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This manual has been prepared as one of a series of five for various groups of technicians and
professionals engaged in design, survey, feasibility studies, manufacture, installation
management, operation, maintenance and repairs of private/community based microhydro
power (MHP) installations in the Hindu Kush-Himalayan Region. The main reason for
preparing these manuals was the felt and stated need of such implementers groups for whom
opportunities for adequate training or advisory back-up were lacking; but are now recognized
to be a key ingredient for success. This is mainly because such schemes are designed,
installed and operated by people whose capacities in this respect are not up to the desirable
mark. The current manual is aimed at managers and operators who have to carry out
maintenance and minor repairs and also to organize major repairs in the remote and under-
developed mountain areas. It is hoped that this manual would provide some assistance to such
professionals as a reference document.

Keeping in view the lower educational qualifications of managers and operators, an attempt
has been made to keep the contents of the manual simple. However, in such cases there
always has to be a trade off between the depth of knowledge which decides its usefulness and
simplicity which results in its use by many less qualified practitioners. An attempt has been
made here to achieve this trade off.

All the manuals including this one have been prepared as a specified component of the
project titled “Capacity Building for Mini- and Micro-hydropower Development in the
Selected Countries of Hindu Kush-Himalayan Region-Phase 11”. The project is generously
funded by NORAD and implemented by ICIMOD. The first draft of this manual was
prepared by Development and Consulting Services (DCS), Butwal, Nepal. Later, it was
extensively revised by Dr. A.A. Junejo, the project Coordinator of MMHP project with the
help of field staff of DCS; which did a very good job in providing the necessary information
in one document and identified many damage mechanisms and reparis methodologies. The
revision is based on recommendations of the Consultative Meeting of regional and
International Experts which reviewed all the draft manuals in February 1998. ICIMOD is
grateful to DCS and its field staff for their inputs and hard work.

This and other manuals would be sent to the national focal agencies for modification (if
necessary), translation and publication in India, Nepal and Pakistan; and would be distributed
to the prospective deserving users and beneficiaries including some relevant institutions.

This is a first attempt to produce and publish manuals such as these for the user-groups
mentioned earlier; therefore, there should be many possibilities for improvement. From this
point of view, comments and suggestions from the experts, institutions and users are very
welcome and would be considered during the revision of these manuals.

Dr. Anwar A. Junejo
Coordinator, MMHP Project
ICIMOD
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CHAPTER I

Introduction

Energy needs of the people of Hindu Kush-Himalayan (HKH) region are not being met
adequately because the traditional resources such as fuel-wood are dwindling fast and more
modern resources are difficult to provide due to many constraints. The per capita energy
usage in these areas is very low; therefore, it cannot support initiatives to improve living
conditions, create employment and income enhancement opportunities and contribute
towards overall development such as infrastructure development. Therefore, suitable and
reliable energy resources need to be developed and implemented in such areas, keeping in
view their specific features which are significantly different from the plains or even hilly
areas nearer the plains. Tue level of development, for example, is very low, the people are
poor, access is difficult, population is scattered and awareness and know-how about the
machinery is almost nonexistent. To meet the energy needs of such areas the energy sources
and systems must be reliable and preferably such that local population can easily manage
them and adopt them. Micro-hydropower (MHP), which builds upon traditional technology
of water wheels (Ghattas or Gharats), is now recognised to be the most suitable,
environment-friendly and even leastcost option for many such areas.

Private, community-based and decentralised MHP installations. are now meeting the energy
needs of many mountain areas in China, Nepal and Pakistan to a significant extent. While
appropriate support arrangements have been put into place in China, they are severely
inadequate in Nepal and Pakistan. As clearly recognised during various meetings,
consultations and field studies, appropriate and adequate institutional support and
interventions need to be designed and provided to different professionals analyzed in various
aspects of MHP implementation; without which the performance and viability is unlikely to
be satisfactory. This is because such MHP schemes, are designed, manufactured and
installed indigenously and owned, managed, operated and maintained by the local people of
the remote mountain areas.

The identified interventions mainly concern improvement of quality and performance which
can be achieved through development and dissemination of training programmes, manuals,
standards and guidelines, back-stopping and advise to the managers/operators and finally,
proper maintenance and repair systems for such plants. In this regard, ICIMOD has taken the
initiative and attempted to design and implement quality training programmes and prepare
and disseminate appropriate information manuals on various aspects of MHP implementation
including site survey and layout, design and manufacture, installation, management and
operation and repairs. In all, five such manuals have been prepared for the technicians and
owner-managers engaged in implementation and operation of such plants, These activities are
part of a project designed and implemented by ICIMOD and financially supported by the
Norwegian Government.

1.1  About this Manual



This manual is mainly prepared for the owner-managers and operators of private MHP plants,
who hove to mostly rely on themselves or some local technicians to carry out identification of
a manufactures and subsequent repairs. Obviously, these owners or operators can not carry
out properly all the repairs due to lack of expertise or knowledge, proper tools and
instruments and workshops and the allied equipment. Another impediment is the wide
variety of equipment and different designs that exist in the HKH region. In Nepal alone,
three distinctly different designs of cross flow turbines are being produced by the
manufacturers due to lack of agreed standards or any form of supervision or co-ordination.
Nevertheless, most design concepts and many important components are the same; therefore,
an attempt has been made here to describe methodology for diagnosing and assessing the
malfunction, deciding about the course of action for repairs and actually carrying out many
basic repairs, including assembly and disassembly. It is accepted that many repairs would
have to be referred to properly qualified and equipped technicians and workshops; thus some
suggestions for repairs at these places have also been included.

One of the keys to reliable operation is routine preventive maintenance, ie, regular inspection,
lubrication, cleaning, replacing worn items and responding to concerns identified during
inspections immediately rather than waiting for machinery to break down before taking
action. If minor repairs are not carried out soon enough, the plant may break down
completely, resulting in significant additional cost, loss of income due to delays in repairing
the affected part and may be more damage to other more expensive parts.

One of the purposes of this manual is to item wise recommended appropriate preventative
maintenance for a typical MHP plant and to give details about how to implement it. It is
important that manufacturers' maintenance schedules and the periodic checks described in
this manual are, carried out if installed machinery is to give reliable service for a long time.
However, detailed daily or weekly maintenance is not covered in this manual.

Even though a preventive maintenance scheme may be carefully implemented, occasional
breakdowns will still occur. Sometimes after repairing or replacing parts of the plant,
difficulty may be experienced in getting the new component to function correctly. To assist
in problem solving, a number of common problems encountered in MHP plants are also listed
in this manual, along with their causes and recommended corrective action.

In some installations agro-processing machines such as oil expellers, rice hullers, flour
grinders, etc., are also driven by the MHP plant (either directly via an intermediate shaft not
needing electrical power, or through electric motors). This manual does not specially cover
maintenance and repair of driven end use machinery other than the electric generator.

Basically, the information provided in this manual is applicable for plants having capacity up
to 100 kW. However, plants larger than 50 kW usually incorporate more safety related
equipment and also need sophisticated tools and workshop facilities for repairs. Therefore,
this manual is more relevant for the smaller plants having less than 50 kW, capacity. In fact,
most of the private/community based plants in Nepal, Pakistan and India fall within this
range, therefore this manual should be beneficial for the more than 1000 such plants.



CI-IAPTER 2
MAINTENANCE AND REPAIR OF CIVIL WORKS

Civil works shown in Fig. 2.1 are crucial components of MHP plants and vulnerable to
natural mishaps such as rains, floods or landslides. In this chapter, extraordinary
maintenance and repairs of civil structures has been covered leaving aside the routine weekly
or monthly maintenance. The difference between the extraordinary maintenance and the
repairs is that in the first case damage is not extensive and the repair/maintainenance is
needed due to normal wear and tear or some minor mishap. Extensive repairs are those
which have to be carried out due to major damage or break down.

Fig. 2.1 Civil works and other components of a typical MHP scheme
2.1 Weir or Partial Dam

The function of a weir is to maintain a constant water level and flow entering the power canal
all the year round, irrespective of low or high flow in the stream (Fig. 2.2). Alternatively, a
partial dam may have been built, which diverts water into the intake mouth but does not
extend all the way from one bank, to another and ends some where in the middle as shown in
the Fig. 2.3. Sometimes, when the flow is low in the river, the dam can be extended which is
usually a very temporary structure made of mud and stones. When flow increases in the
stream, the last part of the dam may be dismantled 'so that less water is diverted into the
intake.



Construction materials used in a weir can be of different types; eg, stone in which case,
dressed stone is used on the wall face while ordinary stones can be used inside the weir.
Alternatively, a gabion or cement-stone masonry wall may have been constructed to make it
more strong. Concrete weirs are rarely used for MHP plants. The partial dam, on the other
hand, is almost always constructed from mud mortar and stone because it is really a
temporary structure and it can be washed away, removed partially or fully or it can be
extended as per the requirements of the flow in the canal.

Fig.2.2 A typical stone masonry weir

Mostly, damage to the weir or a partial dam is caused by flood or high flow in the river which
can break or partially wash them away. Sometimes, big boulders are carried or rolled by high
flows which may hit the weir and damage even more permanent structures such as an stone i-
masonry weir, which otherwise would not be affected by floods. Third source is silt carried
in water, or caused by an upstream landslide. Silt deposits would normally raise the level of
the weir without breaking it.

Fig.2.3 A partial temporary dam to divert flow



The damage caused by such sources is likely to be in the form of breaking of the weir
partially or fully or raising of height due to deposed silt. The partial dam may be washed
away completely which is a temporary structure anyway. Sometimes, the weir or the
temporary dam may leak which needs to be plugged.

Before commencing any repairs, it is necessary to assess the damage through inspection and
different checks. For example, a gabion weir should be inspected for the drainage to side of
the gablon, change in the shape or breaking of wires. Some forting material might also have
collected around or above the weir; which would have to be removed. Such inspections,
therefore, are necessary to assess the damage and also to decide what sort of repairs are
needed, depending upon the type of structure as well as the extent and type of damage.

To repair a gabion weir, first remove any foreign material including silt, leaves, sticks, etc, on
the top or around it, then open the wire mesh at the top. Remove all the stone masonry which
has bulged or eroded and start reconstruction using dressed stones on the outside and normal
stones at the inside as if it was being constructed anew. The wire mesh can be repaired by
adding and/or enmeshing similar wire to the original mesh and then closing it at the top by
twisting the two wire-ends together and bending them to reach level of the surface.

In case of dry stone or cement stone masonry weir also, remove all the foreign materials from
the sides as well as the top of the weir. Then, remove the damaged part of the structure in the
masonry and start reconstruction with the same materials as before. In case of a mud mortar
and stone masonry structure, specially the partial dam, the repair of the damage is ordinary
and simple; ie, remove the damaged portion and rebuild using the same materials as
originally used.

2.2 Intake

The main function of the intake is to allow only rated flow into the headrace canal and, as far
as possible, to block entry of undesirable solid materials such as stones or wood sticks. For
this purpose, either a coarse trash rack or cross-bars are provided at the intake mouth (Fig
2.4). Usually, three types of intake are used for MHP schemes. In most cases, it is must an
opening constructed in the side of the stream loading to the canal. The down-stream end of
the opening may be extended in the form of a- partial dam described earlier. In another case,
a proper wall may be constructed in which the intake mouth would be in the form of a
rectangular window (Fig. 2.4 b). In the third case, a pipe may be directly extended up to the
middle of the stream where the water may be deepest, and the pipe mouth remains submerged
all the time. When the intake is just an opening in the wall, the side walls adjoining the
intake area are properly constructed from masonry of dry stone or from stone masonry and
cement mortar.

The sources of damage for the intake structure are again mainly high floods and flows and
boulders, logs or other such heavy objects transported by flow. The third possible source is
deposit of silt at the intake mouth, which would reduce the flow. Additionally, landslides
may either damage the structure or block it. Silt or other solids may also block the pipe
mouth if a pipe intake has been used.



The intake structure or adjoining wall may be damaged or get broken due to high flows,
boulders or other heavy solids carried by flowing water. Sometimes, intake mouth may
become wider or smaller; or, the trashrack or cross-bars may -et damaged, break or-bend.
The mouth may also get blocked by the silt deposits. Sometime the whole structure may also
get washed away due to extreme conditions.

a. A coarse trashrack for direct intake b. Cross-bars for a side intake mouth
Fig.2.4 A coarse trashrack and crossbars for the intake

Assessment of the extent and type of drainage to the intake wall and to the mouth should be
made through extensive inspection. Size and the base level of the intake should be checked
which may have widened, narrowed, risen or lowered in height.

If the constructed walls of the ' intake structure are drainaged, the damaged portion should
first be demolished and then reconstructed using the same materials as before, while ensuring
that there is no gap between the wall and the actual earthen bank. Such a gap should be filled
with soil and stones and compacted properly so that there is no chance of water seeping in. If
silt has deposited at the intake mouth, it should be removed and the area cleaned and levelled
not just near the mouth area but extending further along the stream bed so that deposit is
avoided in future. If the cross-bars or the trashrack is drainaged; eg., if the bars are bent, they
may be straightened. If they are broken they may be joined by welding if possible, or by
fastening steel wires around them. If the damage is extensive the trashrack or any of the
cross-bars should be replaced.

2.3 Power Canal

Power canal or headrace carries the design flow of water from intake to the forebay. It may
also incorporate one or more desilting basins and spillways (Fig 2.5). In most cases, earthen
open canals are used; however, in some cases, parts of headrace/canal may be a pipe or lined
with cement morter. Sometimes, portions of the canal may have been raised above ground as
an aqueduct of concrete to cross a gully or some other similar difficult area.



The usual sources of damage to the canal are excessive flow, depositing of silt, landslides,
rain water coming firm up the '-'ll, or sometimes animals and humans. The damage may be
in the form of leakage from the pipe or canal, or, blockade due to silt or other foreign
materials. The banks or the bed may be eroded which may eventually result in the part of the
canal falling down. The pipe may be blocked or may have been damaged and leaking.
Inspection of the power canal to assess the extent of drainage should not just be confined to
the canal or pipe but also the area around them including the upper and under-sides and signs
of leakage, slip or other type of degradation ,lust be assessed. All of the affected area would
have to be repaired in an appropriate way to avoid a serious break down in future depending
upon type and extent of damage.

Fig. 2.5 Main components of a micro-hydro scheme including power canal and desilting
basins

If there is a leakage from the canal’, water should be stopped at the intake and the damaged
area inspected to determine whether a retaining wall underneath the damaged portion was
needed; or, whether it was necessary to use other better masonry system for the wall
construction; eg., cement-stone masonry. Usually, a larger portion of the bank beyond the
damaged portion should be removed and then reconstructed from the same or better
materials, such as cement-stone or mud-stone masonry. If there is a very small crack in a
stone masonry or concrete wall, it can be blocked with the help of bitumen. If large amount
of silt has deposited at the bed of the canal, it should be removed in such a way that the
original level of the bed is maintained. If a portion of the canal bank has collapsed; it is
necessary to dig deeper into the mountain side until a more stable soil or surface is reached.
Then, stone soling in horizontal direction should be constructed first at the bottom, followed
by a slopping stone or gabion wall until the canal level is reached (Fig 2.6). The space
between the mountain side and the wall should be filled with stone and earth in layers (- 300
mm thick) and compacted well. If a landslide has occurred on the slope above the canal and
damaged it; then also, a larger portion of the canal extending beyond the damaged area
should be dug out to reach a firm base. Stone soling should be constructed at the base
followed by the canal wall as described earlier. Sometimes, a landslide on the upper side of
the canal might destroy the canal and the supporting underneath area completely. In that
case, construction should be started from down below at a firm ground using stone soling
(about 3 meters below) as described before. A retaining wall above the canal should also be
built to stablise the mountain slope. If a portion of cement-stone masonry canal has been
damaged or slipped down either due to a landslide on the upper side or erosion of the Linder-
side; then more care needs to be taken in rebuilding the canal. Stone soling of much higher
thickness should be provided at the base to support more weight. Construction of the
retaining wall and canal may then be carried out as described before.



Fig. 26 A gabion or masonry retaining wall

If a passageway for flow of rain water over the top of the canal exists, then it should also be
cleaned by removing stones or other debris to keep it functional. Otherwise, the flow may be
blocked and may enter the canal. If a pipe has been used as headrace, it may get blocked
with 'It. For example, if a break-pressure tank is damaged and that end of the pipe has been
closed, then the silt already present in water would deposit in the pipe. This deposit can be
removed by force flushing, or by inserting a long wooden pole in the pipe to scrape the silt;
but care must be taken to avoid damage to the pipe during this operation. Provision of
adequate slope at the time of design and installation of such pipes would normally not allow
depositing of silt.

An unusual type of damage was reported in Nepal, where a stone entered the HDPE pipe
headrace and got stuck at the lip of the joint between two pipe lengths. It was very difficult
to determine the location of the blockage. Thus, a simple technique was deviced. A heavy
and smooth piece of steel was tied to a rope and was allowed to slide in the pipe from the top
until its reached the blocked location and stopped. The length of the rope was measured and
in this way, the point of blockade was located. The pipe was cut there and stone was
removed. If a large crack has developed in a HDPE pipe, the best way is to cut the cracked
portion and insert and join an equivalent new piece. However, if the crack is small then the
simple method would be to wrap a piece of rubber around the crack and use one or more
screw clamps to keep the rubber in place to stop the leakage.

2.4 Desilting Basin

The function of the desilting basin is to remove silt or other heavier suspended particles
carried by the flowing water. This is done by slowing down the speed of water and making it
calmer so that heavier particles settle at the bed. Desilting basins are usually constructed
using cement stone masonry and the surface is properly plastered. Width of a desilting basin
is between 3 to 5 times the width of the canal and the length is about 2.5 times it's own width.

The sources of damage for desilting basin are landslides, floods or flows carrying excessive
silt, unstability of the ground and so on. In most cases, damage is in the form of filling up of
the basin due to silt or debris, leakage which means cracking up of plaster or masonry, or its
sinking because of the unstable ground underneath.

To repair leakage, if the cracks in the plaster are small, molten bitumen can be used to plug
such cracks. Alternatively, rich cement mortar (1:2 or 1:3) may be used for closing these
cracks. Third method is to re-plaster the affected area if the damage is extensive. But before
replastering the damaged plaster and the masonry underneath should be removed by
chiseling. If silt deposits have remained in the basin for a long time and dried and hardened,
it may be difficult to remove it just by flushing. Then, the usual method is digging it out
using a showel.

2.5 Break Pressure Tank
Break pressure tank is constructed when HDPE or other types of pipe are used as headrace.
In order to avoid use of a very thick pipe to withstand higher pressure, a break pressure



tank is provided at an appropriate location, where water comes out of one pipe at atmospheric
pressure, and enters another. It is a very small tank, about 1 in or so high and is more or less
constructed same way as the forebay, using cement-stone or cement brick masonry. It is
properly plastered both on the inside as well as outside.

The sources and type of damage in this case are similar to those of forebay. The tank may
subside, or may be filled with debris or silt; which needs to be cleared. Sometimes, it may
develop cracks which have to be plugged. Since the inside area is small (less than 1 m?),
getting inside and plugging leakage and removing debris may be difficult but it can be done
by showelling.

2.6 Forebay

Forebay is the last open link between the canal and the closed penstock pipe and it's function
is to facilitate flow from an open system into a closed one. At the same time, the trashrack
removes the remaining floating debris from flowing water. Sometimes, a desilting basin may
also have been incorporated in the forebay so that remaining amount of the silt is also
removed at this stage. Mostly, the forebay is constructed by using cement-stone masonry or
cement-brick masonry and is properly plastered (Fig 2.5). Therefore, it is a fairly permanent
structure; and it normally does not break. It also does not need serious maintenance.

Damage to the forebay may be caused by landslides or falling boulders from up the hill, by
floods or excessive rain water. Unstability of the ground on which it was constructed in first
place may also cause sinking and cracking.

The damage my be in the form of cracks resulting in leaks, or sinking which may again cause
cracking and leaking. Third possibility is excessive accumulation of silt or some other
materials which can not be removed by normal flushing. As always, it is necessary to inspect
the whole area surrounding the damage, especially, if the walls have cracked and there may
be a posse stability of further disintegration of the structure. If this has happened, then it is a
serious case and the whole forebay structure should be dug up and reconstructed. If cracks
are small, say, less then 3 mm wide, then they can be plugged either with molten bitumen or
by rich cement mortar. However, if larger cracks existed then the damaged plaster and
masonry underneath should be cut or scraped and replastered with cement mortar. If the
cracking is the result of sinking or land slip and the sinking is considerable, say 10 mm or
more; then the best way is to dismantle and reconstruct the forebay structure after the
unstable soil has been removed and firm ground or rock is reached. Stone soling should be
provided at the base and retaining walls constructed as described earlier in section 2.3.

It should be possible to remove small amounts of silt deposits or debris by flushing 2 or 3
times. However, if the amount of debris is quit large; say, caused by a landslide, then it has
to be removed by showelling. sometimes, a leakage may develop around the neck of the
penstock where it enters the forebay. This normally happens due to movement of the
penstock and therefore, the interface between the steel pipe and forebay masonary leaks. In
such a case, bitumen may be used to fill the crack. Alternatively, a small recess may be
formed by chiseling around the penstock mouth and a small piece of rubber be forced into it
by the help of a screwdriver or by chisel so that it becomes a force fit.

2.7 Tailrace



The tailrace carries water exiting from the turbine, back to the river and part of it is located
inside the Powerhouse. Usually the tailrace is relatively short and on a plane ground where
likely hood of serious damage is minimum. Inside the powerhouse tailrace is usually built
from stone masonry and properly covered by a RCC or stone slab. Outside the powerhouse,
it is an open channel, usually an earthen one. However, in some rare cases, if the area outside
the powerhouse is fairly expensive, say an irrigated cultivated land; then it may have been
constructed using cement-stone masonry in order to prevent any leakage to the surrounding
area.

Sources of damage to the tailrace may be sinking of the ground; or if the slope of tailrace is
high, then erosion. Damage may be iii the form of leakage or increased width or depth due to
subsidence or erosion. In some cases, it might have got filled by the debris of a landslide, or
due to collapse of the banks. In case of the channel having become deep, it needs to be filled
properly and covered by stone pitching; whereby the ground would first be filled and
compacted; then thin stone slabs should be placed on the top so that the surface becomes hard
and durable towards erosion. Pitching should be provided on the whole inner surface; the
bed as well as the sides. If done properly, stone pitching can also stop the leakage.
Sometimes in an earthen canal a hole may have been dug by some rodent. In such a case, the
hole must be located and the surrounding area dug say about 300 mm deep, then refilled and
compacted to plug the hole. If the tailrace has been filled by debris it can be re-du(t by
showelling.



CHAPTER 3
PENSTOCK AND ALLIED STRUCTURES

3.1 Penstock Pipe

Penstock carries water from forebay, which is an open tank, to the nozzle of the turbine at
high velocity and under pressure (Fig. 3. 1). Thus considerable pressure may develop within
the penstock near the lower end. Penstock is usually made from mild steel and equal lengths
of pipe having flanges on both sides are bolted together. Unflanged pipe lengths can also be
welded at the site if facilities existed. Penstock can also be made from HDPE pipe for low
head applications.

Fig.3.1 A typical penstock installation with support structures

The damage may be caused by falling rocks, corrosion, sinking of the support structures; by
people, misalignment at the time of install-.'Lion, landslides or even due to freezing of water
inside the pipe. The damage may be in the form of cracks and leakage, removed or broken
bolts, formation of rust, bending and so on. Inspection of the damage should be carried out,
to pin point the exact location and size of the crack causing leakage. Bending of the pipe
should also be checked which may be the result of sinking of support piers and anchor
blocks. The penstock surface should be inspected to determine removal of the paint, extent
of rusting, cracking, or other such damage. In addition, the pipe should also be inspected to
check whether it has been dented or deformed; it may have become oval, for example.

In order to prescribe proper repairs, the nature as well as the source of the damage should be
determined before undertaking any repairs. For example, in case of a leaking pipe, it needs to
be a certained whether the leakage is due to a worn out gasket, loose or missing bolts, cracks
at the weld, or, holes formed by some other source, such as a falling stone. In all these cases,
different types of repairs would be needed. If a joint was leaking, then probably the gasket is
worn out. Thus the joint has to be opened by removing the bolts and the gasket replaced.

Usually, the same size and type of gasket (flat rubber gasket or o-ring) should be installed. If
the leakage is caused by a crack, the area where the crack or a hole has appeared must be
cleaned properly removing all the rust or paint with the help of emery paper and then welded.
Before welding, water from the pipe should be removed and the surface properly dried.
welding can only be done at the site if welding equipment (whether electric welding or gas
welding) could be made available there; which is usually difficult. Therefore, if it is a large
crack, then that section of the pipe should be removed and taken to a place where proper
welding can be carried out. If, luckily, a crack or a hole is small, then it can be plugged by
wrapping a rubber sheet around the pipe and fixing it in place with the help of clamps as
described earlier. This can only be a temporary arrangement and welding may still be
necessary since it is likely that the crack would expand. If some bolts are loose or missing,
they must be tightened or replaced as early as possible with new ones of same material and
same size. If the leakage still persists, the gasket should be changed. If this also does not
work, then the alignment of the penstock may be out or the gap between the flanges may have



become too large; the expansion joint may be checked