the canal, facilitate water transport and
benefit the local agricultural irrigation.

During the Song and Yuan Dynasties, canal dyke and lake
dyke were built. In the fifth year of the reign of Shaoxi
(1194), Chen Shunzhi, the Governor of Huaidong, built
a causeway from Jiangdu of Yangzhou to Huaiyin of
Chuzhou, in atotal of 360 li (1 li = 0.5 km). In this way, the
lake water can be prevented from flowing to the periphery
and the area of the lakes can be fixed, which is not only
conducive to the stability of the water quantity of the canal
but also promotes the growth of the lakes west to the
canal and the development of agricultural irrigation water
conservancy. Therefore, during this period, the canal was
connected to the lake, which could provide water for the
canal. As a result, with a stable water source, Gaoyou's
agriculture steadily improved at that time.

To solve the contradiction of water use between canals
and farming, many water conservancy projects were built
in Ming and Qing Dynasties, which improved the Gaoyou
irrigation system gradually.

Building the dyke to separate the lake from the canal: In
the early Ming Dynasty, there was no distinction between
canal and lake on Li Canal, which was known as lake-
canal. To reduce the potential safety hazard of the lake
waves to shipping vessels, the large-scale construction of
canal dykes was started by the Ming Dynasty to separate
the Li Canal from the Gaoyou Lake.

Building water-reducing sluices and dams: To reduce the
impact of floods upon the canal, the governments of the
Ming and Qing Dynasties built water conservancy facilities
such as water-reducing sluices and dams on the canal
dyke of the Li Canal. By releasing water to the East, the
water quantity of the canal can be controlled to ensure
the smooth progress of water transport and irrigation.

To coordinate the contradictions between the patrties,
the government formulated the rules for the opening and
releasing of the dam, which made the upstream dams of
the canal have limits of releasing. Only when the water
reached the fixed limit, could the sluice or dam be opened
and released. For example, the water limits of the three
dams, Nanguan, Wuli and Cheluo of Gaoyou, indicated
that “the dam can only be opened when the water rises to
more than three feet “. If the rule was broken, the related
officials would either lose their jobs or even their lives.

After the founding of the People’s Republic of China,
in 1953, large-scale construction of farmland water
conservancy projects have been carried out to fight
against drought and floods by water control, as well
as excavation of trunk canals, construction of control
buildings, and establishment of the gravity irrigation
district. By 1958, 15 communes in the county had realized
gravity irrigation, including five gravity irrigation districts
of Cheluo, Nanguan, Touzha, Zhoushan and Ziying,
with a gravity irrigation district of 36.8 km2; by 1965, the
gravity irrigation district had developed into 55 km2, and
the overall irrigation pattern of Gaoyou Irrigation District
was formed.

Using the lake and canal for water storage, the gates,
culverts, and dams for water distribution, and the main
canal, branch canals and sub-lateral canals for water
delivery, the heritage of the Li Canal and Gaoyou Irrigation
District has formed a complete irrigation system that has
achieved two dynamic balances: the balance of water
levels during droughts and floods as well as the functional
balance between water transport and irrigation.

Before the Ming Dynasty, the Li Canal was linked with
many lakes. Starting from 1489 in the Ming Dynasty, the
east and west embankments of the canal were gradually
built to separate the Canal from the lakes, which not only
protected the boats from winds and waves of the lakes
but also transformed Gaoyou Lake into a water tank that
regulates the water volume of the Canal and irrigation.

By 1921, nine gates, nine culverts and four overflow
dams had been built on both sides of the Li Canal in
Gaoyou, forming a sound irrigation and drainage system.
Nanshuiguan Culvert (971), Ziying Gate (1596), Jieshou
Gate (1653) Cheluo Gate (1740), and Pipa Culvert (1711)
are all still in use today. Nanguan Dam, builtin 1414, was
in use till the founding of the People’s Republic of China.
For hundreds of years, the canal water has nourished vast
farmland through these time-honoured facilities.

In the Gaoyou Irrigation district, gravity irrigation is
adopted by diverting water from the Li Canal. At present,
the irrigation district has 8 water division culverts along
the Grand Canal, with a total designed water diversion
capacity of 150 m3/s, irrigating 39,260 ha of farmland of
10 towns and 135 administrative villages.

Water Heritage

Excavation of Li Canal provided a stable water source
for regional irrigation, and irrigation reliability was further
ensured by the lake-canal-gate dam-channel in the later



period, which provided a strong guarantee for regional
grain growth. During the Tang Dynasty, there was a saying
that Yangzhou was No.1 and Yizhou (today’s Chengdu)
was No.2 in terms of agriculture production. Qin Guan,
a poet in the Northern Song Dynasty, said: “According
to Yugong-Shangshu, the farmland of Yangzhou only
ranked ninth... but today, it is known for fertility. Why?” The
ancient people constantly improved the land by building
water conservancy facilities, which greatly enhanced
land fertility.

According to the Records of Northern Tour written by Tan
Qian in the Qing Dynasty; “It is agriculture that has made
the locals rich.” (Three Sequels of Annals of Gaoyou
Prefecture written in the Republic of China period). The
above extracts show that in the past, Gaoyou was a
rich agricultural base because of the water conservancy
projects.

Construction of Nanguan Dam is of great originality, and
envelope heads in the north and south was built by laying
boulder strips and a liquid obtained by mixing lime juice
and sticky rice juice was applied between boulder strips
for adhesion, with very small and nearly no stone gap.
Streamlined dam base diverts the overflowing water and
reduces the water resistance and erosion damage to the
dam body, and is of great aesthetic feeling and ornamental
value. The dam body has a very rigorous structure. The
bottom layer is densely covered with many cedar piles,
which have suffered floods and droughts for thousands
of years.

This is to prevent the dam body from being destroyed
due to the foundation collapsing. There is dense tabia
between wood pile foundations, and there is a net of
steel cable above the tabia. The grid is long and narrow,
with iron-cast rectangular blocks at four corners. There
are 90° grooves on both sides of the iron block only to
be embedded by corners of the boulder strips, showing
a smooth and perfect dam surface.

There is a gap of over 200 m between the north and south
dam bodies, which are still solid after weathering the
floods of over 200 years. This fully reflects the engineering
technology used at that time was ahead of its time.

According to historical records, in the 22nd year of the
Qianlong Period (1757), the Qing Government formally
set up a “water gauge” at Gaoyou Imperial Wharf in
Jiangsu (then known as Jiangnan Province), and carried
out regular water level observation, which was the earliest
formal water level gauging station set up in the Huaihe
River Basin in China.

Gaoyou water level gauging station not only has an
earlier set time but also has earlier continuous water
level observation records. From the 19th year of the
Qianlong Period (1754), the Qing Government began
to formulate an opening system for Guihai dams, which
was not allowed to be opened easily but only must be
opened when a specified water level is reached to prevent

the dike from bursting. It stipulated that the Cheluo Dam
should be opened after the canal water level is 3 chi (1
chi = 1/3 m) above the ridge of Cheluo Dam, and then
Nanguan Dam and other dams should be opened in
turn when the water level of the canal is above 3 chi. In
the 22nd year of Qianlong, marker pillars were set up at
Gaoyou Imperial Wharf and other places, thus Gaoyou
Water Level Gauging Station was constructed. Due to the
marker pillar and setting of the water gauge at Gaoyou
Imperial Wharf, not only overflow dams had an opening
basis but also overflow dam ridge and gate bottom along
the canal and culvert bottom had a height basis.

It has creatively realized the “separation of canal and
lake”, which not only avoids the risk of wind and waves
when boating in the lake but also makes Gaoyou Lake
a water tank regulating the water volume and level of Li
Canal. “When the water rises in the canal, some water
should be discharged into the lake; when there is little
water in the canal, some water of the lake should be
discharged into the canal. Various gates and dams are
built and can be opened or closed on time.” “During water
rising in the canal, overflow water is stored in the lake;
otherwise, water in the lake is discharged into the canal.”
That is, in case of a large amount of water in the canal,
the water is discharged into the water tank through the
sluice dam and other facilities; when water is less in the
canal, the lake water is discharged into the canal. To
prevent insufficiency of water and discharge more, as
mentioned in the Annals of Gaoyou Prefecture: there are
11 gates from north to south. Except for Jinmen Gate,
other gates are used to receive the water from the canal
from north to south to irrigate millions of ging of farmland.
When in drought, they are open together, and when in
waterlogging, they are close firmly.

After long-term construction and development, Li Canal
- Gaoyou Irrigation District has established a complete
system of irrigation, drainage, blocking and lowering
facilities, forming the irrigation system of trunk, branch
and ditch and the interconnected drainage system of
large, medium and small ditches.

Gaoyou has a long history and a lot of celebrities. For
thousands of years, foreign and local historical celebrities
made poems, saved the country or studied sciences. They
have left many admired traces and poems in Gaoyou.
According to the Annals of Gaoyou Prefecture in the
Qing Dynasty, there were 33 officials at and above the
prefecture level in Gaoyou in and before the Qing Dynasty,
and 56 officials from Gaoyou Prefecture were recorded in
biographies. Among others, they had made outstanding
achievements in water control.

The Li Canal was listed on the World Cultural Heritage
List by UNESCO as early as 2015. Many historical relics
are also national cultural relics protection organizations
with a perfect protection management system. In recent
years, several project exhibition halls have been opened
and an identification system has been set up on the canal
to facilitate tourism.




2.12 LIAO RIVER IRRIGATION DISTRICT

Name Liao River Irrigation District
Location Jiangxi, China

Latitude N28°40'~28°54'21"

Longitude E 115°14'38"~ 115°38'32"
Category of Structure Water Conveyance Structure

Year of commissioning AD 827-835

River Basin Liao River (a tributary of Xiu River)
Irrigated/Drained Area 4333.3 ha

/

AN

/

History

Liao River Irrigation District is located in Fengxin County,
Jing’an County of Yichun City, and Anyi County of
Nanchang City, northwest of Jiangxi Province. It belongs
to the Liao River Basin, a tributary of the Xiu River. Liao
River is the largest tributary on the south bank of the
lower reaches of the Xiu River. Itis a mountain river in the
Jiuling Mountain Range north of Yichun City, consisting of
the South Liao River and the North Liao River. Liao River
Irrigation District has been developed based on three weir
water conservancy systems, namely, Pu Weir, Wushitan
Weir and Xiang Weir. It is a large-scale irrigation district
with the functions of flood control, drainage and soil and
water conservation. Itis also the earliest multi-dam gravity
diversion irrigation district built in Jiangxi Province, with
an irrigation area of 22,400 ha.

With a long history, the irrigation district originated in the
Tang Dynasty, and then after a long period of evolution,
gradually developed into the current pattern. According

to the literature available, the Pu Weir project, located on
the North Liao River beside Chexiachen Village, Xiangtian
Township, Jing’an County, is a weir built of firewood and
soil by local villagers in the Taihe Period (AD 827-835)
of the Tang Dynasty. It has been in existence for more
than 1,100 years, and is the earliest irrigation water
conservancy project in the irrigation district; In the 12th
year of the Chenghua Period in the Ming Dynasty (1476),
people of Congshan Township (now Ganzhou Town) in
Fengxin County built Wushitan Weir on the bank of Wushi
Lijia Village, about 3 km upstream from the Pu Weir. They
led the villagers to chisel the stone mountain spur, dredge
the river, and divert the water in the pond to Yanghao
Weir, about two li (1 li = 0.5 km) away, where they built
the south and north ditches to channel water to irrigate
the farmland of Fengxin and Jing’an counties; in addition,
the local people in the Ming Dynasty built Xiang Weir on
the bank of Macao Lake, Xiangjia Subdistrict outside the
east gate of Jing’an County, about 1 km upstream from
Wushitan Weir.



Description

All three weirs, namely Pu Weir, Wushitan Weir and
Xiang Weir, are typical damming water diversion projects
in hilly areas of South China. The ancients built dams
for water diversion from the lower to the upper reaches
based on the actual demand, reflecting the rationality of
the development and utilization of water resources. All
three ancient dams were located at the river bends, which
could reduce the impact of water flow on the weirs while
increasing the water storage area. Meanwhile, the dam
foundation was built in the hard places of the riverbed.
For Wushitan Weir, in particular, the dam was built
directly using the boulders in the river. With less sediment
deposition, desilting was unnecessary, and less harm
was done to the dam foundation. All three ancient weirs
are nonorthogonal, which enables the weirs to withhold
smaller flow shear force under the same magnitude of
the flood, thus reducing the interference of man-made
engineering to nature.

After multiple times of renovations and reinforcement,
the water conservancy projects of the three weirs have
reached their current scale, capable of irrigating 3593 ha,
1040 ha and 1753 ha of farmland, respectively. Liao River
Irrigation District was gradually developed and expanded
based on the above three water conservancy systems.
There are 7 trunk canals in the Liao River Irrigation
District, with a total length of 152.0 km, 213 branch canals,
with a total length of 540.1 km, and 853 structures in the
main canal system. The multiple-cropping index of crops
is 2.12 with the main crops in the irrigation district being
rice, cotton and rape. There are 27 townships, towns and
yards in Fengxin County and Jing’an County of Yichun
City and Anyi County, Nanchang City benefiting from the
irrigation.

Pu Weir

During the Taihe Period (AD 827-835) in the Tang Dynasty,
local villagers built a weir with firewood and soil, named
Pu Weir, in Chexiachen Village, Bailu Village, Xiangtian
Township, Jing’an County, to divert river water for irrigation
for the benefit of more than 66.7 ha of farmland. At that
time, the earth dam was about 30 li (1 li = 0.5 km) long,
with 16 water gates, which had the function of water
storage and flood discharge; and a dike together with
a sluice named “Zhakou” was also built to avoid the
southward flow of water.

In the 52nd year of the Kangxi Period (1713), stone
materials were used to rebuild Pu Weir. However, the
rainfalls were heavy in spring and summer every year in
the area, causing a sudden rise in water level and rushing
currents, and the stone dike was thus destroyed again
several years later. Therefore, the local people pegged out
and fixed the foundation again, dug out the stone, piled up
the soil, and prepared the “tabia” to paint the weir, so that
the restored weir was firmer. The project was completed
in the autumn of the fifth year of the Yongzheng Period
(1727). Pu Weir was expanded in 1950, and then further
reinforced five times to reach its current scale. Now the
ruins of the weir can be seen, with numerous huge blocks
and boulder strips.

Wushitan Weir

In the 12th year of the Chenghua Period in the Ming
Dynasty (1476), Wushitan Weir was built. Villagers
chiselled the stone mountain, dredged the river, and
diverted the water in the pond along the channel
to Yanghao Weir about two li away for storage and
accumulation; and the south and north ditches were built
for diverting water to Fengxin County and Jing’an County
respectively, to irrigate more than 667ha of farmland.

To achieve equal water division, people of the south and
north ditches agreed to place measuring wood in the
north ditch to block water. With the coordination of the
governments, the measuring wood was specified in the
16th year of the Qianlong Period (1754) as follows: “It
should be 8.79m in length and 1.10m in circumference,
with the crossbar, placed 21.38m away from the mouth of
the ditch in Jing’an County, and 24 clamp nails installing
on the pine pile”. In the third year of the Daoguang Period
of the Qing Dynasty (1823), Chen Dike was built at the
mouth of the weir. Up to the old Wushitan Weir, the dike
stretched more than 266.4m, and a 133m-plus transverse
weir was built on the old weir, most of which was built with
stone, wood and tabia. Wushitan Weir was expanded and
reinforced in 1954. After several times of reconstruction,
it has reached the current scale.

Xiang Weir

In the Ming Dynasty, in the area of Machao Lake, Xiangjia
Subdistrict outside the east gate of Jing’an County, local
farmers intercepted the streams from the Qingshan
tributary of the North Liao River and built Xiang Weir with a
length of 33.3m, which could irrigate 21.68ha of farmland.

In the 16th year of the Qianlong Period in the Qing
Dynasty (1751), local people rebuilt Xiang Weir. The
length of the dike was increased to 214.79m, consisting
of the south and north ditches. The inlet of the north one
was 2.44m wide, and that of the south one was 2.77m
wide. The weir was built of firewood and soil, capable of
irrigating about 133-200ha of farmland. In the third year
of the Tongzhi Period (1864), stone on the mountain was
chiselled to build a 666m-plus ditch, supplying water for
467ha of farmland. After the founding of the People’s
Republic of China, Xiang Weir was rebuilt and expanded



many times. In 1999, the spillway dam was reinforced and
a concrete apron was added downstream.

The Pu Weir, Wushitan Weir and Xiang Weir were
initially characterized by firewood piles and earth dams.
With the improvement of dam building techniques, plus
the abundant stone in the river, the firewood-and-earth
structure gradually gave way to a stone weir structure,
reinforced by Tabia consisting of lime, clay and fine sand,
which increased the strength and water resistance of the
dam foundation and improved the stability of the weir.

Water Heritage

The project’s site selection is scientific and reasonable.
The three weirs, namely Pu Weir, Wushitan Weir and
Xiang Weir, are all water diversion projects using weirs,
typical in the southern hilly areas, and their planning and
design are scientific, as the local water flow environment
and actual conditions of irrigation of farmland were taken
into full consideration. The three weirs were built at the
river bends, with slow water flow, to reduce the impact
on the weirs, thus ensuring the effective and consistent
operation of the facilities. In addition, the weirs are located
at the hard riverbed in the upper and middle reaches of
the river, with a stable dam foundation and less sand
sediment on the dam, so desilting is scarcely needed,
and less damage will be caused to the dam foundation,
to extend the service life.

The construction of Pu Weir, Wushitan Weir and Xiang
Weir has improved the irrigation conditions of local
farmland, promoted land reclamation and agricultural
production, increased the grain output, and facilitated the
formation of a production mode focusing on agriculture
and supporting both agriculture and Confucian studies,
promoting the local development of imperial examinations;
the three weirs could also control and prevent floods to
protect the local agricultural production and properties
of local people, providing a safe and stable living
environment for people within the area; in addition, they
have promoted the flood prevention, navigation and
reasonable utilization of resources in the irrigation district,
providing the foundation for the development of traditional
commodity economy.

The irrigation district has promoted local economic
development, maintained social security and stability, and
played an important role in flood prevention, irrigation,
navigation, reasonable utilization of resources, etc., as
well as an indispensable role in handling regional flood,
drought, deterioration of water environment and other
problems, contributing significantly to safeguarding the
security of grain output, water use, ecological environment
and sustainable development of agriculture in the area.

As the traditional medium/small size water conservancy
facilities, the Pu Weir, Wushitan Weir and Xiang Weir
are all nonorthogonal, so they don't intercept the water
flow directly. According to modern technologies, such a
weir can improve the water flow capacity, and increase
the discharge capacity of the weir or decrease the water

head at the upper reaches, to prevent floods and improve
discharge.

When constructing Pu Weir, Wushitan Weir and Xiang
Weir, the local environment and the characteristics of
local water resources were taken into full consideration,
and the weir height, site selection, irrigation, navigation,
flood prevention and more were formulated following
the principle of utilizing the natural conditions but not
causing deterioration of the natural environment, which
demonstrated the ecological concepts of adapting to local
conditions, drawing on local resources and maintaining
harmony between human and water, and perfectly
interpreted the philosophy of harmonious co-existence
of human and nature. It is a good example of ancient
Chinese practising the theory of “harmony between man
and nature”, showing the ecological wisdom and concepts
of the ancients.

Pu Weir, Wushitan Weir and Xiang Weir are located
on the south branch of the North Liao River, with a
controlled drainage area of 729 km2, and average annual
precipitation of 1500-1800 mm, which is distributed
unevenly in the year and mostly comes in the form of a
rainstorm. The average annual flow of the south branch is
25.1 m3/s, and the designed peak flow for the approved
flood standard (P=1%) is 2,368 m?/s. Flood occurs nearly
every year; therefore, it is very difficult to build weirs on a
river under such conditions. However, ancient people built
three weirs for water diversion from the lower to the upper
reaches according to the actual demand, demonstrating
excellent dam construction techniques and wisdom.

The site of Wushitan Weir was chosen by utilizing the
natural geographic advantages of the deep pond and
natural boulders in the river. The deep pond can effectively
store floodwater, delay the flood peak, and reduce the
water flow speed to some extent to make the flow state of
water at the bottom of the pond more stable and reduce
the impact on the weir, thus protecting the dam foundation
and further ensuring its safety. The main dam was built
based on boulders in the river, which effectively avoided
impact from the water flow, and effectively leveraged
the natural geographic conditions and hydromechanical
principles.

The ancient weirs in the irrigation district are steeped
in rich water conservancy culture, having a profound
influence on the local communities. People in the Liao
River Irrigation District created many water conservancy
tales of varied contents during the long course of
production and life, including tales of water division,
land boundaries, case judgments, suits, water sources,
etc. Among them, Xu Jingyang Killing Flood Dragon for
Water Regulation, Origin of the Name of Ganzhou Town,
Old Han Tactfully Building Yanghao Weir and Dragonfish
Spraying Rain at Jiaoyuan Mountain are the top four tales
which are widely spread.

There are abundant water conservancy heritage items in
the irrigation district. They have rich contents and varied
forms, serving as cultural remains and pieces of evidence



of the traditional farming economy of the local area. In
the long historical process, experience in agricultural
production activities was summarized by people from
different places, e.g., farming seasons and time,
farmer’s proverbs, etc., reflecting the traditional wisdom
of labourers; and many rites and folk customs about
farming production were formed, embodying the desires
of ancient people for timely wind and rain, peaceful and
happy life. Such farming culture survives till now, and it is
an important part of the traditional folk culture.

In the project system of Pu Weir, Wushitan Weir and Xiang
Weir, numerous ditches for water diversion were built,
covering a large area of farmland at different elevations.
Many relevant water-division methods and water-use
rules were formed in the past, and the water-division
method of Wushitan Weir was particularly unique. For
Woushitan Weir, the south ditch and the north ditch were
built, diverting water to irrigate the farmland in Fengxin
County and Jing’an County respectively. Since the north
ditch is lower than the south one, to prevent all the streams
from flowing to the north ditch and allowing the south
ditch to play an effective part in irrigation too, people
of the two counties agreed upon the method of placing
measuring wood in the north ditch to block water. With
the coordination of the governments, the measuring wood
was specified in the 16th year of the Qianlong Period
(1754) as follows: “It should be 8.79 m in length and 1.10
m in circumference, with the crossbar, placed 21.38 m
away from the mouth of the ditch in Jing’an County, and
24 clamp nails installing on the pine pile”, to achieve the
goal of the equal water division.

Having been in continuous operation for over one thousand
years, the three weirs have promoted local agricultural
production and substantially improved the livelihood
of local people without causing a negative ecological
effect on the local river courses and the irrigation district,
demonstrating the harmonious development between
the economy, society and ecological environment, and
providing the best proof of the scientific water regulation
concept of “human-water harmony” and the social
development philosophy of “sustainable development”.

Establishing Liao River Irrigation District Cultural Exhibition
Hall: In the one-thousand-year development process, the
water conservancy system of Liao River Irrigation District
witnessed many changes in operation management,
exerting important influence on the local ecological
environment, population growth and governance system;
and “water conservancy” communities were formed
surrounding the water conservancy system in the irrigation
district, leaving behind abundant historical materials in
varied forms. The Irrigation District Administration has
established the Liao River Irrigation District Cultural
Exhibition Hall as the site for preserving and passing
down the historical and cultural memories of the Liao River
basin, offering a panoramic display of the scope, terrain,
etc. of the irrigation district in the form of sand table,
video or photo, to vividly and comprehensively depict the
connotations of the water conservancy heritage items of
the irrigation district. The construction of the exhibition
hall can facilitate the tourism development of the water
conservancy culture of the irrigation district, and serve
as the base of the Administration for carrying forward
the outstanding cultural heritage and promoting the joint
development of rural tourism.

Building Water Conservancy Scenic Area: Liao River
Irrigation District was listed as a water conservancy
scenic area in Jiangxi Province in 2018. On this basis,
such measures as building the 10-li Wushitan Weir Water
Conservancy Cultural Corridor have been taken and
satisfactory results have been achieved: Based on the
distribution of water conservancy projects, integration
of advantageous resources in the irrigation district,
and the overall positioning of water culture landscape
construction, establish the layout consisting of “One Belt,
Two Corridors and Multiple Nodes”, gradually develop
ecological tourist resources along with the water system,
protect the ecological environment, and link important
water conservancy scenery nodes of the irrigation district,
thus building a modern ecological water conservancy
scenic area that integrates water conservancy, ecological,
natural and cultural landscapes.




2.13 LINGQU CANAL

Name Lingqu Canal

Location Guangxi Zhuang Autonomous Region (Xing an County), China
Latitude 25.570 - 25.726

Longitude 110.474 - 110.756

Category of Structure

Irrigation System

Year of commissioning 214 BC

River Basin

Yangtze River and Pearl River

Irrigated/Drained Area 4333.3 ha

/

AN

/

History

Linggu Canal is one of the most famous water conservancy
projects of ancient China. It was built in 214 BC and is
a cross-basin water conservancy project connecting the
Yangtze River and Pearl River. It delivers both water
transport and irrigation benefits. There had been a clear
record of the irrigation benefits of the Lingqu Canal in
the 12th century. At present, it has an irrigation area of
about 4,333 ha.

The Canal is a landmark project of the Qin Dynasty
(221-206 BC) and China’s unification, contributing
significantly to the economic and cultural exchanges and
national integration between the Lingnan area and the
Central Plains for more than 2,000 years. It was initially
used for military purposes, with several remnants still in
existence reflecting the outstanding characteristics of the
military culture of Lingqu Canal.

With the continuous increase of the population, the
irrigation functions and benefits of the Lingqu Canal

became increasingly prominent, making it a critical
irrigation project in the region. In 1386, Yan Zhenzhi, the
supervisory censor, presided over the significant repair
work of the Lingqu Canal and built 24 irrigation culverts. In
the Qing Dynasty (1644-1911), more attention was paid
to the irrigation function of the Lingqu Canal. In the 18th
century, the Huilong and Haiyang Dikes of the North Canal
ensured irrigation efficiency. There was no detailed record
of the irrigation system and scale of the Lingqu Canal in
ancient times. Investigation and the Yangtze River Water
Conservancy Commission Survey, 1938 showed that the
irrigated area of the Lingqu Canal totalled about 567 ha.

The Lingqu Canal has been completely restored in
modern times, branch canals have been maintained,
expanded, or newly built, and some irrigation weirs have
been repaired or reconstructed. Water turbine pumps
have replaced the original scoop waterwheels. Zhiling
Reservoir and others have been built to supplement the
irrigation sources of the Lingqu Canal.



Description

The irrigation system of Lingqu Canal includes headworks,
a main canal project, a flood control project, gravity and
water lifting irrigation systems and others. It has scientific
planning, a complete system, and distinctive features,
forming together an organic whole, and bringing into
play the comprehensive benefits of irrigation and water
transport.

The headwork of the Lingqu Canal is located on the
Xiang River. It consists of the Plow Beak, the large- and
small-scale weirs, and the south gate and the north gate.
The Plow Beak splits the Xiang River into two, which are
then guided respectively into North Canal and South
Canal through the large- and small-scale weirs. Rationally
designed crest elevation of the large- and small-scale
weirs ensures the volume of water needed for canal
traffic and irrigation. During the flood season, it ensures
that water spilt over the weir crest and runs into the old
course of the Xiang River. The South and North Gates
coordinate with the Plow Beak, jointly regulating water
distribution in the South and North Canals.

The main canal of Lingqu includes the two sections of
the North Canal and the South Canal. The length of the
North Canal is 3.25 km, still guiding water downstream of
the Xiang River. The South Canal crosses the watershed
and flows into the Li River, and it is 33.15 km in length,
including an artificial section of 4.1 km and a canalized
section of the natural watercourse of 29.05 km. The gates
on the canal were used to regulate the flow of water
and facilitate canal traffic. There were 36 gates on the
canal, and these gates performed their functions similar
to those of ship locks today. To ensure flood prevention,
five spillover weirs or overflow weirs were also built on the
Canal. The embankment of the key canal segment—the
Qin Dike—is 3.15 km.

Lingqu Canal irrigation mainly takes two forms: gravity
irrigation and water-lifting irrigation. Gravity irrigation
includes two types: culverts of water diversion without
weirs and ones with weirs. Two are still in use of the 24
water culverts built in the early Ming Dynasty (1368—
1644). Weirs are built at some sections of the canal to
elevate the water level to regulate and direct water flow.
On the one hand, these weirs could conserve and divert
water for gravity irrigation or water-lifting irrigation; on
the other hand, they could serve as the “gates” for boats.

In places where the canal is lower than the farmland,
waterwheels and turbine pumps are generally used.

Concerning the specific irrigation system and facility
distribution, there was no concrete record in ancient
times. According to 1938 statistics, there were 13 gravity
irrigation canals, 31 weirs, and 205 scoop waterwheels
on Lingqu Canal. Since 1949, the government has
systematically repaired and expanded the irrigation
system of increasing its efficiency. At present, 18 branch
irrigation canals directly divert water from Lingqu Canal
(4 branching off from the North Canal and 14 from the
South Canal). Their total length is 129.7 km, and the total
diversion flow reaches 14 m3/s, including seven diversion
weirs for irrigation, two culverts and nine diversion gates.
Nine water turbine pump stations (with an irrigation area
of 49.67 ha) are reserved on the South Canal. The total
irrigation area of Lingqu Canal is about 4,333 ha (about
294 ha of land irrigated by the North Canal and 4,039 ha
by the South Canal).

Lingqu Canal is a water conservancy project
comprehensively benefiting irrigation, water transport,
ecology, flood control, etc. It has played an important role
in inter-regional population, and economic and cultural
exchanges. According to the records of the 18th century,
the irrigation area of the Lingqu Canal was several
hundred hectares. The survey and statistics by the Yangzi
River Water Conservancy Commission in 1938 showed
the irrigation area of Lingqu Canal reached 567 ha. After
1949, with the systematic rehabilitation of the Lingqu
Canal and the continued construction and extension of the
irrigation system, its irrigation area increased significantly.
Currently, its irrigation area totals more than 4,333 ha,
including about 2,689 ha of paddy fields and 1,645 ha
of dry farmland, which mainly involves five townships in
Xing’an County, covering a total of 186 natural villages,
and benefiting 59,000 people. In addition to paddy rice,
cash crops such as grapes, oranges, tangerines and
strawberries are also planted in the irrigation district. The
annual agricultural output value is about 1.3 billion RMB.
Lingqu Irrigation District has become the main agricultural
production area of Xing’an County.

The water transport function is one of the main water
conservancy functions of the Lingqu Canal. After its
completion, it laid the foundation for Qin’s unification of
the Lingnan area and had an important impact on the
historical course of China. It has played an important
role in the political and social stability of the Lingnan
area and inter-regional population, economic and cultural
exchanges. The historical mission of Lingqu Canal as a
cross-basin canal was not terminated until the Xianggui
Railway was opened to traffic in the 1930s. Currently,
there are still some sections of the Lingqu Canal serving
as channels for water transport.

A strict management system has guaranteed the
continued use of the Lingqu Canal for more than 2,000
years. Due to the important strategic position of the Lingqu
Canal in ancient transportation, historically, it has been
managed and maintained by the government as a state-
level project. As for the irrigation facilities of Lingqu Canal,



they were jointly managed by local governments and civil
society. The weirs, culverts and main branch canals were
generally built and maintained by the government. The
field ditches, scoop waterwheels and other water lifting
facilities were collectively constructed and maintained by
farmers. At present, the irrigation of the Lingqu Canal still
uses the management model of joint participation by both
the government and the private sector.

Linggu Water Conservancy Project is protected by
relevant laws, regulations and unique protection plans.
In 2014, the Measures for the Protection of Lingqu Canal
in Guangxi Zhuang Autonomous Region were reviewed
and approved by the Autonomous Regional Government
and announced for implementation, further clarifying the
protection requirements and protection measures for
Linggu Water Conservancy Project. A series of protection
plans have carried out the specific deployment for
relevant protection work of Lingqu Canal, which is being
implemented in an orderly and planned manner.

Water Heritage

One of the earliest trans-basin water conservancy
projects, it was constructed with its grand planning horizon,
accurate elevation measurement and hydrological
calculation, scientific headwork and canal route
selection, and clever engineering system design using
original engineering technology and traditional material
techniques between complex and unique landforms. The
connection between the Yangtze River Basin and the
Pearl River Basin across the watershed was realized, and
the water transport and irrigation benefits continued to
be developed. Its engineering system and management
system were also gradually developed.

Lingqu Canal is a water conservancy project
comprehensively benefiting irrigation, water transport,
ecology, flood control, etc. It has played an important role
in inter-regional population, and economic and cultural
exchanges. It has been a strategic channel of water
transport for the exchanges between Lingnan and the
Central Plains. The irrigation function of the Lingqu Canal
has a long history, which has generated outstanding
benefits. It has continuously improved, and the irrigated
area has been constantly expanded, which has played

a fundamental supporting role in regional agricultural
development, population growth and social, economic
and cultural development. Lingqu Canal has become the
primary support for developing the agricultural economy
and tourism service industry in Xing’an County.

Lingqu Canal has scientific and perfect system planning,
which comprehensively uses the regional terrain and
landform and water resource conditions. Thus, it has
achieved the maximum water conservation benefits with
the minimum amount of engineering and has continued
to exert benefits for more than 2000 years. This provides
knowledge for the planning, design, construction and
operation of contemporary water conservancy projects.

Linggqu water conservancy project is a model of low-impact
development. The planning and construction of the project
fully embody the principle of having the least impact on
the physical geographic environment. It has lasted more
than 2,000 years, and at the same time maximized the
benefits of water transport and irrigation; it not only had
no negative effect on the physical geographic environment
of the region but also further optimized regional water
resource conditions and ecological environment and
shaped the agro-ecological system of the irrigation district
through the deployment of regional water resources.

Lingqu Canal is the product of Qin Shi Huang’s (the first
emperor of China) battle against Lingnan (the land south
of the Nanling Mountains) and his unification of China.
It was initially and primarily used for military purposes.
The military fortress, the “Qincheng” site, which used to
help guard Lingqu Canal, still exists. The descendants
of the “gate army” which defended and managed the
Lingqu Canal and their ancestral halls and villages are
still in existence, all of which reflect the outstanding
characteristics of the military culture of the Lingqu Canal.
The planning and design of the Linggqu water conservancy
project fully reflect the traditional Chinese philosophy of
water control, which advocates harmony between man
and nature.

Lingqu Canal has been operating for more than 2000
years. Although its irrigation system has been continuously
improved, there has been no major change in the main
project location, layout, and type. Its irrigation and
water-transport benefits have constantly been exerted.
With the development of the social economy, its water
transport function has gradually degenerated, while its
irrigation function has become more prominent, and the
water conservancy project has become more vigorous,
fully embodying its characteristics of advancing with the
times and adapting to and serving the development of
society. The Lingqu Canal’'s water conservancy function
has been uninterrupted, and the scientific nature of
the engineering system, the perfect management and
maintenance guarantee the sustainable development of
its water conservancy function.




2.14 LONGSHOU CANAL AND ANCIENT LUOHE RIVER IRRIGATION DISTRICT

Name Longshou Canal and Ancient Luohe River Irrigation District
Location Shanghai City, China

Latitude 35.07

Longitude 109.84

Category of Structure

Irrigation System

Year of commissioning 120 BC

River Basin

Luohe River of the Yellow River basin

Irrigated/Drained Area 49.5 Mha

/

AN

/

History

The Longshou Canal and Ancient Luohe River Irrigation
District of Shaanxi Province are located on the terraces
of the Weihe River and Luohe River. This area is plagued
by frequent drought. Therefore, diverting water from the
Luohe River for irrigation has been essential to tackle
water shortages.

Luohe River, as a secondary tributary of the Yellow River,
originates from the southern slope of the Baiyun Mountain
in Dingbian County. Flowing through three cities and
eleven counties, it enters the Weihe River at Sanhekou.
The barrier of Tielian Mountain makes it hard to develop
and utilize the lower reaches of the Luohe River.

In 120 BC, Emperor Wu of the Han Dynasty constructed
an irrigation canal at the Laozhuang Waterfall of the Luohe
River in Chengcheng County. It took them more than ten
years to complete this oldest gravity irrigation project in
the Luohe River Basin. The construction of the canal was
extremely difficult. For instance, a 3.5 km-long tunnel had

to be built in Tielian Mountain for water diversion. The
digging of the tunnel was divided into multiple sections.
Shafts were dug at both ends of each section, and workers
were sent to the bottom of the shafts to dig towards each
other. And these sections naturally joined together upon
completion to form the tunnel. The shafts served as exits
and entrances for workers, pathways for muck disposal,
and openings for ventilation and daylighting. In this way,
the efficiency improved. During the tunnel’s construction,
dinosaur bones were unearthed, misunderstood as
dragon bones, hence the name of Longshou Canal, or
the canal of dragon head. When constructing the 20 km
main canal, the ancient Chinese adopted the technology
of intercept to cross rivers and streams. In addition, the
open canals at the two ends of the tunnel of the Tielian
Mountain are of proper gradient, which has been the result
of excellent measuring techniques.

The canal faced many issues like loess subsiding in
water, collapsed banks, blockages, quicksand and
submerged springs. In addition, the area was plagued



by frequent wars; thus, sustainability became difficult.
Later generations reconstructed the canal and utilised
the Ruohe River for irrigation. In 227, the Kingdom of
Wei started to expand the irrigation district. The Linjin
Weir was built downstream of the Longshou Canal. The
improvement of the irrigation infrastructure turned this
area into a granary, laying the expansion of the Kingdom
of Wei.

In 561, Emperor Wu of the Northern Zhou Dynasty
reconstructed the Longshou Canal, improving national
strength. In 712, the local governor diverted water from
the Luohe River through Tongling Weir for irrigation and
the alleviation of soil salinization. As a result, crop yield
surged, laying the economic foundation for the Kaiyuan
Heyday of the Tang Dynasty. During Yuan, Ming and Qing
Dynasties, many small water diversion projects were built
along the Luohe River. Most of these projects irrigated
farmland by diverting spring water from wells.

Fengtu Granary was built on the site of the Chengyi
Granary of the Han Dynasty. Known as the first granary
of China, it now serves as one of the state-owned grain
reserves, demonstrating the affluence and prosperity of
the irrigation district. In 1934, Li Yizhi, a famous Chinese
hydraulic engineer, rehauled the Luohui Canal based on
the Longshou Canal and Ancient Luohe River Irrigation
District to manage frequent droughts and famine. He
also named the water-diverting dam of the new canal
Longshou Dam. The Luohui Canal, integrating different
ancient Luohe River irrigation projects, took 14 years
to complete. It has expanded the area of irrigation. Its
scientific and efficient layout and management system are
characteristically similar to the ancient Longshou Canal,
proving the wisdom and superior skills of the ancient
Chinese people.

Description

As a fine combination of Chinese and Western styles
and technologies, the Luohui Canal has one dam, two
aqueducts, and five tunnels. These hydraulic structures
have added touches of modern technology to the ancient
irrigation district, which embodies the mixed culture of the
dragon, Han and water.

Today, Luohui Canal has evolved into a large irrigation
district with a complete irrigation and drainage system.
The irrigation district, divided into two systems by the
Luohe River, comprises a dam, a canal network, and

supporting facilities. Its 235 km canal network, with one
general main canal, four main canals, and 13 branch
canals, irrigates 49,500 ha of farmland of Chengcheng,
Pucheng and Dali Counties, nourishing 6,90,000 people
and generating remarkable biological, economic, and
social benefits.

Within the Ancient Luohe River Irrigation District, the
ruins of the shaft-tunnel construction and the Longshou
Canal have been listed as officially protected cultural
heritage sites. In 2018, the Implementation Plan of the
Maintenance and Protection of Luohui Canal Heritages
was approved by the Department of Water Resources of
Shaanxi Province. In 2019, the irrigation district spent 2.88
million RMB (4,33,691 USD) on improving the surrounding
environment of essential heritages such as the ruins
of the Longshou Canal, the ruins of the shaft-tunnel
construction, the Longshou Dam, the five tunnels, etc.
The critical parts of the heritage have been guarded with a
protective mesh. And the responsibilities of management
and maintenance have been clarified and distributed.

Water Heritage

Since the construction of the Longshou Canal by Emperor
Wu of the Han Dynasty, locals alleviated soil salinization
using the water of the Luohe River, which is high in sand
concentration. This approach of soil desalinization, which
contributed to the improvement of soil quality and crop
yield, is a milestone in developing irrigated agriculture.

The construction of the Longshou Canal was ahead of
its times in terms of engineering design, construction
techniques (measuring technique, the shaft-tunnel
method, and the building materials), and dimensions (it
took tens of thousands of soldiers more than ten years
to complete this 20 km long canal, including a 3.5 km
long tunnel). The layout of the Longshou Canal is the
same as that of the Luohui Canal, which was planned
and built with modern technologies. More than 2000
years ago, the famous Chinese historian Sima Qian
commented in the Historical Records that the construction
of the Longshou Canal was the earliest application of
the shaft-tunnel method. This method, a new ground-
breaking theory and practice of tunnel construction, has
contributed significantly to the treasure trove of science
and technology.

With the help of the Longshou Canal and the tunnel in the
Tielian Mountain, locals diverted water from the Luohe



River at the point where the altitude is relatively high and
managed to achieve gravity irrigation for the vast land
south of the Tielan Mountain. Shafts were dug to facilitate
the opening of the tunnel. With the shafts, it was easier to
measure the direction and the elevation of the tunnel, and
they were also used for ventilation and muck disposal. In
this way, the working efficiency was improved. This shaft-
tunnel construction approach was innovative at its times,
contributing to the evolution of contemporary engineering
theories and practices.

The Longshou Canal is a testimony to the highly
developed agriculture and economic prosperity in the
central Shaanxi Plain. The Chengyi Granary for Grain
Shipping, the grain shipping culture of the Luohe River,
serves as proof of the high crop yield in the region. The
Fengtu Granary, built in the late Qing Dynasty, shows the
region’s prosperity and the foresight of the locals.

Since the construction of the Longshou Canal, the
irrigation district has been using local materials for
repairs, renovations and expansions. Meanwhile, water
with high sand concentration has been employed for soil

desalinization. These practices have improved the local
ecosystem.

In the past two millennia, the Canal, having overcome
many challenges, vividly reflects the unyielding national
spirit of the Chinese--their belief in hard work and dogged
perseverance. The culture of the Longshou Canal is the
perfect combination of the cultures of the dragon, Han
and water, and local customs, religions, and architectural
style. For instance, the name Longshou means dragon
head, reflecting the worship of the totem of a dragon,
several villages in the irrigation district were formed
in the Han Dynasty when the Canal was constructed.
Stone inscriptions describe the management system
of the irrigation district, including the irrigation order,
organizational structure, and the handling of disputes. The
Taibai Temple, the Quli Temple, and the Pinglu Temple,
where the water god was worshipped, grew into major
water-related affairs management sites. Today, these
temples still serve as the management stations of the
irrigation district.

2.15 LOUGANG IRRIGATION AND DRAINAGE SYSTEM OF TAIHU LAKE BASIN

Name Lougang Irrigation and Drainage System of Taihu Lake Basin
Location Weinan City, Shaanxi Province, China

Latitude 31.128

Longitude 120.284

Category of Structure Irrigation System

Year of commissioning 300-200 BC

River Basin Taihu Lake basin

Irrigated/Drained Area Irrigated-28000 ha; Drained- 44000 ha

/




History

The development of Lougang polder lands dates back to
about the 3rd century B.C. when people started to build
embankments and cross ponds on the mudflats of Taihu
Lake. The construction of such cross ponds led to the
creation of a comparatively independent area of polder
lands and their irrigation and drainage canal system. This
system started to develop and flourish in the southern
region of China in the Tang and Song Dynasties (from 800
to 1100 A.D.). Under population pressure, the Lougang
system came into being around Taihu Lake and laid a
solid foundation for regional agriculture development.
In the Yuan, Ming and Qing Dynasties (from the 13th to
19th century), it became China’s prominent grain and silk
production base due to the well-established irrigation and
drainage system here.

Description

Lougang is the unique irrigation and drainage system in
the plain beside Taihu Lake in China. It comprises the
canal system, the water gates, and the embankments
for water drainage irrigation and waterway transport
purposes. The multi-year mean rainfall in the region is
1,200 mm. This project was constructed 2500 years
ago and started with the excavation of ditches for water
drainage and the construction of embankments for
farmland protection at the low-lying area close to Taihu
Lake. With the continual constructions in the coming
years, the canals were connected to natural rivers and
ponds and controlled by sluice gates to constitute an
irrigation system. Today, Huzhou is the only place with
complete relics of Lougang in the Taihhu Plain. There are
also 16 lakes between the cross ponds and longitudinal
lougangs and gates, sluices, sluice gates and other
control works, including 23 main control water gates
on Lougang. Lakes are extensive water areas between
cross ponds and longitudinal lougangs, and they are
relevant to water catchments and ecological wetlands
along Taihu Lake.

The Lougang system of Taihu Lake has a farmland
irrigation area of about 28,000 mu and a drainage area of
about 44,000 ha. It has a warm and humid climate here,
and the crops have a long growing period. The farmlands
use irrigation water from the Lougang system throughout
the year. However, the Lougang system mainly works
for flood drainage during the flood season from June to
September each year. The excavation and maintenance

of the Lougang system and the land improvement work
promote each other so that the area where the Lougang
system is located becomes a substantial growing base of
paddy rice. People plant mulberries on the embankment-
protected lands, and thus, large-scale silkworms
multiplied other than grain production, turning this place
into a production base of silk in China.

Water Heritage

The system has adopted a sustainable operation and
management model. From the 10th century, the local
government participated in the administration of the
Lougang system by raising operating funds for the project.
In contrast, the local farmers contributed their labour
and participated in waterway dredging and embankment
maintenance under the government’s organization. Such
an administrative mode involving both government and
residents has been preserved until today. Currently, there
are three levels of administration for Lougang, including
the provincial, municipal and county-level administration.
The routine management and maintenance expenses are
paid from the local treasury.

Passed over many dynasties, the system represents arich
cultural heritage. Taihu Lougang heritage comprises four
parts: the Taihu embankment project, the Lougang pond
system, the polder system and other relevant heritages,
including the ancient bridges, banks and polders. The
embankment of Taihu Lake is about 65 km long within
Huzhou. There are three cross ponds and 73 Lougangs
of historical value in this region. The system with cross
ponds as the latitude and Lougang as the longitude is
the principal part of this heritage. The irrigation area has
paddy rice planting and silkworm raising as prominent
industries. Other relevant irrigational heritages primarily
include the ancient bridges on Lougang, the water god
temples preserved near the sluice gates of various
Lougangs and the sacrificial events relating to water
affairs. Unique folk customs, festival celebration modes
and water god worship events were also created.

Lougang is a paradigm of irrigation projects in China. It
was constructed in the Spring and Autumn Periods and
has remained in operation for 2,000+ years. It has a
reasonable layout, and ingenious design and the ancient
engineering structure has been preserved until today. It
irrigates the vast sprawl of farmlands in the Taihu region
and has played an irreplaceable role in promoting local
social development, economic prosperity and resistance



to natural disasters in Huzhou. Lougang has played an
important role in irrigation through the civilian-government
joint management mode. As a result, Huzhou has become
a typical farming area with regional characteristics. The

irrigation-based social organization, production and living
mode and cultural traditions have been well preserved
until today.

2.16 MULANBEI WATER CONSERVANCY PROJECT

Name Mulanbei Water Conservancy Project
Location Fujian, China

Latitude 24.983

Longitude 118.450

Category of Structure Water Conservation Project

Year of commissioning 1083

River Basin Mulan River

Irrigated/Drained Area 9133 ha

/

AN

/

History

Located on the Mulan River in the Fujian Province in
Southeast China, Mulanbei Water Conservation Project
has served for nearly 1000 years and was ahead of
its contemporaries in unique planning, design and
construction techniques to retain fresh water and resist
saline water intrusion. The structure, completed in 1083,
during the Northern Song Dynasty, continues to be in
operation, irrigating over 9,133 ha of farmland in the
Putian Xinghua plains.

Mulanbei, a water conservancy project, was initiated by
Qian Siniang, a young woman from a wealthy local family.

The structure located at the Mulan River flew out of the
mountain, with a narrow surface, steep slope and torrential
flow. Due to flooding-caused destruction, the weir site was
moved downwards to the Spring Mouth, with slower water
flow and flatter terrain but was very near the coast. Soon
after completion, the surging sea tides destroyed the
weir once again. By 1073, Project Manager Li Hong and
Monk Feng Zhiri built the weir premise between the last
two sites beneath Mulan Mountain. Sandwiched between
two mountains, this place was of slow and wide river flow
and suitable for dam construction. In 1083, the Mulanbei
water conservancy project was finally completed.



Description

Located on the weak riverbeds near the ocean, the
headwork structures of the Mulanbei water conservancy
project include an overflow weir, gravity dam, diversion
dike, sluicing gate and diversion mouths at both banks.
The gravity dam is 123.43 m long and 7.6 m high on
the north bank of the river. The overflow dam is 95.7
m long on the south bank, with 28 water release gates
and one scouring sluicing gate distributed above it. The
Mulanbei project is a large masonry weir with a sluice
foundation and a weir made of local granite. The maximum
height of the weir is 7.25m. Up to now, the project has
kept its fundamental form of engineering construction.
The foundation of the weir adopted the raft foundation
commonly seen in the bridge foundation, which effectively
alleviates the pier pressure on the unit area. Gate walls or
piers are built on the weir. At the same time, stone pillars
(called general columns) are inserted through the walls
or piers into the river-bed base rock, and the pig iron is
melted to fill the gaps afterwards, and the pier stones
of the weir and the gates are linked with shoe-shaped
iron ingots. The weir/gate forms an integrated whole.
Such structures integrating weirs and gates have been
conducive to discharging floods and dredging silts.

The south water inlet, Huilan Qian, double holds 11
m3/s, controls the south main canal and irrigates 4,867
ha of farmland and flows through 70 villages. The north
water inlet Wanjin Qiao, single hold, 5.5 m3/s, controls
the north main canal, irrigates 4,267 ha of farmland, and
flows through 63 villages. Hitherto, the structure has

been in operation for nearly 1000 years, with the weir
front virtually free of sedimentation and the two inlets still
in normal function.

Water Heritage

Mulanbei Water Conservation Project was a visionary
structure that capitalised on native wisdom and used
the locally available material in the best way possible. It
was scientifically designed to serve the purpose of water
retention, tide prevention, flood discharge, sand removal
and water diversion. The site of this weir was selected
based on early experiences perfectly balancing the shock
from the upstream flood and the downstream sea tide.
The project has kept its primary form of engineering
construction as it was in the historical period.

The multi-purpose irrigation project increased the irrigation
area and the agricultural production capacity of the region
and boosted the local economy. Before the construction of
the Mulanbei project, no crops except cattail could grow
in the south and north plains. The project ensured water
supply for agriculture, industry and domestic life in the
command area. At present, it irrigates a farmland area
of 10,867 ha and benefits more than 500,000 people.
Mulanbei project had wholly changed the plain to the
prominent grain and sugarcane production area in Putian
City. It has contributed to the development of the Xinghua
Plain. It supplies water to industrial production, agricultural
production, and domestic life; it also plays a part in
shipping transportation, and aquaculture, especially
in defending against flood. The project witnessed an
increase in population and rapid development in South
China during Tang and Song dynasties.

The structure bears the stamp of a past civilization.
Architects and builders of the Mulanbei project are
considered guardians of the area and are fondly
remembered today. The government has supervised
the construction of the Mulanbei project since the Song
dynasty. Special personnel took charge of annual repair
outlay, labour expenditure, construction supervision and
so on. Currently, the Mulan River administrative office and
the local administrative office of the south and north canals
are responsible for floodwall management in the area.




2.17 NINGXIA ANCIENT YELLOW RIVER IRRIGATION SYSTEM

Name Ningxia Ancient Yellow River Irrigation System
Location Ningxia Hui Autonomous Region, China
Latitude 37.445

Longitude 105.022

Category of Structure

Irrigation System

Year of commissioning

2" Century BC

River Basin

Yellow River Basin

Irrigated/Drained Area 552000 ha

/

AN

/

History

The Ancient Yellow River Irrigation System of Ningxia
is the oldest and largest one in the upper reaches of
the Yellow River. With an arid and semi-arid climate,
the irrigation district has an annual precipitation of
180-220mm and evaporation of 1000—1550mm. Home
to different ethnic groups, it is where the nomadic and
agricultural civilizations co-exist. The continuous Yellow
River irrigation and wasteland reclamation have laid
the foundation for the region’s stability and social and
economic development. Together with the Great Wall, the
Yellow River irrigation system has witnessed the collision
and integration of different civilizations in history.

The Yellow River Irrigation System of Ningxia has a
history of over 2,200 years. As recorded in historical
records, during the reign of Emperor Wu of Han in
the 2nd century BC, projects were built to divert water
from the Yellow River, and soldiers and farmers were
garrisoned in this area to open up a wasteland and
fight against the Huns. Since then, the irrigation area

has become larger and larger. Till the golden age of
the Tang Dynasty (the 7th—8th century), there were 13
canals in the area, and the gravity irrigation network in
Yinchuan Plain and Weining Plain began to take shape,
the irrigated area reaching nearly 67,000 ha. During the
Western Xia period in the 11th century, irrigation projects
and their management systematically improved. With
the irrigation network consisting of 12 trunk canals and
68 branch canals formed, the irrigated area increased to
1,07,000 ha. During the Yuan, Ming and Qing dynasties
(1271-1911), more canals were built, and the irrigation
systems in Weining Plain and Yinchuan Plain were further
improved. Till the 19th century, more than 20 trunk canals
covered over 1,500 km, and the irrigated area reached
1,40,000 ha.

In the 20th century, some traditional engineering structures
were updated using modern water conservancy science
and technology. The Qingtongxia Water Control Project
and the Shapotou Water Control Project completed
respectively in 1968 and 2004 resulted from integrating
and optimizing the irrigation system in Ningxia, which



further expanded the irrigated area and improved irrigation
reliability. At present, the irrigation system with 25 trunk
canals covers 86,000 km2, and the total irrigated area is
5,52,000 ha.

Description

The Ancient Yellow River Irrigation System of Ningxia
includes the irrigation canal network, the drainage ditch
network, and various control works such as sluices,
dams and culverts. The headworks mostly adopted the
dam-less water diversion structure. After constructing the
Qiongtongxia Water Control Project and the Shapotou
Water Control Project in modern times, some canals
were built to divert water from reservoirs. Now in the
irrigation district of Ningxia, there are 25 trunk canals,
including 14 ancient ones, 34 major drainage ditches
and 9,265 control works. Besides, there are more than
500 historical documents, tablet inscriptions, water god
worship facilities, and water conservancy relics.

Yellow River irrigation system in Ningxia witnessed a
smooth, structured and sustainable management system
which has carried forward even today. Joint participation
of government and nongovernmental forces was adopted
traditionally. Government-led and even militarization
management was implemented for the irrigation
system’s construction, operation, and water distribution.
In peacetime, the management model of government
construction, nongovernmental operation and official
supervision was practised. The annual repair was usually
done in early winter to block the water intakes and dredge
the canals. When summer began, the irrigation system
was put into use. For a long time, the regions in the
lower reaches of the Yellow River were irrigated before
those in the upper reaches. The management for the
irrigation system of Ningxia now is roughly the same as
that practised in history. The Water Management Bureau
and ten offices under Ningxia Water Conservancy are in
charge of the trunk canals’ water distribution and project
maintenance. The water management bureaus at city
and county levels organize and direct the water user
associations in the on-farm irrigation water management
and project maintenance under the level of the branch
canal. Currently, there are 925 Water User Associations
and a triplicity management system of water management
authority and water user association was formed.

Systematic irrigation project management and complete
rules and regulations, and effective joint management

systems guaranteed the comprehensive maintenance
of the works and the achievement of irrigation benefits.
Ningxia Water Conservancy Museum is built to collect,
preserve, and showcase water conservancy relics to
preserve its rich history. It gathers remains and hosts
exhibitions to explore the history, science and technology,
and culture related to the Ancient Yellow River Irrigation
System of Ningxia.

Water Heritage

The preliminary Yellow River irrigation system became a
milestone in the history of the agricultural development of
Ningxia Plain. Since the construction of irrigation canals,
irrigated areas and grain yield gradually increased.
According to statistics, the total grain output of the
irrigation district, which was about 1,11,500 tons during
the 16th century, increased to 1,76,000 tons in the 18th
century, 266,500 and 2,961,000 tons in 2016, accounting
for 4/5th of that of Ningxia Autonomous Region. The
construction and development of the Yellow River
irrigation system directly promoted the agricultural, social
and economic development and prosperity of Ningxia
Plain over 2000 years. It has played a significant role in
improving the local people’s living conditions and is of
strategic significance to the stability of Northwest China.

The unique and scientific dam-less water diversion
structure was used for water diversion. At the headwork,
a riprap diversion dike which may be 1 km long, was
constructed to divert water, some dikes being 5 km in
length. On the dike, the spillway dam was built to ensure
the water intake stayed firm in floods. The water intake
was usually installed with a sluice to control the amount
of diverted water and prevent silt. The gradient of the
irrigation canals is 0.2-0.5%.. The water intake sluices
controlled the amount of diverted water through water
level measurement, and stones were buried in the
canal’s bottom as the standard for dredging work. Such
techniques were relatively advanced at that time. The
dam-less riprap water diversion headwork first used in
the 2nd century BC was revolutionary. With its gradual
increase in project scale and irrigated area, the irrigation
system covered an irrigation area of 140,000 ha at the
most in history. That was an engineering wonder before
the achievements of the industrial revolution were
introduced to China.

The irrigation system has worked well for more than 2,000
years without negatively influencing the environment.

(54)



The dam-less water diversion design helped reduce
the negative influence, and the scientific canal layout
guaranteed the balance between erosion and silting.
The comprehensive utilization of water and silt of the
river with high sediment concentration and the design
and construction of sustainable waterworks of the Yellow
River irrigated area in Ningxia has provided reference
and experience for the comprehensive control of the
rivers with high sediment concentration, the prevention,
and control of soil salinization in large irrigation districts
and the water conservancy development of big rivers. As
Ningxia Plain is in an arid climate, the irrigation system
has improved the water resource condition and the
ecological environment, building a vast oasis and a series
of harmonious and beautiful agricultural landscapes in the
region surrounded by plateau and desert. It is a model

for improving the ecological environment through water
conservation works.

The design and management of the Ancient Yellow River
Irrigation system of Ningxia reflect the idea of harmony
between man and nature advocated in traditional Chinese
philosophy and distinctive oriental cultural features.
Ningxia Plain now is still a vital granary in northwest China.
The construction and development of the Yellow River
irrigation system have directly promoted the agricultural,
social, and economic growth and prosperity of Ningxia
Plain. In addition to the direct economic benefits of
irrigation agriculture, the Yellow River irrigation system
of Ningxia has also produced remarkable environmental
and ecological benefits.

2.18 QIANJINBEI IRRIGATION SYSTEM

Name Qianjinbei Irrigation System
Location Fuzhou, Jiangxi Province, China
Latitude 27.516 - 28.233

Longitude 116.067 — 116.650

Category of Structure Irrigation System

Year of commissioning 868 AD

River Basin Yangtze river basin
Irrigated/Drained Area 1467 ha

History

Commissioned in the 9th year of the Xiantong Reign
Period (868), the Qianjinbei irrigation system enjoys

over 1,100 years of history, and the existing body is
now 395 years old. Zhongzhouwei was completed in
the 17th century and has been in existence for more
than 300 years. Located in Fuzhou, Jiangxi province,



Qianjinbei-Zhongzhouwei Irrigation Structure sits on
Fuhe River, a branch of Poyang Lake of the Yangtze
River Basin. It has become a typical example of a large-
scale masonry irrigation structure and combines multiple
functions, including irrigation, river transport, drainage
and flood control.

Commissioned in 868 during the Tang Dynasty,
the Qianjinbei irrigation structure formed with the
Zhongzhouwei irrigation system as an integrated and
unique irrigation system that built dykes around farmland,
which realized functions of flood prevention, water
supply, river transport and ecological improvement, and
supported the development of local society, economy
and culture.

The existent Qianjinbei structure is the heritage of
several overhauls and renovations over the years. With
the completion of the Zhongzhouwei structures, the
Qianjinbei-Zhongzhouwei Irrigation Structure realized
integrated functions such as irrigation and shipping and
provided a stable water supply. In the mid-stage of the
19th century, the banks of Zhongzhouwei reached 31.1
km, providing water for 1,633 ha of farmlands and 43,500
people in the irrigation area. In January 1935, the water
conservancy committee of Linchuan reconstructed the
banks in Linchuan to further improve the system, which
included the building of 30 km long banks and four
floodgates. In 1958, the newly-built Jinlin canal diverted
the Fuhe River upstream of Jinxi county, with one channel
entering Zhongzhouwei to supply irrigating water. The
ancient water and channel system in the Zhongzhouwei
irrigation area is still operating for drainage and irrigation.

Description

Qianjinbei-Zhongzhouwei Irrigation System consists of
the Qianjinbei system and Zhongzhouwei system. The
Zhongzhouwei irrigation system comprises embankments,
culverts, canals and channels, regulating structures,
reservoirs, and lakes. The existent Qianjinbei structures
were built during the last large-scale renovation projectin
the 1620s. The bank made of masonry is 6-7 m high and
9-12 m wide and is still functioning to diversify and control
the Fuhe River. The length of Qianjinbei experienced
impressive changes with the development of history and
the width of branch river mouths, as the original length
in the Tang dynasty was only over 400 m long, 3,000 m
in the Song dynasty, 1500-2500 m in Ming dynasty, and
1,100 m now.

Zhongzhou is the main area surrounded by the Fuhe River
and its branches, and also the field irrigated by Qianjinbei
and Zhongzhouwei. The embankment is 304,000 m long
in total, 6-8 m wide at the top, 5-6 m high, and the area
irrigated is 1,467 ha. Xiaoyigang the ancient canal of the
Zhongzhouwei irrigation system diverts the Fuhe River
from Qianjinbei and stretches 13 km long. Though part
of its diversion function has been replaced by another
canal called Jinlinqu, most parts of Xiaoyigang are still
kept as when it was constructed and are still operating
for drainage and irrigation.

The Qianjinbei Irrigation System is one of the irrigation
systems in the middle reaches of the Yangtze River. The
flood control embankment is composed of river flood
control dikes. The area surrounded by the structure is
called Wei, meaning enclosure. In the enclosure, the
channels and canals, regulating gates and water storage
reservoirs constitute a multi-functional engineering
system for irrigation, water transportation and drainage.

Qianjinbei Irrigation System was built in the last years of
the Tang Dynasty and has been operated continuously
during Song, Yuan and Ming dynasties. Since the Song
dynasty, Fuzhou has become a region with a prosperous
economy and culture in the middle reaches of the Yangtze
River. Qianjinbei-Zhongzhouwei is a model for sustainable
water conservancy projects in ancient China. The
Zhongzhouwei Weir area has become an irrigation area
that ensures steady harvest even during droughts and
excessive rainfall, which has rapidly promoted agricultural
development, regional grain output, and the population-
carrying capacity of Fuzhou.

Qianjinbei controls and diverts the Fuhe River in a
particular way. During the dry season, the water inlets on
both sides of the Fuhe River can usually divert water to
support urban and rural life, irrigation water supply and
water transport. During the wet season, the Fuhe River
would be divided into two branches by Qianjinbei, and
the main canal and the branches pass water in parallel.
Qianjinbei should play a critical role in flood diversion and
ensure the safety of Fuzhou city.

Qianjinbei and other irrigation structures greatly improved
water transportation in Fuzhou facilitated communication
among various businesses and laid an indispensable
foundation for developing the commodity economy. Food
produced in Fuzhou had been sold overseas through
the Fuhe River. According to the Examination of Fuzhou
Agriculture, during Emperor Guangxu’s reign in the
Qing dynasty, Linchuan exported about 11.2 million kg
of grain each year. From the Ming Dynasty to the Qing
Dynasty, many piers and docks were built alongside
Zhongzhouwei downstream of the Qianjinbei Canal,
which promoted trade. The water transport function has
promoted economic development, as well as material and
cultural exchanges. Where there is good transportation,
there is an open and inclusive society witnessed in the
literature of that time.



Water Heritage

Qianjinbei irrigation system radically promoted the
development of agriculture in the whole Fuzhou area,
suggestively increasing the grain output and population-
supporting capacity, making the Ganfu plain a rich
granary.

The Qianjinbei Irrigation System showcased excellent
engineering design and construction techniques. Built
during the Tang dynasty, itis a large gravity-type dry stone
masonry structure. Its scale, basement treatment, and
hydraulic construction technologies were ahead of their
times. The foundation works constituted special stones to
reduce the uneven settlement of gravity bodies and ensure
the safe operation of the structure. The masonry stones
are uniform bricks of tuff, which are used between the
concrete and the slab to increase the integrity and stability
of the work. The foot of the reservoir is arranged in the
shape of a triangle, which could resist the impact of river
flows and protect the banks. In particular, Zhongzhouwei
secured a water supply and flood control of 24.14 km2
within the irrigation area, which vastly increased food
output, facilitated agricultural development, improved
farmers’ livelihood, and promoted rural prosperity.

The engineering structure and materials of the dry
masonry have sound ecological and environmental
effect