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China has made substantialprogress‘,owardmeeting the basic water supply
and sanitation needs of its vast population. Inrsgration of health care and
community involvement with water supply and sanitation delivery has been an
important elementof theseefforts. The pragmatic approachof the Chineseled to
the publication of a number of simple didactic manuals on water supply that have
been widely distributed throughout the cou%-y. These manuals are the primary
sourceof information available in China’s rural areason water supply techniques.
This translation is a composite of five of these manuals: Potable Water
Supply in Rural Areas (Public Health and Epidemic Prevention Station, Hebei
Province. 1976. People’s Health Press); Waterworks Design and Construction
for Rural Areas (Shanghai Academy of City Planning and Engineering. 1978.
Chinese Building Industry Press); Digging and Repairing Wells (Design
Department of the Beijing Hydraulic Power Station. 1972); Well Repair and
DamagePrevention (Hydraulic Power Ministry. 1975); and QuaZity Standards
for Domestic and Potable Water Supplies (Ministry of Health. 1976. Chinese
Building Industry Press).
The original translation from Chinese was carried out by Lee Thim Loy,
engineering consultant, Malaysia, and Peter Phoon of the Civil Engineering
Department of Ohio State University. The manualswere obtained during visits to
China by Ariane van Buren, International Institute for Environment and
Development,andGeofiey Read,UNDP Global ProjectGLO/78/006 Technical
Advisory Group. The latter’s visit was supported by the British Filtration
Society. Ariane van Buren undertook editorial rewriting and assembly of the
book. Final editing was by Amy Chouinard, graphics by Wendy Moriarty,
technical editing by Geoffrey Read and Michael McGarry.
Acknowledgments are due Armando Caceres, Richard Feachem, Mick
Howes, David Okwudili, Mohammed Nurul Islam, Hassan Hakiman, and
Gerald Foley for their support, criticisms, and commentsduring the preparation
of this volume. In addition, thanks are due Marian Porter, Dominique Murray,
and Katherine Lamberton for typing and collating the final drafts.
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Chapter I

Potable Water
Lack or excess of certain trace elements in
water causesendemic diseasesthat are not infectious but are widespread in areaswhere the water
is affected; the most common endemic afflictions
due to water quality are fluorosis and goitre.
Chemical poisoning does not occur naturally
except in areas where trace elements are excessive. People may be poisoned by water that has
been polluted by human activities, especially
those that produce industrial waste such as mercury, cadmium, chromium, arsenic, and organic
phosphates.At present,industrial developmentin
China is increasing; wastewater and solid wastes
are augmenting other forms of water pollution.
Preventing industrial pollution is essential for
protection of water supplies in both urban and
rural areas.

Water and Health
Water is essentialfor life; not only is it required
for consumption, bringing with it micronutrients
such as iron, and fluoride, but also it is required for
personal hygiene. Clean, potable water is needed
as drinking water and for washing, bathing, laundering, dish washing, and generalcleaning. Water
that has been contaminated by disease-causing
organisms can transmit disease.
Numerous investigators have illustrated that
:,
bacterial and viral diseasescan be spreadthrough
use of contaminated water. This is a result of
pathogenic bacteria and viruses originating from
fecal contamination of water sourceswhether it be
_/
_; through excreta being washed into rivers, seeping
into groundwater, use of excreta as fertilizer in
agriculture, or improper methods of washing
‘night-soilbuckets.Infectious diseasestransmitted
through water are termed water-carried diseases.
,”
Once contaminated, a water source can infect all
drawers of water,from that source.Consequently,
‘:
an epidemic of the water-carried disease may
occur within a relatively short time, affecting not
only public health but also production. Water or
food that has become contaminatedby pathogens
may spreadbacterial diseases,including typhoid,
cholera, childhood diarrhea, and other gastrointestinal infections; viral diseases,such as tiectious hepatitis, infantile paralysis, *andinfectious
conjunctivitis; and parasitic diseases,like schistosomiasis, amebiasis, and giardiasis.
Where rivers; ponds, and shallow groundwater
are the major sources of water supply as in
southernChina, pathogensare introduced into the
1’ :’ r
water by infected persons using the water source
for washingor defecation, Of all diseasesaffecting
rural populations, those that are water-related are
the most important. An outbreak of water-borne
diseaseis evidentwhen a cluster ofcases suddenly
appears, especially of persons using a common
water source. Improving the quality of drinking
water, disinfectingit, and abstainingfrom drinking
untreated water are essential in prevention of
water-carried diseases.

Water Quality Criteria
Maintaining adequatewater quality is essential
for protection of the public health. Physical
characteristics of water quality can be measured
with laboratory equipment or can be assessedby
sight, smell, and taste. Turbidity is cloudiness
causedby soil, sand, organic matter, and mineral
salts in the water. Where water is contaminated
by soil, sand, industrial wastewater, domestic
wastewater, or suspendedsolids, its turbidity will
be high. Unpolluted water has no colour; brown is
indicative of decomposingorganic matter; a darkyellow may be caused by iron or manganese.
Colour in water normally indicates some kind of
contamination.
Unpolluted water is odourless so that any smell
normally indicates contamination. For example,
water polluted by excreta emits characteristic
odours. Where industrial pollution occurs, chemical odours such as those of petroleum or
benzene will be emitted. Similarly where water
has a taste, it contains extraneous chemicals.
High concentrations of chlorides cause a salty
taste,magnesiumsulfatea bitter taste, and calcium
sulfate an astringent effect. Water temperatures
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water will affect people and will damage crops
irrigated with it.
Dissolved solids in the water can be detectedas
precipitates after evaporation. The quantity of
dissolved solids dependslargely on the amount of
dissolved minerals that are in the water. The
maximum amount of dissolved solids acceptable
in potable water is loo0 mg/l.
The hardnessof water indicates its calcium and
magnesiumsalts content. The terms “hard water”
and “soft water” are used to describe high or low
hardness. People can get used to the hardnessof
water with no serious health effects; however,

remain relatively constant within any season.
Sudden rises in temperature indicate industrial
waste discharges and are therefore very significant in identification of water pollution.
Table 1 presents water-quality standards for
domestic and potable water supplies in China.
Good water does not contain chemicals in
harmful quantities. The concentrations of chemicals in water are an important indicator of water
quality. Also, natural water is slightly basic, with
a pH ranging from 7.2 to 8.6. If water is contaminated by acidic or alkaline polluta its, its pH will
change accordingly. Overly acir’ic or alkaline

Table 1. Waterquality standardsfor domestic and potable water supp1ies.a
Parameter
Physical property

Colour
Turbidity
Tastesand odours
Visiblesolids
Che~cal property
FH
Hardness (CaO)
Iron
.
Manganese
Copper
zinc

Volatilecarbolic
Anionic detirgent
Toxicological content

_______
I_

__.___-_-.__--.---.
.--

._--__-_~-__
-.---.-_
-.___Limit ---.--

-- ___..
-.- -.-___--~~~__

Not more than 15” and not visually offensive
Not offensive

None

6.5-8.5
Not more than 250 mg/l
Not more than 0.3 mg/l
Not more than 0.1 mg/l
Not more than 1.0 mg/l
Not more than 1.O mg/l

Not morethan0.002 mg/l
Not morethan0.3 mg/l

Fluoride

Not more than 10 mg/l; recommended 0.5-I .O mg/l
Not more than 0.05 mg/l
Not more than 0.04 mg/l

Lead
Bacteriological content
Total colony count
Coliform
desidual chlorine ’

.- -~_

Not morethan 5”

cyanide
Arsenic

Selenium
Mercury
Cadmium
Chromium(hexacovalent)

.~~

Not morethan0.01 mg/l
Not morethan0.001 mg/l
Not morethan 0.01 mg/l
Not more than 0.05 mg/l
Not more than 0.1 mg/l

Not more than lOO/ml
Not more than 3/ml
Atter treatment, not less than 0.3 mg/l for the next 30 minutes. In piped supply
systems,concentration at the end -of the network should not be lessthan 0.05 m&l.
Source:Ministry of Health,People’sRepublicof China, 1 December 1976.

*Qua@ of private(small)watersystemsshouldcomplywith thetoxicologicallimitsof thesestandards.If the
qualitiesof other itemscannotbe adequatelymet, the responsibleauthorityshouldstart a masscampaignof
sanitationto improvethepublichealthenvironment,adequatemeasuresshould be adopted for water treatment, and
the quality of the supplyshouldbe continuallyimproved,
Editor’snote:Thesestandardsaredrawnfrom a separatedocument (TJ20-76) approved by the Ministry of
HealthandtheBasicConstructionCommitteeandpublishedby the Chinese Building Industry Press, Beijing. The
documentis translatedand presentedin Appendix 4. The degree to which they are enforced throughout China is not
known. The Chinese Health Ministry’s water quality standards reflect the difficulties in maintaining an effective

.surveillancesystemin rural areasand China’slevel of industrial development. China’s pragmatic approach is
illustrated in its standards for bacterial contamination. They are far less stringent than Canada’s water quality

criteriaguidelines.Chinadoes not includepesticides,radionuclides,nitrilotriaceticacid,or trihalomethanes
- a
.reflectionof,thecomplexityof analysisneeded for these andthedegree to whichtheChineseseethemas priorities.
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people accustomedto soft water who are suddenly
given hard water to drink get stomach troubles
and, shortly thereafter, indigestion or diarrhea.
This is a common complaint in persons traveling
in a new area, not acclimatizedto the water. Also,
hard water may change the taste of food and tea;
increasethe amount of soap required for washing;
or damage skin, especially delicate facial skin.
Overly soft water also has effects; for example,
researchin recent years has found that use of soft
water is linked with prevalenceof vasculardiseases.
Chloride is an indication of the salinity of
water. Salinity is caused by several compounds,
although sodium chloride (ordinary salt) is the
most common. The amount of chloride in natural
water dependson the geologyof a region. Coastal
regions usually have water with high chloride
concentrations,whereasconcentrationsare usually
low in mountainous areas.However, the chloride
content within one source in a particular area is
usually quite consistent.An abnormal increasein
chlorides suggeststhat the water is contaminated
by human or animal excreta, domestic wastewater, or industrial chloride-containing wastewater. A high chloride content makes the water
not only salty to taste but also unpleasant to use.
Furthermore, it affects secretion of gastric juices
and, eventually, digestion.
Like chloride, sulfate is normally present in
water, and the amount dependson the geology of
the area. Some sulfates, such as magnesium
sulfate and sodium sulfate, causediarrhea; therefore their concentrations must be kept low.
Iron is an essentialtrace elementfor the human
body. However, at high concentrations, it gives
water a bad taste and a reddish colour. It also is
aesthetically undesirable becauseit colours cloth
and turns tea and rice black. Copper is another
essentialtrace elementfor humans.Natural water
contains very little copper. High concentrations in
drinking water produce an abnormal, generally
unacceptable,,taste, and excessiveaccumulation
of copper in humans causes chronic poisoning.
Drinking water is a person’s major natural
source of iodine. Iodine is necessary for the
production of thyroxine in the thyroid gland, and
lack of it is the main causeof goitres. People need
120 pg of iodine every day to ensure proper
physiologic functioning. Where iodine in water is
lessthan 10 mg/l for a long time, people are likely
to suffer from goitre. High iodine content is an
important criterion in the selection of 8 water
source and is a major factor in goitre prevention,
Fluoride is essential for human bones and teeth
formation and is found in small amounts in teeth,
bones, and hair. Evidence shows that in areas
where the fluoride in water is less than 0.5 mg/l,
9

the occurrence of tooth decay is more frequent.
Most sources contain some fluoride, and, in fact,
many contain too much, causing damage to
normal teeth and bone growth. Teeth become
brittle, and their crowns may break off where the
fluoride concentration is higher than 1.5 mg/l.
With concentrations higher than 4 mg/l, chronic
poisoning occurs, bone structure is seriously damaged, and bones become brittle. It is desirable to
determine the fluoride content carefully in water
that is for human consumption.
The many harmful substancesthat frequently
pollute drinking water are divided into two major
categories:organic matter containing nitrogen and
carbon, such as human, animal excreta and
decayedanimal, plant matter; and chemicalwaste
from industry. Due to the developmentof industry
in China, discharges of industrial wastewater,
solid wastes, and air pollutants are on the increase. In some countries such pollution has
becomea seriousproblem, but through the policy
of “prevention first,” the Chinese are trying to
control pollution from the start and have made
significant achievements.
The major sources of nitrogen compounds in
water are animal excreta and decaying animal
bodies. Nitrogen compounds include protein,
nitrate, nitrite, and ammonium salts; they are the
products of protein decomposition. The presence
of various nitrogen compounds and their levels of
concentration are good indicators of direct or
indirect contamination by excreta. ’
When water contains proteins and organic
nitrogen compounds,but no ammonia, it is freshly
contaminated and has not yet reached the stages
of ammonification and nitrification. However, if
ammonia, nitrites, and nitrates are present, the
water is being continually contaminated. Water
that contains only nitrites and nitrates may have
been contaminated previously and is reaching
recovery. High nitrite and nitrate concentrations
in water may also indicate that the water has
flowed over areas with high nitrate contents.
Under these circumstances, part of the nitrate
may be oxidized to nitrite. Careful investigation
and surveysare neededto determine water quality
if nitrogen compounds are being used as intiicators. Furthermore, nitrite is harmful to human
beings. In high concentrations, it combines with
the erythrocytes in blood and impedes the
transmission of oxygen. In general, the maximum
acceptable concentration of nitrate and nitrite in
water is 10 mg/l.
Dissolved oxygen is an important criterion for
the identification of organic contstnination. Surface water that is exposedto air has considerable
oxygen dissolved in it, but groundwater has only

small amounts. If the water is contaminated, its
dissolved-oxygen content is low, and sometimes
evenexhausted,becauseof the oxygen consumption of microorganisms and the oxidation of
pollutants.
There are numerous ham&l substances in
industrialwastewaterandsolid wastes,for example:
phenols, cyanide, arsenic, mercury, chromium,
cadmium, lead, toluene, aldehyde,petroleum, tar,
sufides, organic phosphorus, and chlorinated
hydrocarbons. Normally, the most harmful and
common contaminants are phenols, cyanide,
arsenic,mercury, and chromium, which are found
in the wastes of many industries, including coking,
oil refining, chemical manufacturing, plating, and
organics synthesis.Industrial waste can be widespread and can easily pollute surface water
sources, such as rivers and lakes. Because such
pollution can eventually lead to the poisoning of
people and animals,its early detection is essential.
Phenols are widely used in coking, petroleum,
paper, synthetic resin, and other industries, from
which they can contaminate drinking water. Not
only do these wastes smell unpleasant, but they
react with chlorine used in water purification and
produce a more pungent odour. The phenolchlorate produced by the reaction makes the
water completelyunacceptablefor drinking. Water
that contains phenols can create chronic health
problems, e.g., anemia,headaches,dizziness,and
other illnesses.In China, the maximum acceptable
concentration of phenol in waste discharges is
0.5 mg/l, and surface water should not contain
more phenol than 0.01 mg/l.
Cyanide is a highly poisonous substancethat
causescells to lose their ability to dehydrogenate
and oxidate; it can also affect internal respiratory
functioning and cause serious poisoning. Arsenic
is a trace substancein nature and harmlesswithin
its natural range of concentrations; however,
industrial dischargesoften include arsenic levels
that are poisonous. The arsenic affects the nervous and digestive systems and causes vascular
problems. Mercyy is another highly poisonous
substancethat is damagingto the nervous system
and can cause fetal poisoning. The maximum
acceptable concentration of mercury in surface
water is 0.005 mg/l. Chromium is also poisonous;
it is widely used in plating, printing, dyeing, and
hide-processing industries and is discharged in
their wastewaters. When a body of water is
contaminated by chromates, it becomes yellow
and unacceptable for drinking. High intake of
chromium affects normal oxidation and may
causeanemia. The maximum acceptable amount
in surface water in China is 0.1 mg/l.
Polluted water is an important medium for the

transmissionof infectious diseases,especially intestinal diseases.Understanding the role of water
will help preventthe spreadof those diseases.The
following are criteria that indicate the pathogen
content of water:
0 Total bacterial count is the number of bacteria in a litre of water asdeterminedunder certain
laboratory conditions.Clean water doesnot usually
contain more than 100 bacteria/ml (24 hours
incubation at 37 “C). In contrast, polluted water,
such as that coklraminatedby excreta, may contain more tiw several hundred thousand per
millilitre. The numbers of bacteria in water are
therefore a good indication of its quality. There
are two basic types of bacteria - pathogenic
(disease-causing)and nonpathogenic. It is difflcult to isolate and enumeratethe pathogenicones,
but a high total count suggeststhe presence of
pathogens. Thus, an estimation of the total bacterial count in the water givesa basic indication of
the danger of spreading infectious diseases.The
total bacterial count is a principal criterion for
water quality in China; the maximum acceptable
total colony count is 100 bacteria/ml.
l The Eschen’chiu coli or coliform index is
defined as the number ofE. coli in a litre of water
as determinedunder certain laboratory conditions.
An estimateof&‘. coli densitiescan determinethe
direct or indirect contamination from excreta and
the possibility of other excreta-related pathogens
being present. Coliform organismsdo not usually
cause disease. However, pathogenic organisms
coexist with them in small numbers and are
difficult to isolate. Therefore, the enumeration of
coliform organismsis an important epidemiologic
tool.
Coliform organismsnormally exist in the intestinal tract and, when discharged into water, are
more resilient than other pathogens. A low coliform count in water suggests the absence of
intestinal pathogens; high coliform count indicatesthat the water was recently contaminatedby
excreta, the existence of intestinal pathogens is
likely, and the water is unsafe.
Testing water quality is relatively complicated,
but if there is any doubt concerning the quality,
samplesshould be taken immediately and brought
to the public health authorities.
her

Quality Control

Prior to liberation, the people of China lacked
even adequatefood and clothing; it was pointless
to promote sanitation. Lack of water and sanitation was an acute problem, water-related diseases
were endemic in the population, and mortality
among the rural people due to communicable

diseases was very high. Since that time and
especially as a result of the increasing numbersof
barefoot doctors, there has been a continuing
improvement in rural health. Water-supply protection and quality maintenancehave becomethe
responsibility ofthe barefoot doctors. Their duties
include:
l Educating the people in water quality control: explaining the importance of clean water and
counteracting illiteracy, superstition, and poor
health practices. Following the policy of emphasizing prevention, barefoot doctors stress the
interrelationship of health, production, and sanitation; disinfection and water supply improvement; communalaction in guaranteeingth? quality
of the water supply;
0 Providing advicein selectionof the bestsource
of water: it is their responsibility to conduct initial
surveysof alternative sourcesincluding gathering
hydrologic and geologic data, information on
sanitary conditions in the surrounding areas, and
analyses of soil and water quality;
l Improving the drinking water supply by
protecting and treating the water using methods
discussedin chapter 4; and
l Conducting drinking-water surveys as an
essential step in maintaining the quality of the
water.
Water Source Investigations
Potable water investigation for rural areas includes monitoring, site observation, community
meetingsand participation, consultations with old
peasants in the area with experience of local
problems, and laboratory examination.
The investigations for a well should cover the
topography of the site, the location, the well life,
the number of users,the maximum serviceradius,
and the seasonalvolume.A knowledgeof all these
items is essential in rural water management.
In northern China the main source of supply is
groundwater; in southern China it is surface
water. A stone-built well in northern China can
have a life of about 250 years, If its age is more
than 300 years, the foundation and the sealing
material may be damaged and the water quality
subsequentlyaffected.Old wells should therefore
be carefully maintained.
The maximum service radius is definbd as the
maximum distance betweenthe well an!dany one
of the users. This should be considered not only
for the convenienceof the usersbut also for waterquality hygiene. Investigations have indicated
that the total bacterial count in water supplies
increaseswith the distance between the well and
household.The serviceradius of a well should be

no greater than 300400 m. It is uneconomic to
have the service radius too small becauseof the
costs in construction.
The number of users should be carefully estimated. If a well servestoo many people, the water
will be too rapidly withdrawn; sandandothersettled
materials will be disturbed; and the turbidity, total
bacterialcount,andcoliformcountwill be increased.
A good well should have a solid foundation, an
impervious apron, platform, lip, and cover. It has
been proved that the structure of the well has an
important effect on the water quality. The structure and the materials used for a well should
therefore be essential items of detailed investigation. The well should be sealed against the entry
of, and possible contamination from, shallower
water. The lip and platform should be reasonably
high, and the cover should be effective.These are
the most important structural aspectspreventing
contamination.
In areaswhere a well exists, sourcesof contamination and their distance from the well should
be investigated carefully, including the number
and size of latrines, manure pits, dirty-water
ponds, sewage, and garbage pits. The quantity
and nature of pollutants and the degreeof possible
contamination should be estimated. Items for
investigation include what equipment is used to
draw water (e.g., buckets), wb *r the well is
privately or publicly used, and u &.,cherthere are
any rules or regulationsfor maintenance,management, and cleaning. In other words, water-quality
investigation consists primarily in understanding
the likelihood of contamination. Physical criteria
are usually only judged by the human senses.
However, a water sample can also be sent for
analysis.
The method of disinfection should depend on
the local conditions and available resources.To
prevent epidemics,it is essentialto investigatethe
effectivenessof disinfection in killing pathogens
and viruses. The occurrence and spread of infectious diseases should be investigated from the
information supplied by local people.
For newly built wells, the hydrogeologic conditions, the depth of the water-bearing layer, the soil
conditions, and the well structure should also be
investigated. For other sources (rivers, lakes,
reservoirs, ponds), methods and items of investigation are quite similar; that is, they include
assessmentof the general situation, structure and
equipment of water intake, surrounding hygienic
conditions, usageand managementof the source,
the possibility of contamination and pollution
discharged upstream, and quality and quantity of
the sourcewater. Knowing these,one can improve
the water source and its quality.
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Source Selecti** 1 and
Protection
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Water in nature is continuously recycling. The
)”
: ,:
p’:’
hydrologic
cycle includes precipitation (snow,
4;
$ :“’
hail, sleet, and rain), which reaches the ground
:f.,.:,
,:,,
surface and eventually becomes streams, from
‘2,,,,.4’;:
‘which
part will be evaporated.The streamsgo into
.p,,
4.
’
rivers,
lakes, seas,reservoirs,etc., which become
R
fp:’
i’l
’
surface
water supplies.Water that percolatesinto
>~.
;,“’
the
ground,
known as groundwater, also becomes
z:
,L,,
I,
a
source
of
water supply. Groundwater can be
“,!i
‘”
>p.z
‘,<
r
c&sified
as
‘shahow and deep. A spring is the
_/.
“,:.-.
;.-,r,; ) discharge of groundwater from an aquifer. An
&,
hp;,;;;
-tmderstanding of the characteristics of water
quality from the various sources enables one to
..,- .,
,Ii,.’
make a better decision i Lsource selection.
&Me

Water Sources

‘.,
<~”

. Thebmmon characteristics of surface water
i,‘2” arethat
it contains few minerals, is not very hard,
!
,
;,5
,:I ‘- ,,.’
li,
is
usually
large in volume, and is convenient for
::<‘::,.
:,,(‘.,.
many
people.
It is, however, easily contaminated,
i’l
‘,.j
zi:
and
~ts~turbidityand
total bacterial counts are
;:,:,,I,
‘:.<’high. It is also &fIicult to protect.
;~~~;~‘.
,’
e characteristics alI apply to rivers; al,,‘., _, tlxhglhe dilutiagmd self+urhIcation capacities
:‘.
-a li -’ of rivers are also very high. ‘River-water quality
:<. .I:,.,:.,, v&es with the season and;precipitation; it also
.C“‘,
;. Iz8
.,:*?,’ v&es with the r*‘of flow. During the dry season,
,Jntt the degree of
. During flooding,
yt ay “total bacterial counts are high,
ok!&:’ ,I,II::,,
9 ; ITwhereasthe ‘degree of hardness and the salt
decre&, Wastewater from domestic or
6;;‘: ‘. 4Xu$entent
$$iw@i
‘dischargesmay pollute the river and
t;
exceedits capacity for dilution and self-purifica,cases, not onIy ,&es the quality
B;
but
the danger of disease increases.
f:L”i:
<“:
,;
. +gices~are!slow-moving, so the water they
‘.“,\’
,’ ‘~atain is retained for long times. Suspended
,,:,,‘,;, c?, solids settle to the bottom, and the result is low
bacterial ,~ounts.Photosynthetic
j ,‘< ;:.

:+,
::-I-

organismsgrow in lakes during the summerwhen
solar radiationis greatest,therebyseriouslyaffecting
the water quality. During the autumn, these algae
die, producing a distinctive odour and colour.
Thus, lake-water quality changes with seasonal
variation and precidtation but to a much smaller
degree than does rker water. Reservoirs behave
similarly to lakes, but generally the water has a
higher mineral content.
Pond water termed“dead water,” cannot purify
itself as easily as it is contaminated, and contamination can be serious, especially in inhabited
areas. Ponds commonly have an odour, as the
water contains large quantities of organic matter
and bacteria. In summer, aquatic weeds and
plankton worsen the water quality.

,’
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Groundwater

Sources

Shallow groundwater is replenished from surface water sources that are relatively nearby.
Because such water only travels a short distance,
natural filtration is limited, and the quality of the
water may be poor. Shallow groundwater can
easily becomecontaminated if there is any source
of pollution on the surface or in the ground. Both
quality and quantity are clearly affected by the
surrounding environment.
Deep groundwater is generally replenishedby a
source further from the collection site. Due to the
long distance it travels, through natural filtration
in water-bearing soil strata, deepgroundwater has
low turbidity and can usually meet health standards for drinking and domestic use. However,
deep groundwater may contain various kinds of
salts and can be very hard. Some sourcesof deep
groundwater have a high concentration of iron,
fluoride, and magnesium.Most of those sources
contain few bacteria, certainly fewer than surface
water.

Source Selection

’

China is a socialist country; the water resources
are the property of the people. Sources are
selectedaccording to political aswell aseconomic
and technological benefits.The following characteristics are pertinent in source selection:
l Abundance. The source must Mill the requirementsof consumption - the selection taking
the weather and the local patterns of water use
into account. For example, people in southern
China use more water than those in the north, and
the* are seasonaldifferencesin water consumption.
The quantity of water must satisfy not only
current consumption but also future demands.
Water should be available during both dry and
rainy seasons. Therefore, when the source is
beingchosen,hydrologicand hydrogeologicstudies
should be strictly and accurately carried out, If a
water source is selectedduring the rainy season,
when water is abundant, it may be unable to meet
the demandsduring the dry season.The variation
is large, especially in mountainous and semimountainous areas where water may be not
available at all during the dry season.
a Quality. The water should be odourless,
colourless, and tasteless; it should not contain
harmful amountsof chemicalsor be contaminated.
For these reasons a full investigation should be
undertaken before a water source is chosen. The
water should have good physical characteristics
and should be hygienically safe. Where water
treatment consists of just adding chlorine, the
coliform count should not exceed an average
1000/l of raw water. The levels of toxic substancesin water must be lower than those indicated
in Appendix 4, as presentwatenvorks technology
is not able to reduce the concentration of those
chemicals. High concentrations of fluoride or
negligible levels of iodine - the latter indicated
by a high prevalenceof goitre in a locality - are
not acceptable in the selected source. For the
small, simple waterworks the best source is one in
which the quality of the untreated water is as close
as possible to the required standard.
l Hygienic environment.The source should be
easy to protect from contamination. Wells should
not be drilled near rubbish piles, dung pits,
graveyards,or in undesirable soils, as they could
affect the water quality.
Groundwater should be used where available,
and surface water only considered as an alternative where no groundwater is available or
drilling is extremely difficult. No physical connection is permitted between water used for
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agriculture or aquaculture and that for drinking
purposes.
Water collection, purification, and transmission facilities are interdependent. For example,
when the raw water is of poor quality, it is costly
and difficult to purify, and maintenance and
management are more complex. Similarly, if
collection is difficult, construction and pumping
costs increase.The source thus affectsthe investment required for the whole system. If there are
several potential sources available, each should
be assessedfrom technical and economic viewpoints before one of the alternatives is selected.
Once the sourcehas been decided upon and the
waterworks built, the system must be carefully
protected from contamination, a side-effect of
human activities.
Dung contamination is causedby seepagefrom
latrines and by rainwater and irrigation washing
over the ground’s surface, especially in areas
where dung is used as fertilizer on the field. It is a
major contributor to the spread of infectious
diseases. Therefore, wells should be drilled at
elevated, slightly sloped sites. An impervious
apron, a cover, and a rim should be constructed
for the well. There must be no rubbish piles, dung
pits, or cattle pens within 30 m of the well.
Laundering and the washing of night-soil buckets
should be prohibited within 3 - 5 m. The structure
for the well shouldbe madeof watertight material,
such as brick, stone, or concrete.
If a surface-water source (lake, reservoir, or
pond) is used, an area around it should be
protected as a water-catchment area, with no
latrine, dung pit, or other polluting agent allowed
near the shore. Laundering, washing night-soil
buckets, and discharging wastewater into the
water should be prohibited, as should swimming
and fishing. If river water is used, the site for
drawing water should be upstream of any wastewater discharge or docking facilities. Similarly,
all wastewater or solid-waste dischargeshould be
prohibited upstream of the chosen site.
The dangers from contamination by industrial
wastes are increasingly being recognized, and
prevention of industrial pollution is a priority. The
most effectivemeasureis the treatment and reuse
of wastes within the industry, with the purpose of
minimizing the harmful chemicals discharged.
Industrial wastewatershould be dischargedinto a
drainage systemnot into a sourceof water supply.
To protect domesticand drinking-water supplies
from contamination, the standards laid down in
Appendix 4 are a good reference.

Chapter 3

Source Improvement
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Source protection and improvement are permanent methods of ensuring the water quality
against -bacterial, harmful chemical, and other
pollution, In contrast, disinfection is a continuing
task that does not deal with the causeof pollution.
In China, where emphasis is put on prevention,
techniques for improving,water sources are preferaUe to disinfection, and they should be part of
the barefoot doctors’ curricula. They begin with
the collection of information on hydrologic conditions agd source characteristics. The following
aresimple methods‘that improve surface water,
spring water, and groundwater supply systems.
3.
c Improving

Surface Water

E$X’(
& : .I:,
BY).

however, when th: biological layer has been
created, the water quality improves.
The size of particles affects the effectiveness
and rate of filtration. If the grains are too small,
the filtration may be good but slow and will
require a large surfacearea. Large grains increase
the filtration rate but with poor results. The
particle size used in the filter should reflect the
turbidity of the raw water. Riverbed sand is
usually satisfactory, once the larger particles are
picked out and the tiny ones removed with a
wicker basket and fine sieve,
The thicknessof the filter also has an important
affect on filtration. It is usually between 0.5 and
1.Om thick but should be thicker if the sand in the
bed is coarse, thinner if the sand is fme. The
filtering bed area is calculated from the consump
tion and filtration rates. According to the design
promoted by the Public Health and Epidemic
Prevention Station in Hebei province, if the
particle radius is 0.3-0.5 mm, the bed should be
approximately 0.8-l .Om deep, the filtration rate
being 0.1-0.3 m/h (i.e., 0.14;3 m3 of water
through 1 m* of filter area pet hour) (Table 2).
When the height of the filtering well is calculated, besides the depth of the bed, a supporting
layer and a distr nce between the sand a+ the top
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is-therefore
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water
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other sources. In fact, in many
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FiE. 1. Natural i@ltration well(l, river water,-2, lip; 3,
When newly constructed, the well may not impervious apron; 4, ditch; 5, clay; 6, seal; and 7,
filter~~satisfactorily,
especially if turbidity is high;
pebblesor broken brick),
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Fig. 2. Sand-filtering well (1, ditch; 2, impervious
apron; 3, lip; 4, cornerplatform; 5, protection wall; 6,
treated water tank; 7, flood-season level; 8, cover; 9,
water intake; 10, fme sand; 11, coarse sand; 12,
pebbles: 13, foundation; and 14, inlet).
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(a)
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(b)
FI& 3. Sand-filtering well: (a) the cross section (1.
ditch; 2, pure-water tank; 3. water inlet; 4, sandjiltering well: 5, coarse sand: 6, pebbles; 7, stepping
brick: 8, intakepipe, bamboo; and 9, rubberjoint): (b)
the plan (10, earth; 11, impervious apron: 12, purewatertank; 13, sand-frrrering well: 14, earth; 15, water
inlet; ,and 16, ditch).

F&. 4. Sand-filtering well: (a) the cross section (1,
intake, 55 mm higher than the sand surface; 2, source:
3, vent; 4, entrance; 5, pure-water tank: 6. ditch; and 7,
drain); (b) the plan (8, intake; 9, source; 10, sandfiltering well; Il. pure-water tank; 12, ditch: 13, drain;
and 14, drain).

should be taken into account. The supporting
layer could be 0.1543 m thick. The water above
the sand surfacewill exert pressureon the bed and
help to increase the filtration rate. After a period
of operation, the openings in the sand filter
becomeblocked and the filtration rate decreases;
5 cm of sand is taken off the surface layer,
washed, and replaced. If the filtration rate does
not then recover, all the sand must be removed
and thoroughly washed; this should be necessary
only after the filter bed has been in use for a
relatively long time.
Surface Water Collection
For surface water schemes, intake structures
can be either fixed or movable. The fixed intake
conduit is usually placed beside a reservoir or in a
15
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Fig. 2. Sand-filtering well (I, ditch; 2, impervious
apron; 3, lip; 4, corner platform; 5, protection wall; 6,
treated water tank; 7, flood-season level; 8, cover; 9,
water intake; 10, fine sand; 11, coarse sand; 12,
pebbles; 13, Joundation; and 14, inlet).

(a)

10 .
9

_----

t----j

I

I4 (b)

(4

c
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(b)
Fig. 3. Sand-filtering well: (a) the cross section (I,
ditch; 2, pure-water tank; 3, water inlet; 4, sandJiltering well; 5, coarse sand; 6, pebbles; 7, stepping
brick: 8, intakepipe, bamboo; and 9, rubberjoint); (b)
the plan (10, earth; 11, impervious apron; 12, purewater tank; 13, sand-.ltering well; 14, earth: 15. water
inlet: and 16, ditch).

Fig. 4. Sand-filtering well: (a) the cross section (I.
intake, 55 mm higher than the sand St&ace; 2, source;
3, vent; 4, entrance; 5, pure-water tank; 6, ditch; and 7,
drain); (6) the plan (8, intake; 9, source; IO, sandJiltering well; I I, pure-water tank; 12, ditch; 13, drain;
and 14, drain).

should be taken into account. The supporting
layer could be 0.1543 m thick. The water above
the sand surfacewill exert pressureon the bed and
help to increase the filtration rate. After a period
of operation, the openings in the sand filter
becomeblocked and the filtration rate decreases;
5 cm of sand is taken off the surface layer,
washed, and replaced. If the filtration rate does
not then recover, all the sand must be removed
and thoroughly washed; this should be necessary
only after the filter bed has been in use for a
relatively long time.
Surface Water Collection
For surface water schemes, intake structures
can be either fixed or movable. The fixed intake
conduit is usually placed besidea reservoir or in a
15

Table 2. Data for filter and pure-water well design.a
._--_----~------.--~~
~~.
-__
_- .___~~~~__--~
__.. -_ .~ ~- ..--..- -..
Treated water tank
Filter tank
Filter area
Well depth
.Diameter
Households
Tank depth
Diameter
Max. water
content (m’)
(m’)
(mm1
(mm)
--~-!2!!!!:2.--.--~~ -A!!L
~. ..~ !mm!
1000 ‘\
0.785
2300
1.5
1000
30
2300
1.8
1100
:, 0.95
2300
1100
40
2300
1200
1200
50---__----.--._.~~~-...__2300
,,. 1.13
2300
2.15
~.. ~.
aThe calculation is basedon summer water consumptio: (20 l&es/person-day) with five persons per household.
‘\
‘\

riverbed. If the slope of the reservoir or riverbank
is steep, and the geologic structure good, the
intake conduit can be built right into the bank, or
if the mainstream is far from the bank and the
water quality near the shore unsatisfactory, the
conduit is usually built right into the riverbed,
provided the bed is flat and stable.
If the intake conduit is movable,it is placed on a
boat or cable car so that water can be collected
evenwhere the water level variesbetween 10 and
35 m. The water level should not fall or rise more
than 2 m/h, and the shore should be reasonably
sloped (lo”-30”). There should be no solid
objects floating on the water and no risk of
collision by boats. In other words, the siteschosen
for movable conduits should be safe and easy to
manage (Fig. 5).

(4

Where the river is winding. the direction of the
mai&ream should be caref;;ily investigated and
the ca&nent should be sited downstream where
the water-is deep (Fig. 5a).
If the river is.fairly straight, the intake should be
sited as close as possible to the mainstream; a
narrow section of the river may be optimal (Fig.
5b). However, some hydraulic effects may occur
after the intake structure is built, and the shapeof
the river may change.
If there is a sandy island in the middle of the
river, the collection point should be sited at least
500 m away (Fig. 5c, right), and if the island is at
the mouth of one of the branches, tbe collection
point might be better sited upstream in the other
branch (Fig. 5c, left).
Uncontaminated spring water is suitable for
drinking, but it must be protected from contamination. The greatest emphasis should be placed on
improving the surrounding environment. Any
pollution source within 30 m - latrines, cattle
pens - should be removed. A sealed enclosure
should be constructed of brick, stone, or concrete,
and a tap should be installed (Fig. 6).
If the spring water is abundant, it can be
transmitted to the community by a system combining a pure-water tank and a pipeline (Fig. 7). It
will be sanitary, convenientfor the users,and easy
to maintain.

(b)

Fig. 5. Collection sites for St&ace water (1, intake
siting; 2, accumulation [sludge, sand, etc.]; 3, island;
4, headingpoint; 5, mainstream) in (a) a winding river,
(6) a straight river, and (c) a branched river with
island.

Fig. 6. Sealed spring (I, overflow; 2, tight wall; 3, tap;
and 4, ditch).
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Fig. 7. Transmission ofspring water(1, source enclosure; 2, 7.5 m; 3, pure-water tank; 4, concrete; 5, sand; 6, tap;
7, concrete; 8, pure-water tank; and 9, sand layer).

In the mountainousareasof Fujian and Guang- several times in water so that the water piped
dongprovinces,spring water is abundant and does through it doesn’t acquire an odour. Burying the
rot need treatment. Alsc, it is easily transported bamboo pipeline will make it last longer; a
by, gravity to the community - a cheap and lifespan of 2-3 years is normal. Sections of either
convenient water supply. The pipeline may be concrete or porcelain pipelines should be joined
with a mortar of cement : sand (ratio 1 : 2). If the
bamboo, concrete, porcelain, clay, or plastic.
joints do not seal well, sodium silicate or potasIf bamboo is used, it should have its “skin”
taken off, the nodes pierced with a sharp tool and sium silicate should be added to the mortar.
Spring water for drinking purposes should be
scraped, and then it should be thoroughly cleaned

6
Fig. 8. Spring house (1. vent; 2, tap; 3, ditch; 4, soilJiller to strength the strt.4pture; 5, overflow; 6, spring water; 7,
cover: 8, settled sludge compartment; 9, sludge discharge; IO, supply pipeline; 11, discharge pipe for tank
cleaning; and 12, clay).
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far from pollution sources but near enough to
users to be convenient. The discharge point of a
spring can only be found by site investigation and
visits. Long-time residentsare the best experts on
how and where to look for a spring.
Most communities in mountainous areas are
small and scattered,so the piping structure should
be simple, low cost, and convenient. A “spring
house” (Fig. 8) is sometimesdesired, and it can
be built with local materials, near the point of use.
Bricks, blocks of stone, and concrete are the
common building materials.
The steps to collect water and protect it from
pollution are to:
,’
0 Install a watertight cover with a vent that
opens downward and with a screen that prevents
insects from entering;
l Design all entrances so that pollution is
minimized; for example, an entrance should not
be too close to the ground;
0 Ensure walls are impervious; clay should be
used as a seal on the outside of the wall to a
thickness of 0.3-0.5 m;
0 Construct a slanted,imperviousapron around
the house to prevent polluted water from seeping
ill;
l Build a %pring house,” which is a sealed
enclosure, on impervious bedrock; the site is
important for maximum water collection; and
0 If water is to be taken directly from the spring
house, provide a tap or a public bucket.
The Hondi production team in Fujian province
usesa spring houseto collect its water. The water
is then transmitted through 450 m of pipe (a
shortened version in Fig. 9), the last 50 m of
which is porcelain with an 80-mm diameter, into a
village storage tank, built of hewn-stone blocks,
with a capacity of 12 m3. Four taps have beer
installed in two sides of the tank. A lever valve
permits a large volumeof water to be drawn in just
a few seconds. Bathroom and laundry facilities
are located next to the tank.
The Qile productionteamin Guangdongprovince
also uses a spring house but uses bamboo to
transmit the water to the village (Fig. 10). The
junctions betweensectionsof bamboo were sealed
116thtar and reinforced with cement mortar on the
outside. The pipeline was buried but marked with
stakes for ease in maintenance.
Groundwater

Collection

Structures for groundwater collection depend
on the depth and thickness of the aquifer, on
hydrologic conditions,and on the quantity of water
required. Collection can be divided into two
18

categories: drilled, dug wells, and infiltration galleries (Table 3). In rural areas with scattered
populations, other well types - built of bamboo
or with a spring house- are usedfor groundwater
collection.
Hydrogeologic conditions generally determine
where a groundwater collection facility should be
installed. It should be sited where water is abundant and as near as possible to the major users.
Other factors, e.g., the capital available for engineering and construction; people and meansavailable for operation,management,and maintenance;
should also be considered. Furthermore, the
possibility of contamination should be taken into
account, and the replenishing source and its path
of flow should be estimated. Sourcesfor domestic
and drinking-water supply should be located
upriver from towns, cities, inhabited areas, and
industrial areas.
The Bamboo-Built

Well

A bamboo well usesthe simplest equipmentfor
collecting subsurfacepercolating water and shallow groundwater. In the Shanghai suburban area,
where the groundwater table is high (usually less
than 1 m below ground surface), the bamboo well
is used for single-family water supply (Fig. 11
and 12). It is inexpensive,easy to make, and the
material (bamboo) is available everywhere. A
bamboo-built well is usually installed indoors
(kitchen) to minimize the possibility of contamination and to maximize the life of the well.
Kitchen Well

The kitchen well is another simple structure for
drawing subsurfacepercolating water or shallow
c1. jndwater (Fig. 13). It is named for its location
m or near the kitchen. The advantagesof a kitchen
well are that it is inexpensive and easy to build,
usually only 3 m deep and requiring no more than
2-3 work days. The materials needed for construction are 300-400 bricks and a short section
of concrete pipe with an internal diameter of
400 mm; the total cost is only 20-50 yuan.
Becausethe kitchen well is installed in individual
houses,it is convenientto use and maintain and is
little susceptible - if at all - to contamination
during seasonswhen fertilizer is used in fields.
The minimum space between the well and
cattle pens or latrines is 5 m. If the sanitary
conditions in the kitchen are poor, strict rearrangementof connectionsand disposal is required
before the well is built.
Before construction of the well, the building
materials should be washed. After construction,
the first few draws of water should be discarded;

/

\

Fig. 9. Diagram of Hondi production team’s spring water system (1, triangular channel; 2, spring water; 3,
porcelain pipe; 4, buried portion of pipe 1 m underground; 5, inlet; 6, accessfor repairs, adjustments, etc.: 7,
overjlow; 8, storage tank; 9, pipeline to supply; 10, outlet; and II, pull that releases valve for water discharge).

Fig. 10. Diagram of the Qileproduction team’s spring water transmission (I, source-protecting tank; 2, overjlow;
3. outlet; 4. spring-water inlet; 5, bamboo pipeline; 6, overflow; 7, storage tank; 8, inlet; 9, tap; IO, sludge
discharge; and II, ditch).
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Fig. 11. Bamboo-built well (1. steel tap; 2,piston; 3,pedal; 4, supportingplate; 5, bamboo; 6, unidirectional valve;
7, water storage: 8, sand layer; 9, galvanized wire; IO, rubber gasket; 1I, 30-mm-diameter steel tap; 12, fttted
frame; 13, wooden plate; 14, hole: 15, unidirectional valve; Id, rubber piston cover; 17, piston; 18, IO-mmdiameterjacket; 19. long bolt; 20, nut and retainer; 21, link: 20 X 3 mm steelplate. length: 90&1000 mm; 22,
levee 23, loading; 24, supportingjoint; 25, force; 26, supportingplate; 27,j7at steel bracketforpedal, 30 X 5 X
2&I mm&28. steel plate; 29, diameter decided by the external diameter of bamboopt>e; 30, lever; 31, nut; 32,
retainer; 33, rubber washer; 34, retainer; 35, nut; and 36, pin 3 X 20 mm).

then the water can be used. Drilling more deeply
into the ground produces more and better water.
The diameter of the body of the well, especially at
the bottom, can be reduced as a cost-cutting
measure.

many designs for this type of well, the most
frequently used are the draw well with hand pump
(Fig. 14), draw well with waterwheel (Fig. 15),
and draw well with windlass (Fig. 16). For the
first two, the water surface should not be more
than 5-6 m underground,or drawing water will be
difIicult. If the hand pump is difficult to use, it
can also be modified so that the piston of the pump
is under water. This modification causes the
piston to push the water up rather than using a

The Sealed, Dug Well

The sealed, dug well prevents pollution or
contamination from the use of buckets. Of the
20

Fig. 12. The bamboo-built well in operation,

Fig. !4. Draw well with handpump (1. handpump; 2.
supporting frame; 3, cover; 4, impervious apron; 5,
ditch; 6, position for bucket; 7, ditch: 8, intake pipe;
and 9, seal).

4-SO-+6004
Fig. 15. Draw well with waterwheel (1, entrance; 2,
wheel; 3, handle lfor turning]: 4, tight seal; 5,frame; 6,
impervious apron; 7, well seal; 8, iron chain; 9, leather
washer; IO, trough; 1I, outlet; 12. position for bucket;
13, ditch; 14, intake pipe; and 15, bell).

Fig. 13. Cross section of the kitchen well (1, cement
pipe; 2. clav stabilizatiom 3, brick wall sealed by
cement; 4, b&k without cement: 5, sand; and 6,polished
cement mortar).
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Table 3. Groundwater collection technologies.

Category
____
Drilled well

Scale
Diameter of
well SO1000 mm
but usually
150-160
mm.

Dug well

Well diameter,
2-12 m but
usually 48m

Infiltration
gallery

Pipe diameter
0.45-l .5 m
but usually
0.6-I .O m

Hydrogeologic conditions
Aquifer
Well
- Aquifer
thickness
depth
Characteristic
Production
depth
20-1000 m,
Dependent on Usually
Suitable for
Generally 500but usually
pumping
thicker
sand, gravel, 6000 m’/day
less than
capacity, no than 5 m, or or pebble
for a single
maximum
300m
a multiple
stratum
well;
watermaximum
bearing
20 ooostratum
30 000 ml’/
day
Less than
Very shallow, Generally 5- In-flow and
Generally 50030 m,
usually less
20m
percolation
IO 000 ml/
usually
than 12m
are good;
day;
6-20 m
percolation
maximum
index should 20 OOObe higher
30 000 m’/
than
day
20 m/day;
suitable for
sand or
gravel
stratum
Greater than Very shallow, Very thin,
In-flow and
Generally 1510 m but
usually less
usually 430 m3/
percolation
conven6m
than2m
are good,
day-m;
tionally
snitable for
maximum
47m
the middle
50-100 m’/
sized or
day-m
coarse sand
stratum, or
gravel, pebble stratum

vacuum.If the well is deep,the dindlass should be
used.
A windlass carries the water up in a roundbottomed bucket and lets it out through a trough.
Somedesignsuse a large stone as an anchor at the
well bottom and two lengths of wire extending
Corn the stone to the top as a track. The bucket
travels between wires through two holes on both
sidesof the bucket and can thus move steadily up
or down. A stophook is placed at the top, which
causesthe bucket, once it reaches the top, to tilt
and pour the water down the trough.
A tight seal for a well with a windlass or
waterwheel can be made of wood, brick, or
concrete. Only the end of the trough and handle
are outside the well. Improvements for existing
wells include cleaning the bottom by withdrawing
the slurry and introducing a layer of sand, moving
cattle pens, and filling in latrines and rubbish or
manure pits within 30 m. Also, the walls of the
well should be sealed and an impervious apron
22

built, 20-30 cm aboveground. The apron should
be sloped, and a ditch should be made at the
outside edge so that no polluted water flows into
the well. All thesemeasuresare essentialfor well
protection.
Small-Mouthed

Well

The traditional well has a big opening and shaft,
which are difficult and costly to repair or rebuild;
it is easily contaminated and hard to protect;
therefore, a small-mouthed well is recommended
where the water table is high enough (Fig. 17).
The small-mouthed well has a shaft 20-25 cm
in diameter, the opening is even smaller, with a
diameter of 15-20 cm. The well shaft can be
madeof bamboo, earthenwarepipe, concretepipe
- whatever is locally available. A layer of
pebblesor sand should be laid on the bottom of the
well, and it should be cleaned periodically. A
sloping impervious apron should also be built

around it. A curved, iron spadecan be usedto drill
a small-mouthed well. The spade should be
approximately 30 cm long (Fig. 18) with teeth on
both
sides. The shaft handle is a horizontal rod,
3
fixed to the apparatus with cord: its length will
depend on the height of the water table but is
usually about 7 m. The other end of the cord can
be tied to the spade to prevent it from dropping
into the well.
A person holds the spade in position pushing
downward on the handle, while two other people
push the horizontal rod to make the shaft rotate.
At the same time, water is added to the hole to
makesomeof the soil into slurry, which will cause
the soil to stick to the spade and come out easily
when the spade is withdrawn. The soil is removed
= = ; z- --z2---~----~-=x=
---____
in this way after the shaft is rotated severaltimes.
When the groundwater appears,the hole is drilled
another 2 m deep; then the water is pumped out
until it becomes clear.
The water-intake device for a small-mouthed
well can be a long bucket with a piston valve at the
bottom (Fig. 19). Water entersthe bucket through
,6
the valve and is poured out when the string is
l-4
pulled. Alternatively, a hand pump can be installed
on the well.
Fig. 16. Draw well with windlass (1, entrance: 2,
The advantagesof a small-mouthed well are
frame: 3. fixed shaft: 4, seal; 5, track; 6, fixed stand;
at it is easy to construct and maintain. It can be
7, windlass; 8, tight seal; 9, trough; 10, position for 7
in -talled in the yard or kitchen and is easy to use
bucket; 11. ditch; and 12, stop hook).
and protect.

a

L-

The Driven Well

3,

The driven well (Fig. 20 and 2 1) is suitable
where the water table is high, the quantity of water
is abundant and sand layers do not contain large
rocks that could obstruct the pipe as it is being
driven down. Bamboo or steel pipes can be used
for the driving pipe. A steel pipe should be 2.55 cm in diameter; bamboo should be young stems
(as old ones break easily), 7-8 m long, with a
diameter of 1.5-2.0 cm (measured at the base).
Both steel and bamboo pipes should be pierced
1 m from the lower end with 30-40 fine holes
(0.345 cm in diameter) for water intake; these
holes should be 3-4 rows, 6-10 holes per row.
When bamboo is used, all the nodes should be
broken except the one at the bottom. The slender
part of the bamboo should point downward with
wire wrapped around the end to prevent breakage.
If steelpipe is used,the lower end should be made
into a diagonal point.
Before the pipe is driven into the ground, a hole
with a diameter of 30 cm should be drilled asdeep
aspossible,then water poured in to soften the soil.
Two or three people will be needed to insert the
steel pipe perpendicular to the ground surface. A

#4

Fig. 17. Cross section of a small-mouthed well (1,
tank; 2, cover; 3, lip; 4, impervious apron; 5, well body;
6, water-bearing laver; and 7, pebbles or sand).
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(b)
Fig. 18. Longhandled spade
used in smallmouthed well (I,
handle; 2, horizontal rod; 3,
spade).

Fig. 19. (a) piston valve (seen
j+om below) (4, bottom of bucket;
5, rubber valve; 6. water intake or
outlet) and(b) bucket with piston
valve (7, water-intake bucket; 8,
string; 9, rubber valve; and IO,
water intake or outlet).

I

Fig. 20. Steel-p@edn’ven well (7, handpump; 2, groove:
hole; and 6, water3, ditch; 4, steelpipe; 5, water-intake
bearing layer).
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horizontal rod can be attached (as for the spade
Fig. 18) to rotate it when the resistancebecomes
great.
One person should hold the pipe while it is
being inserted to keep it straight and to assessthe
condition of the soil. Experience shows that if
insertion is easy and noiseless, the earth is soft,
perhaps loesswith a little water in it; if insertion is
difficult and the earth sticks to the pipe, it may be
clay. If insertion is difficult and produces a
scratching sound, the soil is probably sand. The
louder the sound, the larger the sandparticles, and
the more the water contained in the layer. If there
is a gravel stratum, the water should be plentiful,
but the shaft may wobble and should be held
firmly while being driven in. After the pipe is
driven into the ground to an appropriate depth,
0.5 m of pipe should be above the ground surface
for the hand pump installation. Water should be
withdrawn until it comes out clear. If bamboo is
used, a steel pipe should first be used for driving
and then be replaced with the bamboo. A hand
pump can be homemadewith waste steel pipe and
sheet. The advantageof a driven well is that it is
easy to install and convenient to use.

Riverbed Percolation

Well

A riverbed percolation well is a kind of widemouthed well, suitable for areas where the riverbed allows good percolation. In the mountains,
the water level is usually low during the dry
season, sometimes so low that the bed can be
seen. A riverbed percolation well is suitable for
this hydrologic condition, becauseit allows water
to be collected by a drain beneath the surface of
the riverbed by the well.
The site on the riverbed should be stable, with
good water that is flowing rapidly. The section of
river should be straight, and percolation through
the riverbed should be good. The construction
material is usually brick, stone rubble, or precast
concrete blocks; however, local materials are
recommended.The rate at which water entersthe
well is increased if an inlet is built into the wall of
the well. It can be horizontal (Fig. 22a) or inclined
(Fig. 22b).
A horizontal inlet is easy to make and is
commonly used. It is usually a cylindrical hole
with a diameter 100-200 mm; sometimes it is
rectangular (100 X 150 to 200 X 250 mm). Inclusion of a galvanized wire screen will prevent
loss of filter media.
An inclined inlet is usually circular with a
diameter of 50-150 mm (maximum 200 mm).An
inclined hole facilitates changing the filter media
but is susceptible to blockage. The incline should

not be greater than 45”. and a screenis usually put
at both ends. The filter at the bottom is mainly to
prevent sand from getting into the well. Usually
there are three to four layers, 200-300 mm thick
each,with the sizeof grain increasingfrom bottom
to top. If the grains of sand in the riverbed are
large, twj layers of filter and a total thickness of
400-600 mm may suffice (Table 4).
On top of the well, a cover with a vent should be
fitted. The vent pipe should be l-2 m higher than
the water level during the flood season. An
example is a riverbed percolation well in Guangdong province, with an external diameter of 5 m
and a depth of 4 m (Fig. 23). The well wall is a
precast-concretering in two short sections, each
2 m high. The concrete ring was sunk to the
required depth by dredgingthe sand from the bed.
At the bottom, a 0.4-m layer of stoneswas usedas
a seal. Above that, 2-4 mm of medium grain sand
and 4-8 mm of fine sandwere placed, topped by a
filter of three layers, 200 mm each, with grain
diameters of 10-20, 20-40, and 40-80 mm respectively.
This well started to provide water in 1969 with
an output of 1500 mJ/day and did not stop until
1975. The sand in the well was then cleaned and
production resumed.
Deep Well
Fig. 21. Bamboo-pipe driven ?vell (I, handle: 2, pull
rod; 3, supporh’ngpost; 4, impervious apron; 5, outlet:
6, trough: 7, piston valve; S, piston; 9, rubber gasket;
IO, ditch; II, piston supporter; 12, piston valve; 13.
bamboo; 14, water-intake hole; 15, cork;and Id, wire).

(a)

In the suburban areas of Shanghai, some
communes use deep groundwiler for their water
supply. This water meets the drinking water
standards and treatment is unnecessary. These
communes(Caoxing, Zhangjiang,and Zhuanqiao)
each use a system with one well and one storage
tower: Well depth is more than 200 m, and output

(b)

4------o+

Fig. 12. Inside-view of (a) a horizontal inlet (1, inside
the well: 2, galvanized wire screen; 3, filter media sand, pebbles; and 4, wall seal) and (b) an inclined
inlet (5, inside the well; 6, screen, if inlet is less than
500 mm; 7, stone; and 8, wall seal).

Fig, 23. Cross section oj L.riverbedpercolation well (1,
water-intake pipe; 2, vent, 50 mm in diameter; 3,
concrete cover; 4, riverbed; 5, precast concrete ring;
6, pebbles; and 7, sand).
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Table 4. Grain diameter and layer thickness for bottom filter.
_~~___.

.__.-- -..~.-.-

.~~..~~ ~. ..~
- -.~
First layer
Second la&
Riverbed
Grain
Thickness
brain -Thickness
material
diameter (mm)
(mm)
diameter (mm)
(mm)
Medium-grain sand
10-20
300
200
ii
Fine sand
2CL-30
200
15-30
Gravel
50-150
200
---.
-~__-__

is 60-80 m3/h. The effectivevolumeof the storage
tank is 50 m3, at 25 m above the ground. The
waterworks provide water continuously. When the
demand is less than pumping-station capacity,
excess water is stored in the tower; when the
demandis greater than capacity, the storagetower
and pump together supply the water required.
When the consumption is low at night, the

(a)

%ird layer
Grain
Thickness
diameter (mm)
(mm
50-80
200
60-100
200
-

pumping station stops working and the storage
tower alone supplies the community.
Injiltration

Galleries

An infiltration gallery is a horizontal watercollecting facility laid in a riverbed (or riverbank
or island in the river). Water is collected through

(b)

Fig. 24. Infiltration galleries (a) parallel to the river, beneath the riverbank (I, pumping station; 2, watercollecting tank: 3, pipeline; 4, infiltration galleries; and 5, river); (b) perpendicular to the river, beneath the
riverbank(1, river; 2, ifiltrationgalleries;
3, branch stream; 4, water-collecting well; and 5,pumpingstation); (c)
perpendicular to the river, beneath the riverbed (1, older iqjiltration galleries; 2, river; 3, newer arch-shaped
galleries: 4, riverbank ; and 5, pumping station); and (d) parallel and peipendicular to the river, beneath the
riverbank (1, river; 2, branch stream; 3, irlfiltration galleries: 4, water-collecting well; and 5, pumping station).

26

1

holes in the gallery or pipe or through gaps
between pipe sections.
Infiltration galleries intercept and collect the
water below the riverbed. This method of collection is relatively efftcient and the resulting volume
of water is large, In addition, some purification
occurs, although the amount depends on the
original tubidity of the raw water. If a structure for
artilicial filtration is installed, about 70% of the
suspendedsolids, 7&90% of the bacteria, and
more than 70% of the E. cofi can be filtered out.
The choice of a site for an infiltration gallery
greatly affectsthe water output. The ilow of water
should be rapid, with enough force to prevent
sediment from settling on the bed. The chosen
section of river should be straight with inverted
banks, and the site should be as close to the
mainstreamas possible. The water-bearing layer
should be thick with no impervious layers within
it. The river should have a stable bed, with
relatively clean water and little variation in water
level. There are four possibleconfigurations (Fig.
24) for infiltration galleries:
0 In the first, the galleries are pardlel with the
river (or at a slight angle) (Fig. 24a); this is
suitable for places where the water-bearing layer
is thick and groundwater is abundant. The riverbed shouldbe stableandthe water of good quality.
This arrangementcollects the water filtering into
the river and grouudwater from the riverbank.
l In the second and third arrangements, the
galleries are perpendicular to the river beneath
either the riverbank (Fig. 24b) or the riverbed
(Fig. 24~). The latter is appropriate when there is
a thick water-bearing layer and little water under
the bank. The percolation of the bed should be
good and groundwater abundant. The galleries
are placed beneaththe riverbed in areaswhere the
rivers are shallow and iced over during winter or
where the water-bearing layer is thin and the
percolation is low.
l The combinationof parallel and perpendicular
galleries (Fig. 24d) suits areaswhere the ground-

2
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Fig. 25. Materials used in ifiltration
galleries (1,
stone plate; 2, stone blocks; 3, opening-s, slits, or gaps;
4, s&ace soil; 5, clay: 6, Jine sand; 7, coarse .vond;8,
i@ltration-sand layer; 9, pebbles; and IO, foundation).

water is abundant and the water-bearing layer is
thick. This arrangement permits collection of
groundwater from both the riverbank and the
riverbed as well as percolation water all at the
same time.
A reinforced concrete pipeline is usually used.
Ifthe volume of water is small, steelpipes can also
be used.Other locally available materials, suchas
stone, stone and mortar, or brick (Fig. 25), are
also widely used. Sand-filter layers are generally
made around the infiltration galleries. The number of layers and their thickness depend on the
size of particles in the water, but three to four
layers should be sufficient. The total thickness
should be 800 mm, with each layer 2OC300 mm.
The top layer is the thickest but with the fmest
grain; the layer nearest the galleries should contain grain that is larger than the openings in the
gallery piping. There must be no clay, glass, or
weatheredrock in the layers;therefore,the original
sand from the riverbed should be thoroughly
washed before being put back as filling.

Chapter 4

Water Treatment
Filtration
Of the many kinds of filters there are two major
types based on the filtration rate: slow filters and
rapid filters (this publication covers only the
former).
Slow filters have a filtration rate of 0.1-0.3 m3
water volume/m* filter area-hour for water below
50 mg/l turbidity. The inflowing water may be
untreated. Water with high turbidity must be
pretreated,usually by sedimentationand possibly
by coagulation (p. 31).
The disadvantagesof a slow filter are its low
filtration rate and low capacity; also, it is difficult
to clean. Its main advantagesare that it removes
bacteria very effectively, produces water of high
quality, has a simple structure, and can be built
with local materials. For these reasons, slow
filters are still widely used for treatment in watersupply installations.
The following slow filters are small, simple to
operate, and inexpensive.Even though the quality
of water produced tier treatment with these
filters cannot meet national quality standards,
there is still value in using them in rural areas in
southern China, as they do improve domestic
water and, hence,reduce water-relatedinfections.
Pond-Side Filter
The pond-side filter consists of two parts, the
filter and the treated water tank. There are three
types, depending on the direction of water flow:
vertical (Fig. 26), horizontal (Fig. 27), and
vertical/horizontal. In the vertical filter, the water
flows into the upper part of the ftiter, through the
sand, and out the bottom. In the horizontal filter,
water flows through the sand horizontally; as its
name implies, the vertical/horizontal filter is a
combination of the two. The filter and the treated
water tank are connected.Walls can be made of
concrete or cemented brick The bottom of the
filter consistsof channeled,porous blocks. There
are three or four layers of sand, including the
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foundation layer: the top layer is fine sand (0.31 mm diameter), 800-1000 mm deep; the next
layer down is coarsesand (l-2 mm), grains lOO150 mm deep; the next is pebbles(2-8 mm), lOO200 mm; and the bottom is stones (8-32 mm),
100-200 mm. The falter tank is 2-3 m high and
the total depth of sand layers is 1.2-l 5 m. Thus,
above the sand, a space0.5-l .5 m is availablefor
inflowing-water storage.
Slow pond-side filters are widely used in rural
areas of Nanning prefecture, Guangxi province,
Guangdongprovince, and Hebei province.
The filtration rate is based on 0.1-0.3 m/h
flow rate. Basedon the current water consumption
in rural areas, 40-80 l/person-day, every m* of
filter will be ableto supply water to 6&l 20 people,
provided the waterworks runs 24 hours a day.
Because demand peaks at certain times, storage
should be approximately 50% of the total volume
of daily consumption.
The data obtained by the Department of Health
and Epidemic Prevention in Fusui county from
seven pond-side filters for production brigades
indicate the effectiveness of the system: the
degreeof coloration was reduced from an average
24.5 to 9.8 (60%); the turbidity (mg/l) from 88.8
to 7.7 (91.2%); the oxygen demand (mg/l) from
10.53 to 3.73 (64%); and the total bacterial
count/ml from 4486 to 246 (96.3%).
Tests made by the Department of Health and
Epidemic Prevention of Guangdong province
also indicated that using the filter significantly
reducedcolour, turbidity, iron (Fe) and magnesium
(Mg) content, total bacterial count, and E. cofi
count. Reductions in turbidity and bacterial count
were 93.91% and 90.33% respectively.
In areas where ponds are used as the source for
water supply, measures to protect the water
include prohibiting (1) the washing of clothes and
other items in the pond and (2) the use of private
buckets to take water directly from the storage
tank, which should be tightly covered.When algal
growth occurs, particularly in summer, the addition of bleaching powder may be necessary.Also,
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Fig. 26. A verticalpond-sidejTlter: (a) the cross section
(I, jine sand; 2, coarse sand; 3, pebbles or stones; 4,
channeled, porous stone; 5, main drain; 6, cover: 7,
storage tank; 8, wall; and 9, drain) and(b) theplan (I,
influent; 2, main drain; and 3, drain).

+-9

\-,
Fig. 27. ‘A horizontal pond-side jilter (a) the cross
section (1. dmin; 2, pebbles or stones; 3, coarse sand; 4,
fine sand; 5, coarse sand; 6, pebbles orstones; 7, drain;
8, tap; 9, storage tank; 10, vent; and 1I, cover) and(b)
the plan (I, source; 2, drain; 3, pebbles or stones; 4,
coarse sand; 5, fine sand; 6, coarse sand; 7,pebbles or
stones; 8, drain; and 9. taps).
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fish may be put into the pond as a monitorofwater
quality and harmful contamination.
Depending on the quality of the raw water,
periodic cleaningof the 100-200 mm fine sandon
the filter surfaceis needed.The sand is withdrawn
and washed about every l-2 months. The frequency of this washing is determined by the
turbidity of the raw water. When the difference
between inflow and outflow (head loss) is greater
than 1 m or whenthetreatedwater is unsatisfactory,
washing is necessary. All the sand should be
washed every l-2 years.
Sources of water are selected for their convenience for the users, but a more important criterion is that the raw water be unpolluted and of
good quality. Thus, there should be no latrines,
manure piles, or grazing areas nearby. Also,
experience has shown that using private buckets
to take water directly from a water sourceseriously
pollutes the water; effectiveprotection is provided
by the installation of hand pumps or taps. In
Guangxi, the data from 11 storage tanks showed
that the total bacterial count was reduced by
96.2% when hand pumps or taps were used,
whereas only 54% reduction was achievedwhen
private bucketswere used. Ventilating the storage
tank reduces any odours in the water.
Nabu production brigade in Guangxi province
has a population of 535 116 households. The
brigade’s water-treatment installation is a combined horizontal/vertical pond-side filter (Fig.
28). The tanks are stone.The primary (horizontal)
filter is 1.5 m wide, and the secondary (vertical)
filter is 2.0 m X 2.5 m. There are eight taps at the
bottom of the ston\ge tank. The raw water has
25.0” coloration, 100 mg/l turbidity, 5.79 mg/l
oxygen demand, and a total bacterial count of
4OOO/ml.Using the pond-side filtration system,
the brigade improves those figures to lO.o”,
6 mg/l, 5.03 mg/l, and 120 bacteria/ml respectivelv.
In another commune in Guangxi province, a
horizontal filter was built out of bricks with the
filter in front and the storagetank behind. The taps
were placed at the front end of the storage tank.
Elsewhere, long, tunnel filters have been constructed of stone and filled with sand. They have
functioned well, but the shapehasmade it difficult
to wash the sand.
Washing the sand is labour-intensive and timeconsuming. Usually, 5-7 work days are required
for a single washing, although this can be reduced
by use of a backwash tank (Fig. 29). The stepsin
using a backwash facility are to close the drain
between the storage tank and the filter; open the
valveto let thewashwatercomeup throughthefilter;

-------l
bank of the pond. It should have a diameter of 34 m, a depth of 2.5-3.5 m, one or two ventilation
holes, and a 0.5 m-diameter maintenance access.
When backwashing is in progress,the water depth
in the backwash tank should be kept at least 1 m
deep, and the connecting pipe should be large
enough to guarantee satisfactory backwashing.
The wash-water outlet should be at least 0.5 m
above the sand surface so that the risk of sand
losses is minimized.
Riverbank Filter Wells

People living near rivers have designed riverbank filter wells (Fig. 30) to improve the water
quality. This type of well has proved to be both
economic and efficient. It consistsof a pure-water
basin and a filter and is constructed near the bank
of a river; its method of operation is similar to that
(b)
of the pond-side filter. A substantial number of
Fig. 28. Horikontal/vertical pond-side filter used b-v suchwells havebeenbuilt in Guangdongprovince.
Nabu production brigade: (a) the cross sectiorl (I,
The site for a riverbank filter should be an area
vent: 2, storage tank; 3, drain; 4, primary, filtration; 5,
where
the water is deep and swift-flowing. If the
jinesand; 6, coarse sand; and 7, stones orpebbles); and
well
is
constructed in a “dead comer,” weedsand
(b) the plan (I, taps: 2, vent; 3, steps; 4, bridge; and 5,
other
suspended
solids will enter the filter. The
source).
site should be accessible:within 50 m of the area
served. The soil should be suitable for construction, and no latrines, stables, excreta storage, or
compost heaps should be within 30 m of the site.
The well has a surface area 1.0-l .2 X 1.Om
and a depth of 1.6-2 m. There are one to three
inlet holes in the upper part of the filter, and the
bottom of the filter has one to three drains, 1530 mm in diameter, connecting it with the purewater storage. Sand for filtration is often taken
from the river. The three filter layers (including a
supportinglayer) are the lower layer, 100-200 mm
thick, composedof pebbles (grains of 1(1-30 mm
in diameter); the middle layer, 150-200 mm

Fig. 29. Simple backwash for slow sand jZter (1,
sedimentation tank; 2, wash-water outlet; 3, backwash-water inlet pipe; 4, Jine sand: 5, coarse sand; 6,
pebbles: 7, inlet control sluice board; 8, hand pull; 9,
maintenance access; 10, vent; II, valve; and 12,
distribution pipeline).

rake the sand surface to a depth of 200-500 mm;
as the wash water becomes clean, stop the
backwashing; and, final&, open the drain again
for filtering.
The backwash water-storage tank is usually
placed 3-4 m higher than the filter system on the

Fig. 30. Riverbank filtering well (1. drain; 2. impervious apron; 3, wall: 4, storage well; 5, protecting wall;
6, filter tank; 7, inlet; 8,jine sand; 9, coarse sand; 10,
pebbles; and II, drain).
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thick, of coarsesand (3-10 mm in diameter); and
the upper layer, 800-I 000 mm thick of fine sand
(0.2-2.0 mm in diameter). The diameter of the
pure-water storage well reflects the number of
users; a 0.8-l .2 m-diameter well can supply
100-200 people (approximately 20-40 households). The well is usually 3 m deep.
Both the pure-water well and the filter can be
built of brick or stone; silicate bricks of dimensions 900 X 200 X 380 mm are also used. The
materials cost roughly 200 yuanl.
Water treated by riverbank filtration wells is
palatable, without taste or odour. Although it may
not conform to national water quality standards,it
is a vastimprovementon the raw water. According
to the statistics provided by Tanbai commune in
Guangdong province, where a filtering well was
built in 1973, the number of casesof intestinaltract infections declined by 41.67% from the
figures in 1971.
Maintenance procedures for riverbank filter
wells are similar to those for pond-sidefilters. The
well should be covered and the bucket used for
water extraction should be public property. Regulations should be establishedto avoid contamination. The surface sand (top layer) should be
washed every 2 weeks; the entire filter media and
the bottom of the storage well should be washed
every 3-5 months; washing is simplest when the
water level in the river is low.
Coagulation
A simple process of water purification is sedimentation in which solids settle to the bottom of a
container holding turbid water. However, to remo:e all or even most of the solids, the process
takes a very long time. One method to speed up
the operation is chemical coagulation of the
solids.
The basic concept is to use chemicals (coagulams) to create the conditions for particle conjunction or flocculation. Alum -- Al2 (SO&.
18H20 - is the most common coagulant used in
China; it reacts in the water to form an aluminumhydroxide floe. According to the experienceof the
Shanghaiwaterworks with alum, the optimum pH
for reduction of colour is 4.5-5 and for reduction
of turbidity, 6-8; optimum water output is obminedat pH 6.5-7.5. Ferric chloride(FeC13.6Hz0)
is also used as a coagulant. It is effectivebut may
corrode metal and concrete. Ferrous sulfate
(FeS04 7HzG) is also used.
__-------._-_
‘Editor’s note:costscannoteasilybe translatedinto
othercurrenciesbecausewagesin Chinaarelow butare
supplemented
by variousallowancesandsocialservices.
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Chemicals can be fed into water by a solutionfeed machine or a dry-feed machine. Practical
results show that IO-25% less chemicals are
needed if the dosage is introduced into the water
before it is pumped through, because thorough
mixing will occur by the rotating blades of the
pump. The only disadvantageis that the chemicals
may corrode the pump over a long period of
application.
Disinfection
Water quality improves once the source is
improved and protection measures are applied.
but there will still be some microorganisms in the
water. Investigations have shown that improved
wells reduce the total bacterial count by 6080%;
a slow sand filter reducesthe total bacterial count
of surface water by approximately 90%. To kill
the pathogens and bacteria still in the water and
prevent the occurrence of water-borne diseases,it
is essentialto disinfect the water; this is especially
true during summer when outbreaks of such
infectious diseasesare at a peak.
Methods of disinfection are either physical or
chemical. Boiling water is one of the former. Most
people in rural areas customarily use only boiled
water for drinking - a poiicy that should be more
widely promoted. Chemical methods involve the
addition of chemicals like chlorine and iodine.
Chemical disinfection is effective but leaves an
odour in the water. In China, chemical disinfection is now only used in areas with epidemics of
intestinal infectious diseases.
Chlorine as an element is a gaswith a powerful
oxidizing ability. Bleach is made up of chlorine
and lime (calcium hypochlorite). It is a white
powder with a pungent odour that affects both
eyes and nose. Its chlorine content is usually 2535%. “Refined bleaching powder” is another
chlorine compound; it contains 60-70% chlorine.
Bleaching powder, when added to water, produces hypochloric acid (HOC& which can kill
bacteria. The chlorine that comesfrom bleaching
powder in this way is called free, available
chlorine. The concentration of bleaching powder
required for disinfectingwater is usually expressed
as the concentration of free, available chlorine,
Besideski!ling bacteria, chlorine oxidizes some
organic and inorganic matter contained in water.
Part of the chlorine is consumed in this way, so
highly polluted water needsconsiderableamounts
of chlorine for effective disinfection. Different
sourcesand even the samesource vary in quality;
therefore, the amount of chlorine required should
be determined before each application. The exact
quantity should be used (Table 5 j.

Table 5. Bleaching powder consumption of different water sources.
-

-Source of water

Rainwater
Deepwell water
Shallow-well water
Spring water
Turbid river water
Pond water (in a good environment)
Pond water (in a poor environment)
Lightly polluted stored water
Heavily polluted stored water
aBleaching powder with 25% chlorine content.

______~Chlorine
requirement
(mfdl)
__~____
0.5-l .o
0.5-l .o
l&1.5
1.5-2.0
2.0-2.5
2.0-2.5
2.5-3.0
2.0-2.5
2.5-3.0

The treated water should contain a certain
amount of residual chlorine (appendices 1 and 2),
but excessive amounts produce a strong smell.
Generally 0.2-0.5 mg/l will be satisfactory, although heavily polluted water in summerrequires
more residual chlorine and water in winter needs
less.
Well Chlorination

The steps in well disinfection with chlorine are
to (1) calculate the water volume in the well
(water volume [m3] = diameter2 [m2] X 0.8 X
depth [ml); (2) determine the bleaching powder
required, (3) add a little water to the powder to
f;>rm a paste and then dilute it; (4) allow any
undissolved solids to settle; (5) pour the liquid
into the well; and (6) mix the well water. Disinfection takes about 30 minutes, after which time
the residual chlorine is measured.When a well is
heavily used, the water should be monitored for
residual chlorine twice a day, perhaps more often
in summer.Table 6 lays out the bleaching-powder
consumption for different water depths and well
diameters.
In someareas,the plastic-bag chlorinator (Fig.
3 1a, b) is usedfor well chlorination. The bleaching
powder is placed in a plastic bag in which small
openingshave been made to allow the chlorine to
diffuse. Although this method is simple, its use
must be complementedby frequent checks of the
residual chlorine. A plastic bag 20 X 15 cm can
hold 300-500 g of bleaching powder. In the bag,
there are two rows of small openings,0.34.5 cm
in diameter, the upper row above the bleaching
powder, the lower row in the powder-containing
part. The number of openings depends on the
volume of water in the well: l-2 m3 of water
requires 12 openings on each side of the bag,
whereas 3-5 m3 water needs 13-18 per side.
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Bleaching powder consumptionfi
(g/W
24
24
4-6
6-8
8-10
8-10
lo-12
8-10
10-12

Using these sizes should maintain the residual
chlorine at 0.05-0.50 mg/l for 9-15 days. Once
the bag is installed, the openings are checkedfrom
time to time in case they become blocked.
As an alternative, a bamboo chlorinator (Fig.
3 1c) is sometimesused.A piece of bamboo about
5-6 cm in diameter, 50-60 cm long with 3-4
small holes (0.5-0.6 cm in diameter) in its wall is
filled with 0.5 kg bleaching powder and used the
sameway as the plastic bag, in the same arrangement, although no flotation rod is necessary.This
tool requires little spacein the well and maintains
the residual chlorine level at approximately 0.20.3 mg/l.
Storage-Tank Chlorination

Chlorine solutions for storage-tank chlorination usually need 2-5% free, available chlorine.
When a 3% chlorine solution is used, then 5 ml
(roughly half a tablespoon) is neededfor every 25
litres of water. In areas where the plastic-bag
chlorinator is used for chlorination of storage
tanks, it is generally 10 X 4 cm - a bag that will
contain 20 g bleachingpowder - with three holes
(0.3 cm in diameter) on each side, perpendicular
to the bottom, 2 cm apart, starting at 1.5 cm from
the bottom. The mouth of the bag is tied with an
elastic band. Placed in the storage tank, the bag
sinks eventually, and the chlorine is diffused. One
such bag maintains the residual chlorine at O.Ol0.1 mg/l for 10 days.
Bleaching powder is sometimescombined with
ammonia salts - the reaction forming chloramines. Although disinfection takes longer with
&loran&es than with free chlorine (1 hour as
opposedto 30 minutes),the chloraminesare stable
in water, are effectivelonger, and do not giveoff as
strong an odour as chlorine.

50-60 cm ,

(b)

(c)

Fig. 31. Two low-cost chlorinators: (a) the plastic-bag chlorinator; (b) in position in the well (1, well wall; 2,
floating wooden rod; 3, thin rod; 4, plastic bag; 5, wire; and 6. stone or brick); and(c) the bamboo chlorinator
(I, node; 2, opening; 3, hole; 4. wire; and 5, stone).
Table 6. Relationship between the depth, diameter of
the well, and the consumption of bleaching powder.a
-__
Water
depth Bleaching powder (g) for wells with diameters:
(m) 0.5 m
0.8 m
l.Om
1.5 m
2.0 m
51.2
25.6
12.8
6.4
28.4
14.4
2
:
312
16
3
:
6
i!i

t::
i*:
12.8
11:2

12:3

19.2

43.2

76.2

20.5
16.4
24.6
28.7
32.8

25.6
32.0
38.4
51.2
44.8

57.6
72.0
86.4
115.2
100.8

128.0
102.4
153.6
204.8
179.2

commonly used, but ammonium chloride, which
contains 32% ammoniais also used.For example,
a well with 2 m3 of water requires 1.5 mg of
chlorine per litre of water. If chloramine is to be
usedinstead of chlorine, the required quantities of
chlorine and ammoniafor a 4: 1 ratio are: bleaching
powder (20% chlorine) ([ 2 X 1.5]/20) X 100 =
15 g and either ammonium sulfate ([ 1.5/4]2/25)
X lOO= 3 gorammoniumchloride([1.5/4]2/32)
X 100 = 2.3 g. Both ammonium nitrite and
ammonium nitrate are poisonous and, therefore,
are not used.
Defluoridation

230.4
57.6
129.6
36.9
9
14.4
265.0
10
41.0
64.0
144.0
16.0
aThe required chlorine is 2 mg of bleaching powder
containing 25% free available chlorine for each litre of
treated water.

In natural water, fluoride concentrations sometimes exceed 1.5 mg/l and need to be reduced.
Effective

and simple methods of defluoridation

are being investigated,but at present one of three
chemical methods is generally used:
l The aluminum oxide method. Burning aluminum at 400-600 “C produces aluminum oxide,
which has a high surface area where ion exchange
can take place. The aluminum oxide is mixed with
the sand used in filtration, and it reacts with the
fluoride ions in the water. The filtration rate is

Usually a ratio of 4:l chlorine to ammonia is
required for chloramine to be produced, but it can
vary. In practice, it has been found that if
ammonia is put into the water first and then
chlorine, the disinfection lasts longer. If the
operation is reversed,someof the chlorine is lost.
Ammonium sulfate containing 25% ammonia is
33

altered according to the concentration of fluoride
but generallyapproximates2.5 m/h. When treated,
if the water still contains more than 1.5 mg/l of
fluoride, alum is added and will revitalize the
media. This method can reduce the concentration
of fluoride from 8.0 mg/l to below 1.5 mg/l,
suitable for community water supplies.
l The aluminumchloride method. Alkaline aluminum chloride (0.5 mg) mixed with 1 litre water
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for 30 secondsreducesthe fluoride concentration
from 7.0 mg/l to below 1.Omgjl, suitable for
individual or community water supplies.
l The aluminum sulfate method. For every
milligram of fluoride ion per litre water, lOO-200 mg/l aluminumsulfateare neededfor defluoridatian. When the raw water has a fluoride
concentrationgreaterthan 8 mg/l, useof aluminum
sulfate alone is r3t very effective.

Chapter 5

Water Supply Configurations
There is a long history of waterworks in China.
People knew the technique of drilling a well to
obtain water 4000 years ago. Clarification of
water by alum flocculation - still used today was initiated in China more than a thousand years
ago. Since the establishment of the People’s
Republic of China, great emphasis has been pul
on the provision of water supplies. All the cities
have their own water supply, and many small
towns now have water-supply networks. For
example, in Zhejiang province more than 90% of
the towns have water-supply systems. More encouraging is the fact that many communes and
production brigades have been constructing their
own systems.
Because water managementis directly related
to people’s health, the Department of Health and
Epidemic Prevention is very concerned with
water-quality control in rural water supply. Since
1960, for instance, a series of water-treatment
works have been constructed in the suburbs of
Shanghaias part ofthe project for schistosomiasis
prevention; to date (April 1977), more than 60
waterworks have been built in the Shanghai
suburbs alone. In addition, many people who live
far from cities or towns have gained accessto an
adequate water supply. For example, in the
Guangxi Zhuang Autonomous Region, Wuming
county, several simple water-supply works were
constructed after 1967; now 25% of the population of this county is provided with adequate
water. Before Liberation, the people of this region
only had accessto raw surface water. In Jiliang
county, Guangdong province, through the use of
local methods and local resources in waterscheme construction, more than 110 production
brigades now have their own systems, supplying
more than 300 000 people.
Since 1965, when Chairman Mao called on the
nation’s health and medical services to “put the
emphasison the rural areas,” the developmentof
water supplies has made considerable progress
toward ensuring people’s health and, especially,
preventing acute water-related infections. For

example, in the suburban areasof Shanghai,such
diseaseswere 72.6% lower in 1975 than in 1965.
Water treatment is a means to rid water of
water-borne pathogens and harmful substances.
Further, it reduces turbidities, colour, taste, and
odour to acceptablelevels.Water-treatmentworks
should fulfill requirements of quantity, quality,
and pressure. Intake works must supply a sullicient quantity of water, whereas the treatment
plants improve the water quality. The distribution
system movesthe treated water to the consumers
while maintaining a minimum pressure in the
system (Fig. 32).
The sizesof waterworks vary greatly in China;
Fig. 33-40 are flowcharts of some systemsthat
are common in southern China and the Shanghai
area.
In rural areas, generally, users are scattered
over a large area, and rural householdsare widely
dispersed. However, this situation is likely to
change with the recent increase of “socialist
villages” and the revolution in agricultural production. Currently, the population of a produr
brigade is 400-800 and that for a commune
located in a town is usually between 3000 and
5000. Production brigades use almost all their
water for domestic consumption; even in towns
where communesare located, more than 6&700/o
of the water is for domestic consumption. In rural
villages, people live together and engage in the
same sort of work; therefore the water demand
varies greatly during the day, peaking at certain
times.
Short periods of breakdown in supply seldom
cause serious problems, especially in southern
China where surface water is easily accessible.
For this reason, it is rarely necessary to have a
full-time staffto run rural waterworks. Generally,
the leaders of each community run the watersupply system, as well as engagingin the activity
of production. There is no clear division of labour,
and when the waterworks are being built or
extended, most of the community helps; people
working for other water-treatment works may also
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Fig. 32. Sur$ace-water supply.

Fig. 33. Suitablesys- Fig. 34. Suitable system for
tern for dispersed spring water located at an altipopulations, each well tude high enough for gravity
serving just one or a
feed.
few households.
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Fig. 35. Suitable system for drilled wells where the
water quality is good.
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Fig. 36(a) and 65). Suitable systemsfor surface water: a natural pond usually usedforprimary
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sedimentation.
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Fig. 37. Suitable system for good surface water, the
filtration plant near or next to the source.
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Fig. 38. System suitable for surface water with turbidity less than 100 mg/l.
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Fig. 39. Systemfor surface water; it includes either an integrated process tank for sur$ace water with a turbidity
below 500 mg/l or a directfiltration unit for water with a turbidity below 100 mg/l.
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Fig. 40(a) and (b). The most complex systems used in rural China for water supply; turbidiry is usually less than
3000 mg/l.
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rural areas is mainly for domestic supplies, and
the quantity is estimated on that assumption
(Table 7). According to production statistics from
60 waterworks in the Shanghai suburban area,
approximately 70-80 litres/person-day are required. In Guangxi province, an estimated50-60
litres/person-day is assumed for simple waterworks in rural areas. The authority in Fujian
province recommends 20-30 litres/person-day
for short-term supply and 30-60 for long-term

assist. Still, construciion, which is basedon local
methods and materials, sometimes takes a long
time.
The communities are encouraged by public
health authorities to build as simple and reliable a
system as possible. The output of the waterworks
is usually less than 24 hours’ supply, and storage
tanks are generally required. The distribution
networks follow a branching pattern.
In construction of the waterworks, the first task
is to decide how much water is required, because
every component of the system is defined by the
volume of water to be supplied. BecauseChina is
a huge country encompassingdifferent climates
and cultural patterns, water consumption varies
greatly across its length and breadth. Water in

SUPPlY.

Besides varying within any day, water consumption in summer is greater than in other
seasons,and demandin southern China is greater
than in northefrn China due to differing living
customs, climatic conditions, etc.

Table 7. Domestic water demand standard for residential areas.a
Outdoor standpipe, no indoor sanitation
facilities; with wastewater disposal system.
L
~- - _~_________________~__
-__-District (no.)
1
3
2
4
20-35
Maximum daily consumption(l/person-day)
20-40
35-55
40-60
Averagedaily consumption(I/person-day)
IO-20
lo-25
20-35
25-40
2.5-2.0
2.5-2.0
Hourly variation coefficient(peakfactor)
2.5-2.0
______.____~
.____ 2.5-2.0

5
20-40
IO-25
2.5-2.0
__~-.

Indoor taps, but no sanitation facilities
or bathroom; with disposal system.
-- .-___ ~-__
~_______.___~
__-~---Disz(no.)
1
3
4
2
___-.
40-60
Maximum daily consumption(l/person-day)
45-65
60-85
60-90
Averagedaily consumption(l/person-day)
20-40
30-45
40-65
40-70
2.0-l .8
Hourly variation coefficient(peak--_
factor)
2.0-l .8 - 2.cLl.8
2.&l .8

__-~.
5
45-60
2540
2.0-I .8
___--

Indoor taps, with indoor stanitation facilities but no bathroom.
District(no.) -___--------Maximum d&y consumpt& (l/person-day)
Averagedaily consumption(I/person-day)
Hourly variation coefficient(peakfactor)

1.-----85-l 20
55-90
1.8-1.5

2-~ -.-go-125
60-95
1.8-1.5

-_~
-___
3
5
- ~~
g5-1
3. - -4
-95-130.. ~~-ss-120~~
65-100
1.8-1.5

65-100
1.8-1.5

55-90
1.8-1.5

2

3

4

5

140-180
loo-140
1.7-1.4

140-180
1lo-150
1.7-1.4

Indoor taps, with sanitation facilities and bathroom.
District (no.)
Maximum daily consumption(l/person-day)
Averagedaily consumption(l/person-day)
Hourly variation coefficient(peakfactor)

1
130-170
go-125
1.7-1.4
________

Indoor
taps, with sanitation facilities, bathroom, and central hot
~District (no.)
-~..-__--..-~------ ~_-~..--- 1
Mmimum daily consumption(l/person-day)
170-200
Averagedaily consumption(l/person-day)
130-170
Hourly variation coefficient(peakfactor)
1.5-1.3

water supply.
-2
3
180-200 185-215
140-180 145-185
1.5-1.3
1.5-1.3
_--__-_.___-

-

150-190 140-180
120-160 100-140
1.7-1.4 -___
1.7-1.4
.__--5
4
190-220 180-210
150-190 140-180
1.5-1.3
1.5-1.3
______~

aConsumption in small public Facilities is included, but consumption in sprinkling on roads, in extensive
planting projects, and in major public Facilities in cities is not. The climatic conditions, distribution system,

inhabitants’customs,etc. differ accordingto locality and cannotbe ignored.Applicability to other districtsis
possible if the climatic conditions, inhabitants’ customs, etc. are similar.
Source: Outdoor water supply design regulation (TJ 13-74 Preliminary).
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T!le daily coefficient of variation is defined as
the maximum daily demand (volume) divided by
the averagedaily demand(volume). According to
estimates, the daily coefftcient of variation for
cities and towns rangesfrom 1.i-,2.0 to approximately 2-4; it is sometimeseven greater in rural
areas.From the daily coefftcient of variation and
averagedaily consumption, the maximum daily
volume can be calculated and usedas the basisfor
the various parts of the structure. The maximum
volume of daily supply for a waterworks is equal
to the numberof usersX averageconsumption per
person-day X daily coefftcient of variation. For
example, a commune with a population of 3000
consuming an average 50 litres of water per
person-day and having a daily cocfhcient of
variation of 3.0 needsa maximum volume ofdaily
supply of 450 mJ/day (3000 X 50/1000 X 3).
Thus the waterworks in this commune should be
able to provide 450 ms/day. However, this cal-
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culation excludes factors such as leaking, and the
actual consumption would probably be greater
than that calculated. Any industrial water consumption also has to be added to the calculation’s
result.
The use of water in a community fluctuates
every hour in the day. The ratio between maximum hourly use ar.d averageLCY,ly useduring the
day is defined as the hourly coefficient of variation. This coefftcient for cities and towns may
range from 1.3 to 2.5; for communesit may range
from 4 to 6. The hourly maximum consumption
determines the diameter of the main distribution
pipe, the capacity of pumps, etc. The maximum
hourly consumption is equal to the maximum
daily consumption averageper hour X the hourly
coefftcient of variation. Ifthe commune in the last
example had an hourly coefftcient of variation of
5, then its maximum hourly consumption would
be 93.75 mj/h (450/24 X 5).

Chapter 6

The Well Site
When rain and other forms of precipitation fall
on the ground, a portion becomes surface water
that flows along the ground into rivers and is
eventually discharged into the sea; another portion evaporatesdue to the heat of the sun and is
returned to the atmosphere; and the remainder
percolates into the ground and accumulatesin the
water-containinglayer, formingundergroundwater
(Fig. 41). Underground water can be classified as
groundwater, artesian groundwater, and perched
water.
Groundwater
Groundwater is the water that collects above
the first stable impervious layer of rock. It can
move freely, and its surface is known as the
groundwater surface. Generally there is nc;pressure in groundwater; it is supplied mainly by
rainwater or the percolation of rivers or lakes.
Because groundwater is mainly affected by rain,
the level fluctuates greatly, rising during the rainy
season and dropping during drought. Groundwater can be used for irrigation in areaswhere it is
plentiful. However, in someplacesit is scarceand
should not be used for irrigation. Village water
supplies are often taken from groundwater (Fig.
42).
Groundwater is generally stored in a permeable
soil layer. The spacebetweensoil particles makes
the layer permeable and allows for good water
storage.

heads. If, when a well is drilled, the water flows
freely to the surface under pressure, the well is

Fig. 41. Relationship between rain, surfnce water, and
underground water (1, sea; 2, mainland).

4

F&. 42. Structure of thegroundwater layer (1, groundwater; 2, well; 3, ground surface; and 4, groundwater
level).
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Artesian groundwater (Fig. 43) is stored in a
water-containing layer sandwiched between and
confined by two impervious layers. Geologic
variations are such that the upper and lower
impervious layers are not continually horizontal.
Pressure differentials are located in the water at
various locations and form what is known aswater

5
6
Fig. 43. Structure of an artesian groundwater layer (1.
water level; 2, well; 3, ground surface: 4, impervious
layer; 5, artesiangroundwater and 6, impervious layer).
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known as an artesian well (Fig. 44). If the water
rises but does not reach the ground surface it is
termed subartesian water.
There is one other type of nonartesian groundwater: water that is sandwiched between two
impervious layers but does not fill the watercontaining layer. This water movesfreely and will
not rise when a well is drilled into the layer. Most
water used for agricultural irrigation is artesian
groundwater; the supply varies in difTerentareas,
sometimescoming from very far away.
Perched Water
Perched water exists above a sectional impervious layer. It is not widely distributed and is
seasonal.It is not discussedin detail here because
it is noi significant in the drilling of wells for
irrigation (Fig. 45).
The Search for Underground

Water

A well that must be drilled in front of a
mountain should be located on the alluvial cone
(fan) at the valley outlet because most of the
alluvial cone consists of sand and gravel layers,
with large spaces between particles and, thus.
good storage conditions for underground and
surface water flowing down the mountain. Away
from the alluvial cone, even if water is found, it
will not be abundant (Fig. 47).
A search for underground water in a mountainous area should normally be carried out in
areaswhere limestone is abundant and where the
geologic structure is relatively matured, such as a
fault-fractured zone. As a result of the earth
crust’s movements,the rock layers have broken
and shifted, and the underground water in the
water-permeable layer has been cut off. As the
layers break, different widths of fractured zones
are formed, and the voids in the rocks are thereby
increased. As the voids increase, all the underground water that has been cut off in the waterpermeable layer flows to the fractured zone and
forms a water-containing zone (Fig. 48). Thus,
underground water is found in crevices of limestone areas or in underground caves.
If rocks, such as granite, penetrate the watercontaining layer, they form a water-retaining wall
so that underground water can also be found
where the rock wall begins (Fig. 49).
Underground water also generally exists in flat
plains, although the amount varies. Areas with
plenty of underground water are usually old
routes of rivers or areasthat have been flooded at
some time; these are very permeable and form a
good passagefor undergroundwater (Fig. 50). To
find old river routes or previously flooded areas,
one must dependupon local people, who know the
history of the area.
Searching for water and drilling wells are
undertaken by local inhabitants becausethey are
familiar with the area,availablebuilding materials,
etc. Water plants (reeds,cow’s hair grass,Scipus
maritimus) and water animals (frogs and snails)
serve as indicators of underground water, as do
abnormal phenomenaafter weather changessuch
as, in summer, cooler temperatures in one area
than in the surrounding areas; in winter, frost in
crack lines of the earth or water vapour in the
morning; and in dry weather, earth that appearsto
be damp when all around the ground is cracked
and white.

Searching for underground water is relatively
complicated, especially in mountainous areas,
where the work is affected by topographic conditions and geologic structure. However, there is an
important principle that can be followed: underground water is similar to surfacewater, having 2
tendency to flow to low-lying areas.An investigation can be carried out in various areas having
different topographic and geologic conditions to
find the sourceof underground water and its point
of discharge and, thus, to determine the best
location for a well.
Underground water can usually be found in
valleys or basins in areas where the surrounding
topography is relatively high because all the
underground and surface water in the area flows
toward the central valley or basin. If there is an
imperviouslayer beneaththe basin or if there is no
discharge point for the underground water, an
underground reservoir is formed at the centre of
the basin.
In an area surrounded on three sides by mountains (Fig. 46), the valley should have large
quantities of water becausethe surface water in
streams and underground water flow toward the
outlet of the valley.
Underground water can also be found in marshy
land where a number of valleys meet. However,
the catchment area must be large to provide
enough water. If the catchment area is not Rational Planning for Wells
sufficient- evenif the topographiccharacteristics
Underground storage capacities are always
are ideal - the supply of underground water will
limited, and if they are exceeded by installed
not be abundant.
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Fig. 44. Structure of an artesian well (1, well; 2, watercontaining layer; and 3, impervious layer).

Fig. 47. Location of well on the alluvial cone (1,Jow
direction of the underground water; 2, suitable well
location; 3. alluvial cone, fan; 4, unsuitable well
location; and 5, alluvial cone, fan).

Fig. 45. Perched water (I, perched water and 2, impervious layers).

1

Fig. 48. A fault-fractured zone (1, water-containing
layer; 2, fault-fractured zone; 3, water-containing
layeq 4, sandstone; 5, shale; and 6, limestone).

Fig. 46. Location of a well at a valley outlet (I, flow
direction ofthe underground water; 2. suitable location
for well; and 3, unsuitable location for well)

Fig. 49. Granite cutting offthe water-containing layer
(I, granite; 2, well; and 3, water-containing layer).
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Table 8. Characteristics of percussion-drilliig

Name,mbdelno.
of drilling machine
CJ-700 modelpercussiondrilling
machine.
Good-harvest
modelpercussion
drilling machine
1SO-metres
cable
percussiondrilhng
machine
Dash and grab drill
P
w

YKC-30 model
percussiondrilling
machine

YKC-22 model
percussiondrilling
machine

YKC-20 model
percussiondrilling
machine

Machine suitable
for soil layers
Liaoning HaiSand;clay; cobble;
chengAgricul- loose,scatteredsoil
tural Machinery layer, thin slate layer
Factory
Hebei Kuan
Loamy soil; gravel
Agriculturd
soil; sand;loose,
Machinery
scatteredsoil layer
Factory
Hebei Kuan
Loose,scatteredsoil
Agricultural
layer; thin layer of
Machinery
sandygravel, sandy
Factory
cobble
HenanNayang Sandysoil; cobble;
Agricuh.urat
clay; “ginger” rock
Machinery
Factory
HenanLoyang Loamy soil; sandy
Mine Explora- loamy soil: clay;
tion Machinery sandlayer; sandy
Factory
cobble;sandygravel;
weatheredrock, halfweatheredrock;
bedrock,etc.
Henan Loyang Loamy soil; sandy
Mine Explora- loamy soil; clay; sand
tion Machinery layer, sandycobble;
Factory
weatheredrock; halfweatheredrock, bedmcL; etc.
Henan Loyang Loamy soil; sandy
Mine Explora- loamy soil; clay;
tion Machinery sandlayer; sandy
Factory
pebble;sandygravel;
weatheredrock; halfweatheredrock,
bedrock,etc.
Productionunit

machines.

Practical
Dtilhtlg maximum
diameter drilling depth Lifting capacity Cable standard
of reel (t)
(mm)
(4
om
100
18.5
700
1.5-2

Electric
motor
Outer dimensions
(lengthX width Weightof main Power revolution
X height) (mm) machine(kg) WV
(wm)
1450
5200 X 1400 X
1400
14
2300

500

120

1.5

6X19+1
- 17

1920x 1280
X1630

300

500

150

1.3

6X19+1
- 17

2030 X 1370
X 1623

300

1100

33

1.5

Lastdrill
diameter
400

200-250

2.0

Lest-drill
diameter
400

150-210

1.3

La!sdrill
diameter
400

120-170

1.0

12.5-15.5

-

-

10

1480

10 or 14 1450-1500

800

7

1500

I3000

40

-

7000

28

-

5000

20

-

Table 9. Characteristics of rotary drilling machines.
__----__

-Name,modelno.
Production
of drilling machine
unit
ZW-500 counterProvinceof circulation wellJilin
drilling machine
Machinery
Factory
Anti-drought 66
Nei Monggol
modelmanpower
PaotouAgriculrotary drilling
tural Machinery
machine
Factory
Twin-well drilling
machine

f=

Sufimg66 model
manpowerdrilling
machine
R-T65 rotary manpower drilling
machine
Red-star300 model
drillin machine

Agricultural
Implements
Factory; District
of Pucheng,
Provinceof
Shanxi
Hardware
Factory; District
of Fung, Province
of Jiangsu
Agricultural
Implements
Factory; Province
of Shandong
Exploratory
Machinery
Factory; Province
of Henan
MimeExploration
Machinery
Factory,
Shanghai

Cable
Boring rod
Boring rod
Practicalmaximum Type of bore Machine suitable standard standard revolution
for soil layers
Power
drilling depth(m) _-- head
(mm)
(rpm)
mm
50
NB8120.5
Tri-wing bore Yellow soil; clay; 127 X 4.5 Main reel
head
12.4,semodel,
sand,gravel;loose,
55 ho
scatteredsoil strata
condarvreel
9.3 1100; 950; 80 (borediameter
Deer’s horn Sandysoil; sandy 70x 10
5
15X6- 1
700; 450; 500 mm)
driller
loamy soil; loamy
soil; clay; sandy
grevel;cobble
smallerthan
100mm
15.5
a
Sand;gravel;
700-1100 190 (borediameter Bottom all
76 X 8
cobbleless than
1100mm); 120 (bore open
50%, diameter
diameter700 mm)
smallerthan
1OOnutl
Drilling
diameter
(Jm
500

lOOO67 (borediameter
1100;GSO-650 mm)
700

Rocketdrill

Sandyloamy soil;
clay

76 X 8

12.5

800; 700, 101 (bore diameter
690; 600; 450 mm)
540

Knife’s rack
driller 110

Clay; sandsmaller 70 x 7
than 150mm;
cobblelayer

12.5

114

12; 19.5

300

Medium-, tineparticle layers

89X70X
6500

6X19+1
(20, 19.5)

500
Machinery
Factory District
of Pa, Tienchin,
Provinceof Hebei

300

Clay; sand;
weatheredshale;
clayey, sandy
gravel;cobble

73 x 9

Agricultural
500
Implements
Factory
District of Failai,
Provinceof Hebei

500

Clay; sand;
weatheredshale

73 x 9

Alluvial stratum300,
Bedrock250

500

300-metredrilling
machine

500 modeldrilling
machine

SPO-30model
drilling machine

-

Bedrock;alluvial
layer

560

-

ILIz
Misxinulrtl
weight of
drilling
machine(t)-

-

-

-

3-4

-

21; 43; 61; 40kW
83 (turning
dish revolution speedj
Electric
4;7;128
(clockwise, engine40
counter- kW;
clockwise diesel
turning dish engine
;e;tion
(65 hp)
40 (turning Concendish clock- trated
wise,
moving
counter- power
clockwise) 40 kW
65 (turning Concendish revolu- trated
tion speed) moving
power
40 kW

-

10

Main machine
weighs2.3;
tripod weighs
5.3; subsidiary
implements
weigh 4.0
13.2

9.8

cultivation, drainage systems, crop distribution,
water and electrical supplies, and transportation
during well construction.
The distancebetweenadjacentwells is especially
important because interference between wells
should be avoided. For example, in an areawhere
there is only one water-containinglayer consisting
of coarse aggregatessuch as sandy gravel and
rock, wells discharging30004000 mj/day should
be separated by a distance of 300-350 m; in an
area where there are several water-containing
layers consisting of coarse and medium particles
(e.g., coarse and medium sand), wells discharging
2000-3000 mJ/day should be 400-450 m apart;
and, finally, in an area where there are a number
of water-containing layers of medium, fine, and
powder-sized particles, wells discharging lOOO2000 mJ/day should be 500-550 m apart. Single
water-containing layers are fairly rare; most areas
contain several layers that are best utilized by a
combination of deep and shallow wells. This
setup ensuresthat all the water is not taken from
one water-containing layer.
Once the location for a well has been decided,
the shape of well and the type of drilling machine
are selectedon the basisof the geologyof the area,
financial constraints, available construction materials, and personnel.
Usually, wells are 30-150 m deep, although
some exceed 200 m in depth. Drilling equipment
primarily consists of mechanically and manually
driven rotary bores and percussion drilling
machines (Table 8 and 9).
The rotary bore is normally used for deep wells
in bedrock, in areas where underground water is
not abundant in the shallow layers of rock, or in an
area where the underground water must be extracted from a deep layer. In riverbeds, where
groundwater is abundant, wells are generally dug
by hand, and becausethe workers must climb into
the hole to dig, these wells tend to be large.
In mountainous areas,the undergroundwater is
normally relatively deep becauseof the thickness
of the covering layers. For this reason, rotary
bores and percussion drilling machines are generally used to dig the well, although manually
excavated wells are possible if safety measures
are followed. In flat or plains areas where watercontaining layers are numerous, either manual or
mechanical devices can be used for the drilling.
The walls or casing for the well can be iron,
concrete,cement/gravel,asbestos/cement,or brick
pipe. A large-diameter, power-driven rotary bore
should be used when the underground water is
deep, and the casing of the well should be either
cast-iron or concrete pipe.

Fig. 50. Layout of an old river route (I, well position
and 2, old n’ver route).
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Fig. 51. Arrangement of wells on underground water
site (I, flow direction of the underground water and 2,
well locations).

pumping capacity, the underground water level
drops, the amount of water discharged from the
well decreases,and the well may fail. At worst,
the underground water level drops to such an
extent that the well has to be abandoned. Therefore, in developing and using underground water
supplies,one must carefully plan the distribution
of wells, the distance between them, and their
depth.
Planning must be carried out by a hydrologist
and geologist who are familiar with local condition:. An integrated search is carried out on the
basis of hydrologic and geologic information or
data from existing wells. When hydrologic and
geologic data are lacking, a few test wells can be
drilled initially and the number increased after
observation.If the test wells are arranged in rows,
they must be located along the direction of flow of
the underground water (Fig. 51).
The location of wells, the distance between
them, and their depths should be based on the
capacity of the underground-water supply and on
the potential effectsof lowering the undergroundwater level. Other items that must be considered
are agricultural plans, the level of mechanized
45
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Chapter 7

Percussion Drilling
hold the cable so that they can feel the changesof
soil-layer characteristics and avoid accidents.
The well opening must be coveredwith protective
The well-drilling unit sendspersonnel to a site to planks during drilling; otherwise workers or tools
carry out investigations and to make necessary may fall into the well hole. Small holes must be
arrangementsthat include:
drilled in the middle two covering planks for the
o A study of the construction site, topography, cable and for regular observation of any changes
roads, bridges, etc., to determine the route for of position in the cable. Also, the covering planks
transporting the drilling machinery and to arrange must be stationary so that the drilling machine is
for any necessary repairs on roads and bridges; kept in a horizontal position, producing a perl A study of local water supply so that adequate
fectly perpendicular hole.
water is available during construction work and
The bore-bit should be measuredduring drilling
drilling;
as an indication of the degreeof wear and tear on it
0 The preparations for excavation of the slurry and the need for repairs. The hole must be kept
discharge pit and its discharge path;
circular and vertical during drilling. Every 20 m it
8 A study of the electrical supply and the must be checked:measurementsshould be taken
capacity of the transformer to ensure the power on the length of the bore-rod and the angle of
requirements of the drilling rig;
deviation of the hole; if there is any deviation, it
l An investigation of the quality of soil; and
should be rectified immediately.Wheneverdrilling
0 Arrangements for accommodationof the con- is stopped, the drilling machine should be lifted
struction workers.
slightly or taken from the hole so as not to become
Then, the construction crew are briefed on the buried.
tasks to be done.
The well diameter should be wide enoughto accommodate filter materials after the pipe casings
have been lowered into the well (the thickness of
Drilling Technique
the filter materials should not be less than 10 cm).
The angle of deviation for the finished well should
When the drilling machinery has been sentto the not exceed one in a thousand (e.g., if the well is
field, it is installed on the site and leveled. The 100 m deep, the deviation should not exceed
mast is raised, and the towline pulled tight and 10 cm).
Soil samples should be taken during drilling
anchored. Every part of the drilling machine is
when,
through the cable, one can feel that the soil
examinedcarefully, especially the wheel on top of
layer
has
changed. Sampling and recording are
the mast, and all turning parts are oiled. Then, the
important
tasks in well drilling. How does one
machinery is given a test run, the bit allowed to
moveup and down severaltimes as a check on the perform them? The old method of sampling is to
functioning of the bit and the brake. Using the use a sand-extracting bucket or the bore-bit to
stationary position of the bit as the centre of a bring up the rock and sand samples for examinacircle, the crew excavatethe opening of the well, tion. However, this method is not accurate,
install a protective pipe, and cover the well especially in sand, when samples are taken from
the water-containing layer. Water washes away
opening with planks.
the fine particles, leaving only the coarse sand.
Thus, the sample is misleading and could result in
Boring or Drilling
a wrong judgment.
After commencingdrilling, all the workers must
Now, the sampler shown in Fig. 52 is comconcentrate on the operation, use their hands to monly used, It is lowered to the bottom of the hole
Site Investigations
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The clay group includes clayey sand, sandy
clay, clay, loess and loessy sand, artificial soil,
planting soil, peat, and silt.
C/uyev sand: Mainly sand, this type of soil, when
rolled betweena person’s hands, feelsvery sandy;
also it can be rolled into a 3-mm thick rod, though
sometimesthe rod is difllctult to fornr. Water seeps
out when this type of soil is saturated, and it can be
easily crushed;when dry, it forms a lump, albeit a
very fragile one, and in water, it disperses.
&zndy C~UJJ:
Mainly clay, this type of soil feels
slightly sandy when rubbed between a person’s
hands; it can be rolled to form a 1-2-mm thick rod;
after being cut with a knife, this type has a cut
surfacethat is slightly smooth and bright. It is very
hard when dry.
Clay: This type of soil does not feel sandy at all; it
can be rolled into a long rod having a diameter
smaller than 0.5 mm. After being cut with a knife,
this type has a cut surface that appears very
bright. It is very hard when dry.

+4
-s
t-L

Loess and loessy sand: When rolled between a

person’s hands, this type of soi! has a floury
texture, rather than a particle-like texture. Having
a greater void in structure, it loosens easily.
Artificial soil: This type of soil has beendisturbed
by human beings; it is mixed with construction
so that the sampler’s cutter touches the soil layer rubbish, broken brick, tile, etc.
where the sample will be taken; the bore-bit’s PZanting soil: This type of soil is topsoil and
cutter is connected to the impact receiver of the contains plant roots.
sampler; it then hammers the sampler several
times and lifts it up. This method of sampling is Peat: This type of soil is black, has a high moisture
more accurate than the old method becausethe content; when rubbed between a person’s hands,
sand or rock sampleis intact. Samplesshould not the decomposed part of peat will squeeze out
weigh less than 1.5 kg; they should be taken at 4- between the fingers; its volume is reduced when it
m intervals in the nonwater-containing layers and is dried.
at l-m intervals in the water-containing layer. The Silt: Grey-black in colour, this type of soil
samples should not vary more than 10 cm in resemblesdecomposedpeat, but it contains some
depth.
minerals and has a distinct smell. It is hard when
At eachlayer, a soil sampleshould be taken and
its description recorded. It should be stored in a dryThe sand and rock group comprises boulders,
wooden box and be identified by a number,
description, depth, thickness, etc. The drilling log bulk rock, pebbles, debris, conglomerate, gravel,
(Table 10) should record a description of the soil, coarse sand, medium sand, fine sand, powdered
the depth and thickness of each characteristic; it sand, and ginger rock.
should be drawn to scale and should follow Boulders: This type of soil mainly consists of
standard geologic symbols (Fig. 53). The drilling rounded rock fragmentshaving a diameter greater
log should be kept current asthe work progresses. than 200 mm and a weight exceeding 50% of the
Soil samples are the most reliable means total soil sample.
available to monitor drilling; however, distinguishinga soil sample,as well as classifying it, is a Bulk rock: This type mainly consistsof subangusubjectiveprocess;it can be made as consistentas lar rock fragmentshaving a diameter greater than
possible if the people performing it are aware of 200 mm and a weight exceeding 50% of the total
existingstandardsin discriminationandterminology. soil sample.
Fig. 52. Soil sampler (1, bore-bit; 2, screw; 3, percussion-slidingtube; 4, impact receiver; 5, water-discharge
outlet; and 6, cutter).

41

El

l:::2
.‘.‘.‘.‘.’
. . ..

Clay

Roughsand

Shale

Sandyclay

Medium sand

Granite

Clayey sand

Fine sand

Sandstone

Loessclay

Sandygravel

Limestone

Loess

Conglomerate

Plantingsoil(topsoil)

Cobble

Ginger rock

Loessclayey sand

Breccia

Peat

Hypabyssal

Fig. 53. Geological symbols.

Pebbles: This type mainly consists of rounded

Fine sand: This type of soil has 70% or more of its

rock, with a diameter greater than 10 mm and a
weight exceeding 50% of the total soil sample.

weight composed of particles with a diameter
greater than 0.1 mm.

Debris: This type mainly consists of subangular

Powdered sand: This type of soil has less than

rock, with a diameter greater than 10 mm and a
weight exceeding 50% of the total soil sample.
Conglomerate: This type mainly consistsof rounded

and subangular rocks having a diameter greater
than 2 mm and a weight exceeding 50% of the
total soil sample,

70% of its weight made up of particles with a
diameter greater than 0.1 mm.
Ginger rock: The shape of this type resembles

green ginger.

Slurry is a mixture of water and clay. Using
slurry while drilling prevents cave-in, suspends
Gravel: This type is made up of rocks with a debris, and allows safepenetration of sand layers.
diametergreaterthan 2 mm and a weight exceeding Proper use of slurry ensures safe drilling; how25% of the total sample.
ever, if slurry is used excessively, it hinders
Course sand: The diameter of the constituents is washing of the well and adversely affects the
greater than 0.5 mm and their weight exceeds quantity of well discharge. Therefore, the consistency of the slurry must be varied according to
50% of the total sample.
the characteristics of the soil layer. The quality of
Medium sand: The diameterof the constituents is the slurry is a reflection of specific gravity,
greater than 0.25 mm, and their weight exceeds density, viscosity, amount of sand, cohesiveness,
50% of the total sample.
stability, and permeability. Although permeability
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Table 10. Sample of drilling log sheet.
--

2

Depth to
layer (m)
0.50
8.00

Thickness of
layer (m)
0.50
7.50

13.00

5.00

19.00

6.00

29.00

10.00

32.50

3.50

42.00

9.50

45.00

3.00

48.30
61.60

2.60
14.00

74.10

12.50

75.60
85.10

1.50
9.50

86.80
92.10

1.70
5.30

94.00

1.90

Serial no.
Drilling

Watercontaining layer

Geological

Structure of
well tube

Filter
materials (mm)

Depth
(m)

Filter
oioe

Descriotion
Top soil
Yellowish brown clayey sand

4-6

I-

Gray clayey sand with decomposed
wood debris
Gray clayey sand

-l

Yellowish brown clay
Fine sand
44.51
.----=-----_
-m-e-.
. --z--z.
---_--__
-----

.

2-3

_

Fine sand
48.58

Sandy gravel
Gray clay

74.81

Sandy cobble

4-6

81.91

Clayey sand
Gray clayey sand

2-3

89.45

Medium sand
Sandy cobble

4-6
------v-m
----_
-s-w------es_
----a
---

e--w----_
-e--D
----.
em--------------

unit

4-6

11.5

Yellow clayey sand
______-~
-_ _ ~~_ .~~_~
Screw joint
Method of joining

Type of drilling
machine

YKC-20

Date of construction

c

65-2-05

--

Yellow clayey sand

Underground water
layer (i)

a

J
-___

Location

50 m north of Chan
Village

Method of drilling

Percussion

Sand content

Well diameter at
opening (mm)

500

Type of well pipe

Cast iron

Method ofwell washing

2 January 1968

Piston

must be measured in a laboratory, all the other
parameterscan be measuredin the field. Specific
gravity, viscosity, amount of sand, and cohesiveness should be measured frequently, but if the
workers find it too troublesome to determine the
viscosity, the specific gravity (the ratio of the
slurry’s weight to the weight of the samevolumeof
water) can be used as a control for other parameters. Specific gravity can be measured easily,
i.e., a hydrometer is dipped into the slurry and the
reading taken. The specific gravity of ordinary
soil is constant between 1.1 and 1.5, whereasin a
sandy-cobblelayer or artesiangroundwater layer,
it is calculated as an averageof overall conditions
and is generally higher than 1.25. The requirements for slurry are briefly:
l When the slurry’s specific gravity is 1.1, the
amount of sand it contains should not exceed5%,
and the viscosity should not be slower than 17
seconds;the viscosity meter is shown in Fig. 54;
l The well hole should always be filled with
slurry to a level not lower than 0.5 m from ground
level. If drilling is stopped,the bore-rod should be
moved up and down severaltimes every hour as a
means to maintain a uniform concentration of
slurry throughout the hole; if necessary, fresh
slurry should be added.In a layer where the slurry
tends to leak or in an easily collapsible layer, the
specific gravity of the slurry should be increased,
and the duration ofdrilling interruptions should be
shortened;in fact every possible meansshould be
used to bore quickly through that layer. Unless
there is a special need, dry clay or clay balls
should not be allowed into the hole;
0 In a fine sand layer, the slurry’s viscosity
should be 18-20 seconds;in medium sand,20-22
seconds; in coarse sand 22-24 seconds; and in
gravel, cobble, or fault layers, 2628 seconds;
0 When testing equipmentis not available, one
can
usually estimate sand content by fingering

and handling a sample of the slurry; it is consideredsuitable when no sand can be felt. One can
also test viscosity by using a smooth pole; if very
little adheresto the pole, the slurry is considered
suitable; and
l When there is a thick layer of clay inside the
hole, the slurry can be made in the well itself,
water being poured into the hole and being mixed
by the movement of the drilling machine. However, after the clay layer has been bored through,
the new layer must be tested and slurry added
accordingly.
Sieve Analysis

Sieve analysis of the sand sample taken from a
water-containing layer can be carried out in the
field; it is necessary in determining the correct
terminology and in selecting the right filter pipes
and filter materials. After drying the sand sample
taken from a water-containing layer, one must
carry out sieve analysis. There are several commonly used sievesfor particle diameters greater
than 10 mm; for diameters 10-2 mm, 2-0.5 mm,
0.5425 mm, and 0.25-O.1 mm and for diameters
smaller than or equal to 0.1 mm.
The sieves should be constructed so that they
can be stacked - the largest-diameter mesh on
top - and can be interlocked and shakenwithout
loss of the sample.
The sampleshould weigh about 1 kg. After the
sieves have been stacked, the sand sample is
poured into the top sieve,the one with the largest
holes. The interlocked stack of sieves is then
coveredand shakenvigorously. Finally, the particles retained by each sieve are weighed and
recorded (Table 11). The results of sieveanalysis
should be kept as a permanent record of the well.
Well Casings
There are many types of pipe that can be used
as casing for a well. The common ones are steel,
cast iron, plastic, asbestoscement,clay, brick, and
concrete.The suitability of a particular material is
determined by the soil characteristics and the
financial resources available. The materials all
have a fixed strength and porosity (about 1535%); the smaller the pipe diameter is, the lower
the porosity.
After the drilling is completed and before the
casing is lowered into the hole, the well should be
measured with a hole-testing apparatus that is
50 mm smaller than the internal diameter of the
well. This check is to ensure the hole is circular
and vertical. A steelruler is ideal for measuringthe
diameter.

Fig. 54. Viscosity meter; the partition in the centre
should be calibrated to indicate the 200 ml and 50 ml
levels; @ = diameter.
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Table 11. Sample results of sieve analysis.

sampling
Sample

depth

no. ___-m@)
1
:
4
5

ii
38
42
57

.---.- -.
Visual
description Distribution (% total weight) of particles with diameters (mm): Sieve analysis
of soil
SO. 1 0. i-O.25 0.25-0.5
0.5-2
2-10 210
description
10
Fine sand
30
10
50
Fine sand
--j
I
5
25
20
Medium sand
45
Medium sand
4
65
Medium sand
16
10
5
Coarse sand
Cobbly sand
5
15
10
50
I5
Gravel medium sand
30
::
15
Sandy cobbles
3
7
Coarse sandy gravel

Attention should be paid to the arrangementof
the casing and the well-screen pipes; their locations and lengths should tally with the geological
symbols of soils on the drilling log (Table 10) and
should be arranged in the order in which the pipes
will be lowered. The drilling log should provide an
accurate picture of the lengths and types of soil
layers and, thus, should be a guideto the types and
lengthsofpipes required. It also indicates the need
for filter materials as well as their type and depth.
The filter pipe and filter materials used should
suit the conditions of the soil layers. In coarse,
aggregate layers such as medium sand, coarse
sand, sandy cobbles, 3 : sandy gravel, it is not
advisable to wrap th
‘t r filter pipe with coir
bark (fibrous leavesrnau- _.Logether),coppermesh,
or similarmaterials.However,in fine and powdered
sand layers where the filter materials will not
preventthe fineparticlesfrom enteringthe well pipe,
a thin layer of coir bark can be wrapped around the
outer face of the filter pipe.
The well pipes should meet quality standards;
substandardpipes should never be used in wells.
All the pipes - well-wall pipes, filter pipes, the
settling pipe, and the foundation - should be
placed near the hole in the order they are to be
lowered. When cast-iron pipe is being used, a
circular pipe-testing instrument 5 mm smaller
than the internal diameter I>fthe well pipes should
be passedthrough the pipe!;as a check on whether
a piston can be used to w lsh the well.
The slurry inside the hole must be replaced
before the pipes are lowered; the concentrated
slurry is pumped out while clear water is being
added. The water level should not be lower than
0.5 m from the ground surface; this level must be
maintained until all the filter materials have been
added. Replacing the slurry with clear water is
sometimestricky becauseof the risk of cave-in,
especially of the easily collapsible layers.
A “straightness-supporting device” (Fig. 55),
usually wooden, is tied securely to the base,
middle, and upper portions of the pipe, so that the
well stands straight in the centre of the hole, and
an eventhicknessof filter materials can be placed

around the pipe. The clearance between the
straightness-supportingdevice and the hole wall
should be 2040 mm.
If a screw-joint, cast-iron pipe is used, then the
screwjoint must be cleaned with a steel brush and
the pipe hoop must be tested on the two joined
pipes. If the pipe is of another type or the joining
method is different, all the componentsof thejoint
must be properly prepared. If either a cementpipe
or a concrete pipe is used, a suitable composition
of joint materials by weight would be 43%
bitumen, 43% cement (no. 300 or no. 400), and
14% salt. The method of preparing the materials
is to place the bitumen in a pot, heating until it
melts and then adding the cement and salt. The
mixture is then boiled to pastry consistency and
applied to the end of the pipe that has been
brushed clean. The ends of the two pipes are
aligned, pressedfirmly together, and securedwith
thin, flat strips of bamboo tied around the outer
wall of the pipe. The bamboo strips prevent the
pipe from going awry when it is lowered into the
well. This method is dependable and savestime.
Before lowering the pipe, workers place a pipelowering wooden support at the openingof the well
anddrive in four piecesof furedwoodenpilessothat
it will stay symmetrical to the opening of the well.
The fixed wooden piles are four pieces of
rounded timber, 2 m long and not lessthan 25 cm
in diameter (Fig. 56). An iron hoop with a groove
should be fastened to the middle of each piling to
protect the timber.
A steel cable is usedin pipe lowering; diameters
of 12.5 mm, 14 mm, and 15.5 mm are suitable
and one end should have a loop. Fig. 56 indicates
an iron hook is also necessary,but it is commonto
use a steel bar with a diameter of 20 mm, a length
of 30 cm, with a circular hook at one end.
There are two common methods for pipe
lowering: one is to use a pipe stopper to hold the
pipe while it is being lowered. This method is
suitable for cast-iron pipe, which is lowered in
stages.The other method is suitable for cement,
concrete, and asbestos cement pipes. The preliminary steps(Fig. 57) are to place the cablesfor
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Fig. 55. A straightness-supporting device (1, section A; 2, straightness-supporting device; 3, galvanized wire tie;
4. well pipe; and 5, hole wall).

Fig. 56. Pipe-lowering tools (1, base; 2, well pipe; 3, main pipelowering cable; 4, secondary cable; 5, hook; 6, base; 7, iron hook; 8,
cable; 9, pipe-lowering fixed wooden pile; and IO, groove form iron
hoop).

lowering the pipe at the opening of the well, wind
one end around the grooveof the iron hoops on the
fixed wooden piles as a meansof control, fix the
steel cable loops onto a base with the iron hooks,
suspendthe base securely over the opening of the
well, place the well pipe (usually the sand settling
pipe fist, the filter pipe next, and finally the wellwall pipe) on the base, fasten the joints with
galvanized wire to hold on thin, flat strips of
bamboo. Next, the cable is slowly released until
the whole pipe is lowered to the bottom of the well.
After all pipes have been lowered into the well,
the clearancebetween the wall of the pipe and the
hole must be filled with filter materials that
prevent sand getting +$o the pipe. The choice of
filter materials dependson the particle-size of the
sand sample taken from the water-containing
layer (Table 12). The diameter of the filter
materials should generally be 8-10 times greater
than the particle sizes in the water-containing
layer. The reasonis that the physical arrangement
of the filter particles is similar to a layer of fdter
mesh (Fig. 58). The layer of filter particles
prevents sand particles in the water-containing
layer from entering the pipe and allows the water
to flow through, Therefore when selecting filter
materials, one must choose well-rounded gravel,
not rock debris or other materials. Substandard
foreign elementsand soil should be removed and
52

should definitely not exceed 10-159/o. If the
particle sizesof the filter materials are not correct,
or there are a lot of foreign elementsand soil. then
the filter materials will not function properly.
The amount of filter materials should be calculated according to the formula: rr(R2- 9) h, where
R = well-hole diameter; r = outer diameter of well
pipe; h = depth of well hole; and rr = 3.14 16. This
amount plus 15% should be sufficient,
The opening of the pipe should be covered
before filling so that no filter materials enter the
well pipe. The materials should be added continuously, gradually, and evenly around the well
pipe. If the materials become blocked or arched,
an iron bar can be used to pry them loose but the
well pipe should not be moved at all. The depth of
the filling should be measured periodically, and
suitable filter materials (Table 12) should be
placed at each water-containing layer. The height
of the filter materialsshouldreach0.7-5 .Om above
the height of the water-containing layer. If the
water-containing layers penetrated by the well
hole are not much different from one another,
mixed filter materials can be used. The advantage
of mixed materials is that they eliminate the need
for repeated measurementsand they speedup the
process considerably.
In an area where the upper and lower layers are
freshwater-containing layers, the space between

I
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Table 12. Relationships between diameter of sand particles in the water-containing layer, filter
materials, and filter pipe spacing.
-___
Corresponding sand-particle size
in water-containing
layer (mm)
__--__--______
0.10-0.15
0.15-0.25
0.25-0.50
0.50-0.75
1.00-1.25
1.25-2.00
‘2.00

Filter materials (mm)
1.0-1.5
1.5-2.5
2.5-4.0
4.0-7.5
7.5-12.0
12.0-18.0
18.0-20.0

Filter pipe
spacing (mm)
0.75-I a0
1.OcL2.00
2.00-3.00
2.00-4.00
5
5-7
__~-- 7-10

containing layer that are adjacent to the filter
materials; this procedure allows the filter materials and the particles in the water-containing
layer to arrange themselvesnaturally and, hence,
to form a good underground, water-filter layer.
The piston method is applicable to wells in which
screw-joint or welded-joint iron pipe has been
installed; this method is second only to the
combined piston and compressor method. The
advantagesare that it is highly efficient and that it
is thorough, ensuring a good well discharge.
Well Development and Water Testing
Within 2-3 hours washing, the piston method
Well washing (for well development) is one of removesthe soil stuck on the wall of the well hole
the important stepsin well-drilling techniques and and within two or three shifts removesthe slurry
a key to achieving a good well. It should be done that has penetrated into the water-containing
immediately after the filter materials have been layers as well as the fine particles. The thoroughadded to the hole. Common methods for well ness of the method means maximum water diswashing use a piston, compressor, extractor, or charge. Other methods never achieve this. For
the combination of a piston and a compressor. example, a well that was being washed by the
The purposes of well washing are to remove soil compressormethod only achieved a dischargeof
stuck on the wail of the hole, to remove the slurry, 1600 m3/day whereaswhen the well was rewashed
to remove any soil in the water-containing layer, by the piston method, the final discharge was
and to remove the fine particles in the water- 2500 mJ/day (under the same water-level condithe well wall and the hole should be filled to
ground level with filter materials. This procedure
facilitates the adding of filter materials if the
original material should settle naturally or during
well repairs. If the water in the upper layer is
undesirable (e.g., saltwater), it should be completely sealed with clay after the filter materials
have settled. The seal should begin from 1.0 to
5 m below the layer.

Fig. 57. pipe-lowering technique (1, thin. flat stn>s of bamboo; 2, wellpipe;
3, galvanized wire tie; 4, secondary cable; 5, main pipe-lowering cable;
and 6, wooden pile).
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Fig. 58. Arrangement offilter materials (1, space betweenparticles).

tions and at the same depth), an increase of
900 mj/day.
The piston is madeof wood with a groove in the
centre, a water outlet in the upper portion, and a
water inlet in the lower portion; it is circular in
cross section and looks like a date stone (Fig. 59).
It is divided in half, and when in use, is fixed on a
heavierpulling rod (diameter 50 mm). A rounded
pieceof iron is welded underneaththe “stop ring,”
weighing down the piston and increasing its speed
of descent, A tire or a strip of rubber 8-10 mm
smallerthan the diameterof the well pipe is nailed
in the groove in the middle of the piston. Another
piece of rubber is nailed on the top of the water
inlet to act as a valve. When the piston ascends,
the valve covers the water outlet; when the piston
descends, the valve at the water outlet will be
pushed aside by the rushing water. The piston
should be submergedin water for no fewer than 24
hours prior to being used;this stepensuresthat the
wood does not swell inside the well pipe and
becomelodged. The ascendingspeedof the piston
should be between 0.5 m/s and 1 m/s. Washing
should begin at the upper-most water-containing
layer, and the piston should be gradually worked
downward. The processshould be properly monitored, as it is not advisable to wash the well for
extendedperiods.For fine sandlayers,the washing
should be carried out until all soil has been
removed, the slurry has been cleared, and just a
little sand from the water-containing layer gets
into ile well pipe.
The compressormethod is basedon pneumatic
pressure.The tools are a compressor,water pipe,
and air pipe. The two pipes are submergedin the
well. The ratio of the depth of air pipe to the total
length of the water pipe (the submerged ratio)
should be 60-70s. If the submergedratio is too
small, the well will not be completely washed;
likewise if the submerged ratio is too high, the
compressor may be damaged.
The compressorcommonly usedhas a capacity
of 9 m3/s. The water pipe normally has a diameter
of 10.2-12.7 cm, and the air pipe has a diameter
of 3.2-3.8 cm. There are two arrangements:
concentric and parallel (Fig. 60). How the air pipe
is lowered into the well is determined by the
characteristics of the compressor, e.g., when a
6 m3/s compressoris used,the air pipe is lowered
into the well up to 60 m. Well washing should be
carried out from the upper water-containing layer,
and from one layer to the next, finally the well
should be washed over its entirety several times.
The extractor method is used when other
facilities are not availableor when the type of pipe
used is not suitable for other methods. The
extractor takes up mud and turbid water from
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8
Fig. 59. Piston method of well washing (I, lifting ring;
2, S&mm round iron bar; 3, stop nkg: 4, wooden
piston; 5, water outlet; 6, water inlet; 7, woodenpiston:
8, pulling rod; 9, well pipe; IO, well wall; 11, tire or
rubber strip; and 12, filter material).

inside the well and thereby ensuresthat the water
keeps flowing into the well from the watercontaining layer, washing away the stuck soil and
clearing the well pipe. This method is very easyto
carry out but not very efficient.
The combined compressor and piston method
is the best, as it has the advantagesof efficiently
washing the water-containing layers with the
piston and following up with the compressor to
clean out any residual dirt. This method is not
only fast but also very efficient.
The high-pressure pump method is suitable
when there is a large clear-water source adjacent
to the well site and when none of the other
facilities for well washing are available. A highpressure pump, however, needs to be complemented by a sand extractor. The method is to
pump clear water at high pressure into the well.
The pump is made stationary first; then a waterdischargepipe is lowered into the well to clean the
walls, the turbid water rising to ground surface
via the well pipe. The walls of the well will be
cleanedif this procedure is repeatedseveraltimes.
In fact, the clear water can be reused if a

sedimentationpond is excavatednext to the clearwater sourceand the sand is allowed to settle in it.
Washing should be done from the top portion of
the well down, and the sand extractor used to
remove the sand in the bottom of the well.
Water Testing

Alter washingthe well, one musttestthe water to
find out whether the well has been thoroughly
washedand also to determine the water discharge
as an indicator of the type of pump needed.Water
testing is normally carried out with a 90”, Vnotch, water-testing box (Fig. 6 1). The box must
be properly placed prior to testing.
Measuring a fluctuating water level is best done
with an electric water-level meter(Fig. 62) which
usesan electrometer as a measuringdevice and a
dry-cell battery as the source of electricity. One
end of a seriesconnection wire is connectedto the
well pipe or stuck in the ground, and the other end
is attached to the measuringhead that records the
water level. Both the height of the water that flows
through the V-notch and the fluctuation are
measured. The corresponding water discharge
can be found in any standard tables for V-notch
wiers. It is better to repeat measurementsseveral
times so as to arrive at an average.
Well examination can be done incrementally,
item by item, or simultaneously. The former
involvesexaminingthe important items separately
during the construction processand finally putting
the well into operation after washing and water
testing, whereas the latter is carried out upon
completion of construction and under the recommendation of the construction unit. The water is
tested and the well is put into operation. Nor-

-

Concentic

Parallel

Fig. 60. Air and waterpipes in the well (I, waterpipe; 2,
air pipe; 3, water pipe; and 4, well pipe).
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mally, the former method is adopted, because it
provides an opportunity for the well users to
understand each important item and to monitor
the procedures.
Elements that do not comply with the requirements should be pointed out and rectified. Any
problem that raises disagreement should be discussed and resolved. Single examination should
only be undertaken if recommenaedby the construction unit. Whichever the type of examination, it must be carried out in the field by stafffrom
both the construction unit and the users. The
construction unit must recommend the items for
examination and their quality requirements.
Quality

I

Standards

The steps in examination are to:
l Check all soil samples and sieve analysis 1
results;
l Ensure that the deviation of installed pipe
length and well-hole depth is less than 0.2% and
the inclination of the well is less than one in a
thousand;
l Measure the well-hole diameter and the
thicknessof filter materials, which should comply
with the requirements (normally the thickness of
filter materials is 10 cm);
l Make certain that the well pipe is right at the
centre of the well hole and that the opening of the
pipe is horizontal;
l Determine that the deviation between the
filter and the correspondingwater-containinglayer
is less than 0.5 m;
l Establish that the proportions of filter pipe
and filter materials and of filter materials and the
sand particles in the water-containing layer are
correct (Table 12);
l Compare the quantity of filling materials
used with that calculated; the difference should
not be greater than 5%;
l Check that the sealagainstundesirablewatercontaining layers is strong and secure;
l Ensure that all the well pipes have been
lowered into the well safely without any cracks or
disconnections;
l Measure the sandcontent with a sand-content
measuring cylinder (Fig. 63) after well washing
(the amount should be lessthan I/ 10 000 and the
water, crystal clear); and
l Ensure that the sodium contents of irrigation
water are not greater than 1 g/l NazC03 (sodium
carbonate),2 g/i . hC1(sodiumchloride), and 3 g/l
NazS04 (sodium sulfate) (standards for
areas where a water shortage exists can be less
stringent).
Upon completion of the well, the construction
crew should hand over to the well-operating crew

a final diagr,amof the geological symbols together
with the soil samples, retaining copies. The
construction crew should also give the operating
crew information about the pump setup and depth
of the undergroundchamberthat mustbeexcavated.

Troubleshooting
During construction, failures may occur in the
machinery parts or inside the well hole due to
either natural factorsor humannegligence.Failures
or obstructions in the machinery can be detected,
and, dependingon the seriousnessof the damage,
the machinery will have to be either repaired or
removed.Failures inside the well hole can only be
detected in the ensuing phenomena. Although
there are many failures that cannot be handled
properly, and therefore force the well to be
abandoned, there are many that can be corrected
by the construction workers.
For different types of drills, there are normally
salvagetools that are specifically designedto deal
with incidents inside the well hole; the main
requirement is that the cause of the incident be
calmly and correctly analyzed and the location
and the depth of the problem measuredaccurately.
Then, a suitable method can be found to deal with
the problem. Some common problems during
compression drilling and how to deal with them
are noted below.
A common incident in percussion drilling is
that the drill becomes lodged; if not properly
handled, this problem results in seriouslosses.The
main reason the drill sticks inside the hole is that
the drilling tool is substandard or needs repair.
Other possibilities are that the machinery is being

improperly operated by workers trying to speed
up drilling; the well hole is not circular; or the
diameter of the well hole has become smaller
becauseof a soft soil layer or a rock outcrop inside
the well hole. When the upper portion of the drill
is stuck, the main causesare a noncircular hole,
rock outcrop, reduction of the well-hole diameter,
or drill expansion. When dealing with this prob
lem, workers must not force the drilling tool;
instead, a secondary windlass should be used to
drive the percussionrig slowly. When the bore-bit
moves, it should be rotated to an angle that will
allow it to be pulled up easily. As an alternative,
reversepercussion can be used to break the rock
outcrop or any other blockage before the drill is
lifted. When the bore-bit is out of the hole, both
the bore-bit and the well hole can be repaired.
When the lower portion of the drill is stuck, the
reasonis that the lower portion of the bore-bit has
worn more rapidly than the upper portion. When
it penetrates to the bottom of the hole, it gets
caught in the rock layer. When this happens, a
windlass should not be used. Instead, the cable
should be pulled tight and shaken vigorously to
loosenthe drill, or else ajack may be used to raise
it. If these methods are unsuccessful, a small
amountof dynamite can be usedto blast and crack
the rock. Once the bore-bit is released, it should
be repaired.
A cave-in is a seriousoccurrence in percussion
drilling, the drill always becoming buried. The
main reasons for a cave-in are improper use of
slurry, lack of slurry, and a running sand layer. A
cave-in can actually be foreseen;danger signals
are a large piece of earth dropping into the hole,
the slurry suddenly rising to the mouth of the well
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Fig. 61. 903 V-notch wier.

Fig. 62. Water-level measurement (I, well
pipe: 2, electrometer; and 3, fluctuating
water level).
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Fig. 63. Sand-content
measuring cylinder.

hole, or the slurry suddenly leaking away. When
such phenomenahave been detected, the drilling
tool should be raised immediately, and an investigation of the situation conducted.If the upper part
of the hole caves in, a casing should be installed
and completely sealedwith clay, or the concentration and viscosity of the slurry should be increased.If the lower part cavesin, large amounts
of clay should be addedso that the specific gravity
and the viscosity of the slurry are increased.Also,
if the hole starts to leak excessive amounts of
slurry, the specific gravity and the viscosity of the
slurry should be increased.
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Another common problem is the broken bit.
When the drill breaks or falls into the hole, a
straightness-supportinghook or other tool should
be used to stand the bore-bit up; then a catch with
a hook or a cable loop should be lowered into the
well hole, to pull out the tool for repairs. If the
drilling tool has a lifting ring, then a hook can be
used to lift it.
Many other incidents can occur inside the well
hole, and the methodsof handling them vary: if the
construction crew takes time to analyze the
problem carefully, a suitable salvage tool or
procedure can usually be found.

Chapter 8

Manual Well Drilling
The principles of manual and mechanical well
drilling are similar, as are the basic requirements
of the well, but there are different tools and
personnel requirements. The three main manual
methods are pot drilling, percussion drilling, and
hand digging with caison sinking.
Pot Drilling
A “potdrill” is a manualrotary drilling machine,
suitable for use in clayey soil, sandy soil, sand,
and sandy-cobble and sandy-gravellayers where
the diameter of the cobble is not greater than
50 mm and the amount of cobble not more than
30%. This tool drills quickly, especially in clayey
soil and sandy soil; it is also suitable for flat plains
areaswhere the water-containing layer is shallow.
The diameter of the well opening is determined
by the diameter of the “pot-head” on the drill, of
which two types are commonly used. A large potdrill will produce a well with adiameter 1.0-l. 1 m
and a depth of 30-4Om. A small pot-drill can
produce a well with a diameter of 0.55 m and a
depth of 60-70 m.
The main components of the “pot-drill” are a
boring rod, intermediate rod, pot-head, and borebit. The boring rod (Fig. 64) is a steel pipe having
a wall thickness of 8-10 mm, a diameter of 7080 mm, and a length of 4 m. On one end is welded
a trapezoid male thread, and on the other, a
trapezoid female thread (Fig. 64). Because the
boring rod encounters great torsion in the course
of drilling, it must be made of strong materials,
and the welding must be firm and straight.
The intermediate rod (Fig. 65) is made of no.
45 steelwith a diameterof 70-80 mm and a length
of 2 m; two surfacesare planed at a fixed distance.
The intermediate rod is connected to the boring
rod with a screwjoint, and a pushing rod (Fig, 66)
is placed on top and held so that the force is
transferred to the pot-drill portion.
The pot-head consists of a frame, a mud-guard
tube, a clutch, the body ofthe drill, valves,cutters,
58

and upper and lower hole-expanding cutters. The
mud-guard tube is a steel pipe with a diameter of
95-105 mm; a clutch is welded to its lower end
(Fig. 67). The boring rod is inserted into the mudguard tube, and the pot-head can move up and
down the boring rod. During drilling, the pot-head
is seatedat the bottom of the well; the boring rod is
rotated clockwise, a motion that engagesthe clutch
with the “clutch catch” on the bore-bit, so that the
potdrill will rotate. When the drill is lifted up, the
boring rod should be rotated counterclockwise to
releasethe pot-head from the catch of the bore-bit;
then the pot-head can be lifted out from the well
with a windlass. The frame is made of thin steel
plate welded on both sides of the mud-guard tube
in symmetric locations. The body of the drill,
upper and lower hole-expanding cutters, cutters,
and valves are all fixed on the frame. The body of
the drill is formed by two pieces of half-circular
steelplate that arejoined together on the frame by
hinges, screws, and nuts. In different soil layers,
cutters with various angles are used. Generally
the large not-drill should be 15-20”, and the
small pot-drill 25” or 30”; they should be used
together with the “cow’s horns” cutter. Cutters
with a small angle are used to drill the hard and
clay layers, and those with a large angle are used
to drill the loose layers. A “cow’s horns” cutter is
used to drill the gravel and cobble layers. The
cutters should be madeof relatively hard steel,for
example, manganesesteel no. 65, which is durable. The cutters ark fured on the frame by a
screw, so that they can be replaced easily. A valve
is installed inside the cutter, where soil is brought
in, made of thin steel plate and inlaid with thin
India rubber; it prevents the trapped soil from
falling out. The valve is attached when a sand
layer is being drilled and taken out when a clay
layer is being drilled. The upper and lower holeexpanding cutters are fmed on the frame to
enlarge the well hole; their functions are to reduce
the friction between the body of the pot-drill and
the wall of the hole, to reduce the diameter in a
loose layer, and to prevent the hole from caving in
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Fig. 64. Boring rod.

Fig. 65. Intermediate rod.

when a temporary vacuum is formed by the lifting
of the pot-head.
The bore-bit facilitates the pot-head’s soil
penetration. There are two types of bore-bits,
spiral (Fig. 68) and fish-tail (Fig. 69). The former
is used in sandy-loam soil, sand, and cobble-sand
layers, and the latter in clayey-soil layers.
Once the pot has filled with soil, it must be lifted
and the soil poured out. The claw is one suitable
tool for lifting when lowered into the well alongthe
boring-rod, it grabs the pot-head and lifts it up
(Fig. 70). Sometimes,the pot-head is connected
to the cable of a windlass (Fig. 71), which is a very
convenient tool for lifting and lowering. The
windlass is either manually or electrically driven,
at low speedsof revolution; it is commonly used
for lifting and lowering the pot-head and the
boring rods.
In manualoperations,scaEokls(Fig. 72 and 73)
are needed; a suitable structure for the pot-drill
and windlass is made up of four intersectionally
bound, 8 m long deal (crytomeria) poles; the
vertical distance from the centre is not less than
5 m, and the lower end of each deal pole is buried
0.8 m underground. An awning frame is installed
2.5 m aboveground with a stopping ring on one
side, poised above the centre of the well. Protecting planks (two) are placedover the openingof
the well, and a second stopping ring is placed in
their centre. A pulley is tied at the intersection of
the scaffold, and a ground pulley is fixed between
two adjacent poles, the structure forming a lifting
system with the windlass. The top pulley, ground
pulley, stoppig ring of the awning frame, stop59

Fig. 66. Pushing rod.

ping ring of the well opening, and the cable of the
windlass are along a vertical plane (Fig. 72).
To operatethe setup, 12-l 5 personsare needed,
with a leader responsible for the construction
work. Four personsare responsible for Ming and
lowering the pot-head, removing the soil at the
well opening, and preparing to insert the pushing
rod into the intermediate rod and rotating it. One
person is responsible for closing and opening the
stopping ring at the awning frame, two persons
supply the slurry, two persons operate the wind-

Fig. 67. Large pot-drill (1, jlange; 2, mud-guard tube;
3,frame; 4, upper hole-expanding cutters; 5, screw and
nut; 6, hinges; 7, the body of the drill; 8, lower holeexpanding cutters; 9, cutters; 10, clutch; and 11, soil
inlet)

Fig. 68. Spiral bore-bit
(1, clutch catch; 2, sharp
cone body: and 3, spiral
cutter).

Fig. 69. Fish-tail borebit (1, clutch catch; 2,
sharp-cone body; and 3,
&h-tail cutter).

Fig. 72. Scfloldfora pot-dn’ll(I, scaflold; 2, stopping
ring at the awning frame; 3, top pulley; 4, awning
fi-ame; 5, stopping ring at the opening of the well; 6,
door at the opening of the well; 7, boring rod; 8, large
pot-drill; 9, groundpulley; IO, steel cable; I I, windlass
pushing rod: and 12, manual windlass).

Fig. 70. Claw hook (I, Itping ring; 2, lifting body; 3,
titling rod; 4, supplementary weight; and 5. claw hook).

Fig. 71. Manual windlass.

Fig. 73. Scfloldforpercussion drilling (1, sc&Eoid; 2, wheel; 3, bow;
4, bow string; 5, lifting rope; 6, press stick; and 7, well opening).
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lass, and one person records the information
about the soil layers. All take part in pushing the
pot except one or two who remain with the
windlass; when lifting the pot, all take part in
pushing the windlass except one person who
remains at the opening of the well.
With this setup, there are several matters
requiring special attention:
l Slurry should be kept inside the well at a level
not lower than 0.5 m below the well opening;
o The screw joint of the boring rod must be
properly protected and kept clean when in use.
Faulty boring rods should be rejected, and the
number of people rotating the pot should not be
more than g-10; otherwise the risk of breaking the
boring rod is high;
l The angles of the pot-drill cutters should be
varied according to the type of soil being drilled;
l The pot-head should be lifted and lowered at
a uniform speed.It should not be pushed by force,
reversed,or shaken; instead, it should be lifted up
slightly, changed to another angle and rotated
again. If the bottom of the pot becomes slippery
and will not advance any deeper, the cutters
should be changed to a larger angle;
l Whenever the drilling is stopped, the potheadshould be lifted 2-4 m from the bottom of the
well; this measure prevents it from being buried;
l The pot-head should be rotated clockwise so
that the boring rod does not fall off;
l When the pot-head is beingpushedor rotated
in a shallow layer, it should be pushed and filled
quickly; in a medium-depth layer it should be
pushed and filled slowly; in a deep layer it should
be pushed slowly and filled halfway. Jn other
words, the rotating speed and degree of filling
must be changed according to the soil layer.
Manual Percussion Drilling
Scaffold drilling is one type of manual percussion drilling and is extensively used in China for
deep wells. The structure is simple and easy to
make, and the operation can be easily controlled.
The structure consists of a wooden scaffold, a
wheel, thin-flat strips of bamboo, bore-bit, bow,
bailer, and protective casing at the well opening
(Fig. 73).
The wooden scaffold is made of six vertical
poles and three layers of horizontal poles. Each
vertical pole is 20 cm in diameter, 7 m high, 6 m
being aboveground and 1 m being buried.
The wheel comprises the axis, spokes, and
stepping planks. The wheel is 4.2 m in diameter;
around it thin, flat strips of bamboo are fastened.
The axis is made of two steel rods with diameters
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of 50 mm and lengthsof 2.5 m. The wheel hastwo
sets of spokes and two parallel supports for
steppingplanks. One set of spokesis 14 steei rods
16 mm in diameter; each spoke is slightly longer
than the wheel’s diameter and a ring is fastenedat
its centre to fix it to the axis of the wheel. Both
endsof the spoke are provided with screws so that
the stepping planks can be fixed on top. There are
14 stepping planks, each 1.2 m long, 12 cm wide,
and 12 mm thick, their length equal to 7% of the
circumferenceof the wheel; they arejoined firmly
to the spokes, forming the circumference of the
wheel.
The bow should be made of newly felled elm
with a diameter not smaller than 20 cm and a
length of about 10 m. The bowstring should be
steel cable or thick, strong, elastic hemp rope.
Thin, flat strips of bamboo, 50 mm wide, have
both ends trimmed to a square joint that allows
extension (Fig. 74). They are connected to the
bore-bit and facilitate lifting of the drilling tool.
Generally an extractor-type,hollow-valve borebit is used. It is madeof steelpipe 2.5 m long, with
a diameter 200 mm; a strong, bell-mouthed cutter
is welded to the bottom of the pipe; a handlejoint
to the upper part of the pipe. A valve is fixed to the
cutter. The welding is with “flying wings” with
supplementary heavy reinforcement on the perimeter of the steel pipe (Fig. 75).
The bailer is an iron plate. 5.7 mm thick, rolled
and welded to form a 2.5 m long cylinder with a
diameter of 250 mm; the bottom of the bailer
encasesa valve cutter, and the top is welded with a
handle joint.
A protective casing made of timber or iron
plates, with a diameter of 50-60 cm and a length
of 2 m, is used to protect the well opening.
First, the protective casing is placed firmly
inside the excavatedwell opening. The bowstring
faces the centre of the well opening; the bore-bit
with the thin, flat strips ofbamboo is hung by rope
on the bowstring. Two intersection sticks are tied
on the lifting rope, and then slurry is poured into
the well and the bore-bit lowered. Pressing the
sticks causes the percussion, and the bore-bit
rebounds by the force of the bow. The bore-bit
should be rotated during percussion so that the
hole being drilled is made circular and vertical.
When the slurry becomesconcentratedand makes
percussionand rebound difficult, the bailer is used
to removethe soil. If the thin, flat strips of bamboo
are not long enough, several can be connected
together by the “square-joint” and made secure
with an iron hoop. The wheel is used to bail soil
and to lilt and lower the bore-bit. Lifting and
lowering must be carefully controlled, and the
person who steps on the wheel must prevent the

larly; the wheel loosens through use, and the
hoops wear out. If these items are not properly
maintained, the bore-bit will fall and the thin and
flat strips of bamboo will break.
Hand-Dug
Technique

Fig. 74. Joining of thin, flat strips of bamboo (I, slim,
jlat strips of bamboo; 2, iron hoop; and 3, square
joint).

Fig. 75. Bore-bit, (1. joint; 2, hoop ring of the joint; 3,
supplementary heavy reinforcement; 4, ‘xying wings’>
5, valve; 6, bell-mouthed cutter; and 7, view from
below).

wheel from running out of control when the well is
deep. The section on troubleshooting in chapter 7
is equally applicableto manualpercussiondrilling.
Matters requiring special attention are that:
l The bowstring needsto be tightened periodically, as its elasticity decreasesduring use;
l The valve at the bore-bit must constantly be
kept flexible; otherwise it will have to be replaced
or repaired;
l The cutter and ‘Vlying wings” need to be
monitored for wear or damage;their dimensions
should comply with the standard, and if they
becomedamaged,they shouldbe repaired,welded,
or replaced, and
0 The wheel and the hoops on the thin and flat
strips of bamboo should also be examined regu62

Well: the Caisson-Sinking

Well sinking is a safe construction method for
large-mouthed wells; construction is simple and
suitable for a single, water-containing layer close
to the surface. The main tools needed are a
windlass, pulleys, and a tripod (Fig. 76). The
windlass consists of a frame, steel cable reel,
electric motor, and handbrake.
There are two pulleys (Fig. 76b), one fixed on
the tripod and one fixed near the opening of the
well, forming a lifting system with the windlass.
The tripod, as the name indicates, is three poles
whose diameter is not smaller than 20 cm, tied
intersectionally; it standsover the well opening to
form a lifting system with the windlass.
The well pipe should be a 125-l 50 mm thick,
double layer, circular steel-reinforced concrete
pipe, l-5-2.0 m in diameter. The filter pipe
should be the sametype ofpipe with small holes as
water inlets (Fig. 77).
Bitumen cement is thejoint material to be used
between pipes, and supporting plates are used to
hold them in position (Fig. 78). The joint material
is composed of 43% bitumen, 43% cement, and
14% salt The method is to drill a hole in the side
of two pipes 11 cm from the ends to be joined so
that the distance between the two holes, when
aligned,is 22 cm. Then, after the bitumen mixture
has been applied and the pipes placed in position,
the supporting plate is bolted to both pipes.
Usually the procedure is to attach a supporting
plate on each side of the pipes. The supporting
plates are 7-8 mm thick, iron, 30 cm long, and
7 cm wide. The holes on the iron plate (Fig. 79)
should be slightly larger than the diameter of the
screw (2.0-2.5 cm). The screw is 225 mm longor
may be madefrom 250 mm of round steel(Fig. 80);
the thread should be 8 cm long. The digging consistsof sevenpersons:an operator, a commander,
two to push the windlass, and three to work inside
the well. If the progress is fast, the number of
persons pushing the windlass and those working
inside the well can be increased.
Before well construction begins, a pit deep
enough for a length of well pipe should be hand
dug at the well opening; then the bottom filter pipe
with water inlets should be lowered into the well
by chain-block and placed in a horizontal position.
The second filter pipe is then lifted by chain-
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Fig. 76. Tools for caisson-sinking technique: (a) m’pod and its arrangement in a well field and (b) pulley.

Fig. 77. Well pipes for large-mouthed well (I. solid
pipe and 2, filter pipe).

12.5- I5 cm

0

0
t
Fig. 78. The joint between the
two well pipes.

7-8 mm

Fig. 79. Supporting plate.
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20-25

mm

Fig. 80. Screw and nut for pipe joint.

j qck, a layer ofjoint materials applied to its end:
theit lowered onto the first filter pipe, supporting
plates being attached appropriately (generally six
and eight pairs of supporting plates are used for
wells having a diameter of 1.5 m and 2 m, respectively). The screw’s thread end should face inside
the pipe when the screw is being inserted so that
the external pipe wall is smooth and friction
during lowering is minimized. Once the pipes are
joined, workers should get inside the pipe and
begin excavation. It is extremely important that
excavation be carried out evenly all around the
pipe, so that the pipes stay relatively level as they
sink and strain on the joints is minimized. When
groundwater is encountered,it should be pumped
out before excavation is continued; all the soil
layers should be recorded in a drilling log as the
work progresses(see chapter 7).

Advantages

Because the well-sinking method uses precast
well pipes, it is not necessaryto support the wall of
the well. Cave-in does not nccur during construction, and the people working inside are safe. The
method is labour-saving compared with others
using brickwork. Penetration through running
sand layers is relatively simple, and in an area
where the water is deep underground, the workers
can dig as deep as 60 m.
This method should be employed in a dry
season when the underground water is at a
minimum,asthis makeswork easierand guarantees
the water discharge upon completion.
When the well is completed, a pump stage
should be constructed 1.5 m higher than the
highest water level and the pumping equipment
installed on it.
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Chapter 9

Well Repairs and Damage Prevention
Due to their poor quality and improper maintenance and operation, some well pipes become
disconnected; damage is caused by sand, and
siltation occurs. The discharge from the wells
becomesmarkedly reduced, and some even have
to be abandoned. To regain water output and
further agricultural production, workers not only
must build new wells but must repair and maintain
old damaged wells. A standard procedure has
been established for checking, repairing, and
preventing well damage,In China, more than 100
damagedwells have been renovated, all regaining
their original capacity.
The methods of repair and prevention are
economic and simple, and they produce good
results. They have been.popula&ed widely in.
China and are fi~lly accepted by the people.
Well Inspection
According to field surveys,the causesof damage
to open-mouthed, concrete wells are poor design
and construction,impropermaintenanceandoperation, and improper diagnosis and handling of
problems (see chapter 7). Some of the common
manifestations of the three causes are:
l An air pocket forms next to the well wall and
causesthe pipe to collapse; the construction fault
is that (1) the diameter of the hole is much larger
than that of the well pipe, (2) the thickness of the
gravel filling layer is less than 10 cm, or (3) the
gravel filler has been added too quickly and,
hence, has created obstruction; when pumping is
under way, sand enters the well and the external
filler moves to produce the air pocket;
l Part of the pipe sinks and becomes disconnected; this indicates that (1) the final drilling did
not reach an impervious layer of clay, (2) the well
hole was not cleared before the well pipes were
lowered, or (3) the pipe doesnot reach the bottom
of the hole;
l The joints open or crack when pumping
begins;possible causesare that (1) the well hole is

not straight, (2) the well pipes are not round, (3)
the joint is not properly reinforced, or (4) the
quality of the clay rings is poor; and
@
The
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.,,_water discharge is minimal, or siltation
is apparent in the water; theseproblems probably
reflect (1) an incorrect proportion between the
particle sizes of the filter pipe aggregatesor the
gravel filling layer and the particle sizes of the
water layer, (2) irregular filter materials such as
kiln dregs or brick being used as filler, or (3) the
well not being covered or protected by a pump
houseor well platform so that stones,bricks,or mud
have been thrown into the well or have been
washed into it by heavy rains.
The most common mishandling of a problem is
the use of some object, such as a cone, to remove
sediment or to knock down obstructions in the
well. This approach to the problem of blockageor
siltation often results in broken pipes.
Abrupt changes, for example, a discharge of
brackish water, an extensiveblowout of sand, or
a decrease in water quantity, indicate that the
well pipe has broken; the pump must be switched
off immediately before the well wall collapses.In
such circumstances,the pumping facilities should
be taken from the well and the damagedwell pipe
examined carefully. The steps are to insert a
measuring rope and determine the height of
siltation inside the well, an approximation of the
location of damage. When the pipe breaks, the
gravel filler becomes damaged because during
pumpingwater feedscontinuously from the watercontaining sand layer into the well and brings with
it sand particles, The particles settle until they
reach the height of the breakage.
A more accurate and immediate checking
method is to use a soil-receiving container (Fig.
8 1). The soil containers are firmly joined in series
at 1 m intervals by a measuring rope. The containers are made of no. 8 galvanizedwire that has
been bent into a circle and gauze that has been
sewnsecurely to the wire ring in a cone shape.The
diameter of the container is 2-3 cm smaller than
the internal diameter of the well pipe so that it can
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be easily lowered into the well. A heavy weight is
hung at the bottom of the measuringrope, a small
piece of brick is placed inside each soil-receiving
container so that the measuring rope remains
parallel to the well pipe and the soil receivers are
kept upright and stable. First, the soil-receiving
containersare lowered into the well, then a rubber
suction pipe is installed, and the pump ISswitched
on for 3-5 minutes,the sandparticles in the watercontaining layer immediately flowing into the
well. Then, the rubber pipe and soil-receiving
containers are withdrawn and their contents
examined. Sediment in a soil-receiving container
means there is a break somewhere above that
container.
If the level of silt has already reachedthe break,
this method cannot be used. The well must be
cleaned or washed before the examination. A
pressurehoseis used to wash out the sediment.A
3-inch (7.5cm) diameter rubber tubing connected to a 20-mm diameter steel pressurehose(Fig.
82) is lowered to about 300 mm above the
sediment. Then, the water is pumped out. The
pressurewill scatter and wash out the sedimentas
the water flows out of the well. As the depth of
sediment is reduced, the pressure should also be
gradually reduced, especially near the area where
the break is thought to have occurred. After the
hose has been lifted up, water has to be reintroduced into the well to keep up the pressure until
the examination with soil-receiving containers
and the repair of the well pipe havebeencompleted.
If damagein the well pipe is only a crack or a
few small holes, then repair work can be carried
out at once. However, if the well pipes have
becomedisconnectedthen a pipe-knocking instrument has to be used to bring the pipes into correct
position before any repair work can be done. To
indicate the nature of damage, a guiding instrument (Fig. 83) is used. This instrument is a 4-m
long rod with lantern-shapedbamboo bows fixed
to both ends; the diameter of the lantern shape
must be 3-4 cm smaller than the internal diameter
of the well for easyinsertion. During examination,
the guiding instrument is lowered gradually into
the damagedportion. If it passesthrough without
obstruction, the implication is that the side of the
well pipe is broken; if its pathway is obstructed,
the well pipes are probably disconnected. The
pipe-knocking instrument (Fig. 84) can be used to
bring the pipes into line. The pipe-knocking
instrument is similar to the guiding instrument
except that the two bamboo-bow circles in the
latter are replaced by an elliptical piece of wood,
tightened by a screw. Its function is to knock,
repeatedly along the length of the well until the
pipes are brought into their correct position.
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Fig. 81. Soil-receiving container: a
tool to locate damage in a well pipe.

Fig. 82. Pressure hose.
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Fig. 83. A guiding
instrument (1, galvanized wiq&istening;
2, bamboobow;3, sup
porting pole; 4, core;
and 5, well pipe).

Fig. 84. Pipe-knocking instrument (I, core; 2, gaivanizedwire fastening: 3, knocking
pole; 4, screw; and 5, well
pipe).

Well Repair
Repairing a damaged well consists of placing
a repair pipe in the well; this procedure seals the
broken hole, stops the sand from coming in, and
restores normal water supply. The structure,
shape, and material of the repair pipe depend on
the structure and type of the well as well as the
location and type of damage. The three types of
materialsusedare plastic,sheetmetal,and bamboo-

strip matting (coir). The three types of repair pipe
are fured-diameter, variable-diameter, and bellmouthed. Its structure can be either fixed or
movable.
There are two main parts to the repair pipe, the
seal and the support. The seal is provided by two
bamboo-mat bowls, one attached to each end of
the repair pipe; the support is a mechanismin the
middle of the repair pipe, a holder, that supports
and stabilizes the pipe.
The bamboo-mat bowl (coir bowl or head) is
designedaccording to the shapeof the well; it can
be either fixed or movable (expansiveor contractive). A bowl with a faed diameter is used in
damaged wells that have the same diameter
throughout, whereas a movable bowl is used for
repairingdamagedwells that havea larger diameter
at the upper end. The fixed-type bowl is made
from three or four layers of bamboo-strip matting.
The width of the bowl is 20 cm, which consistsof
one expansivebamboo ring wrapped with a layer
of plastic cloth that protects the bamboo sheetand
increasesits smoothness.The construction of the
movable bowl is similar, but the upper bowl is
fixed and the bottom bowl expandsand contracts.
The bottom bowl is made of three layers of
bamboo-strip matting sewn into one piece with
string, the upper end tied firmly with galvanized
wire and the lower end pressed hard with iron
sheet;the inner ring is supported by two bamboo
rings. The iron sheet ring is 10 cm wide, and its
diameter is slightly bigger than the outer diameter
of the repair pipe so that it can move vertically.
Two poles are ftxed symmetrically to the iron
ring. A rope is fastened to the upper ends of the
two poles. At the bottom of the iron ring, a
supporting plate is attached with two galvanized
wires. When the poles are lifted, the iron ring
movesupward, the supporting plate forces out the
holders, and the diameter of the bowl enlargesand
seals up the opening between the repair pipe and
the well pipe (Fig. 85). The support or holder is a
2-3-mm thick black iron sheet forming a 12-cm
longteeth-shapediron claw. According to the length
and weight of the repair pipe, the claw is either
fan-shapedor bat-shaped,nailed directly onto the
repair pipe, three teeth facing up and two teeth
facing down, in order to increase the stability.
This shape is suitable for short (e.g., 2-2.5 m),
light sheet-iron repair pipes. Another type of
holder is an iron claw nailed to both ends of a
bamboo bow. This holder uses four pieces of
80-cm long by 4-cm wide ba.mboosheet that are
formed into bows. The rough surfaces of the
bamboo sheet are smoothed; the sheet is soaked
for an hour and heat is applied at the centre so that
a bow can be formed. The centre of each bow is
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Fig. 85. Repain’ng a narrow well (I. rope; 2, iron pipe;
3, cement pipe; 4. iron-claw fixer; 5, pole; 6, expanding-contracting bowl; 7, iron tfng; and 8, supporting plate).

tied with no. 10 galvanized wire fh-mly onto the
repair pipe. This holder is suitable for 2.5-3 m
repair pipes. At the base of the expansive and
contractive part of the holder. small springs made
of no. 12 steel wire are fixed all around to squeeze
the repair pipe to the inner wall of the well.
Unlike standard plastic repair pipes, the sheet
iron and bamboo matting pipes are madeby hand.
The sheet-iron pipe is steel rc lied into the form of
the repair pipe. Based on the type of well and the
position of damage, the repair pipe is a uniform
diameter,a variablediameter,or bell-shaped(used
to repair the holes in concentric pipes, variable
pipes, and wide-mouthed pipes respectively) (Fig.
86).
Bamboo/palm coir repair pipe is made from
several old discarded cart hub rings, which
providethe internalsupport,and4 cm-widebamboo
piecesthat are nailed 1 cm apart onto and around
the hub ring The number of rings dependson the
length of repair pipe; their diameter depends on
the internal diameter of the damaged well. The
repair pipe is wrapped with a plastic cloth, five
layers of bamboo, and another layer of plastic
cloth, all of which is firmly tied with no. 20
galvanizedwire. This type of pipe is cheap, and
the materials are easily obtainable; it is suitable
for repairing largediameter brick and cement
pipes.
After clearing the sediment in the well, examining the position and characteristicsof damage,
selecting the structure and shape of repair pipe,
workers can begin installing the repair pipe and

Fig. 86. Repairitlg a wide-mouthed well (I, rope; 2,
brick pipe; 3, bell-mouthed sheet-iron repair pipe; 4,
pole; 5, iron ring; 6, supporting plate; and 7, cement
pipe).

6

Fig. 87. Lifting and lowering the repair pipe (I, ropecutting [no. lO]galvanized wire; 2, wire; 3, insert wire;
4, insert; 5, rope: 6, wooden cover; and 7, boring rod).

doing the renovation. The method and tools for
the installation (Fig. 87) are:
l Pipe-lowering tool, which is a boring rod
longer than 4 m with steel wire attachedto the top
and T-shapedwooden coversattachedto the upper
half to press the pipe down. Holes in the wooden
covers reduce the buoyancy when the water is
being replaced.More than 30 cm of pipe must be
presseddown.
0 Pipe-releasinginsert, which resemblesa cone,
1 cm wide X 10 cm. A rope is connected to the
pipe by meansof this insert. When the repair pipe
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has been iowered to the damaged area, the insert
is pulled out and the rope released.
l Rope-cutting (no. 10) galvanized wire, which
is used to lower the pipe. Eefore installing the
repair pipe, workers must ensure that the rope
tying the bamboo-arc ring to the bamboo-matting
bowl and the iron claw holder is tight so that the
external diameter of the repair pipe is minimized
and the pipe can be easily lowered in.tothe well.
After the repair pipe has been placed in position, all the ropes have to be cut so that the repair
componentsexpand and fulfill their purpose.The
ropes are cut with a piece of no. 10 galvanized
wire, longer than the depth of the installation, with
one of its ends connected to the insert and tied
firmly at the opening of the repair pipe and the
other end passing through all the ropes that have
to be cut and extendingout of the well. Pulling the
galvanizedwire cuts the ropes: then the bambooarc ring in the bamboo-matting bowl and thl: iron
claw of the holderwill expandso that the repairpipe
is squeezedagainstthe inner wall of the damaged
pipe (Fig. 88). After the repair pipe has been
installed, a pressure hose is used to wash out all
the sediment. Because of improper repairs or
discovery of new holes below a repair, sometimes
a repair pipe must be lifted and further repairs
done. The tools and technique for lifting the repair
pipe are comparatively simple: a crimped hook is
used for lifting; it is made of a boring rod (32 mm
diameter) with a trapezoid-shaped knife fixed at
the bottom (Fig. 89). Holes are drilled at both
endsof the knife and steelwirk attached, the knife
is bolted at its centre to the boring rod. The
apparatusis lowered into the well, one of the steel
wires being pulled so that the knife is nearly
vertical and is able to pass through the repaired
are::completely; then the otlier steelwire is pulled
so that the knife is horizontal and can act as a lift
for the repair pipe.
Well-Construction

Technique

The quality of a well depends on its construction, maintenance, and use, and there are several
key elements that should be emphasized. These
include:
o The diameter of the excavated hole, which
must be basedon the thicknessof the well pipe and
the water-filtering layer; generally, it must be
20 cm greater than the outer diameter of the well
pipe so that the water-filtering layer is the correct
thickness.
l The soil layer at the bottom of the hole,
which must be a hard, solid, impervious layer to

particlc size of the gravel-filter layer should be 810 times as great.
l The well shape and diameter of the well pipe
opening, which dependson the type and standard
of water-pump facilities; in some cases,the upper
portion of the well has a larger diameter than does
the lower portion, and they are joined by an
adapter. In such cases, a deep-well pump with a
large capacity can be installed.
l The quality of the multiporous filter pipe,
which must be strong enough to withstand pressure and at the sametime porous enough to allow
water to pass through; the mouth of the pipe must
be horizontal and circular: good strong adhesive
bitumen, sand, slurry, and clay improve the
strength of the well pipe and thus prevent disconnection, opening, sliding out, and breakage.
l The standards and performance of the filter
layer, which must be appropriate to the watercontaining layer; the gravel filling must be 2-5 m
higher than the filter pipe and must be added
consistently, slowly, and continuously.
l The timing of well washing, which should be
immediately after construction has been completed; while the well is being washed, the pump
mustbe operated at a higher rate than that usedfor
normal pumping, and washing must continue until
the turbid water turns clear. Whenever sediment
occurs inside a well, the washing should be
repeated.
l The contents of the pump house, which must
include all the facilities necessaryfor maintaining
the pump.
l The special washing of the multiporous filter
pipe, which is accomplished with a wire brush
(Fig. 90) and a water-jet (Fig. 91); this is not

Fig. 88. Installed repair pipe.
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Fig. 89. Crimped hook for l&@ingrepair pipe (unit
= mm).

preventthe well pipesfrom settling,disconnecting,
or sliding out of line.
l The particle size of the aggregate(gravel) for
so or lo
a multiporous, concrete, filter pipe, which should
be 16-20 timesthe averageparticle sizeof the sand Fig. 90. Steel-wire brush
(unit = mm).
in the water-containinglayer, whereasthe average
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Fig. 91. water-jet (unit =
mm).

Fig. 92. Brick-salvaging
equipment (unit = mm).

Fig. 94. Piercing rod
(unit = mm).

Fig. 93. Fork-and-hook instrument (unit = mm).

always required, but when washing is delayed or
is improperly done, the clay wall of the well hole
hardens, and particles in the water-containing
layer sift into the porous spaces of filter pipe,
leading to a reduction or cessation of water
output. The wire brush used is made of flanged
pipe onto which steel wire has been fixed. At the
upfiar part of the brush, the flanged pipe has a
rubber gasket. A boring rod is attached to the
brush. The apparatusmovesup and down, brushing the inner wall ofthe well. The water-jet is used
after the brush; it is attached to a 3-inch (7.5cm)
rubber tube and, when operating, washes the
surfaceof the filter pipe, forcing water through the
pores and washing out all settled particles.

Fig. 95. Multipurpose hook
(unit = mm).

the brick. At the endsthere are hooksto preventthe
brick from falling out again. The instrument is
lowered into the well with a pulley fixed at the well
opening, and the steel wire is gradually moved
into a vertical position so that the brick can be
scooped into the drum and lifted. The impact of
the brick-salvaging equipment sometimescauses
a few bricks to be pushed into the comers at the
baseof the inner well wall, reducing the efficiency
of salvage. Then the piercing rod and fork-andhook instrument provide help. When bricks land
at the joint between big and small well pipes,
piercing equipment should be used becauseother
instruments may damage the edge of the pipes.
The size of the brick-salvaging equipment and
fork-and-hook instrument is dependent upon the
internal diameter of the well pipe. If the bricks are
Salvaghg Tools
covered by sediment, then they have to be removed after well washing,
Frequently in the use of a well, bricks fall into
The multipurpose hook (Fig. 95) is made of
the well and sink to the bottom or get stuck four 40 mm X 12 mm flat iron bars joined by a
between the pipe and the well wall. They can be movable shaft. The multipurpose hook is opened
removed with specially designedbrick-salvaging by impact and held closed by a spring. Several
equipment, fork-and-hook instrument, and pierc- types of hooks can be attached to it as required.
ing rod (Fig. 92-94).
When the upper steel wire is attached to a rubber
Brick-salvaging equipment consists of a boring suction hose, the multipurpose hook can be used
rod welded to four steelbars. The central portions to withdraw most odds and ends that drop into the
of the bars are bent to form a drum that can hold well.
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Chapter 10

Experiences in Repairing Wells
In well construction, maintenance,and use, as
in many endeavours,there is a large gap between
theory and practice, in which any number of
problems may occur. A knowledge of some
specific problems that have besetothers and how
they were handledcanprovideinsightinto problemsolving and can sometimessaveneedlesswork. In
Henshui district of Hebei province there has been
considerable experience in well repair; some of
the details are especialiy noteworthy.
For instance, after deepwell pumps had been
installed on some of the 8-inch (20-cm) diameter,
concrete-pipe wells, it was found that the vibration and friction of the suction and dischargepipe
damagedthe well pipe. As a result, underground
saltwater or sand particles were able to enter the
well. The first thing to do was to determine the
location of the damagedpipe.
The single-electrode method was used. The
way it works is that an electric current is passed
along the sidesof the well pipe and measured.The
value measured at a hole is higher than at any
other place along the pipe. This method is especially good at detecting a disconnectedpipe or a
large hole. In the well situated 100 m northwest of
Xia village, this method showedthat the well was
damagedat a depth of 13-l 3.2 m (Fig. 96). This
is the depth of the deepwell pump head - the
damagebeing causedby the vibration of the head
during pumping.
The components used in the single-electrode
method include a single electrode, a potentio
meter (model UJ-18), a battery, a galvanometer,
and a ground electrode. The single electrcde is
made of wood, it is hollow and three groups of
galvanized wires are wound around it: the centre
group for creating a barrier. A triple cable is
inserted through the centre of the electrode and
eachof the three lines is connectedwith one group
of the galvanizedwires (Fig. 97). The battery supplies the electric current; the potentiometer measures the current on the electrode; and the galvanometerregisterschangesdue to differencesin the
conductor (well wall). The ground electrode com71

pletesthe circuit (Fig. 98), offering least resistance
if it is a metal plate connectedto a wire and placed
inside a waterfilled hole adjacent to the well.
The method is to lower the single electrode into
the well pipe, record readings from the potentiometer of the electric current at different depths
from the bottom to the top, plot, on a graph, the
depth as the ordinate and the electric current as
the abscissa to form a curve showing the variations in electric current. Once the circuit is on, the
three groups of electrodeson the single electrode
have the same electric potential; the upper and
lower barrier electrodes prevent the electric current from flowing either up or down from the
centre electrode, so that it can only discharge
horizontally. During the measurement,the electric
current passing through the broken part of the
concrete pipe. is greater, its measured value is
Electriccurrent@A)
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Fig. 96. Curve showing the damaged well pipe at Xia
village.

ground layer so that the electric current along an
undamagedpipe is consistentbut abnormal where
there is damage.
The main facilities needed in this method are a
potentiometer (model UJ-18) to measure the
electric potential difference and the electric current inside a well pipe; a battery (36-72 volt) to
supply electricity; and a stepping electrode system (four electrodes,A, B, M, N). Electrodes A,
M, and N are lowered into the well. The electric
field is formed by the electrical supply electrodeA
and the ground surfaceelectrical supply electrode
B; this is used to measure the electric potential
difference between electrodes M and N and the
strength of the electric current from the supply
(Fig. 99).The method of operation is to connect
Fig. 97. Single electrode (1. electric cable; 2. wooden the circuit (Fig. loo), lower the electric cable to
electrode; 3, measuring electrode; 4, galvanized wire; the boundary between salt- and freshwater, raise
and 5, barrier electrodes).
the cable and carry out measurements at halfmetre intervals, record the electric potential difference and the electric current value, and calculate the resistance(ii [V/I], where K = coefficient of insulation or 2.26, V = electric potential
difference, and I = electric current). The last step
is to plot, on a graph, the depth asthe ordinate and
the resistance as the abscissa. A substantial
change in resistance marks the location of the
damage.
Some other methods of loca&g damage have
been invented by the well-repai>mggroups in the
Chi district and the Chauchiang district and
haveprovedsuccessful.When turbid water appears
in a normally functioning well, workers in these
areas first visually examine the pipe above the
water level, using a flashlight (most efficient at
Fig. 98. Connections for single-electrode method (I,
night). If no damageis detected, it is assumedthat
ground electrode; 2, galvanometer; 3, battery; 4, potenthe damagedarea is below the water surface.The
tiometer [model UJ-181; 5. single electrode; and 6, position of such damageisjudged from the pipe of
weight).
the deep-well pump, i.e., the highest part of the
pipe that carries turbidity is the location of the
higher, and the damagein the pipe can be located damage,To determine this, workers use a simple
sieve technique; when a fine-mesh sieve the
from the curve.
Matters requiring special attention are the diameter of the well is placed in the well and
electric potential of the electrical supply, which raised slowly, it will filter out the turbidity as soon
should be kept constant during the measurement; asit is raised abovethe damagedarea.The sieveis
the ground electrode, which should not be moved simple to construct. In the Chinese districts where
during the measurement;and the single electrode, it is used, the sieve is a flange, having a diameter
smaller than the internal diameter of the well pipe,
which should be rubbed clean after use.
Another method of locating damage in a well that has been welded onto a drilling rod and
pipe is the electrical measurementmethod, which surrounded by a palm-matting net (Fig. 101)
was inventedby an investigation group of the Chi whose outer diameter is the same as the internal
district. The basic principles are similar to those diameter of the well pipe. It is lowered into the
of the single-electrode method - to create an well by galvanizedwire; then a submersiblepump
electric field and then to use a potentiometer is lowered to just aboveit. The pump and sieveare
(model UJ-18) to detect the changesin resistance raised simultaneously, the submersible pump
in the concrete yipe. In a concrete-pipe well, the being operated while being lifted. When the sieve
resistance of the pipe is greater than that of the is above the damagedarea, the water pumped out
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Fig. 99. Electrode system for the electrical measurement method (I, triple cable; 2, electrical supply
electrode (A); 3, measurement electrodes (Mand N); 4,
high-voltage insulating rubber cloth; 5, cable connecting
the lead electrode; and 6, lead cell).

Fig. 100. Circuitconnectionsfordetection of damaged areas in a wellpipe (1.
model UJ-IS, potentiometer; 2, battery;
3, ground electrode; 4, cable; 5, electrode system; and 6, well pipe).

Fig.
101.
Sieve made
ofpalm matting.

will suddenly become clear. Repeating this processseveraltimes revealsthe exact position of the
damage.
Realigning Pipes and Replacing
Damaged Ones
In the developmentof irrigation for agriculture,
many areas have found centrifugal pumps inade-

quate and have had to replace them with deep
well submersible pumps. The deep-well pumps
used in China arc often almost as large as the
internal diameter of the well pipe; if the well pipe
is slightly bent, the deep-well pump cannot be
lowered. The bent portions must be straightened
or exchangedfor pipe of a larger diameter. Also,
sometimes,the well pipes are damagedduring the
installation of the deep-well pump and need to be
repaired.
To straighten bent pipes, the people of Chi
district have invented a method using a hollow
cone to drill holes around the well. The procedures are to excavate a working pit around the
well pipe, with a diameter of 2.5 m and a depth of
3-4 m (Fig. 102), build a rectangular wooden
scaffold above the pit, and tie a wooden bow
(made of elm or date wood, 4-5 m long) on the
scaffold, with a bowstring made of hemp rope or
no. 8 galvanizedwire (Fig. 103). The next step is
to install, at the bottom of the working pit, a l-m
high protective casing around the well pipe (20cm pipe needs a 50-60 cm-diameter casing, and
30-cm pipe needs a 80 cm-diameter casing) (Fig.
102). Once these preparations have been made,
the final stepsare to drill holes with a hollow cone
(Fig. 104) around the well pipe until the lowest
part of the bent pipe is reached(Fig. 105), then to
drill around the pipe so that the joints between
pipes are movable, and, finally, to lower, while
rotating, different pipe-straighteningdevices,sch
as a big bamboo rod or a deepwell pump, into the
bent pipe (Fig. 106). The people of Chi district
havefound that the length of the drill can easily be
extended by the addition of sections of pipe or
sticks of wood. Sticky clay is used to seal around
the well pipe, and the pipe-straighteningdevice is
withdrawn 3-5 days later.
Matters requiring special attention are that:
l Water should be maintained inside the well
during drilling, so that a cave-in does not occur; if
a running-sandlayer is encountered,slurry should
be introduced.
l Drilling should not be too forceful; otherwise
there is a risk of breaking the wire or damagingthe
well pipe.
l The hollow cone should be supported vertically by hand or allowed to lean againstthe pipe
while being lowered.
l When the deep-well pump pipe is being used
to straightenthe well pipe, the flangesof the pump
pipe should not be adjacent to joints of the well
pipe.
l Once the pipe-straighteningdevice has been
lowered into the well pipe, it should be moved
once a day to ensure it does not become lodged
inside.
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Drilling holes with a bore-bit is also a meansto
straighten a bent pipe, The main equipment is a
wooden straighteningdevice,diesel engine,windlass, slurry pump, bore-bit, and boring rod. The
wooden pipe-straighteningdevice is a round stick
18 cm in diameter, 4.8-8 m long so that its length
is 2-3 m longer than the bent portion of pipe (Fig.
107).
The procedure is frost to connect a 20-cmdiameter bore-bit to a boring rod; next to drill
three holes on the vertical plane of the well pipe.
The manual rotary drilling method is used, water
being pumped via a high pressure tube in t1i.d Fig. 102. The working pit and protectivy casing (I,
working pit and 2, protective casing).
boring rod to the bottom of the holes. The holes
are dug to the depth of the bent pipe. The drilling
loosens the soil, and the resistance of the soil
layers is reduced. The third step is to lower the
wooden pipe-straightening device into the well,
twisting it continuously so that the pressure
straightensthe bent pipe. When the well pipe has
been straightened,the holes outside the well pipe
are filled or sealedwith clay, the pipe-straightening
device is withdrawn, and the well can be used
again.
Sometimes, a pipe must be replaced - the
damaged pipe removed fast and the new one
lowered. One method to prevent running sand
from entering the well while the pipe is being
replaced is to fill tk e well with beans contained in
30-cm-long bags whose diameter is the same as
Fig. 103. The working scc@old.
the internal diameter of the well pipe. The beans
absorb water, and stuff the well. To be effective,
this operation should be conducted 24 hours
before the pipe is lifted, and the depth of the bean
tiller should be 1.5 times that of the pipe to be
replaced.As in pipe-straightening,soil resistance
is reduced if four to six holes are dug around the
well pipe; a 16-cmdiameter sharp bore-bit (Fig.
108) is a size suitable for the drilling.
In some areas of China, a crescent-shaped,
pipe-lifting tool (Fig. 109) is connectedto a boring
rod and is lowered into the well. A guiding boring
rod, not more than one and a half times as long as
the depth at which pipe replacementis needed,is
also lowered into the well and left there when the
damagedpipe is withrawn. It marksthe location of
damage. From a new well, the number of pipes
that can be lifted in one sessionis much more than
that from an old well. If sand and silt enter the well
when the pipe is withdrawn, a 55cm-diameter,
fishtail bore-bit (Fig. 110) can be used to expand
the well hole; it will alsoremovethe bamboo strips
and other miscellaneousobjects inside the well. A
28-cm-diametercylinder-type, bore-bit may facili- F&, 104. HOI- Fig. IO5 HOI- Fig. 106. Pipe
tate the joining of the pipes; connected to a
low cone.
low cone d&en
being used to
straightness-supportingdevice(Fig. 11l), it comes
to bottom ofbent
straighten well
pipe.
pipe.
in contact with the pipe inside the well and clears
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Fig. 107. Wooden pipe-straightening device.

Fig. 108. Sharp borebit.

Fig. I1 I. Cylindertype bore-bit connected to the stmightnesssupporting device.

Fig. 112. Reverse screwjoint.

the outer surface of the well pipe to a depth of
50 cm, removing all the bamboo strips and miscellaneous objects existing around the mouth of
the pipe inside the well.
An iron joint is fixed to the first new pipe that is
to be lowered into the well - for concrete pipe, a
reverse-screwjoint (Fig. 112) and for a cast-iron
pipe, a nonscrew joint (Fig. 113). After the pipes
are joined, the holes around the well should be
filled and sealed with clay.
Sometimesthe new pipe is lowered before the
damagedone is extracted.This method is possible
when a large-diameter well pipe is to replace a
small-diameter pipe. As in all other methods,the
first step is to locate the damaged area. Then the
well is filled with slurry. Next, a 2.5-m-long
boring rod is tied to a base plate by palm coir and
driven down 3-5 m lower than the damagedpipe.
A manually operated scaffold with a suspended
hollow cone (Fig. 114) provides the support for
the boring rod. The cone is lifted and lowered by
galvanized wire.

Fig. 109. Crescent-shaped,
pipe-lifting tool.

Well Sealing against Saltwater Entry
In Henshui district, there is generally a saltwater layer (salinity exceeding 2 g/l, o&en called
“bitter water”); the freshwater is often 30 m but
may be 200 m lower. Even partial, shallow
freshwater layers are covered by a thick layer of

Fig. 110. Fish-tail bore-bit.
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saline water. Sealing off the saline layer, therefore, is the key to guaranteeinggood water in the
well.
The three main reasonsfor saltwater entry into
a well are that the saltwater layer is not sealed
properly with clay (when pumping begins, air
pockets outside the well pipe form and allow
passageof the saltwater); that poor-quality concrete pipe has been installed or the joints behveen
pipes have not been properly sealed; and that the
filter materials exceedthe boundary of both freshand saltwater so that the latter percolates into the
well. The procedures for treating a well in which
saltwater has occurred are the same as those for
preventing the entry of the saltwater. Sealing can
be either external or internal to the well pipe.
External Sealing

Fig. 113. Nonscrew joint.

The external sealing method was invented by
the well-drilling team of the Chi district and has
been used in 18 wells that were contaminated
by saltwater. The well-repairing groups of Wooi
district are using this method as well. The stepsin
the method are to define the saltwater layer; then,
use a 33-50-cm diameter, fishtail bore-bit to drill
four to six holes around the well pipe on a diagonal
to it (the centres of the holes being 50 cm away
from the edgeof the well pipe and reaching l-2 m
deeper than the saltwater layer); next, flush out
the holes with clean water; ftil them with clay balls
or broken clay lumps, about 2 cm in diameter;
and, finally excavatea trench 1.5 m deep and 2 m
in diameter around the well pipe, fill it with water,
and maintain the water level for 2-3 days to allow
the soil layer around the pipe to settle firmly. The
trench is then refilled with dirt, and, after 7 days,
the well is ready for use.
Matters requiring special attention are the
diameter of the bore-bit, which should be at least
33 cm; the distance betweenthe drilled holes and
the well pipe, which shouldbe no more than 50 cm;
the direction of the holes, which should be
diagonal and not parallel; and the type of equip
ment used to drill the holes - a manually
operated scaffold with a suspendedhollow cone
or a hand-operatedaugeris suitable becausethese
tools operate at low speeds,are more sensitiveto
changes in soil layers, and thus are unlikely to
damage the well pipe.

Fig. I 14. Apparatus for
large-diameterpipe lowering (I, hollow cone;
2. two galvanized wires;
3, boring rod; 4, palm
coir; and 5, base plate).

use in a nonporous pipe in a deep well, when the
intrusion of saltwater is caused by improper
packing of filling materials, loose joints, or horizontally displaced pipes.
The sealing pipe is approximately 6-9 cm
smaller in diameter than the original pipe and is 4,
6, or 8 mm thick. It is 10 m longer than the depth
at which saline water is entering the well.
The preparatory stepsare to ensurethere are no
obstructions inside the well; to attach a sealing
mechanismto the plastic pipe; and to install aoneway valve within the sealing pipe. Lowering a
108~mm-diameter,100~mm-longsteel pipe into
the well is a means to detect obstructions that
must be cleared by a steel bore (Fig. 115).
A seal againstthe entry of saltwater is provided
by coir fastened around the plastic pipe by
galvanized wire (no. 10-l 2). About 1.5 kg of
good quality (soft, tight) palm coir is sufficient; the
end product is a plastic pipe with two coir bowls
attached,one near the top and one near the bottom
(Fig. 116). Making the coir bowls is simple; three
layers of palm coir are wrapped evenly around the
pipe and tied firmly by the root with three rounds
of the wire. Then the coir tip with the coir root is
folded, tied with three rounds of galvanizedwire,
and fixed to the plastic pipe with four screw nails.
Once
the coir root and tip are folded, the bottom is
Internal Sealing
formed by hand into the shape of a bowl. The
The well-repairing group of a drilling team in lower end of the bowl is firmly tied with three
Fu district invented a method of sealingthe inside rounds of wire. Finally, two no. 8 galvanized
of the well pipe with a plastic pipe and preventing wires are tied to the bottom of the lower coir bowl
the entry of saltwater. This method is suitable for and fastenedfirmly to somethingoutside the well.
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Matters requiring special attention are the
distribution of the clay, which should be evenand
continuous;the quality of the clay both in wet balls
and dry lumps, which must be pure, the balls 812 mm acrossand the lumps about 10 mm across;
the plastic pipe’s descent into the well, which
should be slow and steady, the pipe being twisted
and rotated by hand; the joints between pipe
sections, which must be tight; and the screws
within the joints, which must not be allowed to
protrude into the well.
Since March 1972 the Fucheng district has
repaired six deepwells with this method, achieving
good results (Table 13).
115.
Fig.
Steel bore.

Fig. 116. Forming the coir bowls and
attaching them to a plastic pipe (I,
plastic pipe; 2, coir root; 3, coir lip; 4,
wire; 5, place where the coir lip and the
coir root will be folded; and 6, coir
bowl).

This fmal step allows the plastic pipe to be lifted
without damage to the sealing mechanism.
The final step in preparation is to install a oneway valve in the pipe. Because the well pipe
becomessmaller after the plastic pipe has been
lowered into the well, a suction pipe cannot be
lowered into the well, and pumping must be
carried out directly from the opening of the plastic
pipe. Thus, a one-way valve must be installed in it
beforeit is lowered into the well pipe. One method
is to heat one end of a plastic pipe and use a round
bar to push the one-way valve 0.5 m into the pipe;
the diameter of the valve should be 3 mm greater
than that of the plastic pipe so that, when the pipe
cools, the valve will be firmly fixed. It is of
paramount importance that the valve is not inclined inside the pipe.
Installing the plastic pipe is next. The method is
to lower the plastic pipe into the well pipe; fill the
space between the upper and lower coir bowls
with clay. If more than one section of plastic pipe
is needed,then only the uppermost section has a
one-way valve, and each new section is heated
along the bottom, supported by a wooden piston
or bowl, andwhile still hot, inserted 10 cm into the
previoussection of pipe. The joints are securedby
four wooden screws.When all the pipes havebeen
lowered, 50 kg of wet clay balls and 50 kg of dry
clay lumps are inserted betweenthe well pipe and
the plastic sealing pipe; the clay settles on top of
the upper coir bowl and forms a clay layer
approximately 2 m thick (Fig. 117). Pumping is
not resumed until at least 10 hours later.

Silt and Sediment Removal
At times, wells do not produce enoughwater, or
they have a good discharge at the beginning but
the dischargesteadily declinesuntil it is negligible.
The reason is that sand or rocks have blocked the
water inlets. The silt or sediment inside the well
must be removed. Of the numerous methods
currently used in China to deal with siltation, only
three are really satisfactory: blowing out the silt
through a sealed pipe, removing the silt with two
pumps, and cleaning out the silt with a wellwashing tool.
The equipment for blowing out silt through a
sealed pipe (air-pump method) (Fig. 118) comprises a compressor and air pipe that forces air
under high pressure into the well, a sealed pipe,
either plastic or iron, that has a wall thickness of

b

Fig. II 7. Internal seal with plastic pipe (I, bend of
water pump; 2, galvanized wire; 3, one-way valve; 4,
clay ball; 5, upper coir bowl; and 6, lower coir bowl).
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Table 13. Comparison of salinity in wells before and after repair.
___---__-~

~.

DepL. 3f
leak(m) -___

Team

_

.--.-~

Depth of internal
sealing (m)

-~

~~...__~..~.~~.~

Salinity before
repair (g/l)

--.L

_..._

Salinity after
repair (g/l)

--Shihchuang
Holi
Siliu
Liunan
Chautun
Yangsan

20
130
110
120
70
40

-

30
140
120
130
100
--___-70

5 mm and a diameter of 100 mm, a pipe-holding
tool, and a T junction.
First, a scaffold is erectedand a winch attached
so that the sealedpipe can be lowered into the well
to 1 m abovethe silt surface.The upper part of the
sealedpipe is connectedwith a T junction, and an
iron pressurecap and a circular rubber washer are
mounted on the vertical outlet of the T junction to
cover the upper opening of the sealedpipe. The air
pipe is connected to the vertical opening of the
junction so that water and sand can flow out
through the horizontal outlet. A pressure tube
connectsthe compressorto the air pipe. When the
compressor is switched on, air under high pressure enters the sealedpipe and forms air bubbles
in a water-air mixture. The specific gravity of this
mixture decreasesas the bubbles increase, and its
volume gradually expands;the water level inside
the sealedpipe risesuntil it reachesthe T-junction
outlet water flows out, bringing up sand and silt
from inside the well. The sealed pipe is lowered
gradually until all the silt inside the well is

Fig. 118. Blowing out silt through a sealed pipe (airpump method) (I. compressors2, airpipe; 3, pressure
cap; 4, washer; 5, Tjunction; 6, pipe-holding tool; 7,
sealed pipe; and 8, well pipe).
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Fig. 119. Cleaning out the silt with two pumps (I.
centrifugal pump; 2, suction pipe; 3, well p@e; 4, well
wall; 5, deliverypipe; 6, silt andsand; and 7. reservoir).

removed, and the water being pumped from the
horizontal outlet is clear.
Practical experience his shown this method to
be effkient and time-saving, requiring only I-2
days. Although it is generally used in deepwells, it
is also applicable to shallow wells. Since autuu!;m
1971, Woochiang district has used this method
to clear 187 silted wells, after which 175 beganto
function properly (93%); 156 were silted with
sand and 19 with filter materials. For example, a
260-m-deep well built in 1969 was silted with
filter materials to a depth of 110 m; there was no
discharge whatsoever. The damaged pipe was
repaired, and the silt-blowing method was usedto
clear the filter materials. The well now produces
enough water to supply a S-inch (13-cm) pump.
Matters requiring specialattention are the depth
to which the sealedpipe is lowered, which should
be far enough away from the silt surfaceso that the
water flows freely but close enough so that silt is
extracted; the depth to which the air pipe is
inserted into the sealedpipe, which should be only
enough to ensure good air pressure; and the
straightness of the well pipe - if the pipe is not
perfectly straight, this method cannot be used.

Clearing the silt with two pumps is a method
invented by the peasants in Lauyang district; it
uses a 4-inch (lo-cm) centrifugal pump, which
sends clean water into the bottom of the well
though a 3.5cm diameterwater pipe, and another
8-IO-cm centrifugal pump to pump out the well
water (Fig. 119).
The pumping of clear water brings up the silt
from the bottom of the well. The sand is washed
up within the range of the suction head of the
secondcentrifugal pump, which pumps it out. The
delivery pipe is gradually lowered, as the sand is
continuouslybeingpumpedout. It is important that
the air-delivery pipe is not too near the silt surface;
otherwise, the pipe opening may becomeblocked.
Ideally, it should be 3040 cm away from the
surface of the silt. Substituting a slurry pump for
the clear-water pump or slurry for the clear water
is more efficient, as the water pressure and its
capability to bring up silt and sand are increased.
This method is suitable for shallow or mediumdepth wells. The operation is easy, and the
installation is simple. Normally, three or four
people can carry out the task; compared with the
labour required to erect a scaffold and a hollow
cone to bail out the silt, the method is laboursaving, and the risk of damageto the well pipe is
low. It usually takes 2 days to clear 20-30 m of
silt. This method has been used in Lauyang
district to clear 54 wells, the deepest of which
was 184 m, and the results were good. In Anping
district, a similar method was used to clear more
than 30 wells.
Clearing silt with a well-washing tool was
inventedby the well-repairing unit of Gin district.
Operation is easy and the structure simple. It
produces good results in shallow wells. The
equipment consists of a jet gun, “jet head,” wire
ring, and control device (Fig, 120). Also, a
scaffold, pulley, a rubber tube, a centrifugal
pump, and several sections of pipe are required.
The jet gun is two pieces of steel pipe welded
together,the upper one witt a diameterof 110 mm
and the lower one with a diameter of 76 mm. The
jet head is a piece of 60-mm-diameter steel pipe
welded on the lower end of the jet gun. The main
nozzle is the lower end of the jet head, having a
diameter of 60 mm. There are 10-l 5 small holes
or nozzles 15 mm in diameter on the upper part of
the jet head.
The control device is two 60-mm-diameter
steel pipes welded on the middle of the jet gun, at
an angle such that the whole apparatus is narrower than the well diameter. The control device
is a support to prevent thejet head from burrowing
into the silt. The preparatory stepsare to excavate
a water-recirculation drain and two water-storage
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ponds away from the well; erect a well scaffold
with a pulley on top to lift a rubber tube; connect a
water-delivery pipe (10 cm in diameter and the
length of the well) to thejet gun and the discharge
pipe of the centrifugal ptim$; and fasten the cable
of the winch onto the wire ring on the jet gun
through the pulley. Dry clay is mixed with water
to form a slurry that is pumped through a rubber
tube attached to the well-washing tool. The
sedimentis brought up by the buoyant force of the
slurry. The rubber tube is lowered continuously
into the well as the work plogresses. Once the
bottom of the well is reached, the well is washed
with water until clear.
Matters requiring special attention are the wellwashing tool, which should be firmly joined to the
rubber tube; the nozzles, which should be free
from obstruction; the speedwith which the rubber
tube is lowered, which should be slow and
continuous; and the sand and silt settling on the
water-recirculation drain, which should be removed periodically.
This method was employed in Chin district in
more than 20 wells, and the results were very
good. It has also beenusedto washthe walls of the
wells; the water spurting out through the small
nozzles cleans the filter pipe and increases the
well’s discharge. In one case, a 39-m-deep, “potdrilled” well was supplying only enoughwater for
an 8-cm pump; this method took 2 h to clear the
well, and now the dischargeis sufficient to supply
a IO-cm pump.
Salvaging Equipment
Sometimesdue to negligenceduring construction, pumping facilities are not properly installed,
and during use, the pump’s intake pipe, suction
pipe, or someother part falls into the well. Or due
to poor maintenance at the well opening, rocks,
bricks, tiles, and tools occasionally fall into the
well. Tools to salvage such equipment have
evolved from practical implementation. One tool
is designedespecially to salvagethe intake pipe of
a centrifugal pump. It is made according to the
special featuresof a water-pump intake pipe, i.e.,
the upper part is small and the lower part is large.
The tool cohsists of a rounded steel bar and
movable hooks (Fig. 121); a handle is welded to
the upper part of the bar and is connected to a
cable; the lower part of the bar is sharp, and the
middle has a rectangular groove. Two movable
hooks are fixed to two small pivots in this groove
such that the hooks can be moved up and down on
the pivots. A rubber band is attached to the lower
ends of the hooks and pulled tight so that the

than the internal diameter of the upper intake pipe,
the pipe is lifted when the salvage tool is withdrawn from the well. If the intake pipe is lodged
inside the well, the salvage tool is withdrawn
without the intake pipe, the guiding cords being
pulled so that the hooks fold back into the groove.
This tool has been extensively used in China,
salvaging more than 20 centrifugal pump intake
pipes in Hensui district, 4 in Fu district, and 12
in Shendistrict. The operation generally takes l2 h. Another tool used in China is the rubbertube salvagetool, The basic structure is similar to
that of the water-pump, intake-pipe salvagetool.
The only difference is an additional pair of
movablehooks (Fig. 122). Both pairs ofhooks are
fixed on the rounded steel bar. This tool has been
used by Hensui district to salvage six rubber
tubes.
If wire or cable falls into the well, it can be
salvagedwith a piece of rounded steel bar that has
had three hooks welded to its centre (Fig. 123).
The position of the cable inside the well is
determined first; then the hook is lowered into t,he
well on a wire. When the hook has caught the
cable, it should be lifted immediately, bringing the
cable with it. This hook has beenused by the wellrepairing group in Fu district to extract a 180-mlong steel cable.
The spiral salvage tool is mainly for pincers,
axes, hammers, bricks, etc. It is a rounded steel
bar reinforced by a spiral bar wound five times
around it (Fig. 124). When used to salvage
equipment in a 200~mm-diameter well pipe, it
usually has an upper diameter about 100 mm and
a lower diameterabout 180 mm. The spiral salvage
tool is lowered into the well on a boring rod and is

Fig. 120. Well-washing tool (1’. jet gun; 2, control
device; 3, ‘let head’: 4, small nozzle; 5. main nozzle;
and 6, wire ring).

3

+
Fig. 121. Salvage tool
for a water-pump intake
pipe (1, handle; 2. guiding cord: 3. steel bar; 4,
movable I;ooks; and 5,
rubbfr band).

%5
I

Fig. 122. Rubber-tube salvage ;*I01 (1, handle;
2, rounded steel bar; 3,
movable hooks: 4, guiding
cords; 5, movable hooks;
and 6, rubber band).

hooks are extendedoutward. Each hook is tied to
a guiding cord and folds up when the cord is
pulled.
The tool is gradually lowered on a cable into the
well. When the sharp end of the bar enters the
upper part of the intake pipe, the two movable
hooks fold up because of the pressure from the
internal wall of the pipe. When the salvage tool
reaches the lower part of the intake pipe, the Fig. 123. Hook
rubber band pulls the movable hooks outward. for salvaging
Becausethe width of the extendedhooks is greater wire and cable.
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Fig. 124. Spiral
salvage tool.

Fig. 125.Pie~e~

manipulated so that the object enters the spiral
from the bottom. The boring rod is rotated
carefully until the object is cramped firmly by the
spiral reinforcement bar.
A piercer (Fig. 125) breaks bricks and rocks
that have fallen into the well into pieces so that
they settle to the bottom. It is a rounded steel bar
with one end sharpenedto a point and topped with
a screw. The piercer is attached to a boring rod
and lowered into the well via a scaffold. It is
rotated so that it bores through any obstructions.
Increasing Well Capacity

Fig. 126. Canvas sack.

Fig. 127. Canvas-sack well washing.

7
Fig. 128. Piston (1, steel wire; 2, boring rod; 3, rubber
n*ng; 4, iron bar; 5, circular iron plate; 6, valve; 7,
female thread: and 8, rubber mat).

Somewells have no damagedpipes, no sand inside, yet still give insufficient discharge to supply
a pump. The reasons are mainly improper handling of the slurry during construction, incomplete
or delayed washing (developing) of the well after
construction, and leaving the well in disuse for a
long time, in which case the slurry clogs up the
filter pipe and fills the voids in the sand layer so
that water cannot enter the well. Two methods
have been designed to deal with these problems
and havt achieved good results. One is the
canvas-sack well washing method, which has
beenused successfullyby the well-drilling team of
Shen district for more than 80% of poorly
discharging wells. The only disadvantage is that
the canvas sack wears out quickly.
The canvas sack comprises three square
pieces of canvas that are bigger than the internal
diameter of the well pipe. These are stitched
together, one on top of another; two piecesof rope
are sewn to the comers of the canvas so that they
form an “X” (Fig. 126). The ropes are attachedto
a short boring rod, which is raised and lowered
repeatedly until the well is washed.
As it is lowered, the canvassack folds together
under the resistanceof the water and opens when
it is being lifted; the water on top of the sackforms
a vacuum under the sack for a short time, end the
water in the water-containing layer rushesinto the
vacuum through the filter materials, bringing a lot
of sand with it. The process is repeated until the
well’s discharge is improved (Fig. 127).
Matters requiring special attention are the
quality of the canvas sack and the hemp ropes,
which should be reliable; the position of the boring
rod, which must be in the centre of the canvas
sack;the speedat which the boring rod is lowered,
which should be slow; and the speed at which the
rod is lifted, which should be fast.
The well-repairing group of Lauyoung district
has increased well discharge by installing a valve
piston on a boring rod and using it to remove
8.1

slurry and sand particles from the well. The
principles are similar to those in the canvas-sack
well-washing method. The method is suitable for
wells with a good sand layer but not for horizontally displaced well pipes.
The piston consists of five layers of thin rubber
sheet formed into a circular rubber mat with a
diameter of 3-4 cm larger than the internal diameter 0; the well pipe and sandwiched between
two circular iron plates, the upper one 14 cm and
the lower one 16 cm in diameter. A valve is
installed at the centre. Three 1S-cm-thick, OS-mlong iron bars joined by a screw joint at one end
form a tripod to hold the iron plates. The other
ends of the bars are welded to a 5-m-long boring
rod, and an iron ring is welded on the top. A rubber
ring is fixed on the top portion of the boring rod
andjust below the iron ring (Fig. 128). A frame is
made from four pieces of 14-cm-thick and 1-mlong rounded sticks; an iron plate is attached at the
centre of the frame to support a pulley mounted
directly over the well. The additional equipment
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neededis a windlass to lift and lower the piston; an
intermediate unit to control the revolution speed;
and a IO-hp diesel engine or electric motor to
drive the piston via the intermediate unit and the
windlass. When the piston is moving, the water
inside the well becomesturbid; then the piston is
stoppedand the turbid water is pumped out. These
procedures are repeated until the water is clear
and the discharge sufftcient.
Matters requiring special attention are the
alignment of the pulley, the cable, and the piston,
which must be straight; the lifting speed for the
piston, which must be maintained at 0.1-l m/s;
the type of well pipe, which must be porous (filter
pipe); the cable, which should be checked for
weaknessregularly; and the numberof layersin the
piston’s rubber mat, which may be modified if the
piston is difftcult to move or moves too freely.
From June 1972 to November 1972, the wellrepairing group of Lauyoung district used this
method to repair 40 wells.

Chapter II

Well-Repair Methods in Shantung Province
In Shantung province, modified well-repairing
instruments have been successfully developed.
They have proved to be good quality, highly
efficient, economic, and simple. To date, more
than 100 wells have been repaired.
The* three-headed probe (Fig. 129) is a tool
used by the well-repairing group in Shantung
province to locate damagein a well and to fmd out
its cause.Formerly the singled-headedprobe was

used, but it often bypassed the damage, was
difficult to operate, and was not efficient. The
three-headedprobe was devisedalter much testing,
improvement, and modification. It consists of
three probe heads, each topping a series of two
sliding cylinders, and two probe springs. The
probe headsand cylinders are mounted on a frame
attached to a rod; a rope connected to the
apparatus controls its spring action. The sliding
cylinder with the probe fits inside the second
sliding cylinder. The use of more than one sliding
cylinder allows the apparatus to accommodatea
range of well-pipe diameters. The spring action
pushes the probe head into damaged areas, the
probe head being automatically pushedinto a hole
or disconnected joint by the spring. Thus, the
depth of damage can be easily recorded. If the
probe can only be moved to a limited degree,the
damageis a hole; if it can be turned completely,
the pipes have been disconnected. The sliding
rope is pulled tight so that the probe head is
contracted into the sliding cylinders and the
search for additional damage can be resumed.
Bamboo and Coir-Bark

Casing

A bamboo and coir-bark casing has been found
useful in well-wall repairs. It is more effective
than normal casings that reduce the cross-sec-

(b)
Fig. 129. Three-headed probe (a) apparatus (I, probe head; 2,first-layer sliding cylinder: 3, second-layer sliding
cylinder; 4, probe frame: 5, pulley: 5, fixed screw; 7, sliding rope; and 8, operating rod) and (b) cross section of
probe head (1, second-layer stopping ring; 2, second-layer sliding cylinder spring; 3, screw-joint stopping t-kg; 4.
first-layer sliding cylinder spring; and 5, probe head insert).
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Fig. 130. Bamboo and coir-bark casing (1, horizontal bamboo strip; 2, vertical bamboo strip; 3. flat bamboo
plank: 4, trapezoidal bamboo plank; and 5, coir bark).

tional area inside a well and, therefore, the water
flow. It is flexible, expanding and assuming the
required shape once it has been lowered into the
well. It has been modified and improved during
use and has proved durable.
The steps in making the bamboo and coir bark
casingare to calculate the areaof casingneededto
repair the well pipe (this figure is calculated from
the well diameter and the depth of damage);
arrange 1%2-cm-wide bamboo strips so that
they are horizontal and vertical like a knitted mat
the size of which is equal to the area of casing
needed, at one end of this skeleton, attach six
trapezoidal bamboo planks (upper base l-2 mm,
lower base5-6 mm, height 10-l 2 mm) and at the
other end attach four flat bamboo planks (width
10 mm, thickness 3-4 mm); finally, reinforce the
matting with two or three layers of coir bark,
attached with string or galvanizedwire (no. 20).
This forms the planar surface of the casing. It is
soakedin water for 1-2 h beforebeing used sothat
it is pliable and then is rolled to form the casing.
One end of the bamboo strips is matched with the
“teeth” formed by the trapezoidalbamboo planks.
The bamboo strips can slide in only one direction,
the casing being allowed to expand but not
contract; when the casing expands, it is wedged
against the well wall (Fig. 130). Installation can
be carried out with the help of a well-repairing
device - a specially made tool that operates like
an umbrella (Fig. 131).
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Fig. 131. Well-repairing device (I, pulling rod; 2,
casing-support frame; 3, expanding and contracting
sliding case; 4, prop arm; 5, prop-arm supporting case:
6, supporting rod; 7, supporting-case screw; and 8.
prop-arm screw).

The well-repairing device is contracted and the
protruding bamboo strip at one end of the bamboo
and coir-bark casing inserted into the device. The
casingis rolled tightly around the frame and tied
with string; galvanizedwire (no. 12) is attachedto
the string and will be usedlater to severthe string.
The well-repairing device is contracted and lowered into the well, one end of the wire being kept
at the well opening. When the device is at the level
of well damage,the wire is pulled sharply so that
the string is severed and the casing installed.
Then, the well-repairing device is contracted and
withdrawn.
The three-headedprobe, well-repairing device,
and the bamboo and coir-bark casing are simple
devices.They can bemadeeasilyandinexpensively.
Iron Sealing Pipe
The iron sealing pipe (Fig. 132) has proved
suitable for repairs of leaks in wells, takes little
time to install, and is both economic and simple to
produce. It is made from a l-1.5-mm-thick iron

Fig. 133. Conical bamboopipe (I, horiiontal bamboo
strips; 2, vertical bamboo stn’ps; 3, coir bark; 4,
externally wrapped horizontal bamboo strips; 5. externally wrapped vertical bamboo strips; 6, galvanized
wire [no. IO]; 7, coir bark [bamboo strip]; 8, coir bowl
[coir bark]; 9, wire [no. 20j; IO, conical iron pipe; 11,
pulling rod; 12, screw; 13, guiding prong; and 14,
insert ring).

sheet rolled to form 1O-l 2.5-cm-diameter pipes,
the joints of which are connected by rivets;
bitumen is applied to areas where leakage may
occur. The lO-15-m-long iron pipe is lowered
into the well, with a tripod, and both the lower
opening of the bottom valve and the upper part of
the iron pipe are sealed. This method is very
popular and is inexpensive.
Conical and Hollow Bamboo Pipes
If horizontal displacement in well pipes exceeds 8 cm and the well continues to be used, silt
wili enter the well pipe and directly affect the
discharge of the well. The conical bamboo pipe is
an economic and simple solution to the problem.
Theconicalbamboopipe(Fig. 133)is3.5-4 m
long, is composed of bamboo strips, and has two
pieces of galvanized wire (no. 10-20) as rein-

Fig. 132. Iron sealing pipe (I, iron pipe; 2,rivet; 3,
bitumen; 4, original pipe; and 5, original plate).
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forcement. The diameter of the pipe is based on is wrapped with two or three layers of coir bark
the degree of horizontal displacement. On both and tied with thick bamboo. The 4-m-long bamends of the pipe, bamboo bowls are attached, boo pipes are joined by l-m-long iron pipe (tied
facing opposite directions. For installation, a with no. 10 galvanized wire) so that the total
conical iron pipe, l-1.5 mm thick, made from length of the pipe is equal to the depth of the well.
sheet metal is fured inside the bamboo pipe with The whole length of the pipe is reinforced by
galvanized wire. Then, a guiding prong is placed galvanized wire (no. 10-l 2).
in an insert ring, and an insert prong is connected
The bottom part of the pipe is attached to iron
to the pulling rod, which will deliver the pipe to the pipe, 1.1-5 mm thick; two symmetrical insert
position of displacement.When siltation occurs at rings are suitable.The guiding prongspassthrough
joints of well pipes or at holes, a hollow bamboo the insert rings and connect to the pulling rods;
pipe can be used for repair, giving good results. this apparatus is lowered into the well, and the
Made of Cm-long bamboo strips, the pipe’s pulling rods are withdrawn. This method of repair
diameter is about 12 cm; the outer part of the pipe costs about 50 yuan.
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Appendix I

Determining Residual Chlorine
Potassium Iodide Colorimetry

Append. Table 1. Relationship between smell, colour,
and residual chlorine in DPD calorimetry.

The reagentfor potassiumiodide calorimetry is
starch-potassium solution: 2 g soluble starch (or
normal starch) is dissolved in 100 ml distilled
water, boiled, and allowed to cool to room temperature; 8 g potassium iodide (KI) is added, and
the mixture is agitated until the KI is thoroughly
dissolved. The solution should be stored in the
dark.
The procedure is to add five or six drops of the
solution to a 100~mlsample of water disinfected
with chlorine (e.g., bleaching powder) and mix
carefully. Blue indicates residual chlorine; light
blue indicates the appropriate chlorine content.

Residual
chlorine
-___bdl)
i::
0.72 .o
>20

Smell
of
chlorine
Slight
Easily
detectable
Obvious
Strong

Yellow
Deep yellow

Strong

Brown

Colour
Light yellow
Yellow

solution of 10 ml hydrochloric acid, 90 ml distilled
water, and 0.1 g DPD.
The procedure is to add three to five drops of
The reagent for dimethyl-paraphenylene- the solution to a 5-ml water sample. Yellow
diamine-hydrochloride (DPD) calorimetry is a indicates residual chlorine (Append. Table 1).
Dimethyl-Paraphenylene-DiamineHydrochloride (DPD) Colorimet.ry
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Appendix 2

Determining the Chlorine Required
If adequate chlorine is added as treatment for
water, there should be residual chlorine in the
water. A test for residual chlorine should be run
(Appendix 1) but not until at least 30 minutes
after the chlorine application. One method of
determining how much chlorine is needed is to
compare the effectsof adding different amountsof
chlorine to small quantities of the water to be
treated and then to extrapolate the amount that
provides suitable residual chlorine to the amount
of water to be treated.

table and label them (e.g., 1, 2, 3, 4, 5), each
containing a loo-ml sample of water; with a
pipette, add 2, 3,4,5 ml of the bleaching solution
into beakers 2, 3, 4, 5, respectively; agitate with
glass rods, and drop three drops of starch-potassium iodide solution (Appendix 1) into each
beaker and agitate. Within 5 minutes, the chlorine
will have liberated the iodine from the solution,
and the treated water will be blue. The amount
(ml) of bleaching powder solution added to the
beaker with a light-blue solution is the amount of
bleaching powder in g/m3 one needs to treat the
The equipment needed is five lOO-ml beakers drinking water. For example, if a light-blue solu(or porcelain bowls), five glass rods, IOO-ml tion is obtained when 4 ml of bleaching powder
measuring cylinders, lo-ml graduated pipettes, solution ( 1:10 000) is added, then 4 g bleaching
and droppers. The procedure is to dilute 1 ml of powder is required to treat 1 m3water. If the free
1 : 100 (w : v) bleaching solution (1 g bleaching available chlorine in.the bleaching powder is 30%
powder : 100 ml distilled water) in enoughdistilled by weight, then the chlorine required is I .2 g/m3,
water to make 100 ml; line the beakers on the (4 X 30%), or 1.2 mg for each litre of water.
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Appendix 3

Determining Water Quality
Some methods have been developed to test
water quality in rural areaswhere no laboratory or
equipment are available. These include tests on
colour, odour, taste,temperature,settleablesolids,
and pH. Pure water is colourless, odourless, and
tasteless.
If water placed in a white container is yellowish, it may contain a !arge quantity of decayed
organic matter. A reddish yel!ow suggestsa high
iron concentration, and blue suggests a high
hydrogen sulfide concentration.
If a sampleof water shakenin a stopperedbottle
has an odour, it should be heated to 60” C in a
, water bath and smelled again. If it still emits
odours, the source should be further investigated
before being used.
To test for taste, one heats a sample of water to
60 “C in a water bath, then tastes it. If the water
contains a high quantity of organic matter, its taste
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may be sweet; a high concentration of sodium
chloride will produce a salty taste; hard water will
have an astringent effect.
Water temperature is often a good indicator of
contamination. Any sudden change in temperature suggeststhat the water is contaminated.
A test for settleable solids is to let a sample of
water stand overnight, pour the water, with care
not to disturb the sediment, into another bottle,
heat the water in the new bottle to 100 “C, let it
stand till cool, and then observethe sediment.The
second sediment is the partially soluble mineral
sediment and is indicative of water quality.
Another testis to drip a few dropsof samplewater
onto white paper and let them dry. The less the
trace of watermarks,the better the quality of water.
If the pH of sample water is outside the range
6.5-9, the water may be contaminated.

Appendix 4

Quality Standards for Domestic and Potable Water Supplies’
These standards are an edited version of the

Source selection, quality examination, and
managementof individual supplies are carried out
by production teams or residential committees.
the Ministry of Health and the previous Ministry All such units should encouragepeople to particiof Building. The new standards apply from 1 pate in protecting the water sources and in
December 1976.
preventing contamination.
The standardsare controlled by the Ministry of
These standards are applicable to both rural
Health; technical aspectswill be explained by the and urban domestic water supplies and both
Health Department of the Chinese Medical In- individual (including private installations) and
stitute.
piped supply systems (Table 1).
In this edition, a section on general provisions
For piped supply systems, besides L-heneceshas been introduced; it illustrates the purposes, sary treatment plant, disinfection facilities should
significance, and application of the standards. be installed, regardlessof the source. For systems
Also, a section on the quality requirements for that transmit groundwater to the user directly
water supply has been added, and it stressesthe without treatment, equipment should be installed
importance of selectionof a water source in urban to remove grit and turbidity if necessary. Faciliand rural developments,providing for both long- ties for water storage, transmission, and distributerm and short-term requirements.
tion must be carefully protected from contact with
All units are advised to review the results and seweragenetworks.
problems in executing these standards. ComThe raw materials used for treatment plant
ments would be appreciated for the benefit of construction and chemicals used for water purififuture editions.
cation should not contaminate the water supply.
Independent, private water supply systems
should not be connectedto the urban water supply
General Provisions
systems.In specialcaseswhen it is necessary,such
a connection should be approved by the authority
The reason for establishing these standards of health and water supply. The connection point
(Table 1) is to put into effect a policy of “preven- should be carefully situated and effectively made;
tion first,” to guaranteethat the quality of domes- evenmore eRort than otherwise should be put into
tic water supply fulfills the health requirements maintenance, management,and protection of the
water.
and thus to protect our people’s health.
In a piped supply system, the authority should
In applyingthesestandards,water supply authorities, planning authorities, design authorities, etc. put considerableeffort into the managementof the
should insist on self-reliance and on a combina- facilities for water collection, purification, storage,
tion of traditional and Western methods. These distribution, and transmission. Rules and operastandards should be competently adopted and tion regulations should be established, regarding
seriously adhered to. Health departments at all effectivecontrol of overflows, disinfection, cleanlevels should examine and supervisethe applica- ing, waste discharge, examination, and testing so
that the water quality is guaranteed.
tion of these standards.
When new waterworks are built or when existing
works are being expanded or rebuilt, responsible
‘These standards were published and distributed in
departments should advise on source selection, China in 1976 under the auspicesof the Ministry of
should check planning and design, and should Health, Ministry Series 139 and an abridged version has
approve schemeswith care.
also beenmadeavailable, Hygienic and Health Series3 10.
Quality Regulation for Domestic md Potable
Water Supplies, which was published in 1959 by
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In rural areas,greateremphasisthan in the past
should be placed on the- hygienic control of
domesticwater supply.Hygienic regulationsshould
be laid down for wells, riverbank filtering wells,
sand filters, simple water supply systems, and
springs. Adequate measures should be adopted
for proper maintenance and management.

Source Selection

Surface Water
8 Within a radius of 100 m of the catchment
point, no boating, swimming, fishing, or other
activities that could contaminate the water are
permitted.The boundaryshould be clearly marked.
l Within 1000 m upstream and 100 m downstream of the catchment point, no industrial or
domestic wastewater should be discharged into
the source; within the protected area, no solid
waste material may be dumped, and no harmful
chemicalsmay be stored;useof the protected area
as a ha&our for loading or unloading refuse,
excreta, or toxic chemicals is not permitted; no
industrial or domesticwastewater may be usedfor
irrigation in the area; no residual or highly toxic
chemical may be used on fields that drain into the
protected area; and no grazing is permitted.
l No residential areas,livestock, or husbandry
areas; seepage latrines; seepage pits should be
constructed or planned within 10 m of pumping
stations, sedimentationtanks, or final water tanks
at waterworks or private installations.
l Good hygienic conditions and tree planting
should be planned.

In selecting sources, both long term and short
term, authorities should consider village developments and city planning. Current data on quality,
hydrology, and hydrogeology must be taken into
account. Sanitation and cleanliness around the
water catchment area and the surroundings and
the absence of endemic diseases are important
criteria. The source should be sufficient in quantity and quality and be easy to protect. Groundwater should be used in preferenceto other supply
sources. The water catchment site should be
upstream from city or ino~strial development.
The quality of raw water for domestic suppiies
is determined by:
Groundwater
l The number OfEscherzkhia coli in the water,
which should be fewer than 1OOO/litreon average
l The size of the area protecting a catchment
if chlorination is the only disinfection available; depends on hydrogeologic conditions, method
the number of E. cob can be 10 000/&e on and structure of the catchment, and sanitary
averageif both purification and disinfection pro- conditions’of the surrounding areas. Protection
cessesare available;
measures should be carried out as for surface
l The physical and chemical quality, which
water.
should conform to the standards (Table 1);
l Within the effective areas of an individual
l The toxicological levels, which should conwell or a grr~p of wells, no industrial or domestic
form to the standards (Table 1);
wastewater :,hould be used for irrigation and no
l In areas where goitre is endemic, the iodine
residual or highly toxic chemicals should be used;
concentration; and
no seepagelatrines, seepagepits, or solid waste
l The presence of harmful substances not
dttmps may be constructed; no drainage of wastes
included in the quality standards (Table 1).
should be allowed; and no disruption of deep soil
If the source quality does not conform to the strata should be permitted. If the water-bearing
standardsand ifthere is no alternative, the project
stratum is not exposed at the surface or is not
should be approvedby the department of health of recharged by adjacent surface water, the size of
the province, city, or autonomous region. Alter- the protected area can be reduced somewhat.
native treatment methods should be considered in Protection limits for a water-catchment facility,
associationwith the department so that the quali- the effective radius, and water-quality protection
ty of the water can be improved.
methods for groundwater should be studied and
determined by the water-supply authority in conjunction with hydrogeologic and public health
departments.
Source Protection
a For the area around water-treatment works,
the requirements for surfacewater sourcesshould
The sourcefor domestic water supply should be be met.
Private water suppliesfrom groundwater should
in a protected area. For piped supply systems,the
protection measures and the size of the area be protectedfrom pollution due to seepagelatrines,
seepagepits, excreta pits, refuse heaps, and solid
should follow the requirements for:
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waste heaps, none of which should be within 2030 m of the well. Adequate sanitation systems
should be constructed.
When the construction, expansion, or reconstruction of a piped supply system or a private
water systemis undertaken, the designunit should
fulfill all these requirements. When starting the
final design,the planners should submit details of
the protected area, protection measures, and
completion guidelines for the project to the local
health authority for approval.
For the protection areas of existing piped
supplies and waterworks, consultation should be
made with the local health authority and a plan
submitted for improving the environment. After
approval by the local governmentbody, the plan
should be completed in due course. For private
water supplies, depending on the circumstances,
the health authority may identify the protected
area required.
Beyond 1000 m from the catchment point of a
surface water source, any discharge of industrial
and domestic wastewater should fulfill the requirements of the Industrial Three- Wastes [liquid wastes, solid wastes, and gaseous wastes]
Discharge Preliminary Standard and the Industrial Design Sanitary Standard. Any wastewater
from health, medical, scientific, and veterinary
facilities that may contain pathogensmust be fully
disinfected before being discharged. The quality
of water that is artificially rechargedinto groundwater should not be lower than the standard of
drinking water, or it will decrease the local
groundwater quality.
In additi.on to establishing a protected area
around water sources, the environmental protection, health, and water supply authorities should
monitor industrial and domestic wastewater discharges,wastewater irrigation, and casesof infection and accidental pollution. If water pollution
occurs, it should be reported to the responsible
body and to the water authorities so that they may
take the necessarymeasuresfor protecting water
sources.
Water quality should be examinedaccording to
the Domestic Water Quality Testing Methods.

For urban piped supply systems,a water-quality

laboratory must be set up, responsiblefor examining raw water, treated water, water ready for
supply,-and water in distribution networks. For
large or medium-sizedenterprises that have their
own water supply systems,specialists within the
organization should be given responsibility for
their own water examination. For other units with
independent water supply systems. the local
government authority should appoint a testing
unit to take the responsibility for water-quality
examination,and the local health authority should
take samples for water-quality tests.
For private water supply or rural piped supply
systems, the quality should be examined by the
local health department or the commune sanitary
station.
For domestic water supplies, samples should
be taken from places where water is frequently
withdrawn, and the results of analyses should be
comprehensive.For urban piped supply systems,
one sample should be taken for every 20 000
people being servedby the system. If the population served is more than 1 million, the number
of samples may be fewer, but for a service
population under 200 000, the number ofsamples
should be more. A reasonable proportion of
samplesshould be taken from the serviceconnection, the end of the distribution network, the older
part of the distribution network - anywhere the
supply may become contaminated.
Sampling should be carried out at least twice a
month at all sampling points, more often if
possible. In general, bacteriological and physical
criteria should be examined regularly; according
to the local situation and requirements, chemical
and toxicological criteria should be selectively
examined. Sampling points and selectiveitems of
examination should be studied and chosen by the
water-supply authority associatedwith the local
health department.
For private supplies and piped supply systems
in rural areas, sampling points, the number of
samples, and items for examination should be
decided by local authorities, and the results of
examination should be submitted to the local
health department.
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