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SHP seems simpler than big or
medium hydro, but it isnot simply a
“miniature” of large hydropower
technology. SHP has its own
features. After decades of practicein
China, rich experience in SHP tech-
nology has been gained, practiced
and proven repeatedly. SHP technol-
ogy has gradually matured, and its
features with Chinese characteristics
can be summarized asfollows:

— A SHP planning system with
unique features, including planning
methods, standards and implementa-
tion for SHP-based rural
electrification.

— Cascade development tech-
nology for SHP exploitation in com-
bination with the harnessing of me-
dium and small rivers.

— SHP survey and design tech-
nology and procedures with unique
features.

— Diversified approaches for
development according to specific
sites.

— Wideapplication of local ma-
terials for dam construction.

— Refurbishment and renova-
tion for aged SHP stations.

— Studying and disseminating
appropriate new techniqueswith SHP
features.

— Increasing the automation
level gradually and selecting auto-
matic standards reasonably.

InApril 2003, the Chinese Min-
istry of Water Resources formul ated
and promulgated <Guidelines for the
Modernization of Rural Hydro Power

Technology> which pointed out the
direction for further development of
SHP, based on the summary of SHP
exploitation in the previous decades,
and taking SHP experienceinforeign
countries as areference, in combina-
tion with Chinesefeatures. Implemen-
tation of the guidelines will surely
enable SHP technology in Chinato
reach anew higher platforminthenear
future.

It should be noted that there are
some common flawsin SHP technol-
ogy in China. For example, the aver-
age annua utilization hours are com-
paratively low; the transmission line
loss is high and the equipment is
aging. All these should be improved
in the future.

1. Planning approaches and
standardsfor SHP-based rural
hydro electrification

I n 1982, the Central government
decided to set up thefirst batch

of 100 pilot SHP-based rural electrifi-
cation countiesin China, to beimple-
mented asfrom 1983. Before scale-up
construction, the Chinese Ministry of
Water Resources chaired the prepa-
ratory work, organized a number of
research institutes, universities and
experienced provinces, prefectures
and counties to participate in the re-
search work for compiling the rural
electrification planning. Planning is
the basic work for construction. Af-
ter implementation of the first batch
of 100 pilot SHP-based rural electrifi-
cation counties in China, the meth-
odologies for a packaged planning,
modelling system and computer soft-

ware appropriate to rural electrifica
tion were developed. The character-
istics of rural electrification for vari-
ous types of counties were
summarized, and system models for
various types of rural electrification
were set up.

These system models of rural
electrification planning, multi-objec-
tive comprehensive assessment for
projects, economic benefit
evaluation, rural electrification -
economy - ecosystem dynamic simu-
Iation model, prediction of energy and
power demand and optimized overall
balance were not only creative in
methodology, but also proven with
good resultsin practice. Much valu-
able experience has been absorbed
in the state or ministerial standards,
such as < Regulations for Compila-
tion of Rural Electrification Planning
for the SHP Areas>(1995),
<Guidelines of Power Development
Planning for Rural Hydropower Sup-
ply Areas>(1992), <Standards of Pri-
mary Rural Electrificationin SHP Sup-
ply Areas>(1992).

Some 80,000 SHP stations have
been built through large-scale SHP
construction during the past 50 years
or so in China. However, some un-
qualified SHP stations have been dis-
carded in the past 10 or 20 years. So
far, the total number of SHP stations
in operation is 40,000 or so, of which
4000~5000 haveinstalled capacity of
over 500 kKW each, and were properly
designed and constructed. Based on
these results, the Chinese govern-
ment via the Ministry of Water Re-
sources (formerly called Ministry of
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Water Resources and Electric Power)
stipulated and promulgated a series
of SHP technical regulations and
norms, fully summarizing the experi-
ence gained. Systematic and formal
technical documents have been
compiled, providing powerful techni-
cal support to the sustainable devel-
opment of SHP and ensuring the em-
phasis on scientific methods, quality
and efficiency during SHP construc-
tion and management. Internationaly,
itisnot usua for the SHP industry to
have so numerous and comprehen-
sive regulations and norms. These
documents are not only an important
data bank of SHP development in
China, but also a major contribution
to worldwide SHP technical
development. The Chinese govern-
ment is planning to translate them
into English for exchange
internationally.

2. SHP developmentsin com-
bination with medium and small
river treatment including cas-
cade development technology

hina stresses that the exploita-

tion of medium and small riv-
ers is an important part of river
treatment, and an inseparable part of
the water resources sector. For
decades, around 50,000 small and me-
dium hydro power stations have been
built at numerous rivers across the
country, forming a total storage ca-
pacity of over one hundred billion m®
and playing a key role in flood
prevention, irrigation, fresh water
supply and water conservation.
Thousands of rivers have been pri-
marily treated through the exploita-
tion of small and medium rivers. That
is one of the factors why SHP in
China has been developed in a
continual, large-scale manner, and
with such speed. Concerning river
harnessing, China adopts the prin-
ciple of division, i.e. the central

government is responsible for har-
nessing big rivers, whereas the loca
governments are mainly responsible
for harnessing small and medium
rivers. In the practice of SHP devel-
opment in combination with treating
small and medium riversin China, a
set of effective and multiple tech-
nologies has been devel oped, includ-
ing cascade and trans-basin
development.

(1) Planning for small basin
cascade devel opment

SHP cascade development is
one of the important features of SHP
exploitationin China. Its advantages
include the full use of the hydro po-
tential and the construction of a key
SHP station at the river can regulate
the flow for all the SHP stations
downstream. In addition, the network
based on the cascade stations can
belinked to form alocal grid, further
increasing the economic benefit of the
previous SHP in isolated operation.

Cascade development isusually
implemented in oneriver of acounty.
Consideration should be given to the
following:

— In accordance with the natu-
ral features of the riversand different
demands of various aspects of the
local economy, efficient use should
be made of natural drops. Each cas-
cadeisinterrelated from ahydraulics
viewpoint when implementing the
cascade devel opment. The tail water
from the upper cascade goes to the
fore bay or thereservoir of the lower
cascade. The level of the tail water
for the upper cascade isbasically the
upper water level for the lower
cascade. Usually two indexes are
used to measure the development
level of theriver: head utilization (the
ratio between the head utilized and
river drops) and the hydro energy
utilization level (theratio betweenthe

average annual power generation
and theoretical potential).

— To achieve the multi-utiliza-
tion objectives, each cascade hasits
major or minor functions. Build ares-
ervoir at the upper reaches if pos-
sible so as to regulate the flow for
the downstream stations. The run-
off type stations are usually devel-
oped at alater period. Furthermore,
itisbeneficial to put up adaily regu-
lating pond for the diversion type
cascade station. However, a reser-
voir must be constructed, if it isto
meet the requirements of irrigation
and other purposes.

— The cascade devel opment
should be based on the benefit of
the whole basin, instead of the ben-
efit for asingle station. Though it is
costly to build aregulating reservair,
it would enable downstream stations
to gain more benefit and so increase
the overall benefit for the whole
basin. Likewise, the reservoir used
for comprehensive utilization may
sacrifice some energy production,
but other sectors could benefit. In
addition, if the cost is shared among
the different end-users, the unit cost
could be reduced.

— In view of the shorter con-
struction period and smaller magni-
tude of small basin cascade
developments, all the cascadesin the
basin usually form a whole project,
with each cascade being considered
a part of the whole system. When
the local economy is growing fast,
comprehensive planning, continual
construction and rolling develop-
ment from the first cascade to the fi-
nal one could be realized.

(2) Development planning for
small basins

Trans-basin water diversion is
widely adopted in SHP devel opment
in Chinaespecially for high head SHP
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stations. This is another effective
modefor SHP exploitation. Whenthe
topography and geology are suitable,
water from other basinsis diverted
to the feasible site for building the
trans-basin project and this can in-
crease energy output. According to
the topographical conditions, vari-
ous diversion ratios are used to com-
pare and evaluate adjacent basin
waters, which may be difficult or un-
economic to develop singly. Namely,
based on the multi-year flow, set
some parameters such as 0.5, 0.4,
0.3m¥ (skm?) for economic and
technical comparison in order to se-
lect the optimum diversion ratio and
tunnel diameters.

An example can be taken from
the Panxi stream development, origi-
nating from Dayang hilly area of
Jinyun county, Zhejiang Province.
Thetotal length of Panxi streamis30
km, the catchment area 84 km?and
annual rainfall over 1,700 mm. The
head drop from Dayang reservoir to
thefifth cascadeisover 610 mwitha
head utilization of 95%. Four mea-
suresincluding storing, blocking, di-
version and linking were adopted at
the headworks layout of Panxi
project so as to make maximum use
of the riverbed natural gradient and
discharge, and achieve the objective
of power generation first, in combi-
nation with irrigation. The main en-
gineering includes the construction
of two reservoirs with storage capac-
ity 12.95 million mé, 5 cascade sta-
tionsand 13 unitswith total installed
capacity of 7,565 kW. 17 tunnelswere
dug, with atotal length of 7,435 m,
open canals of total length 3,392 m
were constructed; and 5 drought ag-
ueductswith total length 210 m were
built. 35 kV transmission lineswith a
length of 45 km were put up, and one
35 kV substation was constructed.

Panxi 1st cascade station was

built behind Dayang reservoir. The
reservoir isof yearly regulating type,
withacapacity 11.90millionm®. There
isaclay danting wall rock dam with
aheight of 45 m, length 167 m. Under
the hill shoulder at the dam site, a
tunnel has been constructed to di-
vert flow for power generation with a
diameter of 3 m and length of 180 m.
Horizontal Francis turbineswerein-
stalled with a capacity of 575 kW.
Panxi 2nd cascade station is of di-
version type, utilizing the tail water
of the Panxi 1st cascade station plus
the diversion water from an areaof 1.
5km?. Thereare 3 tunnelswith atotal
length of 525 m and one open canal
1,520 mlong to form ahead of 220 m
at the fore bay. The penstock, with a
length of 480 m, supplies flow to 3
horizontal impulse turbines, which
have aninstalled capacity of 900 kW.
Panxi 3rd cascade station is of diver-
sion type, utilizing the tail water of
the Panxi 2nd cascade station plus
the diversion water from an area of 6
km?. The project traversed 2 hills,
went through 3 tunnels 1,530 min
length with a 65 m aqueduct and
open canal 912 m long. The forebay
is connected with atunnel, 2.5 min
diameter and 350 m long, which then
connectsto a 0.8 diameter penstock.
The total installed capacity of the
station is 2,400 kW, and is one of the
key stations in the whole cascade
system. Panxi 4th cascade stationis
of diversion type, utilizing the tail
water of the Panxi 3rd cascade sta-
tion plusthe diversion water from an
area of 20 km2. The diversion engi-
neering of the project is huge, includ-
ing 9tunnels4,594 mlong atogether,
2 aqueducts 5 m long, an open canal
920 m long, and the penstock diam-
eter 1 m, accommodating 2 Francis
turbines. Panxi 5th cascade station
is of behind-the-dam type, 1.5 km
away from the tail water of the 4th
cascade station, and has a concrete

stone masonry overflow arch dam,
with adam height of 25 m, catchment
area 76 km?, and storage capacity 1.
05 million m3. A tunnel was con-
structed at the left bank with alength
of 200 m and diameter 3m; 2 unitsare
installed each of 320 kW.

The 5 stations have formed a
SHP network, transmitting viaJinyun
substation to Huzheng substation,
finally connecting to Jinhua and
Lishui Dispatching Centrefor integra-
tion into the large grids. After the
connection of SHP, the stations op-
erated at full load during the flood
period to make best use of the hydro-
power potential and supply energy
to the large grid. During the dry
period, some SHP stations supply
power for peak load and some serve
for phase regulation and reactive
power compensation. The Dayang
reservoir is of yearly regulating type
and resolves the contradiction of en-
ergy shortage during the dry period.

The 5 SHP cascade stations
greatly stimulated local industrial and
agricultural development, and living
standards of the local people im-
proved considerably. With the adop-
tion of a policy of “construct one,
benefit from one and construct
another”, funds accumulated
steadily, and the technical skills
developed.

3. SHP exploration, surveying
and design technology and pro-
cedures

I n the initial period of the
1950s, China developed its

SHP with a poor technical base. In
the first 10 years after the founding
of the People’s Republic of Chinain
1949, around 9,000 SHP stationswere
built, with an average installed capac-
ity of 28 kW. Most of those were
shabby, isolated ones, without proper
design. Sincethe 1960sand especially
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the 1970s, SHP development has
thrived. A large number of SHP sta-
tions of over 500 kW were built and
thetechnical level increased steadily.

Internationally, medium and big
hydropower technology was proven
inthe 1960s and 1970s. However, be-
fore the opening up and reform
period, it was difficult and there were
restrictions for Chinato obtain ad-
vanced technology and equipment,
including those used in the construc-
tion of big and medium hydro power,
from advanced countries, so China
had to learn by itself while working
on the basis of self-reliance. SHP has
its own features and cannot duplicate
large hydropower technology. In the
1960sand 1970s, though SHPin some
developed countries was advanced,
it was not quite appropriate for the
concrete situation in China.
Therefore, SHP technology in China
was actually summarized and refined
through constant implementation in
practice.

Inthe late 1970s, SHP exploita-
tion in China was stepped up and
therewas an urgent need of standard-
ization for SHP reconnaissance and
design. In 1978, the Chinese govern-
ment started to prepare the compila-
tion of design norms, entrusting the
Ministry of Water Resources and
Electric Power with the responsibil-
ity of organizing nationwide experts
for the compilation work. During sev-
eral years of compilation work, in-
depth research and investigation
were made on SHP design,
construction, operation and
maintenance, and experience was
summarized for the construction of
SHP. In accordance with the features
of SHP design, construction, opera-
tion and maintenance, and based on
the actual technical and economic
level, <Norms for Designing SHP
Stations> was compiled and passed

the appraisal made in 1984 by the
Ministry of Water Resources and
Electric Power. This was then ap-
proved by the State Planning Com-
mission and was finally listed as a
national standard.

The<Normsfor Designing SHP
Stations> states the appropriate
range of installed capacity below 25
MW and unit capacity below 10 MW.
The <Norms for Designing SHP
Stations> stipul ates the norm for each
design specialty, reflecting the spe-
cial features of SHP in many places.
For example, concerning the require-
mentsfor hydrological data, it states,
“When the duration of the run-off
series at the design section is too
short, it should be supplemented and
extended so that the extended data
cover no less than 20 years’. The
problem of severe shortage of hydro-
logical datais resolved flexibly and
reliably for many SHP sites. Another
example, for the design flood stan-
dards for the SHP powerhouse, it is
generally taken asaonein every 30
to 50 years flood. For the checked
design flood standard, it is one in
every 200 years for diversion type
and behind-the-dam type SHP
stations; for the riverbed type SHP
stations, it is 300 years. For hydro-
logical calculation, China has stipu-
lated the use of the ministerial stan-
dard <Norms of Hydrological Calcu-
lation for SHP Stations>. All these are
rarein the globa SHP sector.

So far, the SHP technical norms
in China are essentially complete,
covering not only the basic aspects
of SHP technology, but also the spe-
cialized parts. For instance, there are
<Norms for Designing SHP
Automation> and <Norms of Dis-
patching Automation for Rural Hy-
dropower Systems>.

In short, SHP technology in
Chinahasits own featuresand isalso

proven.

Regarding the procedures of
SHP construction, China has estab-
lished the following process flow:

(1) Project approval

According to the installed ca-
pacity and the investment scope of
the project, the project document
should be approved at different lev-
els before construction. Generally
speaking, the design work file and
design documents for SHP stations
with unit capacity of 500 kW and
above should be approved by the
provincial department of water
resources. The design work file for
SHP stations with unit capacity be-
low 500 kW should be approved by
the prefecture or county. The project
document and its attachments should
include the following:

— Project description.

— Reasons for construction
and engineering features.

— Funding arrangement.

— Attachments: the planning
report and hydrological and geologi-
cal reports and drawings should be
attached.

After the approval of the
project, the owner can preparefor the
start of the construction and ask the
design organization to complete the
design of the construction drawings.
After the approval document is
issued, the owner can start the
construction.

The procedures for developing
a SHP project are shown in the flow
chart below(next page):

(2)Engineering construction
and construction installation

The engineering construction
should strictly follow the basic con-
struction procedures and ensure the
engineering quality. The projects are
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not permitted to start until they are
listed in the yearly plan. For the de-
sign work, it should be technically
reliable and economically reasonable,
safe and practical. The management
methodol ogies including the owner’s
responsibility system, equity system,
engineering supervision system and
shareholding system for exploiting
SHP stations, which have been intro-
duced for hydropower devel opment
in recent years, all stress the manage-
ment of SHP construction projects.

Generally, SHP stations of tens
to afew hundred kW installed capac-
ity are constructed by the county,
township or village, and the county
bureau of water resources provides
working guidance support by send-
ing technical staff and sometimes
helping to order the equipment. SHP
stations of a few thousand kW are
generally constructed by the organi-
zations at the province or prefecture
level. Inthe early period, SHP stations
were constructed using physical
labour or manually operated
machines. Equipment such as
bulldozers, tractors, dredgers, rollers,

lorries, and concrete mixersare some-
times used for some bigger SHP
projects or where there are higher
dams. Projects at the provincial and
municipal levels have a higher level
of mechanization. Electromechanical
installation is usually completed by
special installation groups at the
county level, or completed by the vil-
lagers themselves under the guidance
of sometechnical personnel. The SHP
construction period is normally 2~3
years, though some SHP projects are
completed within one year.

4. Various flexible modes of
exploitation based on actual
site conditions

hinaisvast in area, and the hy-

dropower potential is abun-
dant and scattered. After decades of
implementation, various site-specific
and flexible modes of SHP develop-
ment with diversified designs have
been created, forming akind of huge
museum of living SHP. Nearly all
types of SHP stations listed in the
textbooks can be found in China.

— Design head of SHP

stations: from 12 mto 1,074 m.

— Turbinetypes: axial, Kaplan,
tubular, bulb type, Francis, impulse,
Turgo, cross flow, reversible
pumped storage unitsand micro pack-
aged units.

— Dam types: All dam types
exig, including earth dam, stone ma-
sonry dam, concrete dam, rock-fill
dam, concretefacerock-fill dam, rock
core wall dam, roller compact con-
crete dam and rubber dam. Thelong-
estdamis5,842m.

— Diversion system: including
open canal, aqueduct (the longest is
2,000 mlong, 27 m high, with aflow
rate of 1.7 m¥/s), various pipes with
or without pressure, tunnels (the
longest is 4,000 m, with a diameter
bigger than 10 m).

— Penstocks: various, in the
1980s, pre-stressed concrete pen-
stocks were widely adopted; the
maximumheadis200m, themaximum
diameter 3.2m.

— Powerhouse: including
above ground, underground, circu-
lar and oval.

— General layout: including
diversion type, behind the dam type,
mixed type and riverbed type.

— Station elevation: The high-
est isone built in Tibet with an el-
evation of 4,700 m.

Therich and extensive experi-
ence with flexible and diversified
modes of SHP development make it
possible for China not only to con-
tinueto exploit SHPresourcesin vari-
ous parts of the country, but also to
share its experience with the world
community and to provide technical
services to developing countries,
thereby contributing to the promo-
tion of the global SHP profession and
raising its level of technology.
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5. Local materials widely
adopted for dam construction

I n this respect, China has ac-
cumulated lots of experience.
Almost 80,000 earth-filled dams of
various kinds with a height less than
30 m have been built, aswell as over
500 stone masonry arch dams with a
height of more than 20 m. Othersin-
clude the stone masonry gravity dam,
the masonry hard shell dam, dry-lin-
ing masonry dam and various kinds
of earth and rock dam. These practi-
cal and proven technologies provide
important technical support for exten-
sively adopting local materials and
local labour, thereby speeding up the
pace of SHP development. During
recent years, the dam types most com-
monly adopted include:

(1) Stone masonry arch dam

As long as the topographical
and geological conditions allow (L/
H=3.5), and especialy for those SHP
projects with a dam height less than
50 m, the stone masonry arch damis
the first choice for dam type. Com-
pared with the stone masonry grav-
ity dam of the same scale, it can re-
duce the construction volume by 1/2
tol/3. During the design stage, itis
usually compared technically and
economically with other possible dam
types. The body shape of a stone
masonry arch dam isthe same as that
of a concrete arch dam. For small-
scale stone masonry arch dams, single
or double radius dam types are
adopted, and for higher stone ma-
sonry arch dams, double curved pa-
rabola-type arch dams are used.

(2) Small-scale stone masonry
multi-arch dam with buttresses

Thistype of damismainly com-
posed of arch cover plates and
buttresses, and can be adopted when
theriver valey isrelatively wide, the
dam is not so high, and the founda-

tions of both sides of the riverbed
and dam arefairly good. Thiskind of
dam can save 30~50% in construc-
tion volume compared with the stone
masonry gravity dam of the same
scale. Water can flow freely over the
dam crest, and since the dam top is
curved, the overflow length islonger
than for a straight-line shape.

(3) Arch dam

When the dam height isover 40
m, the concrete arch damisamust for
selection and comparison during en-
gineering design, so long as topo-
graphical and geological conditions
permit. At present, when designing a
dam body with a height over 40 m,
the concrete arch dam is one of the
most frequently used dam types. The
multiple curvetypes of arch damsare
made up of circular, parabolic or &l-
liptical curves, and can fully utilize
the load bearing capacity of the dam
body to reduce the amount of con-
struction required for the dam.

(4) Rubber dam

Rubber dams, which can in-
crease or decrease their height easily,
are generally used on the riverbeds
of hilly areas, plains or spillways.
During the dry season the rubber dam
bag will befilled with water (air) soas
to retain theriver flow, and the water
(air) isdischarged to decrease the dam
height in the flood season to release
floodwater and so prevent the upper
reaches from being flooded. Rubber
dams are usually adopted in those
areaswith alow head and large flows,
or at spillways to increase the water
head, and improve the flow-regulat-
ing coefficient and the flow utiliza-
tion ratio, thereby raising the power-
supply reliability. The rubber dam
consists of a rubber bag, a concrete
foundation, and awater- (air-) filling
and water- (air-) discharging systems.
The rubber bag ismade of canvasand
chloroprene rubber, or several layers

of acrylic acid fibre canvas and rub-
ber compressed under high
temperature, then anchored to the
dam foundation and side walls, so as
to form adam after water (air) filling.
Compared with amovable gate of the
same size, the cost of a rubber dam
could be 30%~70% lower.
Furthermore, the rubber dam is easy
to instal on a spillway without gate
and the structureissimple. It canim-
prove regulating capability, thus in-
creasing reservoir capacity with con-
sequent benefits.

6. Equipment and technical
renovation of old hydropower
stations

t present in Chinathere arein-

stalled units with about 1,536
MW capacity which have beenin op-
eration for more than 30 years, 6,925
MW in operation for more than 20
years, and up to 13,853 MW that has
been in operation for more than 10
years. These early operated units are
generally poor in their performance
and efficiencies, and lots of units are
in unstable operation, with insuffi-
cient output achieved, or where cavi-
tation easily occurs, and many fail to
run under optimum working condi-
tions for a very long period. In
addition, the water quality of some
riversis very poor with a heavy silt
content, which would destroy the
turbine runner within one year after
operation, or would give avery low
efficiency in operation. For other
hydropower stations, the initially se-
lected units are possibly unsuitable
for use or uneconomical now because
the hydrological conditions have
changed alot. Additionally, elthough
some units are in operation under
normal conditions, along running
period has caused their performance
to deteriorate. After an overall qual-
ity investigation, the above-men-
tioned different problems have been
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classified and summarized, and it is
concluded that there are units with
an installed capacity of 8,000 MW in
total suffering from the above issues.
In order to improve operational secu-
rity and economic benefits, these
hydropower stations should be tech-
nically refurbished. This renovation
can save investment and achieve
profitsfast. Generaly speaking, the
cost of replacing arunner can be re-
couped within one year, and the gen-
eration can be increased to a certain
extent. If al the SHP stations affili-
ated to the Ministry of Water Re-
sourcesincreased their output by 5%
after technical renovation, it would
be equivalent to building a hydro-
power station of 1300 MW, which
could produce very huge profits. At
present, some professional adminis-
trative authorities have already pub-
lished alot of standards or norms, in
which recommendations on the
steady operation range and effi-
ciency-guarantee values of different
hydro turbines have been given, and
product quality has been classified
based on test results. It is generally
acknowledged that the overall effi-
ciency of unitswith different capaci-
ties should not be lower than the val-
ues shown in Table 1.

In order to improve the overall
efficiency of SHP stations, much at-
tention should be paid to upgrading
the electro-mechanical equipment, so
as to save investment and achieve
profitability faster. The following
three means are usually adopted:

(1) Make small repairs or
changes to the original conditions

For example, for rough ma-
chined runner blades, amodel should
be prepared, and according to the re-
quirements of this model, the blade
surface should be polished. To reduce
the wastage rate during runner
processing, the water discharge side

Table 1 Requirements on the overall efficiency of a unit

Unit capacity (kW)

The overall efficiency of a unit
should not be lower than

<100 68%
100~500 72%
500~3,000 78%
>3,000 8§3%

is often thickened, but thisleadsto a
relatively high velocity of water flow
here, resulting in high hydraulic
losses. After the blade discharge side
ispolished thinner, theflow discharge
capability isimproved, and the out-
put also increased. The efficiency of
some hydropower stations can be
raised by 1%-~2% after blade
modification, and vibration under low
load operation is aso reduced.

Itisalsofeasibleto cut theblade.
Generdlly, the water-intake sideis cut
away so as to reduce the radius and
itsangle. If the water-discharge side
is cut away, the discharge angle of
the blade and its open gauge is
increased, and the optimum unit flow
will also beincreased. Then the opti-
mum unit speed will change slightly
too, and of course the efficiency
would then be improved. For other
hydropower stations, the space be-
tween runner bladesistoo small, and
the required output value cannot be
reached, so according to the results
of model tests, part of the water-in-
take side and the discharge side
should be cut away at site. The thick-
ness of back of the runner is reduced,
therefore reaching the required open
gauge and increasing the unit output
by 5% or so. However, this may in-
fluence cavitation and other opera-
tional characteristics.

(2) Change the main compo-
nents

For those units with poor ma-
chining quality and hence operational

performance or those severely dam-
aged after operation, the old damaged
components should be replaced with
new ones, and generaly the key parts
of units should be changed. If astain-
less steel runner is adopted to replace
a damaged carbon steel runner, the
life span of the new runner can be
extended to 10~12 years from the
original 2~3 years. As for those hy-
dropower stations on riverswith high
silt content, the labyrinth seal rings
of the units are always abraded, and
the clearance between the guide
vanes increases. In this case, many
more parts need to be replaced. The
runner characteristics of propeller
turbine units are related to the set-
ting angle of the blades, and the small-
scale unit generally adopts a large-
angle propeller runner, so as to
achieve higher efficiency and better
cavitation characteristics over alarge
range of flows. This point has been
considered for the runner blades at
some hydropower stations, and com-
pared with the old runner, the output
can beincreased by 1%~2%.

(3) Remove the old and rebuild

For units, which have seriously
aged after along period of operation,
the rehabilitation expenses are very
high, and neither economical nor sefe,
so in this case, one should consider
rebuilding. In addition, if the hydro-
logical conditions change, it would
be better to rebuild, evenif theunitis
in normal operation or can operate
over a very long period. During

8 www.hrcshp.org
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rebuilding, most parts of the unit have
to be removed, and only the pit
remains. Rebuilding is time
consuming, and is generally carried
out in the dry season. It often costs
much, and will cause alossin power
generation. On the other hand, the
unit can be reselected or redesigned,
so that some advanced technologies
can be adopted to get back the in-
vestment in a short term, so the ben-
efits arising from rebuilding are also
very evident.

7. Studying and popularizing
applicable SHP new technology

fter decades of development,

the SHP industry has aready
developed a complete technical sys-
tem covering surveying of resources,
planning, design, engineering
construction, equipment
manufacturing, and operation and
management. However, in all these
fieldsthere still exist many technical
issues that need to be studied in-
depth. Major technical break-
throughs and wide application of
technical achievements will reduce
SHP costs, improve its market
competitiveness, and promote the
swift development of the SHP
industry, ultimately producing enor-
mous social and economic benefit.

(1) The main scientific and
technological resultsfromSHP R&D

— Design optimization, rational
planning of water systems, water col-
lecting network and trans-basin wa-
ter diversion.

— New typesof hydraulic struc-
tures and building materials such as
rolling concrete technology for dam
construction, siphon intake technol-
ogy for hydropower stations, and the
application of rubber dam, glass steel
tube and other new materials.

— Developing and popularizing
new electro-mechanical egquipment,
such asthe type series of small-scale
turbine-generator sets, pressure regu-
lating valves, the new-type operat-
ing device of hydro turbines, the elec-
tronic load controller, the automatic
control technology of SHP units, and
anti-cavitation and abrasion-resisting
technologies for small-scale hydro
turbines.

— Technical rehabilitation of
SHP stations.

— Developing small-scale
pumped storage power plants.

— Optimization of operation of
SHP stations.

— Automatic dispatching tech-
nologiesfor the local grids of SHP.

(2) Application of new electro-
mechanical technologies

At present, the new technolo-
giesof SHPelectro-mechanical equip-
ment mainly include:

— Gravity butterfly valve. In
the past theinlet valve of an SHP unit
would be mainly an electrical and
manual butterfly valve, ball valve or
gate valve. When the unit broke
down, the valve usually failed to
close automatically since the plant-
service power was not reliable. In or-
der to overcomethis shortcoming, the
gravity butterfly valve and ball valve
have been developed in recent years,
which can close automatically dueto
gravity. Itsclosing timeis adjustable,
and the closing action is reliable.
Furthermore, the valve can close sec-
tion by section, to prevent the water-
diversion system from suffering too
high apressure, and at the sametime,
it can also close quickly to prevent
runaway of the turbine.

— Air-vent valve. At ahydro-
power station, when LV/H of thelong
pressure diversion tunnel is greater

than 15~30, generally a surge tank
needs to be erected, but the surge
tank requires alarge amount of civil
engineering works, along construc-
tion period and suitable topographi-
cal conditions. For SHP, the air-vent
valve is adopted to replace the surge
tank, which can save on investment
and shorten the construction period.
The function of the air-vent valve is
to open quickly when aturbine unit
sheds its load and the guide vanes
swiftly close. The flow which would
have passed through the unit is thus
discharged through the valve. After
the unit closes, the valve will close
slowly, so that the flow inside the di-
version system can vary slowly and
prevent the pressure rising in the di-
version system and the unit from
reaching runaway speed.

— Speed increase device. Af-
ter adopting a speed increaser in the
rehabilitation of aged stations, there
will obviously be an increase of en-
ergy loss of possibly less than
0.5%~1%, but with the adoption of a
high-speed generator, the expenses
of the station can be remarkably
reduced, and the unit’s efficiency
improved. The servicelife of aspeed
increaser is about 100,000 hours to
severa 100,000 hours generally, and
can run reliably for along time, and
bring more economic benefits to
stations. Through the use of a speed
increaser, alow-head power station
can change its transmission ratio,
thus making the hydro turbine run at
its optimum working condition with
high efficiency, and a so can improve
the design of the powerhouse layout.

— The guide vane control
mechanism. For small turbine units
used for baseload in apower grid, an
expensive governor with a compli-
cated structure can be omitted be-
cause frequency regulation is not
reguired. It can be replaced instead
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with an electrical and manual spring
type energy-storing device or a hy-
draulic actuator with low cost for its
operation and maintenance. When
the operating power source of a unit
is cut off, the spring energy-storing
device automatically closes the
turbine, and it can also achieve this
in stages.

— The automatic control
system. The automatic control, regu-
lation and protection system of aunit
has devel oped because of the popu-
larization of computers. The system
can reglize automatic shutdown, with
high reliability, low workload for
design, maintenance and installation,
and only occupies a small space, so
thisis an ideal device for achieving
unmanned control or fewer operators
on duty for SHP units. It consists
mainly of 2 operating modes, oneis
single unit operation, and the other
isin connection with the power grid.
In single unit operation, the unit can
be automatically synchronized to
connect to the power grid, and oper-
ate with the variation of forebay wa-
ter level, according to given fre-
quency and voltage settings, and
meanwhile, the unit can achieve pro-
tection functions in case of over
current, over voltage, over load, low
voltage, overrun, low frequency, cut-
off of technical water supply, and ex-
cessiverise in bearing temperature.

— SCADA system of local
power grid. With the development of
SHP, SHP stations are sequentially
incorporated into power grids, so as
toform rural power grids made up of
SHP stations and users. Rural power
grids need areliable real-time dis-
patching and administrative centre,
and the automatic dispatching sys-
tem based on computer supervision
and control is the technical way to
achieve this result. In terms of
hardware, the automatic dispatching

system can be divided into the main
station (M S), the communication and
transmission equipment, and the re-
mote terminal unit (RTU). Owing to
therapid development of information
technology, lots of functions of this
system areincorporated into the com-
puter through chips, giving rise to
even more advanced and reliable new
products.

— MODULAR substation. The
MODULAR substation ismainly lo-
cated outdoors, and the primary elec-
trical equipment adopts small-scale
switching equipment with high
performance, and energy-conserving
transformers. The secondary equip-
ment adopts a microcomputer-based
control and protection module with a
high dependability. Site installation,
commissioning and maintenance are
simple and convenient. So the out-
door miniaturized M ODULAR substa:
tion will be the trend for future
development.

— Hydraulic metal structures,
such as the chain-type trash cleaner,
the automatic hydraulic cleaner, the
automatic water-level control gate,
and the hydraulic control gate. With
the adoption of the automatic cleaner,
the cost for operation and mainte-
nance can be reduced, and the oper-
ating dependability of the station
improved. It does not cost much, and
so isworth popularizing. For the head
loss at a hydropower station, it is
usual to have a difference of 20~30
cm in water level at the trash rack.
However, for a hydropower station
with low head, it is very difficult to
raise the efficiency by 2%~3%.
Therefore, the adoption of an auto-
matic cleaner should be an important
measure to achieve safe and high-ef-
ficiency operation at low-head hydro-
power stations.

The gradual popularization of
the above-mentioned new technolo-

gieswill create new know-how in the
SHP profession, with advanced
parameters, rational price, reliable op-
eration and convenient maintenance.
In addition, since the electro-me-
chanical products are improved and
upgraded very rapidly, these tech-
nologies are constantly upgraded,
and will continuously promote the
further development of SHPin China.

8. Gradually improving the au-
tomation capability and ratio-
nally selecting the automation
standard

I nApril 2003, the“Instructions

on the Technical Moderniza-
tion of Rural Hydro” was issued by
the Ministry of Water Resources,
which clarified thetechnical direction
for the development of the rural hy-
dropower sector in the yearsto come,
in order to quicken the pace of mod-
ernization for China’'s rural
hydropower. The document pointed
out the direction for standardizing
and guiding the rural hydropower
sector for technical advancement.
The overall objectives are, prior to
year 2010, 50% of rural hydropower
plants and their power grids should
be modernized, and in 2015 the rura
hydropower sector should be all
modernized. Through scientific and
technical innovation and manage-
ment improvement, the competitive-
ness of the rural hydropower market
should be noticeably improved. W
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An Electric Device for Cleaning up Trash Rack

—manufacturing Experiment at Ancheng Hydropower Station

1 General description
A ncheng station, a cascade one
at the lower reach of Fushi res-
ervoir in Anji county, Zhejiang
province, has adiversion channel of
43km, with the main section extend-
ing 25km and the normal diverted
flow of 11.5m®%s. Passing through
villages, fields and mountainsides,
the channel carries lots of trash,
branches or leaves. This station is
located at the end of the main section
of the diversion channel, with 2 si-
phon-type turbine-generator sets of
1000kW each installed, and the de-
sign water head is 28m and the unit
discharge 4.25m%/s. At the intake of
penstock, it'svery difficult for opera-
tors to remove the trash manualy at
the forebay due to the limited width
of trash rack and the fast speed, which
principally restrictsthe output of unit.
If removing trash during operation,
the open gage of guide vane com-
monly needs to be reduced.
Therefore, replacing manual opera-
tion with a set of mechanical device
for trash removal is highly expected.

2 Design principle

1) To set the built-in grooved
track under concrete at each side of
the forebay intake, which enables a
chain-belt to movein the groove with
“itsinside up and the outside down”.
The grooved track fixesthe chain belt
and bears side pressure from the
chain-belt aswell.

2) The chain belt is driven by
two upper driving gear-panels, and

synchronously positioned by the
lower passive gear-panel, to ensure
the chain belts at both sides to move
in a synchronous rate.

3) Driven by the shaft pins (or
the chain boards) of two chain belts
at the same level, a special comb-
scraper moves to scrape off all the
trash clinging to rack surface or filled
in screen rack, and finally trash is
delivered to the forebay ground. The
structure and principle of this elec-
tric device called “electric trash
dredger” are showninFig. 1.

3 Technical requirement

1) After removing the original
vertical trash rack in a single-board
structure, anew one, extending from
bottom to top of the forebay in an
obliqueangle of 76° , isto be set up.
It requires straightness and evenness
of screen racks; equal spacing of

Baseplate of forebay

screen racks; and an extra smooth-
ness at the joint of two trash racks,
so as to ensure the effective opera-
tion of the scraper.

2) Adopting a chain-belt driv-
ing structure, the running speed is
designed as slow as possible for an
easy observation and control, and
meanwhile, the interference and re-
sistance of the scrapper under water
can be reduced as well as the
abrasion. Therefore, agearshift with
large specific speed and alow-speed
asynchronous motor are selected as
the power sources.

3) Thelength of the chain board
should be appropriate. If too long, it
will cause alarge size of the fluted
disc; however if too short, the num-
ber of chain boards has to be
increased, and the fixing mode of the
scraper and the position for power

Gear-panel

Scraper

Forebay ground

Trash rack

Fig. 1 Diagram on the structure and
principle of the electric dredger
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transfer of chain belt have to be
changed.

4) Moving in the grooved track,
the friction on the chain belt should
be restricted to its minimum. In
particular, theresi stance of water flow
and trash on the scrapper can be
transferred to the grooved track
through shaft pins. Therefore, in
terms of the up-and-down movement
of the chain belt in the grooved track,
arolling structure should be adopted
to avoid direct friction between the
chain belt and the grooved track.

5) The scraper can automatically
stop at a certain place when reaching
the forebay, so that trash can be re-
moved from the scraper to prepare
for the next effective operation.

4 Manufacturing process

1) The trash rack is one of the
key parts of an electric dredger, and
as per the design and technical
requirements, it should be welded
and made locally with steels self
purchased.

2) The processing & installing
quality of the chain belt isalso akey
issuefor an effecient electric dredger.
The chain boards, the shaft pin and
the steel-pipe case shall be as-
sembled after processing, and the
chain cannot be fixed to the shaft pin
too tightly. The abrasion of the shaft
pin can be much reduced because of
low speed and infrequent operation.
The steel-pipe case of shaft pin roll-
ing along the steel rod enables the
chain board not to be in direct con-
tact with the groove steel, and
changesrolling or diding betweenthe
shaft pin and the steel rod to be a
contact of point-and-line, which thus
greatly reduces the friction of the
chain's operation. The structure of
the chain belt and the grooved track
are shown as Fig. 2.

3) The processing of grooved
track: (Wit aims to fix the running
range of the chain. Welding a steel
rod at each side edge of the grooved
track plays two roles: the first is to
make the chain movewithitshalf part
in the grooved track, and to restrict
and position the operation of the
chain; the second is to transfer the
chain force to the steel rod and the
steel part of the grooved track through
the shaft pin. 2 the grooved track is
set in parallel with the plug-in groove
of thetrash rack at singleside. When
pre-embedding the grooved track, the
space between upside and downside,
left side and right side shall be equal
at both sides of the intake, so asto
ensure a stable up-and-down move
with no left-to-right or front-to-back
swing, and therefore, the electric
dredger can works effectively.

4) The processing of scraper:
thick steel plates are used for two
side-panels, in the middle of which 2
grooved steel rods are welded side
by side. At the side near the trash

(O (O)
N Chain

©) Gan (O
O O

rack, the racks of same spacing are
to bewelded in the grooved steel rod,
together with those of trash rack,
which forms a comb-scraper for
dredging trash or weed. The struc-
tureis shown asFig. 3.

5) The gear panels and the shaft
in top and bottom are to be processed
locally according to technical
requirements; the thick steel-plateis
used for gear panels and the
centerline spacing of the gear mouth
is based on the hole length of the
shaft pin; in order to facilitate instal-
lation or dismantlement, the lower
shaft isdivided into two equa parts,
which are joined by a stedl pipe case
and fixed by pins.

5 Installation and operation

1) After pre-embedding the
grooved track, the upper and lower
bearing pedestals shall be installed
andfixed, aswell astheupper & lower
shafts, and the gear panels; after the
gearshift and the electromotor fixed,
the chain shall be installed, and the

Grooved steel

Steel rod
Chain board

T

™

Shafi pin
£ ; Steel-pipe case

Fig. 2 Thestructure of the chain belt and the grooved track

LIRS

Ciroavend steel

Rack

Snete P!

Trask rack

Teasl rack

Fig. 3 The comb-scrapper for cleaning up trash rack
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height of the upper shaft should be
adjusted carefully to ensure areason-
able space for chain belts at two
sides.

2) Switching on power and hav-
ing a no-load commissioning, to ob-
serve the operation or counterwork
of the chain belt in the grooved track.
To deal with any problem and make
technical improvement.

3) Toinstall the scraper based
on the normal operation of the chain
belt system. To check and make sure
that there's no colliding or
counterwork between the racks of
scraper and those of trash rack.

4) To have no-water trial, and
after normal operation, further com-
missioning with water shall be made
and finally operate with load for gen-
erating electricity.

6 Existing problemsand mea-
sures taken for improvement

With a certain period of opera-
tion and coordination, the mechani-
cal noise of the electric dredge goes
down gradually. If using ordinary
steels for the chain, the service life
will be shortened and more mainte-
nance needed because of rusting.
Therefore, if possible, it'sbetter to use
stainless steel, which will deal with
the rusting issue in spite of an extra
nonrecurring cost. In addition, it is
expected to design and install akind
of circulating structure on the fore-
bay ground, which can take the trash
or weed from the scraper and convey
onto the rubber belt for deliverng di-
rectly tothetrashlot. It aimsto auto-
matically complete the whole process
of cleaning up trash rack by pressing

only one function key.

According to the actual
situations, the “circulating electric
dredger with comb scraper and chain
belt” isdesigned relying on local tech-
nical resources, and manufactured
and installed successfully on-site
with special purchased materials and
locally prefabricated parts. Based on
over one year's operation, this device
is proven to be of high working
efficiency, low power consumption,
reliable running, simple structure,
convenient maintenance, easy pro-
cessing and low cost, which would
have a prosperous prospect for be-
ing popularized and applied in other
similar hydropower stations. [ |

(Written by Shen Xuequn)

Dear participants of TCDC workshops,

In the auspicious Chinese Year of
Rooster, we would like to extend you
and your family our heartfelt wishes for
happiness and prosperity.

Entrusted by the Ministry of
Commerce of P. R. China, by now HRC
(Hangzhou Regional Center for Small
Hydro Power) has already hosted 38
TCDC international training workshops
on SHP, and nearly 700 international en-
gineers or technicians from around 70
countries participated. Itisbelieved your
stay in China offered you valuable expe-
rience through the classroom
presentation, discussions, study tours
and various contacts with the local
friendly Chinese people. Itismeanwhile
expected that we could continuously
carry out all-round exchange and coop-
eration in the field mutually concerned.

Thereby, HRC' s homepage (www.

L etter from HRC

hrcshp.org) was set up years ago for dis-
semination of SHPinformation, and it has
already been browsed by hundreds of
thousands of SHP professionalsforitis
informative, applicable and rewarding.
Now a new column called “HRC
Alumni” is open especidly for the par-
ticipants of TCDC SHP training
workshops, inside which the personal
details of each former TCDC participant
will be online, and participants can also
log-in for raising any comments or
suggestions, as well as get acquainted
with other friends for exchanging experi-
enceand technology to consolidatefriend-
ship and SHP cooperation. Insuchaway,
all of uscanwork closdly with each other,
regardless of the geographical distance,
and share valuable information and fur-
ther strengthen cooperation among us.
You, asour friends, are expected totimely
provide us the SHP-related information
in your countries (such as policies &

regulations, project cooperation, project
bidding, international meetings, training
and etc.) by means of giving
introductions, reports, brief news, busi-
ness opportunities or with vivid pictures.
We will put the relevant information on
HRC’s homepage, and possibly select
someto distributeinternationally through
our periodica “ SHP NEWS'.

Besides, should therebeany change
of your personal contact details or other
information concerned, never hesitate to
contact us directly, since HRC, as the
family of global SHP, isthe homefor all
of you.

Thank you for your attention.
L ooking forward to hearing from you.

Yours faithfully
Dr. Chen Shengshui, Director of HRC
Email:hrc@hrcshp.org
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Conference Held for Discussing Ecological I mpact of Water Project

On August 1st, a forum titled
Ecological | mpact of Water Projects
was opened in Beijing. Centering on
the theme of “attaching importance
to ecological environment
protection, and making water
projects beneficial to mankind”, ex-
perts and scholars from different
fields, people of various circles, who
keep an open eye on the undertaking
of water resources, debated on water
resources management and its rela-
tion with ecological environment, and
make suggestion to the construction
of water projects and improvement of
ecological environment. Over 300
people of various circles and MWR
staff attended the forum.

Minister of the Ministry of wa-
ter Resources (MWR), Mr. Wang
Shucheng, attended the forum and
gave a keynote speech. Vice Minis-
ter of MWR, Mr. Suo Lisheng deliv-

ered atheme speech and presided the
forum in the afternoon. Vice Minis-
tersMr. E Jingping, Mr. Liu Guanghe,
Ms Zhou Ying and Chief Engineer of
MWR Mr. Liu Ning also attended the
forum. The attendees probed into the
ecological impact of water conser-
vancy projects from theoretical and
practical aspects. Former Minister of
MWR, Jing Zhengshu, announced
the rating results of proceedings pre-
sented in the forum and awarded 32
winners. The article— “Ecological
Environmental Protection and So-
lution of SHP Development” pre-
sented by HRC wasin thewinner list.

Minister Wang Shucheng
pointed out in his address that, pro-
moting benefit and abolishing harm
of water is always a major undertak-
ing in China. Water projects have
played an irreplaceable role in eco-
nomic and social development of

China for thousands of years. The
development of water projects
should not sacrifice or at the cost of
destroying ecological environment. It
is our duty to protect ecological
environment. Water professionals
should pay more attention to ecologi-
cal and environmental problems, and
should shoulder the double respon-
sibilities of water construction and
ecological protection. On behalf of
MWR, Minister Wang Shucheng also
welcomed people of various circles
stick to scientific development view,
and make valuable suggestions on
how to deal with ecological impact of
water projects from different aspects,
and encourage the whole society par-
ticipate and support a harmonious
development of water projects with
ecological environment. [ |

A Chinese Magazine
“Small Hydropower” by HRC

T he Chinese “Small

Hydropower” , amagazine that
National Research Ingtitute for Rural
Electrification (NRIRE) and
Hangzhou Regiond Centre (Asia-Pa-
cific) for Small Hydro Power has ed-
ited and published for 124 issues (bi-
monthly), was alocated with the In-
ternational Standard Serial Number
ISSN 1007-7642, and China Standard
Serial Number CN33-1204/TV. It was
published in Chinese attached with
title of articlesin English. Its special
features are technical experience of

SHP development in China. Informa-
tion of international SHP activities
and important eventsin the field of
SHP have also been widely included.
This magazine carries news,
views and articles on all aspects of
small hydro power. Itisuseful to those
who areintersted in technical experi-
ence of SHP development in China,
“Small Hydropower” isthe only
professional publication on small hy-
dropower in China, which isissued
domestically and abroad. It iswidely
circled in al corners of China con-

cerning SHP, and getting more and
more popular in over 600 rural coun-
ties which is primarily hydro-
electrified, more than 2,300 counties
with hydropower resources, more
than 50,000 small-sized hydropower
stations, thousands of colleges or
universities, research institutes and
other administrative authorities on
SHP. Advertising iswelcome for any
equipment manufacturer to target
Chinese market on SHP construction,
equipment purchasing or other

businesses. [ |
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Environmental |ssues and M anagement for

Hydropower Peaking Operations

Helen Locher: Hydro Tasmania, 4 Elizabeth St, Hobart, Tasmania, Australia, helen.locher@hydro.com.au

Abstract: Many hydropower plants
are operated as peak generators or
frequency controllers, because they
can change their output quickly to
follow the fluctuating power
demand. When meeting peak load
requirements, a power station is
turned on at a particular time dur-
ing the day, generates power at a
constant load for a certain number
of hours, and isthen turned off or set
to a different load for another time
period, resulting in a high variabil-
ity in flow discharges. Where reser-
voir hydro schemes are operated pri-
marily to provide peak load services,
there are particular environmental
risks that should be considered in
any environmental impact
assessment. At a minimum these
should focus on water quality, flu-
vial geomorphology, riparian
vegetation, macro-invertebrate and
fish communities underpinned by a
sound hydrological analysis. Fre-
quent temper ature changes may oc-
cur downstream of a peaking power
station; increased seepage-induced
erosion of riverbanks due to frequent
water level drawdowns; and impacts
to macro-invertebrate and fish com-
munities due to rapid and frequent
in channel habitat conditions. With
a sound under standing of the poten-
tial environmental issues, there are
strategies that can be employed at
the siting and design stage to mini-
mize or mitigate these risks, includ-

ing but not limited to minimum envi-
ronmental flows, ramping rules, uti-
lization of a re-regulation storage
and localized treatment works.

Keywords: hydropower,
environmental, peaking,
hydropeaking, mitigation

1 Hydropower peaking opera-
tions

ydropower schemes are built

on many scales, involve dif-
ferent project types, and play differ-
ent roles in an integrated energy
system. Operating patterns vary, and
discharge patternsto the downstream
river environment reflect whether the
station is operating in base load, peak
load or frequency mode.

When meeting base load
requirements, a power station usualy
dischargesaconstant flow al day and
can maintain thisfor days, weeksand
even months depending on the scale
of the scheme and the generation
needs. When meeting peak load
requirements, a power station is
turned on at a particular time during
the day, generates power at a con-
stant load for a certain number of
hours, and isthen turned off or set to
a different load for another time
period, resulting in a high variability
in flow discharges. Hydropower sta-
tions may also operate in frequency
mode, where generators are brought
on or off depending on the changing
electricity demand throughout the

day, essentially ‘following’ the load.

Many hydropower plants are
operated as peak generators or fre-
quency controllers, because they can
change their output quickly to follow
the fluctuating power demand. A hy-
dropower generating unit can start up
or stop within tens of seconds, which
provides an important role in an inte-
grated energy system where each
type of energy source can be used to
its best advantages. Because of its
flexibility in generating patterns, hy-
dropower can optimize the efficiency
of lessflexible fossil of nuclear gen-
eration options, and also offers a
backup for other more intermittent
renewable energy sources such as
wind and solar.

Reservoir hydro schemes in
particular provide considerable flex-
ibility in energy provision, because
with their larger storage they can be
operated to provide either base load
or peak load services. Run-of-river
hydropower schemes provide base
load options, but with less flexibility
intheir ahility to provide peak power
because of their smaller storage
capacities. Pumped-storage plantsare
particularly well suited to meeting the
peaksin electricity demand; they es-
sentially work as a huge storage bat-
tery by charging or discharging
power according to the system’s
demand.
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2 Potential environmental issues
with hydropeaking

here reservoir hydro schemes

are operated primarily to pro-
vide peak load services, there are par-
ticular environmental risks that
should be considered in any environ-
mental impact assessment. With a
sound understanding of the poten-
tial environmental issues, there are
strategies that can be employed at the
siting and design stage to minimize
or mitigate these risks.

With any hydro scheme, the
downstream river environment hasan
altered hydrograph due to the cur-
tailing of major floods and a flow
range restricted to the turbine dis-
charge capacity. For a peaking
station, atypical hydrograph shows
twice-daily fluctuations from off to
full capacity discharges often with
weekend shutdowns. A peaking sta-
tion may show consistent daily to
weekly patterns of discharge
throughout the year rather than the
strong seasonal pattern that might be
shown for base load providers, and
depending on the scale of the
scheme inter-annual variability may
below.

Downstream effects on water
quality depend on the storage con-
figuration and offtake depth. If the
storage is deep and stratifies and the
offtake is low, the downstream envi-
ronment may experience frequent
temperature and dissolved oxygen
fluctuations particularly during the
summer period, with the power sta-
tion injecting cold water from deep in
the reservoir into the warmer waters
of the receiving environment. In situ-
ations where there are downstream
pollution sources draining into the
river system, peaking power station
discharges can cause pulses of pol-
luted water downstream rather than a
general dilution effect when operat-

ing to meet baseload demand.

Downstream effects on the flu-
vial geomorphology and dominant
geomorphic processes differ if a
power station is operating to meet
base versus peak demand. Major is-
sues with any hydro operations are
with the reduced sediment supply to
the downstream environment and the
erosive capabilities of continuous
larger than natural baseflows for
basel oad operations. With peaking
operations, the significant flow dis-
charge patterns affecting the chan-
nel form arethe rate and frequency of
water leve rise, thetimethe station is
at its maximum discharge level, and
the rate and frequency of water level
drop. A rapid increase in water level
has considerable bank scouring
capabilities. The amount of time the
power station discharges at its full
capacity influences the degree of
saturation of the river banks, which
in turn influences the degree of seep-
age-induced erosion that may occur
when the power station turns off. Fre-
quent and rapid drawdowns in water
level result in considerable pore wa-
ter pressures as the water drains out
of the banks, so with peaking opera-
tions the frequency of seepage-in-
duced erosion eventsincreases, how-
ever the severity of any one event
may be less than otherwise if the
power station has not been on long
because the banks will not be as
saturated.

Downstream effects on riparian
vegetation with any hydro operations
can be aloss of species cover and
diversity in the riparian zone due to
waterlogging and inundation, lack of
regeneration and recruitment, and
habitat alteration dueto bank erosion.
Inundation is the submergence of
vegetation that prevents gas
exchange, and prevents plants carry-
ing out photosynthesis and respira-

tion through their leaves. Waterlog-
ging is the submergence of the root
zone, which causes depletion of oxy-
gen in the soil and prevents respira-
tion by plant roots. Light limitation is
also a stress because plants require
adequate daylight hours without in-
undation or waterlogging to acquire
carbon through photosynthesis.
With peaking operations there are
reduced risks of impact due to water-
logging and inundation, as the ripar-
ian zone is drained and exposed to
sunlight on a daily basis. However
thereis till the case of limited regen-
eration and recruitment, because
seedlings can not establish on the
banks where water levelsrise rapidly
severa times per day and wash them
away. Banks close to the power sta-
tion may eventually end up with a
high percentage cover of mineral
substrates, and riparian tall woody
shrub species may be replaced with
ephemerals such as grasses,
gramonoids (grass-like plants) and
tolerant semiaquatic herb which may
provide some structural stability to
river banks.

Downstream effects on
macroinvertebrates (e.g. aquatic in-
sects and micro-crustaceans) for any
hydro operations are often a reduc-
tion in species diversity and
abundance, as well as loss of edge
and snag habitat. The significant driv-
ers of these impacts are that the wa-
ter levels with the power station off
are often lower than mean summer
baseflows resulting in less habitat
availability for colonization, and wa-
ter levels with the power station on
are often higher than mean winter
baseflows resulting in grester depths
and current vel ocitiesthan optimal for
some species. With peaking
operations, water levels change
across this range several times per
day, and frequent water level aswell
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as temperature changes would cause
high stresses on the instream biota.
For example, high shear stresses, that
is the force applied to the river bed
from rapidly rising water levels, is
associated with faunal displacement
and possibly bed movement under
rapidly varying flows.

Hydropower schemes can affect
migratory aguatic species due to the
physical barrier to upstream migra-
tion presented by the dam itself.
Baseload discharge patterns can re-
duce fish population in the down-
stream environment due to reduced
macroinvertebrate food supplies, [oss
of snag habitat, and impacts on
spawning and migration cues due to
changes in the seasonality of flows
(and in cases temperature). Where
there are natural downstream ob-
staclesto fish migration such asriver
gorges, baseload discharge patterns
may cause fish migration difficulties
due to sustained high flow releases,
whereas peaking discharge patterns
may provide more frequent opportu-
nities for migration through these
gorges.

Social issues can also arise due
to peaking operations, for example
human safety issues with rapidly
changing water levels, risks of stock
stranding, and issues with pump set-
ups for landowners.

3 Investigating environmental
impacts due to hydropeaking

I nvestigations of environmen-

tal impacts of hydropeaking
operations must be underpinned by
a sound analysis of operating pat-
terns and downstream hydrology.
The drivers of impact in the down-
stream environment are the rapid
changes in flow, and at any given
point in the system thiswill result in
different water heights, current
velocities, degree of backwater inun-

dation or channel dewatering, ramp-
up and drawdown rates. A detailed
set of gauging sites and water level
recorderswill provide basic datathat
can then be fed into a hydrological
model of theriver systemto assist in
modeling of environmental impacts.

Because of the rapid changes
in water level with peaking
operations, water quality impactsare
best assessed using sites that con-
tinuously record temperature, dis-
solved oxygen and conductivity, at
several sites downstream of the
power station. Sites should bein con-
junction with agauging or water level
station so that reading can be related
to flow/level changes, and ideally
upstream and downstream of signifi-
cant tributaries.

Investigations of the impacts of
peaking operations on fluvial geo-
morphology require particular atten-
tion because the dominant geomor-
phic processes can vary consider-
ably depending on the type of dis-
charge regimefrom the power station.
These investigations can employ a
number of different approaches. De-
velopment of a sediment budget for
the downstream environment pro-
vides avaluable framework for more
detailed reach-specific assessments,
as does mapping of riverbank and
bed attributes using ahand-held GPS
to identify those zones most suscep-
tible to bank erosion. For existing
schemes, broadscale geomorphic
change in over time can be assessed
using comparative aerial
photography. Changes to channel
profile, depth and channel geometry
can be assessed using repeat survey
cross-sections. Changes to bank sta-
bility and profile can be assessed
using erosion pins and photo
monitoring. Scour chainsin associa-
tion with erosion pins offer the abil-
ity to show maximum scour that oc-

curred during the period between ero-
sion pin measurements. Water
samples analysed for suspended sedi-
ment concentrations at different
pointsin the river, particularly with
continuous autosamplers, are valu-
able where rivers transport fine-
grained sediments.

Further techniques can be em-
ployed for predicting the fluvial geo-
morphic impacts of peaking opera-
tions for proposed hydropower
projects. Sediment transport capac-
ity of the flow regime can be assessed
with dedicated experiments and hy-
draulic calculations requiring good
particle size data and hydraulic char-
acteristics at a cross-section. Pen-
etrometer readings of sediment banks
can provide an indication of bank
cohesion and strength. Piezometers
are a valuable tool to determine
groundwater changesin the near river
sediment banks in response to
changesinriver level, so that degree
of bank saturation, pore water pres-
sures and degree of risk of draw-
down seepage induced erosion can
be assessed, often with the aid of
computer models. Close investiga-
tion of the inter- relationships of ri-
parian vegetation composition and
cover with bank stability processes
is essential in any investigations.

Investigations of the impacts of
peaking operations on riparian veg-
etation require a basic broadscale
mapping exercise of riparian plant
communities, and more site-specific
surveys of cover and abundance of
plant species using a quadrant based
approach. Quadrants need to be lo-
cated in a profile up the bank so that
they can be related to different water
levels and inundation times. Addi-
tional riparian vegetation investiga-
tions should encompass assess-
ments of recruitment within each sur-
vey quadrant, sampling and analysis
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of root mat densitiesin different bank
sediment types, and assessment of
the contributions of mosses or
ground cover species to stream bank
stability.

For assessment of
hydropeaking impacts on
macroinvertebrate populations, in-
vestigations should consider species
presence/absence, species
abundance, habitat availability and
shear stress. Several techniques ex-
ist to obtain samples for
identification. A rapid presence/ab-
sence assessment can be undertaken
using kick-net samplinginriffles, with
samplesidentified to the family leve,
and ideally thisdatawould befed into
a predictive bioassessment model
which can compare observed taxato
expected taxa and thus provide arat-
ing of degree of impact. Considerable
work must go into the development
of a bioassessment model if no ap-
propriate model exists.
Macroinvertebrate abundance can be
assessed using quantitative
(“surber’) samples that are typically
identified to genuslevel, and in cases
to specieslevel toidentify any threat-
ened species. Habitat availability
analyses requires two data sets-hy-
draulic data (e.g. velocity, depth, sub-
strate characteristics) collected in
field surveys from representative
transects across the river under
power station on and off conditions,
and habitat preference data for key
aquatic taxa derived from either the
literature and/or from field sampling
—to derive plots of ‘weighted usable
ared for different flow levels. Findly,
shear stress analyses can be under-
taken in the field by placing hemi-
spheres of known densities on the
stream bed and observing their move-
ment under changing flow conditions,
an exercise that requires diving and
so safety is a prime consideration

when considering this technique.

Assessment of theimpacts peak-
ing operations on fish are species are
largely based on field fish surveys.
Backpack electrofishing is often cho-
sen as a standard sampling method.
It allows for a repeatable approach
with minimal mortality rates, has
known biases, and offers amethod of
comparison between sites. Results
can be standardized into a compara-
tive Catch Per Unit Effort figure for
each visit to each site, and site
ordination, ANOVA and other stetis-
tical analyses conducted. Habitat
availability and preference should
also be undertaken as per the
macroinvertebrate assessments. Site
selection should include significant
tributary streams as well as the
mainstem river, and particular atten-
tion paid in sampling program design
to upstream and downstream of natu-
ral flow obstacles to migration such
as gorges. It can be valuable to dis-
sect some fish to analyse their food
sources, to better enable linkagesin
fish condition to be made with
macroinvertebrate populations.

More specific assessments are
likely to be required for significant
species such as waterbirds or aguatic
mammals, which would vary consid-
erably in different parts of the world.

4 Environmental management
and mitigation measures for

hydropeaking
A range of management ap-
proaches and mitigation mea-
sures can be employed to address the
potential environmental issues with
peaking operations, and investiga-
tions of impacts should be directed
at identifying and eval uating manage-
ment options as much as assessing
impacts.

4.1 Discipline-specific options and
objectives

Water quality —Storage siting
and design should consider whether
reservoir stratification is likely to
occur, and whether a multi-level
offtake may be required to ensure re-
lease of oxygenated and ambient tem-
perature water.

Air injection in the turbines can
ensure sufficient oxygenation of wa-
ter releases.

Siting upstream of a significant
tributary can ensure mixing of power
station discharges with water of am-
bient temperatures to the further
downstream environment.

Geomor phology —Physical but-
tressing of riverbanks;

Reduction of the maximum
power station discharge to reduce the
phreatic surface gradient in the
banks;

Minimising theduration of maxi-
mum discharges to reduce the extent
of bank saturation;

Maintenance of aminimum en-
vironmental flow to lessen scour of
the bank toes and reduce phreatic
surface gradient; and

Measures that would increase
the viability of riverbank vegetation.

Riparian vegetation —Instigat-
ing low flow rates for three summer
months every year to alow riparian
plantsto grow and reproduce and for
recruitment to occur during the sea-
son of greatest metabolic activity;

Ensure 24~48 hour shutdowns
on approximately a weekly basis to
reduces stresses of waterlogging and
inundation (note this would likely
occur anyway with peaking
operations);

Facilitate regeneration by direct-
seeding of the river banks with local
riparian species; and measures that
would improve physical stability of
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the riverbanks.

Macroinvertebrates—A mini-
mum flow to ensure that a proportion
of the channel is permanently
inundated, that snag habitats on the
channel margins are inundated, and
that channel can maintain a constant
macroinvertebrate community when
the power station is not discharging;

Management of rates of in-
crease and decrease of power station
discharge can dow the rates of down-
stream river level changes, and thus
reduce shear stresses on the bed par-
ticularly on the rising limb of the
hydrograph by reducing water sur-
face slopes, and reduce incidences
of stranding of fish and
macroinverbrates.

Fish—A minimum environmen-
tal flows would benefit
macroinvertebrate communities and
so would indirectly benefit that feed
on the macroinvertebrates,

A partia or stepped ramp-down
would provide cues to the fish of
dropping flows before full dewater-
ing of habitats occurred, hence reduc-
ing the potential for fish stranding
under peaking operations; and

Restocking with native species.

4.2 Options assessment
A number of the management
and mitigation options to ad-
dress environmental impacts of peak-
ing operations involve dedicated
water release patterns. Water man-
agement options include minimum
environmental flows, power station
ramp-downs, power station rates of
flow increase, reducing maximum
discharges, and minimising durations
of full gate discharges.

Controls on patterns of release
to the downstream environment to
address potential impacts to the
downstream ecosystem can be pro-

vided either through the power sta-
tion discharges, through a dedicated
release valve, or by are-regulating
structure downstream of the power
station.

In general, water management
options constitute significant con-
straints on power station operations
and can incur considerable lossesin
generating potential. Large generat-
ing turbines may not be able to gen-
erate small discharges required for
minimum environmental flows, and
many have rough running bands that
should be largely avoided.

For delivery of an environmen-
tal flow, an upfront magjor capital cost
may be preferable to ongoing con-
straints on discharge patterns. If the
siting allows it and the cost-benefit
analysis supports it, construction of
are-regulation storageto alow down-
stream release patterns to be dedi-
cated to environmental management
outcomes can be very successful. A
re-regulating structure is a dam or
weir that impounds the regulated
flows from the power station, and a-
lows control over release patterns to
downstream of the structure. Mini-
hydro turbines can also/aternatively
be employed to recover generating
capability with minimum flow
releases.

A ramp-down or step-down rule
for the power station could be com-
patible with peaking operations. This
would be particularly of benefitinre-
ducing seepage-induced erosion in
riverbanks, and would also offer ben-
efits to fish to reduce risks of fish
strandings.

Ramping up constraints would
not be desirable with peaking
operations, as they would reduce the
rapid start advantage that the hydro-
power station offers with the provi-
sion of peak load. The provision of a

minimum environmental flow can
lessen the need for aramp-up rate, as
it would ensure that shear stresses
arereduced aswater levelsrisein the
downstream river system.

Depending on the
circumstances, it islikely that severa
of the options are utilized as a
package. Water management options
in combination with localized treat-
ment works can be successful.
Localised treatment options include
bank protection works, bank reveg-
etation works, local willow control,
and fencing/stock exclusion. There
may also be site-specific
opportunities, such as diversion of
part of the downstream flow to lessen
the degree of water level riseand fall.

5 Conclusions

I n summary, there are a num-
ber of potential environmen-

tal issues associated with
hydropeaking operations, as well as
arange of mitigation measures avail-
able to substantially address these
issues. Potential environmental issues
should be thoroughly assessed prior
to finalizing the siting and design for
aproposed scheme, so that potential
impacts can be minimized, and that
the scheme can include any mitiga-
tion or management measures as part
of itsdesign. Many of these measures
can aso beemployed to minimizeim-
pacts arising from peaking operations
with an existing scheme. Assessment
of management measures should con-
sider any possibilities of trade-offs
that might arise amongst the differ-
ent ecosystem components, and
should be should be subject to athor-
ough cost-benefit andyss. [ |
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Hydro Power in Norway — Development, Political

Priorities and Public Opinion

——Lessons learned through more than 100 years of developments

Bj@rn Wold: Norwegian Water Resources and Energy Directorate, P.O.Box 5091,MJ., N-0301 OSLO,Norway.

Abstract: The production of hydro
power from its natural water re-
sources has come to mean more to
Norway than to possibly any other
country in world. The right to utilize
the falling water in the rivers be-
longed to whoever owned the adja-
cent ground. The acquisition of wa-
ter rightsis not allowed without a
license from the government. Any de-
velopment is also dependent on a
governmental licence. Important
conditions such asreturn of the prop-
erty to the government without any
compensation after 60 years, com-
pulsory delivery of power at produc-
tion cost and license fees to the lo-
cal municipalities have been impor-
tant incentives for the public and
political acceptance of hydro power
development in Norway during a
long period of economic
development. Today, Norway is a
rich and materially well developed
country, and there is no longer any
acceptance for further hydro power
development. Some of the remaining
potential will be utilized for small-
scale local developments, but most
of itwill beincorporated in govern-
mental conservation plans.

Keywords: Hydro power; licensing;
public acceptance

1 Introduction

W ater isone of Norway's major
natural resources. Lots of wa-

terfalls and natural lakes provide ex-
cellent opportunitiesfor hydro power
developments. The harvesting and
transformation of the abundance of
water into hydro power has come to
mean more to Norway than to possi-
bly any other country in the world.
When technologies for producing
and using electricity emerged in the
second half of the 19" century, Nor-
way was still a dependency ruled by
Sweden. But even so, it wasin apro-
cess of rapid industrialization, and
withno coal onitsown, it took quickly
to harnessing the power of itsrivers.
What got Norway off to a strong and
early start was more than anything
else, thefavourable distribution of its
hydro power resources. There were
suitable sites for small scale devel-
opment available throughout the
country. Development could be un-
dertaken on asmall affordable scale
to begin with increasing in force as
the demand base broadened.

In more than ahundred years of
hydro power development, Norway
has had consistently the highest per
capitaelectricity consumption of any
country, and virtually all of it from
hydro power. Even in overall terms,
then, thissmall country of 4.5 million
people rankswith the world’s top hy-
dro power producers. Hydro power
has made a major contribution to
Norway’s economic development, by
supporting a strong export industry

and as a component of material
welfare.

When the technologiesfor prac-
tical utilization of electricity werein-
troduced in the 1880s, Norway was
still a poor country not only by
today’s measure, but also relative to
her southern neighbours in Europe
a thetime. The economy waslargely
agrarian. Out of apopulation of close
to 2 million, less than a quarter were
living in towns. Only 10% of the em-
ployment was found in the industry,
against more than 50% in agriculture.

Norwegian business and engi-
neering communities were quick in
grasping the potential of the new
innovations. The building of the first
dam started in 1879 and the hydro
power station started production only
45 faysafter ThomasA. Edison’svery
first station in Fox River, Wisconsin,
USA. The northern city of
Hammerfest became thefirst townin
the world to have amunicipal power
supply systemin 1890.

2 Licensing and Local Ben-

efits
U nder the Watercourse Act of
1887 theright to utilize thefall-
ing water in ariver belonged to who-
ever owned the adjacent ground. This
was merely acodification and clarifi-
cation of legal rights that had devel-
oped with the extensive use of water
power for local mills etc. over
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centuries. The water utilization right
could be sold off separately from the
land. But the owner of the right could
not alter the regime or the course of
the water to the detriment of others
without their permission.

The prospect of profitable hy-
droelectric development gave the
water rights a new value, and made
them suddenly the object of trade and
speculation. Water fall speculation
seemed to become rampant at the
beginning of the 20" century, and
particularly the participation of for-
eign investors caused popular
concern. Thusin 1906, one year after
Norway got its independence from
Sweden, the government passed the
Industrial Acquisition Law that made
the acquisition of certain industrial
rights including water falls depen-
dent on a governmental licence.

The Water Course Regulation
Act of 1917 came to be the most im-
portant law in larger scale hydroel ec-
tric power development. Without the
right to regulate water flow by sea-
sonal storage, development for regu-
lar all-year power production is not
possible in Norway. Under this law,
regulation of flow by storage is de-
pendent on a governmental licence.
Such alicence shall only be granted
if the advantages obtained clearly
outweigh damage and disadvantage
to property as well as to public
interest.

In thelicence, conditions can be
stipulated as deemed necessary in
public interest. A main condition for
all private investors was that all
installations, including the dam and
power station, shall revert to the State
in good working condition at the ex-
piration of thelicence, normally after
60 years. This reversion right has
been undisputed until recently, when
it has come under pressure from lib-

eral ideas and rules in the European
Union. However, the general opinion
among Norwegian people and politi-
cians is still that water and hydro
power is an everlasting nature re-
source that should belong to the
people. Investors may help to develop
and reap the benefits of the resources,
and have their fair good share of the
economic outcome, but after acertain
period the production rights and in-
stallations should be retuned to the
State.

License conditions also include
full economic compensation for any
damaged caused by the developer,
and obligations toward the public in-
terest such as health, education, lo-
cal employment etc.. In addition the
local municipality isentitled to claim
acertain part of the electricity pro-
duction (“licence power”) payable at
production cost only. This part shall
not exceed the total need for power in
the municipality. In practise the lic-
ensee has to deliver approximately
10% of the mean annual production
to the local municipalities. The idea
was to secure power for local electri-
fication of householdsand small scale
industry. Today, with a fully inte-
grated transmission grid and alibera
electricity market, the municipalities
may sell off their part of the produc-
tion in the market. Some municipali-
ties earn extramoney by such sale of
power. Others prefer to supply their
own inhabitantswith cheaper electric-
ity than the normal market price.

The power producer will also
have to pay a defined annual fee,
based on the potential mean annual
production to the local municipalities
and to the state. 25%0f thetotd feeis
paid to the central government and
75% of the feeisdivided between all
the affected municipalities, including
the reservoir area and some down-
stream areas.

Another general condition de-
termines a specia development fund
to the affected municipalities. Within
a framework decided by the
government, the local government
decides the use of the fees and the
fund in order to develop loca indus-
try and businesses.

Norway’s constitution contains
aprovision for compulsory purchase
or expropriation: “Should the inter-
ests of the State or the public reguire
that anyone shall cede any of his
moveable or immovable property, he
shall have full compensation by the
State Treasury. Stipulations of con-
ditionsfor such expropriation and the
procedure for determining compen-
sation (usually by a court of
valuation) are incorporated in the
water laws and in the genera law of
expropriation.

3 Public Acceptances

practice of extensive public

hearings before granting a li-

cence has been instituted in Norway.

These public hearings and the par-

liamentary debate on major regula-

tion projects has been the main tests
of acceptability to the public.

From the start of the hydro
power developments and until 2/3 of
the 20" century had passed, the pub-
lic opinion was quite positive to the
hydro power development. The de-
bate was whether foreign investors
should be allowed or not, and not on
the detriment of nature. Dams and
dry river beds did not seem to be of
much concern compared to the pros-
pect of getting domestic electricity,
first mainly for lightning, and then
for new industry.

The cheap “licence power” cre-
ated new opportunities and was ac-
cepted as a very positive step for-
ward for thelocal community. Other
economic benefits, such as the li-
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cence fees and taxes, created rapid de-
velopment of social and economic
structures in these small countryside
societies. Most of these changes were
positive, and people seemed to enjoy
the new opportunities.

Smaller developments were
mainly for local demand, while others
were for large scale industrial devel-
opment and for large cities. In the
middle 1940 stherewere closeto 2000
power stationsin Norway, but still not
all the parts of the country was
eectrified. Gradualy anationa trans-
mission grid was developed and the
duty for thelocal electricity company
to secure the local demand eased.
Electricity became a normal and al-
ways available commodity. Small
power stationswere closed down, and
new larger oneswere built.

The larger schemes included
larger dams and dry river beds, and
the area of untouched nature was
gradually reduced. The previous clear
ties between development and use-
fulness became less obvious. In the
general public, more people became
more concerned about nature detri-
ment and preferred to see the rest of
Norwegian rivers untouched by
developers, rather than more energy
and more material welfare. However,
most municipalitieswere still positive
dueto the extra valuable income they
got from the development and
production.

The counter forces conserva-
tionists grew gradually in number and
strength, from afew NGOs with their
main power base among academicians
in the towns to a public movement
with strong support also in the coun-
tryside and gradually even among the
politicians in the Parliament. Some
controversial development gavelarge
symbolic effects to the conservation-
istsand from 1970 it wasfairly easy to

recruit large groups of people for
peaceful demonstrations and civil
disobedience against further
developments.

Conservation plans for several
rivers and a master plan for further
development were introduced, but
even so al new development plans
became more or less controversial.
Finally in 2001, the PrimeMinister de-
clared in aspeech that the eraof large
hydro power developmentsin Nor-
way had come to an end. A total of
approx 120 TWh have been devel-
oped out of atheoretical calculated
potential of 187 TWh.

Small scale hydro and wind
power should take care of the future
demand. After afew years of small
scale hydro power developments it
is clear that the environmental detri-
ment for many small schemesis no
less than for the fewer big ones. But
local people seem to accept more
negative effects aslong as they also
get the positive one of earning
money on the development, and it is
definitely more difficult for national
NGOs to create a public movement
against such developments.

4 Conclusion

tisimportant for any devel op-

ing county to develop their
own legal framework and democratic
processesin order to get national and
international acceptance for deci-
sions development or conservation.
However, thedifficult matter of judge-
ment between adevelopment that will
give electricity and valuable eco-
nomic benefits on the one hand and
changes, sometimes permanent ruin
of acertain nature value on the other,
should be a national political
responsibility. It isimportant to se-
cure the national rights of natural re-
sources and a good gain for the local

inhabitants in the development area
through the national legislation.

It is easy to get local and na-
tional accept for development of na-
tures resources as long as thereis a
general need for economic develop-
ment and material welfare in the
society. When locals feel the posi-
tive benefits of a development, they
are also willing to accept several
negative effects. When the level of
material welfare increase, other val-
ues like untouched environment tend
tobemoreimportart. [ |

Introduce SHP in China
to Rwandan Ambassador

Asinvited by the Chinese
Ministry of Water Resources,
Deputy Secretary General of HRC
Secretariat Mr. Pan presented a
brief introduction of small hydro
power in Chinato Rwandan Am-
bassador Dr. Rugangazi in Beijing
on 28 June 2005. Dr. Rugangazi
was pleased to learn that HRC
sent a group of specialists to
Rwanda for consultation mission
on SHP short time ago, asinvited
by KIST.

Discussion was followed by
the both sides on SHP coopera-
tion and other related issues of
mutual concern. Deputy Director
General of International Coopera-
tion Dept. of the Ministry, Ms
Meng chaired the introduction
meeting. [ |
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2005 NHRI International Water Science Summer CampersVisited HRC

From June 25 to 27, the partici-
pants of 2005 NHRI International
Water Science Summer Camp paid a
visit to HRC, spending three happy
days in Hangzhou, one of the most
famous citiesin China, which boosts
a long history and picturesque
sceneries, and is always compared
to “A Paradise on Earth”.

On the first day, taking a boat
on the West Lake, all the campers
were fascinated by the pretty
sceneries; after dinner, rambling
along the Qinghefang, an ancient
style street, which keeps intact in
Hangzhou and serves as an epitome

Discussing on SHP in China

At Tinghu Rubber Dam

of the long history of Hangzhou, ev-
ery one took great pleasure in shop-
ping and concluded with fruitful
results. On the second day, after vis-
iting the Dayu Mausoleum in
Shaoxing, and listening to the story
about Dayu, both the founder of Xia
(C. 2100~1600 B.C), thefirst Dynasty
in China, and a great hero on flood
control, the campersgot to know more
about the long history of water con-
servancy in China. Then, the on-site
studies have been undertaken in
Tinghu SHP station with a rubber
dam, and Nanshan SHP station, a
multi-function project in Shenzhou.

At Flower Harbor Park in Hangzhou

At Emperor Dayu Mausoleum

On the last day, the campers visited
HRC and its lab, being offered by
HRC expertswith theintroduction on
HRC aswell asthe SHP development
in China. All the campers showed
great interests, being enthusiastic in
asking questions one after another,
al of which were well answered by
the experts. Before their leaving for
Shanghai, the happy campers were
warmly embraced by the famous silk
market in Hangzhou.

At the time to say goodbye, a
symphonic voice echoed: Long life
our friendship. [ |

Appreciating Chinese tea culture

At Nanshan SHP Station
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2005 Training Course on SHP for Asia-Pacific Region

“2005 Training Course on Smdll
Hydropower for Asia-Pacific Coun-
tries’ is specifically for developing
countries under the list of aid to for-
eign countries by the Chinese
government. Entrusted by the Min-
istry of Commerce, Hangzhou Re-
gional Center for Small Hydro Power
(HRC) will undertake the mission.

Sponsored by the United Na-
tions and Chinese government,
Hangzhou Regional Center for Small
Hydro Power (HRC) was created in
1981, aiming a promoting the SHP de-
velopment in the world. China has
most SHP stations, with much experi-
ence in SHP development. In order
to disseminate SHP technology, HRC
has already held with success 38
training workshops for nearly 700
participants from 70 countries.

1. Objectives: To master the basic
theory and principles of SHP
development, to know more about the
serialization and standardization of
Chinese SHP equipment, and to mas-
ter the method of equipment
selection, operation and maintenance,
€etc.

2. Date: From 20 Oct. to 28 Nov.
2005, Hangzhou, P.R. China.

3. Venue: Hangzhou Regional Cen-
ter for SHP, Hangzhou, China.

4. Course Contents: Proceduresof
SHP development, SHP Hydrology,
civil structure and economic
evaluation, SHP equipment selection,
operation and maintenance, electrical
design and automatic control tech-
nology for SHP station, etc.

5. Training Methods: Lectures,
experiments, practice, discussions,
field trips & seminar.

6. Medium of Instruction: English

<Prospectus>

7. Methods for Evaluation: Cer-
tificates will beissued to those quali-
fied participants who present the
country report on SHP and perform
well during the training.

8. Participant’s Qualifications
and Requirements for
Admission:

a. Recommended by the governmen-
tal organizations concerned.

b. The applicants should be under 50
years old.

c. At least two years working experi-
ence in the hydropower sector.

d. Bein good health with no infec-
tious diseases or handicapped.

e. Beproficient to listen, speak, read
and writein English.

f. Prepare areview paper or report on
SHP development of the participants
country so asto exchange among the
participants.

g. Not to bring family membersto the
training course.

h. To observethelaws, rulesand regu-
lations of P. R. Chinaand respect the
Chinese customs during the training.

9. Training Expenses:

a. The Chinese government will bear
the expenses of training, boarding
and lodging, local transportation,
pocket money of RMB 30 Yuan per
person per day for those from devel-
oping countries during the training
period.

b. The expenses of international air-
fares (including transit fees), medical
care, insurance for the participants
are covered by the participants
themselves.

10. Application and Admission:

a. Nominated by their respective
governments, applicants are re-
guested to fill up the Application
Form, which should be endorsed by
the departments concerned of their
respective governments, and submit
withvalid Health Certificate provided
by authorized physicians or hospi-
tals to the Economic or Commercial
Counselor’s Office of Chinese Em-
bassy (ECCOCE) for examination and
endorsement.

b. If endorsed after checking, Admis-
sion Notice will be signed and issued
to the accepted participants by
ECCOCE through therelated govern-
ment departments. With Admission
Notice, participants should go
through all necessary formalitieswith
all the mentioned documentsto China
on the registration date.

11. Insurance: Thetraining course
organizer dose not hold any respon-
sibility for such risks asloss of life,
accidents, illness, loss of property
incurred by the participants during
the training period.

12. Liaison Address:

a. Economic or Commercial
Counselor’s Office of Chinese Em-
bassy (ECCOCE).

b. Hangzhou Regional Center (Asia
Pecific) for Small Hydro Power.

1. vEX&EZ2FH 5504
2. B RH R REE RN P

Wit Add. fE AT FERg 122 5
122, Xueyuan Road, Hangzhou, China

B Z A Contact person; #% Xk & Mr. Pan

#,75 Tel: 0086—571-88086586;
4% A Fax: 0086—571—88062934

56729281

¥, -Fdf 4+ Email : hrc@hrcshp.org

B 3k Web sit€: www.hrcshp.org
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