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CHAPTER I, INTRODUCTION

1.1. Purpose of the Design Manual

This design manual (hereinafter referred to
as the Manual) is prepared to establish the design
standards and to indicate the specific matters to be
carefuily studied for successful physical planning
and designing of the Sanitation District water works
in Thailand, which will ensure to supply quality and
safe domestic water with consumers at the cost as low
as possible.

In other respect, the Manual aims to be the
technical guideline for the engineers and experts to
be engaged in the water works as well as to be the
standards for the appropriate design to the local
conditions.

1.2. Conditions to Apply the Manual

The Manual shall cover the design standards
for the water works with capacity to serve the
pdpulatidn ranging from around 2,000 to 20,000, in
taking :into account the present conditions of the
existing Sanitary District water works facilities in
the Ndrtheaétern_Region-and the results of a series
of discussions held among the officials in charge in
the Public Works Department {PWD), the Provincial
Water Works Authorities (PWA) and the study team of
‘the Japan International Cooperation Agency (JICA).
The Manual, therefore, should be appropriately
utilized with full knowledge of various conditions
mentioned bhelow.

- The Manual shall be applied to construction

' of new Sanitary District (NSD) water works or
expansion of existing Sanitary District (ESD)
water works.
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The'Manual'discusses the basic concept of;the'
physical planning and the design of the
facilities for the water works in the SDs,
and the comments or explanation of the
detailed crlterla of various hydraulic
structures and the related theories ‘shall be
left intact. Such detailed items and
theories should be studied with the reference
books and publlcatlons and standards/crlterla
each specific field.

The Manual is prepared in keeping the
technical level for the university/college
graduates in majoring water works engineering'
or those who are well-experienced
- equivalently to the above,. '

A variety of figures and values found in the
Manual are quoted on the average basis: and
can be adequately reV1sed to those which meet
the local requ1rements and the existing data
and information available,

The Manual is prepared in due consideration

of the technology of‘the water'works that.can'
minimize the costs of constructlonflnetalla—

tion and O & M of the facilities and can be
applied to the Similat natured pr0jects in
the similar scale in Thailand. The ‘Manual,
therefore,, might be revised appropriately in
future as the technologlcal innovation
advarnces.
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CHAPTER II. BASIC CONCEPTS ON PLANNING
AND DESIGNING OF WATERWORKS

2.1, ObjeCtives of Waterworks Projects

The objective of waterworks projects can be
summarized as follows; and the persons or personnel
concerned with the waterworks projects should always
keep the objectlves in mlnd for successful promotion
of the’ progects.

1) Eradication of water-borne and water-related
diseases.

2) Uplevelling of standard of ‘living and
promotion of development of industries and
rural 5001ety. -

3) Alleviation of burden by water fetching and
increase in employment opportunities.

4) Ensuring to reserve the water for hydrants
and to do domestic fire fighting.

2.2, Outline of Waterworks Projects
2.2.1. General

: Successful planning angd implementation of
waterworks projects will require due consideration on
local inhabitants® needs,; project components and
scale of the related regional development plan, time
table of implementation as well as careful study on
an optimum plan available in long~term financing and
technology'to be applied, ‘

Following are those works which will be
required prior to’ prOJect implementation so ag to

ensure smooth promotion of the project.

i) Study of the basic plan and feaSlblllty of
the project.
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2}

3)

- Detailed design_of'the facilities and

plahning of construction.

Plannlng of operation and maintenance (0 and
M) of the facilities.

Financial planning.

Basic Plan of Project

.~ ‘The PWD or any alternative of it will
prepare, as a rule, a basic plan of a prOJect, when, '

applications are made on execution of a. waterworks
project from the representatlve of the 8D and the
relevant beneficiaries. And the PWD or authorities
concerned should establish a financial plan for
carrying out the project. The aforesaid basic plan
should cover the following matters:

1)

2}

3)

4)

5)

6)

7)

Determination of the Project Area or Service
Area.

Determination of the target year and
projection of the population served by the
Project.

Determination of Lthe design water demand,

Selection of water sources by surface water
or groundwater, .in taking into consideration
quantity and quallty of the raw water as. well
as cost for investment and O and M works for
facilities. '

Establishment of optimum plans for those
works of water intake, transmission,

treatment and distribution.

Establishment of a plan of O and M of the.

“facilities..

Estimation of the Project cost and
establishment of financial plan.
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8)

2.2.3.

1)

2)

3)

?easibility study of the Project and
establishment of the necessary water tariff.

Preparation of Implementation Plan

_General

When the basic plan of the Project, referred
to in the previous section, is found to be
feasible and required urgently, it is made to
be a rule follow the procedures as below.

Detailed design of the facilities and

_preparatioh of the tender documents,’

The major works required are as follows:

- Sufveying, hydrological study and
geological survey to be required for
those facilities proposed in the basic

- plan,

- Review of preliminary design of the
facilities. '

- Detailed design of the facilities.

- Estimation of work volume and necessary
construction costs.

- Preparation of the'specifications and
tender documents for construction works.

- Bidding, bid evaluation and conclusion
of the contract with successful
contractors.

Construction works

The construction‘works'of the proposed

facilities shall be carried out on the

contract basis in accordance with the
relevant contract and the project
implementation plan.
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4)

2f2.4.

 Test operatlon and hand- over of the

fac111t1es

The facilities, when_'oompieted in

construction, shall be successfully handed

over to the employers from the contractors

after careful inspection, trial operatlon and

dellberated guldance to the employers‘ staffs
on the 0 and M serv1ces._

0 and M plan_for Facilities

The detalled plan of ¢ and M of the

facilities should be prepared for successful O and M
gservices, as the constructlon works made a progress.
The plan shall cover the follow1ng works.

E 2

*

2.2.5.

Establlshment of the O and M plan
Tralnlng of O and M experts

Employment of necessary staff

Preparation of procurement plan for water
treatment equipment and materials
Preparation of 0 and M criteria

Budgeting for O and M cost, etc.

Financial Plan

The flnan01a1 plan of the Progect shall be

prepared according to the recapltulated budget
proposed in the basic plan.

1)

2)

3)

Allocation of thé Project cost and ensuring
the financial source for the cost to be
allocated to the executing body.

Application of the Governmental subsidy.

Preparation of financing plan by loaning and

its repayment plan.

Preparatlon of the O and M plan of the
project facilities and budgetlng.
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5) Estéblishment of the tariff of the water
charges.,

6) Preparation of financial plan of the service
construction'cost to be allocated to the
beneficiaries.

2.3. 6ut1ine of Waterworks Facilities

2.3.1. Conditions to be inevitably provided with
Waterworks Projects

~ . General considerations to:be required for
planning waterworks projects are given as follows:

1) Consensus and cooperation of beneficiaries

The requirements of the inhabitants in the
Project Area shall be reflected in the
Project. as well as their good understanding
and cooperation to the Project shall be
confirmed.  And the inhabitants will be
required to take positive part in the project
planning, construction, operation and
~maintenance of thé project works.

2) jLonQ—term plan 6f project

A long~term plan of the Project should be
prepared in taking into account the
harmonious relatibnship of the subject
project facilities at the target year with
any regional comprehensive projects or other
water~related projects and the expansion/
improvement of the facilities provided by the
subject project for a long term after the
targét year. .



3)

4)

5)

2.3.2.

Physical'plannihg'ih balance

The physical planning should be made so that
the facilities ds a whole can be in good
balance with the related topography and
regional environment'as_well'as the plan can
be economically and technically feasible,’

Easiness in O and M of facilities

Every facility shall function well and the ©
and M works should be carried out safely and
easily. And the facilities should be able to
supply the water efficiently for effective
water use.

Ecbnomic and financial feasibility of the
Project '

The proposed water charges are required to
fully cover the project cost and the
necessary O and M cost, and also should be
within a range of the payment ability of
beneficiaries. The Project shall be totally
evaluation for sound operator of the Project.

General Descriptions of Waterworks Facilities

The facilities for the SD waterworks projects

or those in similar scale should include the
following items: ' ' C

1}

Water source facilities and intake facility

The water source facilities can be specified
as follows by su:face.water or groundwater,
and the optimum physical planning of the
water source should be made in taking into
account designed amount of water supplied,
meteorological and hydrological conditions.
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Natural * Intake weirs,

Intake from intake _ Intake faci-
[~ rivers ' lities,
Pumping Pumping sta-
. intake tions,
Canal
_ Natural Const'n or
Intake from | ‘intake rehab. of
reservoirs storage
dams
Pumping Intake works,
intake Pumping sta-
tions
Intake from — Pumping intake'__.Wells,
ground water o Pumping
stations

Transmission facilities

The transmission facilities will serve to
convey the raw water from intake works to
treatmeht plants through open canals or
pipelines. The transmission facilities
should be planned in the optimum scale and
‘dimensions from the viewpoint of economic
feasibility, design discharge, topographical
condition and effective O and M services.

Water treatment plant

According to the result of quality analysis
of the proposed water source, the optimum
physical plan of the water treatment plant
should be determined among the following

~combination, in due consideration of the
present treatment technology available,
topographical conditions and economic
feasibility of the plant. -



~ Facilities for surface water intake .
receiving wells, chemical dosing, rapid
mixing basin, flocculation basin,
sedimentation basin, rapid (slow) sand
filter, chlorination wells, and other
appurtenant facilities.. -

- Facilities for groundwatér‘intaké'
receiving wells, chlorination well,
asration facilities, sand filter and
other appurtenant facilities.

4) Distribution facilitiés

The distribution facilities will serve to
convey the treated water to consumers safely
‘and stably from time to time, consisting of
the following structures and equipment.

Distribution reservoir, distribution pump
station, elevated tank, distribution pipeline
networks, service pipes/taps to be provided
by beneficiaries. | h
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CHAPTER III. PROJECT PLANNING

3.1. General

Importance and- meanlng of the ba51c plan
formulatlon of the proposed Project are detailed in
the preVlOUS Chapter. This chapter dlscusses the
basic concept and methodology of the design works of
the waterworks‘prOJects, centering around the
technical/engineering fields. The financial and
economy of the Project will be handled in the other
_guidelines concerned.

3.2, Study of Proposed Dimensions
3.2.1. Determinétion of Proposed Service Area

'The'serViCe_area at the target year of the
Project should be determined in due consideration of
the following conditions:

1) The service area Shéll extend within the
'~ sanitary district in principle.

2) A study shall be made on the relationship of
the subject Project with urban development
projects and/or land use plans.

3) Economy of the facilities shall be studied in

taking into" account distribution and density

~of publlc utilities/facilities,

commercial/industrial districts and
residential areas. '

4) The service areas shall be determlned with
prior consensus of the inhabitants (opinion
of the SD Board)

3.2.2. Establishment'of'TaIQet'YEar
The target Year'of the Project, in principle,

shall be set the’ year by a decade (10 years) after
_the initiation of the subject Project. When,
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however, local condltlons would not allow to do S0,
it could be set by more than 10 years after the
initiation. In such case, a staged development plans
shall be made in view of effective investment.

3.2;3. Projection of Popolation Served

Accordlng to the.eXLStlng_statlstlc
populatlon data avallable, the estimated populatlon
served within the proposed service area can be
expressed. as follows by the following equatlon in
taking into account the division of the serv1ce area,
target year and the total project plan.

Y = Yo {1 + x)1

.Where,' : : .
Y : Population projection at the
target year :
Yo : Present population
X : Average population growth rate
per annum
'n : Number of the yearrup to target

year

When the aforesaid equation cannot be applled
in considering a trend of urban development in future
and current status of the regional development any
other method available can be used. {Refer to
Appendix—-A). And if there are any data avallable in
population projection by any development pr03ects in
the subject Project area, the said value can be
employed through a thorough review can be estimated
based on the projected population at the target: year.

The population to be served by the'subject
Project can be estimated, from the prospected total
population and the water supply rate at the same
year. Overestlmatlon of the water supply rate w111
result in decrease in beneflt ‘in respect to
collection of water charges although the higher water.
supply will bring the investment to be more
economically feasible. Under the circumstances, the
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:design'water-suppiy'rate shall be arranged around 60
through 70 percent.

' 3.2.4, Determination of Water Amount to be Supplied
1) - Definition of Terms Used

The water amount to be supplied is specified
into two as follows in the Manual.

Water Consumption

Water consumption referred to in the Manual
is defined as the water amount to be consumed
by beneficiary inhabitants for drinking and
other miscellaneous domestic use, by public
'fadilities,'by industrial and commercial
organization and by any other purposes, and
can be expressed by per capita for the
benéficiary inhabitants.

Water Demand

The water demand referred to in the Manual is
defined as the total water amount to be
consumed as treated water and can- be
expressed by per capita amount to be supplied
for the'total amount of the water consumption
and losses in the course of
distribution/uneffective discharges.
{leakage/wastage losses).

The water'demand can be specified into
average daily demand, maximum daily demand,
maximum hourly demand, etc. in its
expression. '
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' 2) Calculation of water_demand

af

b)

<)

The average daily'water_demahd_ih:the
Manual shall be guoted in a range from
100 to 120 lecd in principle. In this
case, the ratio of leakage/wastage
Josses to the water consumption shall be
taken by 0.20-0.25 (as target value) for

calculation.

When the water_demahdrcannot be
calculated with the aforesaid target

+ value, the calculatlon shall be - ‘made by
_accumulatlon of water demand by

respective, consumers.' For such
calculation, the reference Values of
water consumptlon by wvarious consumers
are tabulated in Appendix B.

Maximum daily water demand shall be set
py 1.20 to 1.50 times as much as the
average daily water demand.

Maximum hourly water demand shall be set
by 1.50 to 2.0 times as much as maximum
daily water demand.

3.3. Study of Water'Sources fdr_Waterworks

3.3.1. Prerequisites of Water Sources for Waterworks

The water sources for waterworks should be
selected with careful study of: availability of the
water source at the target year to the subject
Project area in keeplng it in mind how to stably
supply the safe and low cost water all the year—

round.
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~ In deneral, the water source for the
waterworks in the scale of the existing sanitary
district, where waterworks facilities are existed,
can be selected among those mentioned below.

Surface Water Sources: River water, lakes,
' : ponds, reserveoirs
Groundwater Sources ¢ Springs, groundwater

- The surface water sources show characteristic
features to have seasonal fluctuation in runoff
diScharge by . natural environment and meteorological
conditions prevajiling in the related catchment area.
Furthermorég thé7Water-quality will change depending
upon soil conditions and prevailing land use in the
catchment area.: The surface water sources,'however,
will be. the promising sources -in Thailand with
clearly_diVided_two seasons, the dry and the wet, if
the reservoir_fécilities can well contrel the stored
water in harmoniously with runoff discharge and water
consumption. -

On the othér hand,.the groundwater sources
"are superior in water quality to the surface water in
many cases, and lower in construction cost of the
facilities than that of the surface water sources.

The.grounther sources, however, cannot be
expected much in the yield to meet the demand and
'Canﬁof'play solely a role as the water source in this
kind of waterworks proiject.
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Table 3-1. Main Difference between Surface and
Ground Water = -

Characteristic

Surface Water

Ground Water

Températuré

Turbidity, suspended
solids

Mine:al content

Divalent iron and
manganese
(in solution)

Aggressive carbon
dioxide

Dissclved oxygen
Ammonia
Hydregen sulphide

Silica

Nitrates

Living organisms_

Varies with season

Level wvariable, some-
times high

Varies with soil, rain-

fall, effluents etc,

Usually none, except at
the bottom of lakes or
ponds '

Usualiy none

Often near saturation
level

-Found only in polluted

water

None
Moderate proportions

Level génefally low

Bacteria (some patho-
genic), viruses,
plankton

Relatively constant

Low or nil'-

Largely constant,

generally appreciably
higher than in sur-
face water from the
same -area.

Usuaily present

~ Often pfesent in

large quantities
Usually none at éll_
Often found, without
systematically indi-
cating pollution
Often presenf

Level often high
Level sometimes high;
risk of methemoglo-
binaemia o

Ferrobacteria fre-
quently found

Source: Water Supply Engineering, 1984, JICA
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3.3.2.

Surface:Water Sources

1) Data collection

A successful study of the surface water
sources will require collection/analysis of
related data available, field investigation
physical planning for the water sources,
necessary water balance computation, etc.

The data required for. the study, although
different . in kinds by locally specific
features Of‘the'Project area, commonly

“include the following:

- Topographical maps of the Project area.

- -Maps showing existing dams and rivers.

- Meteorological data covering the Project
area. .

- Hydrological data covering the Project
area.

-  Present status of water utilization by
means of existing water source
facilities and water storage facilities
and inventory books for existing
facilities.

- Demand of drinking water and

" - miscellaneous domestic water, and other
demand for irrigation, industries and
miscellaneous uses.

- Any other data and information related
‘to the water source development
‘planning.

It is desirable to collect-the_aforesaid

‘data/records as many in kind wide in coverage

as possible. In particular, the hydrological

_datafbf rivers with small'catchment areas can
' be.found rarely with the observation values,

and consequently it'is desirable to collect
the nec¢essary data at the relevant RID

 Regional Offices for the subject Project area
and its peripheral areas.
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2) Fielad investigation

Bccording to the results of data analysis
made along the guldellne mentioned in the
prev1ous paragraph; ‘a proposed water source

shall be selected in view of water quallty
and quantity avallable and a thorough study
shall be made on the present status of the
subject ‘Project - ‘area through field
1nvegt1gat10n. At the same-time}
supplemental data col]ectlon shall be carried
out together with surveys by two times on the-
related river dlscharge or reservoir
operation in the dry and the rainy. season.

3) Meteorological and hydrological ahélysis
a) Determination of standard drought year

The waterworks project is generally
designed based on hydrological condition
of a standard drought year, which has a
re~occurrence interval of once in ten
years.

b) Runoff discharge

The storage water of reservoir is
supplied by runoff dis charge from
catchment area, which is affected by
many factors -such as topographic
condition, vegetation of catchment area
and rainfall intensity. -As a general
rule, if measured data are available,.
the river runoff is estimated by the
mathematical model such as "Tank Model
Method". However, due to lack of
measured data for subject water:sources,
monthly total runoff discharge from
catchment . area is computed by using the
RUNOFF ESTIMATION CHART prepared by
Project Planning Section, RID and/or
another manners. (Refer to Fig. 3-1.)

D-18



c) Water.losSes

Major water loss from reservoir is
6vaporation loss from water surface.
The loss is estimated on a monthly basis
in multiplying 70 percent by the
observed figures from Class A-pan
evaporation device throughout the year.

d) Water demand or requirement from various
sectors

Drinking water: The monthly water
demand shall be esti-
mated in using water
demand obtained in _
para. 3.2,4, population
served and coefficient
of monthly water con-
sumption.

Irrigation water: The monthly water
requirements can be
estimated by deduct-

ing the effective

rainfall from unit
water requirement
obtained based on
present cropping
acreage, cropping
pattern.
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Fig. 3-1. Runoff Estimation Chart
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3-30‘3."

i)'

2)

Groundwater Source

Data Collection

" he survey works of the groundwater sources

include collection/review of data of existing
wells, related topographical maps, geological
maps, and field investigation, electric
prospectlng together with test well drilling,

‘pumping test ‘and water quality test, etc.

Prior to field investigation of the subject
Project area the related topographical maps
and geological maps should ‘be collected for
review and analysis, and as for the existing
wells provided by PWD, DH, DMR, etc.,
geological logs, and the data of water
.quality tests, yield tests, etc. should be
collected and reviewed.

Field investigation and test well drilling
a) General

The field investigation works are
composed mainly of four steps a
geomorphological reconnaissance survey,
~a geoelectric prospecting, a well
drilling and a pumping test. '

First of all, each district will be
surveyéd geomorphologically and
nydrogeologically, then a suitable
geoelectric prospecting station will be
determined so as to make a sufficient
investigation on hydrogeclogical
condition of the district.

However, it is difficult to estimate
availability of ground water by those

-indirect prospecting.

The availability and the field potential
of the aquifer should be carefully
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'studied by such direct means as well as
drilling and pumping test.

b) Geoelectric prospecting

1)

ii)

iii)

Purpose

Geoelectric prospecting shall bé
conducted to grasp an aquifer
structure'aha”tohget a basic data
available drilling wells and
planning pumping test.

Method
- Sélecting a‘target”aféaﬂ
A target area and prospectlng
points are selected by field
reconnaissance and review of
collected data._-
- Geoelectric prospecting
Kind of prospecting ... Vertical
‘prospecting by "Wenners
or- Schlumberger arrange-
ment"

Target depth ... 100 m as a rule

Measuring interval ... see Ap-
pendix C, Data sheet.

Prospecting points «. 20 points/
district at least,

Analysis
Rough'analysié';.. by "Direct

reading method" and
"Standard curve method"
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Final analysis ... by "Curve
fitting methed" using
computer

Regults ... (i) p -a curve
' with analysis
log.
{ii) structural
profile

c) . Well drilling plan

i)

i)

iii)

iv)

Drilling method

Any kind of drilling metheod (a
percussion type or rotary type) is
available if it has an ability to
drill through a rock formation more
than 100 m in depth with 300 mm
drilling diameter.,

Prilling diameter and depth

Drilling:diameter should be 250 mm
or more, and the drilling depth
should be 60 m for all districts.

Geological 1log

A geolegical log shall be taken as
exactly as possible for test well
'drilling; and consequently, a
percussion drill is more
recommendable than a rotary drill.

Electric logging
Electric logging test should be

‘made . in each well soonest after
drilling to the designed depth.
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3.3.4.

1)

d) Pump test plan

i} Preliminary pumping test

~The'preliminafy pumping;test_shall
be carried out for keeping recoxrds

_on pumping rates, which can serve

the following drawdown test, and
also the preliminary test aims to
confirm the settlement of all the
set of the test equipment prior to
the full scale main test.

brawdown test

The pumping tests at each step
shall be carried out based on the
information obtained by the
preliminary test. The rates should
be generally estimated as to course
drawdowns of 5, 10, 15, 20 and 25 m
or 30 m when the water level is
high.

Main test

After estimating safety yield of
the well the main pumping test
(continuous pumping test) should be
conducted by the rate of safety
yield or 50 percent up of the
csafety yield but should never
exceed a limit yield.

Water Quality

Selection of water source and treatment

The treatment method shall be selected in the
assumption that the raw water would be in the
most critical condition in guality. Tables
5-1 and 5-2 show the basic criteria.for the
selection.
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There are two ways in water quality analysis:
‘field test by portable eqguipment and
laboratory test.

In the field tests quality is examined on pH,
turbidity, taste and odour for many proposed
water source. In the laboratory tests,
-detailed analysis is carried out with sampled
water baséd on the Thai Standards of watler
analysis.

2} Quality control of groundwater

a) The field tests of groundwéter available
shall be made on the following items:
pH, taste and odour, turbidity,
color, chloride, iron

b) L.aboratory tests
The major test items are:
pH, turbidity, ceolor, iron,
manganese, hardness, hydrogen
sulfide, carbonate acid.

3) OQuality contrcol of surface water

a) The field tests of surface water
available in existing reservoirs, ponds
and rivers are carried out on the
following items:

pi, turbidity, color, chloride,
iron, taste and odor,

b) . Laboratory tests _
The major test items are:
pH, turhidity, color, chleride,
iron, manganese, alkality}
KMnO, residence,

4) Drinking water quality standards in Thailand

The water quality standard in Thailand is
shown in Table 3-2.
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Table 3-2, Water Quality-Stahdard in Thailand

Phvsical Conditign

[ten Highest Desirable Level " Maximum Permissible Level
catour R $ 15
taste Unobjecﬂonable .Un-objecl:ibnnbic
odour Unobjecticnable Unobjectionable
turbidicy _ 5 - 20
PH range 6.5 to 8.5 : Under 9.2

Chemical Condition

Item Highest Desirable Level Maximum Permissible Level

{ppm) (ppm)

“total solids ' e Cseo © 1,500

Fe B ¢.5 : 1.0

Mn S0 } 0.3

Fe + Mn Q.5 . 1.0

Cu 1.0 . ' 1.5

Zu 5.0 ' 15

Ca . 75 200

Kg ) 50 150

So _ 200 ' " 250

Cl 50 600G

F R _ : 1.0

ms ' ) 45 " 45

alkyibenzyl sulfonates, ABS 0.5 1.0

Phenolic-substances, as phenol 0.001 ¢.002

Remarks : Total Hardmess (as Calcium Carbonate) less than 300 ppm is defined 1o a good water

as standard,

Lten Highest Desirable Level

(ppm)

Hg 0.001

Pb _ _ 10.05

As _ ' 0.05

Se S 0.01

Cr Hexavalent ' ‘ 0.05

[} 0;2

¢ 0.01

Ba - 1.8
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Bacteriological Condition

Iten . Highest Desirable Level
Standard Plate count 500
(Colonies/cn’y
HPN . less than 2,2
(Colifare Organism/100 ca?)
E. coll none

=} : Data Saurce PKD.

The water quality standard, WHO and Japan
can be referred from Appendix D.
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3.3.5. Water Balance Simulation and Evaluation
1) General

For every water source tO'be'pr0posed, the
water balance computation shall be carried
out according to the following CQnditionS'sp
that safety yields/runoff discharge available
can be estimated and the necessary
construction/improvement of the facilities
can be proposed appropriately.

- To confirm the vested water right of the
' surface water sources and the priority
in the said sources. ' '

- To reconfirm the water demand of not
only water works but other uses.

- To make an improvement plan for the
water source facilities of the multi-
use. '

- To estimate safety yields of qroundWater
and to make a proper layout of new
wells.

- To make plan of combination use of
groundwater and surface water as sources
for short supply by groundwater only.

2) Simulation

The water balance computation of a reservoir
can be made by the following equation:

V=I-W=I1IR-1L

e

Storage volume of the reservoir
Inflow into reservoir '

Pt o<
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W : Watexr demand for the water

supply _
IR : JIrrigation water requirement
{if any)

I, : Water losses from reservoir

In case of taking the existing ponds and/or
resexvoirs as sources of water supply,
priority should be given to water uses when
depending upon multipurpose water sources.

There are two types of reservoirs for water
supply_systems:-oné functions mainly as a
_source of domestic water supply with excess
water, if available, used for irrigation
purpose, and the other functions for
irrigation purpose only. The reservoirs
constructed under Small-Scale Irrigation
Program (SSIP), originally function to supply
irrigation water, can be used for domestic
. water supply in priority to irrigation if the
water demand for domestic use should arise
much in the downstream therefrom. It is’
natural that there should be excess water
avallable in SSIPéreservoirs, such water can
be used for. any other purposes alike
industrial or c¢ommercial. The first
priority, hoWever, shall be given to
irrigation, when the water is used under
those projects of Medium Scale Irrigation
Program  (MSIP), King's Projects and Tank
Proijects by RID. '

The reviews and studies will be made on
availability of the existing water sources
along with the aforesaid criteria.

3) Evaluation
Based upon the results of the water balance
computation several cases should be proposed

as the references for the alternative studies
mentioned in the next paragraph.
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[Example 3.1]
Water Balance Simulation and Evaluation
' Kusuman

. Hual Daeng Reservoilr
1,150,000 cu.m

SD Name .
Water Source
Storage Capacity

Catchment Area : 10.5 sqg.km
Rain Gauge Station : Sakon Nakhon
Irrigable Area : 160 Ha

1) Runoff analysis’

The computation procedure is shown as
follows:

- Determination of "Terrain Type"..Type "D"
- Reading the runoff coefficient in

_ Fig. 3-1 : o

- Computation of runoff'discharge:__

Runoff Depth = Monthly Rainfall x Runoff
' ~ Coefficient '
= 108.7 x 0.111
= 12.1 mm -

Depth of Runoff x
Catchment Area

= 12.1 x 10.5

= 127.1 x 10° cu.m.

Monthly Inflow

The following table is the result of runoff
calculation. :
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Monthly Inflow at Huai Daeng Reservoir

Runoff

Month Rainfall Coefficient Runoff Depth Inflow
{mm) [§3) {mm) (1,000 cu.m)
Apr. 108.7 il.1 12.1 127.1
May 214.9 24.6 52.9 555.5
Jun. 148,1 16.1 23.8 249.9
Jul. 210.7 24.1 50.8 533, 4
Aug. 383.1 46.0 176.2 1,850.1
Sep. . 108.3 111 12.0 126.0
Oct. 78.7 7.3 5.7 59.9
Nov. 0 e 0 0
Dec. 14.4 o ¢] 0
Jan. _ 0 0 0 0
" Feb. 0.8 0 0 0
Mar, - 0.2 0 0 0
Total 1,267.9 26.3 333.5 3,501.9

2)

Computation of Water Balance

The water balance.computatibn of a reservoir
is expressed by the following equation.

New (l) = (1) + (1') = (2) - (3) - (4)
If the value of (1) is larger than the

storage capacity, the value of (1) is changed
to storage capacity.
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Total

Water Balance Simulation of Huai Daeng Reservoir

Volume(1)

[=. < Va]

P N = S S S R

.0

w

-1

Inflow(l)' Water
0 24.0
0 25.0
0 23.0
0 27.0
0 28.0 -
127.1 31.0
$33.5 27.0
249.9 29.0
533.4 22.0
1,850.1 23.0
125.0 21.0
59.9 20.0
501.9 300.0

Wof&s(2) Irrigation (3) .Loss(4}

wm o O = O

102,

\O.
L |

. —
N On —
oo Ly w0
= ¥ e« =« = s
[ R U o R - L i + . I ¥ 1

.41
w0
Q

62.6
54.4

919.2




3.4. Prelimihary Design of Facilities and Project
‘Cost '

3.4.1. Preliminary Design of Facilities

 The objectives of preliminary design of the

facilities in the basic planning are summarized as
follows:

1)

2)

3)

3.4.2.

The study shall be made on the Project area,
population served and proposéd water source
avéilable so ‘as to establish several
alternative plans and to clarify the
technical feasibility of the Project.

The alternative plans technically feasible
shall be studied on their construction costs
and 0 and M costs so as to select the

-physical-plan that is most feasible

economically.

Based on the aforesaid results of the
alternative studies, the preliminary design
shall be carried out with the preciseness
that will not require any change or deviation
in basic points for implementation.

Selection of Alternative Plans and Optimum
Plan

1) Alternati#e Plan

For'the;waterworks_dependiﬁg upon the surface
water sources, in general, optimum planning

~and designing of facilities for water

sdurces, intake, transmission in view of both
technology and economy will givé_considerably
large effect on work velumes for construction

and O and M of facilities. In the case that
- the surface water is used as a single source,

it will be sufficient to give Considerations
on the above-mentioned facilities for
alternative plans.
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When taking the groundwater as a single
source, the. locations of. the'prdposéd new
wells will give considerable effect, and
alternative plan formulation should be
studied on the method of raw water
collection, transmission of treated water,
etc. In other words, one way is to treat the
raw water at one treatment plant in
'concentratlon after conveyed from several
wells or the other is that each well shall
"have ‘its own treatment plant.

'In case of combination sources of . surface
water and groundwater, thimum plans for
independent'sources:and'their combined plans
shall be comparatively studied.

2) Optimum plan

The selected alternatlve plans that are. found
technlcally ‘feasible shall be thoroughly
studied to decide an optimum plan by means of
comparison of costs for construction and O
and M, including costs for necessary energy,
materials, laborers' wages,s and repairing.

3.4.3. Project Cost-

The Project cost shall include those costs
for survey, construction, -engineering,
administration, land acquisition, and contingency for
successful physical planning, designing and
implementation, The  Project cost shall be the
essential factor for establishing the financial plan,.
the tariff of water charges.

3.5.. Implementation Program and O and M Plan
3.5.1. Implementation Program

An Jmplemehtatién pfbgfam'Shall'bé
established according to those factors of the ‘scale

and financial plan of the prOJegt. The major items
to be contained in the program are survey, design,’
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bidding procedures, implémentatiOn, trail operation
of facilities, training of O and M staffs, etc.

3.5.2. 0O and M Plan

- .The © and M Plan shall be ‘prepared to
establlsh the O and M criteria of the Project
facilities, establlsh an appropriate O and M
organization, émploy Ith_e persons in charge of O and M
works, procure the neceSsary equipment and materials,
collect water charges, so that the stable supply of
highnquality water can be secured through the
proposed waterworks. And the Plan shall be submitted
to the higher authorities concerned for thelr
approvalﬂ

3.6. Financial Plan and Project Evaluation
3.6.1. Financial Plan

A study of the Project from a financial
viewpoint is as essentlal ags a study of the Project
implementation.

in the waterworks projects, the necessary
project c¢ost in principle shall be covered by the
water charges to be collected, although sometimes the
government subsidy might be given to them. And the
major items to be considered in the financial
planning are as follows:

- Government subsidy

- Fund to be available by SD itself
- Lean from financing agencies

-  Contributions and others
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3.6.2. Project Evaluation

~ According to the financial plan prepared
based on the previous paragraph, the project
financial balance shall be studied in taking into
account the yearly allocation of the PrOJect cost,
repayment conditions of the loan, O and M coqt, etc"
as one hand and the revenue- of water charges as the
other.

The water charges should be decided within an
adequate range of payment ability  of the
beneficiaries, and a special consideration should be
given to the financial balance so as to_be'stabilized
in the early stage after Project completion. '



CHAPTER IV. INTAKE AND WATER TRANSMISSION
WORKS

4.1, General

4.1.1. Water Sources

A careful review shall be made on the basic
plan proposed to confirm the suitability of such
items to the physical plan as water amount available
and water quality of the proposed source. 1In other
respect, the detailed survey ‘shall be carried out on
the topography. and geology of the proposed facilities
construction sites.

When the improvemerit works are required on
the existing water source facilities, the closest
cooperation shall be made with thé O and M office of
the relevant facilities or the related agencies. The
technical guideline for the improvement works to be
regquired shall be prepared along with the
instructions by the said O and M office or the

results. of the consultation with that office.
4.1.2. Desigh Intake Discharge

-Design dlscharge at the intake point is to be
110 percentlof the maximum daily water demand. The
volumes of 10 percent of the maximum daily water
demand is the amount of water required for washing
filtration plant, and water leakage/wastage losses
between intake facilities and water treatment plant.

4.2, Intake Method

4.2.1. Surface Water

_ There are two ways of water intake from the
surface water sources; one is to take river runoff

water directly and the other the stored water in the
reservoirs.
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~ The water intake shall be, in principle, by
'graV1tatlona1 intake method so far as conditions can
permlt, although may be changed in the lowest water
lével at. the intake point, location of the treatment
plant, topography along the proposed’ channel_routes.

There are two methods of gravitatiohal ihtéke
and pumping intake in the dlrect water intake from
the rlver runoff.

Iin employlng elther method of the two, the
necessary facilities shall be planned so as to
correspond as effectively as posslble to con51derab1y'
1arge_flﬂctuation.in the water level between flooding
and drought seasons. ' :

In case the water is taken from the storage
facilities like reservoirs,.lakes/ponds,'etc.; there
are two ways to provide the intake facilities within
a reservoir area or to utilize the existing intake
facilities for water intake.

In conveying water to a treatment plant after
taking water by gravitational method, the intake
facilities shall be composed of-intake controlling
sluice gates, etc. there are hydraulically
advantageous in due consideration of preventing sand
and silt inflow.

For pumping intake, the physical planning

should be made in taking_into-consideration‘the'
'saféty intake, cavitation'of pumps, moisture-free
electric parts, etc.
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4.2.2. Groundwater

Submefged pﬁmps are used for groundwater
intake, in principle, and Fig. 4-1 illustrates the
typical structure of deep well, ‘ '

. Pressure
Alr valve quage
: Check valve
Bend @ Sluica valve
—_ . ~Supply pipe
Well cover

_-Cable for

o .

N n . submersible

Cable—: - motor

tatic level

Pumplng up pipe:

Low woter level—L V7 s—Buck filling
electrode " s
Check valve -___\ g ___Casing
Pump —_| _:f

-

Pump strainer._j>|

U

Submersible |
motor

/; .

Filler sond

Centralizer

Filler grovel

Fig,'4-1. Structure of Deep Well (Ref. Book No.5)
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Kind

Centri—
fugal
pump

Axial
flow
pump

Mixed
flow

pump

4.3. Diversion Weir

The dlver31on welr proposed fovr the subject
PIOJGCt shall be1planned to divert the rlver'water in
the flooding season so as to supplement the reservoir
water. The dlverSLOn weir should be planned not only:
for safety intake of designed water but also: with
hydraulically safe and. sound as river structures to

meet the regquirements stipulated in the related
design standards or criteria. The design standards

prepared by RID can be referred to for designing of
the said weirs.
4.4, 1Intake Pump
4.4.1. classification of Pumps’

The pumps to be used for: intake from surface
water sources and groundwater sourcesg can be

classified by local conditions and purposes.

Table 4-1, Classification of Pump

Charateristics Classification Purpose
*More excellent than  *Volute "~ *Intake
the other type of “*Turbine *Distribu-
pump from operation, *Submersible tion
principle, struc- *3ingle suc- *Booster
tural point of view tion *Back wash
*Widely used “*Double " *Surface "

*Single stage
*Multi stage

*Low head ' . 7 *Low head

*Large discharge " intake

*Large discharge *Intake
C *Drain
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For surface water intake, the volute type
single suction horizontal axis pumps shall be used in
principie in taking into consideration the designed
discharge, water sources, water conveyance, etc.

If the said type pumps cannot be employed due
to the fact that the pumps cannot meet the local
‘conditions, those of vertical or inclined shaft type
punmps shall be adopted.

The pumps for grddndwater.intake shall be of
submerSible multi-staged centrifugal type.

4.4.2. ‘Number of Pumps to be Required

For surface water source, two units of the
pumps in the same kind and type shall be provided for
one site. One of the two shall be diesel powered and
used as stand-by unit. The operation for peak intake
shall be considered to last 24 hours.,

'For.groundwater intake, one unit of the pump
shall be provided for each well but no stand-by unit
provided. -

The operation for the peak intake should be
considered to last 20 hours at maximum for daily
maintenance services, and the specifications of the
pumps shall be determined to meet such requirements.

4.4.3, Preliminary Study_bh Speéifications of Pump
and Motor - ‘ C
_ ‘The relationgship between bore diameters of
suction mouth and the discharges can be shown in

Table 4~2, The output of the prime mover can be
estimated by the following equation.
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Output of Prime S - _
Mover _ = 0163 x Qx H. (1 +a) x T[KW)
S _n_t x n'p :

O : Discharge (m>/min)
H : Total 1ift (m} _ :
& : Margin rate of capacity, Motor 0.15,
Diesel engine 0.20. _
N, : Transmission efficiency 0.90 -~ 1.00
Np @ Pump efficiency (Ref. to Fig. 4~2) '
v : Specific weight of water (1.00)

g

&
=
1
\
|

o
=
&

X

3
S
N

~= Efficiency (%4)

[
&

0.10.20.40.81.0-.0 4.06.010 20 40 6080100 200

— Discharge amount {m'/min)

=]

Fig. 4-2. Standard Efficiency of General Use
pump (Ref. Book No. 5) - L
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The specificatiohs of.thé proposéd pumps and
motors can be roughly grasped from Fig. 4-3.
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Fig. 4-3. Selection of Pump Type 50Hz

(Ref. Book No. 7}
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4.4.4. Design of Suction Tank

fSuccessful works for:desigh_ofia suction tank
and installation of pumps will require the déep and
su£f101ent knowledge on the kind and type of pumps,
their operablllty, condltlons of water 1eve1, etc.;
and the layout of these equlpment shall be made in
due con51derat10n of: easiness of O and M serV1ces,'
The suction pipes shall be as short as p0551ble for
preventlng pumps from cavitation and keeplng suction
capability high. For 1nsta11at10n:of pumps and
determination of the'Shepe'ef suction . tank, the
following values can be referred to as standards.
{Ref. to Table 4 2 and Flg. 4=4,}

Table 4~2. Suction Sizé and DisCharge Capacity
of Pumps g :

‘Suction Size  Discharge Capacity

40 mm 0.10 - 0.20 m3/min.
50 - 0.16 - 0.32

65 0,25 = 0.50

80 0.40 -~ 0.80

100 © 0.63 -1.25

125 1.00 - 2.00

150 1.60 - 3.15

200 2.5 - 5.0

250 4.0 - 8.0

300 6.3

- 12.5

Source: Japanese Industrial Standard- (JIS)
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Keep short and straight Piping support
to prevent formation T
of air pockets.

Sluice valva
Check valve
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Fig. 4—4.'_Lbcation_of Pump and Suction
Tank Layout (Ref. Book No.8)

4.4,5. Operationability of Pumps in Parallel

When two pumps with the same characteristics
are operated in parallel, the discharxge flow rate
theoretically becomes double that in single pump
operation for the same head point.

, In fact, however, the discharge does not
double_because the pump is Operated at the
intersection betweén the parallel characteristic
curve and the resistance curve. The effectiveness in
parallel operation increases as the scope of the
resistance curve decreases. {(Ref. to Fig. 4-5.)

NN
< : 253|_]E_P’Tl/
I \‘E -
1_ ?Bl § \‘P‘L/

i

Head

]

O _——-.—_—-_——-‘——

oF-F+——~

Capaciy

Fig. 4-5. Characteristic of Parallel Pump Operation
(Ref. Book No. 8)
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4.5. Water Transmission Works
4.5.1.  Routing of Transmission Channels
1} Pipelines

The routing of the pipelines shall be carried
out in taking into account the following points:

- to be as short as p0551b1e :

- to lay pipes under roads or side walks in
con51deratlon of 1nsta11at10n works and
malntenance works : .

- to transmit the water by graV1ty system

- to provide O and M roads together with the
pipelines in case of laying the pipes
through farm land or forest/mountain
area.

2) Open channels

"In principle, it is désirable that the open
transmission channels’ should be avoided for
waterworks systems so far as conditions permlt, s0
that the water quallty can be well maintained by
being free from containing forelgn materials in the
courses. And all the same considerations should be
given to routing works of the open channels as those
to the pipelines, where the open channels will be
inevitably employed

The open channels will be suitable for
transmitting a large amount of water like compared

with the pipelines system.

4.5.2. Laying Depth of pipes and Foundation
Treatment

‘The allowably shallowest laying of pipes is
as follows:
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For road : 1.00 m between pipe top and
‘ . _ ground surface
For farm land : 0.80 i between pipe top and
ground surface '

Sand bed is requiréd to_avoid the pipes
supported by point, wherever the pipe are laid.

4.5.3. Selection of Pipes by Kind and Type

buctile cast iron, steel, asbestos cement,
hard polyvinyle cthride}'prestreésed concrete are
"commonly used as materials of the pipes for
transmission pipelines.

Séction of pipes among such varieties shall
be made in taking into account the necessary
diameters, design discharges, economy, 2asiness in
installation, etc.

4.5.4. Hydraulic Calculation

In hydraulic calculation, Williams-Hazen's
formula is adopted for pipeline, while Manning's
formula for open channel.-

A{a) Williams-Haienfs formula _
' vV = 0,35464 x ¢.,p0-03 x 10.54
Q = 0.27853.c.p%-93 4 ;0.54

I = 10.666 x ¢ 1-85 x p=4.87 ;¢

1.85

Where, . :
' = average velocity (m/s)
= discharge (m”/s)

pipe diameter (m)

= hydraulic gfadient

= velocity coefficient

O Do
1t

The ve1001ty coefflclent of C will generally
have a value by 100 for old plpes with rusty inner
surface. And the C values in various kinds of pipes
are shown in Table 4-3. The diagrams of Williams~—
Hazen's formula are shown in Appendix E.
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Table 4-3. Cmvélue_of Pipes (Ref.‘No. 9}

. _ Age :
Conduit Material : New  Uncertain
Cast-iron pipe, coated ' 130 100
(inside and outside) '
Cast-iron plpe, lined with.

“cement or bituminous enamel : -130% 130
Steel rlveted joints, coated 110 90
Steel, welded jOlnts, coated 140 100
Steel, welded joints, lined with '_' ‘

cement or bituminous enamel 140% 130%
Concrete S | ' 140 130
Wood stave : 130 : 130
Cement-asbestos and plabtlc plpe 140 130

* For use with the nominal dlameter, i,e.,
diameter of unlined: plpe.

In hydraulic calculation, various head logses
in addition to friction loss should be taken into
account.. And in hydraulic estimation, 10 percent of
the aforesaid friction loss shall be added to the
other head losses to make a total loss for the
pipeline.

For pressurized plpellne systems, the optlmum
pipe diameters should be decided through estimation
of the costs for pumplng facilities and: pipelines
plus operation cost of pressurlzlng pumps. And the
optimum pipe diameters, therefore, should be
confirmed by various estimations. ' '

(b} Manning's formula

vV = — xR I , Q.= ALV
Where, :
- Y : Average velocity (m/s)
R : Hydraulic mean depth (m)
I : Hydraulic gradient
n : Rouqhness
O : Discharge (cu. m/s)
A : Inner area of pipe (sq.m)
"n" values: ~FEarthern canal - 0,030

Concrete lining 0.015
Concrete block 0.020
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{(c} Various kinds of head loss

2
h = £ x v
o 2g
Where, f; : coefficient of head loss (Refer to
Table 4~4).
Infinent f=0.5 0.25 — 0.1 “‘—ggé"“ 'L"— 1.0
— ¢ - T T
Effluent 1
B i !
pyp, 0 0.1] 0.2 03l o1 05] 06| 0.7] e8| 0.9
230 0.
Expansion 7 | 1.000 o.e8 0.9z o0.82 o070 o.s6| o.n] 0.2 0.13 0.04
. fowo) o [ 01| 02| 03] 04| o5] 06| 07] 08| 0.9
Reduce 5| 0.50 0.50 0.49 uwlaw 0. 43 mmlam 0.18 o.07
- /D R y 3
Bend == 7 | 225 45 | %0 | 229 45 | 90 | 228 a5 | 0
s | 010 0.15 o:20] o.08 0.13) 0.15 0.08 0.07] 0.10
s/pl oos] o1f 02| 03] 04| 0.5] 0O . .
Sluice - / : 1 . 6p 07 0_8
vaive 5
r ) oaoo] nof 25 | w0 | ssf 32| 18| 1o} o6

Reverse

stop =N | g6 s
vialve T

Table 4-4. Coefficient of Head Loss
{Ref. Book No. 7)

-4,5.5. Appurtenant Structures

The appﬁrtenant structures shall be planned
in paying attention to the following points:

- For piping, special attention should be paid
to the position of pipes so that they are
"located longitudinally below the hydraulic
grade line to prevent negative pressure in

the pipe.
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Sluice valves should be provided at 1 to 3.0
km intervals to stop the water flow and to
_adjust the flow rate.

Air valves should_be prdvided on the convexes
of the piping. '

Drainage facilities should be providéd
between the sluice valves, if possible.



CHAPTER V. WATER TREATMENT WORKS

5.1.. General Description
5.1.1. Objective of Water Treatment

The water treatment can be defined as
technical operation which fulfills any quality gaps
existed between raw water and treated water by
combination of such treatment systems such as
cthrination,' rapid sand flltratlon, slow sand
filtration and aeration system.

These_sYstems are made up of some unit
opération, suspend matter sand and silt, dissolved
matters, and colloidal matter which are removed from
the raw water through individual phyqlcal chemical
and - blologlcal processes.

5.1.2, Preliminary Selection of Water Treatment
Process

Water treatment process can be selected by
the following criteria after sample raw water taken
at the proposed intake sites is analyzed.

Table 5-1. Selection of Water Treatment Process

Raw Water Quality (Maximum Annum)  Treatment

Water Source =~ PH Turb. Color Fe Process
(mg/1)
Gro%n? Water 6.5-8.5 <5 <5 <1.0 Chlorination
A - '
Ground Water 6.5-9,2 <30 <li5 <3.0 Aeration +
(B) Rapid Sand
. . Fllter
Surface Water 6,5~9,2 <15 <15 <l,0 Slow Sand
(&) : Filter
Surface Water 5.,0-9.2 <1,000 <30 <5.0 Rapid Sand

(B) _ Filter

Note: 1) Tablé 5-1 is generally applied to select
an adequate'process from water socource to
treatment plant, and the table are rather
preliminary standard.
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In case that the results of water quallty
ana1y51s are nearly equal or ovex than the
indicated figures, by carrylng out ana1y81s
such as jaritest, it is necessary t£o Jjudge
whether the water can be treated for
drinkable or not, its treatment process is
economical or not in respect to chemical

- dosage and O/M'is possible'or'not.

oy

3)

Rapid sand filter process requlres pre-

'chlorlnatlon in some case O not require '

it in other case., Its selectlon depends
on the raw water quality ana1y515 and '
estimation of change of the water’quality.

selection of slow sand filtration process
is based on the water quality analysis
over a year in due consideration of conta-
mination of the water. '
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Effectiveness of water treatment by
respective methods is summarized in Table 5-2.

Table 5-2, Effectiveness of Water Treatment

i

D-53

negative effect

{Ref., Book No. 1)
Treatment Process
Chemical ' " Slow

Water Coagula- Rapid Sand
Quality -Aera- tion and Sedimen- Filtra- Filtra- Chlori-
Parameter tion Floc. tation tion tion nation
Dissolved Oxygen * o o ' - _ "
Content
Carbon Dioxide - o o * %% *
Removal _
Turbidity o kk * hkk *khk o
Reduction '
Colour "o *% * % *k Rk
Reduction
Tast and Odour %% * * ® & *k &
Removal
Bacteria 0 * k% Ek kkdk P
Removal
"Iron: and Manga- ** * * *kkk *h KN o
nese Removal
Orgéhic Matter # * k% Rk Hxkk Kok
Removal '

Remark 1 *%% egc, = increasing positive effect

o =.-no effect



Classification of typical water treatment process
on both surface water and groundwater 1is
illustrated in Figure 5-1. '

Raw Water

|

Flow Rate Measuring Process

I - '
B — ] 1
Chlorination Aeration Rapid Sand Slow. sand
Process - | Process: Filter Process Filter Process
Coagulant
I
Pre-Chlorine
R i _— '
|Chlorination \'Aeration; Coagulation
i.
Flocculation
: i i _ ’ Plain
f ;Sedimentatiog] Sedimentation
. . . pa
N S A A '
i ‘ y
| Rapid Sand Slow Sand
: | —— . .
P : Filter ~ Filter
; b e ] 7
! I ' : .
f | IChlorination;
s -
< 7
Waste Water j Distribution
Reservoir : : Reservoir
. T
Distribution
Pump

{E;evétéd Tankl

Lgistributioﬁ fipeél

Remark: ---- Waste Water

Fig., 5-1. Classification of Water Treatment Process
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In general, uhpolluted surface water with low
turbidity may be purified by slow sand filtration as
single treatment process or by rapid filtration
followed by chlorination only. Slow sand filtration
have great advantage particularly for small
community. When the turbidity of water to be treated
is high or when algae are present, a pre-treatment
will be needed with sedimentation, rapid filtration
or both process in combination. -

For water from rivers, lakes and reservoirs,
which is of a very wide variety in: composition, the
treatment processes of such water shall be studied
carefully.

On the other ‘hand, groundwater, if properly
withdrawn, will be free from turbidity and
pathogenic organisms. When the groundwater
originates: from a clean sand aquifer, other hazardous
oxr objectionable matters will also be absent. In
these cases, a direct use of the water for drinking
may be permltted without any treatment.

Sometimes, groundwater contains organic
matters or excessive amounts of iron, manganese -and
ammonia, and even such groundwater sources are
abstracted and treated with aeration, chemical
coagulation, flocculation or filtration to render
them fit for drinking: and domestic use.

5.2. Measuring Devices

5.2.1. Objectives of Flow Meters
Flow meters shall be installed to check the

inflow amount of raw water to treatment plant and to

render successful O and M services of the facilities

as well as. to serve for determlnatlon of the dosing
amount of chemlcals..

D-55



5.2.2. *Kind of Plow Meters. and Adaptablllty

_ Following shows the flow meters by klnds and
type: '

1) over flow type weir.
: * Triangular weix o
* Rectangular weir - (Reducer type}
* Rectangular welr (Flat type)

2) Parshall flume

3) Venturi meter

4) Orifice

5) Area flow meter

6} Magﬁetic flow meter

7) - Inferential flow meter

The specific features of the respective flow
meters and calculation method of flow can be referred
to in Appendix F.

In general, the flow meters shall function
both for_checkihg the inflow and serving to estimate .
the amount of coagulant to dose. Coagulant dosing
and stirring shall be made to secure even
distribution of chemicals. The weir, parshall flume
type meter is recommended as the most sultable type
to the requirements. '

5.3. Rapid Sand Filtration
5.3.1. General

Filtration shall commonly be conducted by
either of the following ways as rapid sand
filtration, slow sand filtration,. magnetic:
filtration, etc., among which the rapid sand

filtration has been most widely used for the purpose.

The rapid sand filtration has the mechanism
that coagulant is dosed in raw water to form easily-
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'settling suspension solids (floc), the water can be
filtered effectively with flocs settled rapidly.
This plant consists of the follow1ng unit process.
(Refer to Fig. 5-2.)

-Chemical Feed
Raw Water

pomoo

L——ﬂi——-“ ‘L’E - e & v

Flocculation Basin Settling Basin oo Sy S —
__‘_\. . - {

_:M1x1ng Well | Rapid Filtor
: ) Chlorination

Fig. 542. Flow Diagram of Rapid Sand Filtration
(Ref. Book No. 1)

5.3.2. Coagulation and Flocculation
1) General

The major purpose of  coagulation and
flocculatlon process in a treatment system is to
agglomerate suspended/colloldal fine matters in the

.water to form flocs for removal.

_ Colloidal particles (colloids) are suspended
by electrostatic repulsion and hydration.
Electrostatic repulsion occurs because colloids
usually have a surface charge due to the presence of
a double layer of irons around each particle.

The collold has an electrlc charge mostly a
negatlve one, Hydratlon is. the reaction of particles
at their surface with the surrounding water. The
resulting particle water agglomerates have a specific
gravity which differs 1little from that of water
itself.
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The electrostatic repulsion between colloidal
particles effectively cancels out the mass attraction
forces (Van der Waal's forces) the colloidal
particles. ' '

They check the electrostatic repulsion, and
thus enable. the particles to flocculate to form
flocs. These flocs can grow to a sufficient size and
specific welght to allow their removal by setting or
flltratlon.

2) Rapid Miking

‘Rapid mixing aims at the immediate dispersal
of the entire dose of chemicals throughout the mass
of the raw water. 'For even distribution of
chemicals, it 1s necessary to agitate the water.
thoroughly and to inject the chémicals_in"the'most
turbulent zone in order to ensure its uniform and
rapid dispersal. The mixing should be made rapidly
because the hydrolysis of the coagulant takes place
almost instantaneously (within a few seconds).

. There are two types of mixing devices,
hydraulic rapid@ mixing and mechanical rapid mixing.
The hydraullc rapid mixing type further can be sub-
divided into weir and parshall flume.

Mechanical rapid mixers are not so suitable
for small scale treatment plants as'hydraulic ones,
because they require a rellable and continuous" supply
of power. :

The weir type and/or the pafshall flume type
are recommendable for the PrOJect taking into’ account
safe operation and dual purposes of rapid mixing and
discharge measurlng. Figure 5-3 shows the welir type
device.’ ' :
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Fig. 5-3. Rapid Mixing Weir

3) Flocculdtion

Flocculation is the process of gentle and
continuous stirring up the water for the forming
flocs through aggregation of the minute particles.
present in the water.

The flocculation efficiency is largely
affected’ ‘by the number of colllslons between the
minute coagulated particles per unit of time,

The velocity gradient (G) and the detention
time (t} are major factors in the designing for

EFlocculator installatioh.

The product G and t gives a measure for the
number of partlcle collisions.
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The formula for computlng the velocity
gradlent is:

G = ; D-Q%Lq_
. P T
where, N

G = velocity gradlent (sec ~1
P o= denSLty of water (kg/m )

Q = flow (m /s)

H = head loss (m)

g = gravitational constant (9 8 m/s?)
W = dynamic viscosity (kg/m/s)

vV = volume of unit (m3)

Variations of the Specific Gravity (Densit_v.) and
Viscosity of Water with Temperature
Temperature o Dynamic Viscosity
‘c : (W) (kg/m/s}

0 . 999.9 0.00179

5 1000 _ 0.00152
10 999.7 0.00131
15 1 999.1  0.00114
20 998.2 0.00101
25 997.1 0. 00089
30 995.7 o 0. 00080

_ Floccuiators are classified into two types as
~fellows: ' ' '

a) Mechanical flocculators: s
The water is stirred up with devices of
paddles, paddle reels or rakes.

bl Hydraullc flocculators
The flow of the water is . s0o. 1nf1uenced by
small hydraulic structures that a stirring
action results, Generally, hydraulic
flocculations are used for small scale -
treatment system. There are three types of
hydraulic flocculators as follows:

i) Horizontal ﬁype baffled channel floccu-
lators (refer to Fig. 5-4).

- Water flow velocity : 0.10 - 0.2 m/s
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- Détention time: 15 - 20 minutes
- Velocity gradient: 40 - 90 sec™1

ii) Vertical type baffled channel
flocculators (refer to Fig. 5-5). This
type is most recommendable because
baffles are adjuStable_to changes 1in
water flow and water quality.

- Velocity 0.1 - 0.2 m/s
~ Detention : 15 - 20 minutes
- Velocity gradient: 40 - 90 sec”l

iii) Hydraulic jet mixer (refer to Fig. 5-6).
In a jet the cocagulant is injected in
the raw water using a special orifice

device.
Entrance Baffles or Flocculated
Chonnel . Partitions Woter —
El,", PRy APl VP PP Pl P
| BTN 2 -
H . Y N -~ iy
ey I f‘ ! E :
A i L
‘B I i

T e rd Eg s
APy

Fig. 5~4. Horizontal Type Flocculator
{Ref. Book No. 1)

Loss of Head

VAT L N——
=l .
/ 1 l

| REAY IAY
IR ot I

’ |

| |

|

Smail Openngs

Fig. 5-5. Vertical Type Flocculator
(Ref. Book No, 1)
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To Setiling
Tank

—
Raw I [_r‘___.—s-_:/ ) . .
wﬂgerr : E Sl Crifice

- Fig. 5-6. - Hydraulic Jet Mixer and'FlocCUIator
(Ref. Book No.. 1} o

[Example 5=1)

Design of the receiving well, measuring flow, rapid
mixer and vertical type baffled channel flocculators
(refer to Fig. 5-7}. ' :

1) Design data

50 {(m3/hr)
0.83 (m>/min)
0.014 (m3/sec)

It

Treatment capécity 1 0

2) Calculation
a) Receiving well

Dimension : 0.5 Wx 1.5L x 1.5 H
volune : 1.12 m3
Detention Time: 1.12/0.83 = 1.3 (min.}

h)}  Measuring weir: triangle weir {( © = 90 }

; - 5/2
Q=60(1.334+9@§)H/ '
i ~ —-----. Sticland‘s formula

From Fig. F-1, H can be read as:
H = 159 {mm)

Calculations table is shown in Appendix F-1.
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¢) . Flocculation basin

Dimension: 0.4% x {(5.25 - 1.5) +5.25 x 4}¥ x 1.2
Volume:

Detention Time: 11.9/0.83%

11.9 (m%)

olfs

15 (min.)

Velocity: 0.014/0.4 x 0.25 = 0.14 (m/sec)
Head Loss: H '

Bend loss: hy
o=
L | gé--Nl_ » £, =35, Ny =38
_ -,
- 3.5 x 214 s
2x9.8

i

0.133

Weir loss: “h,

h

2

i

0.037

'Bottgm and wall loss: h3

h

3

V" e 'Chagy formula
C°R _ C = 31

(24.75 + 75 x 1.2) x 0.14°

2
31 x (0.4x0.25)/2 x (0.4+0.25)

0.029
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Total head loss: H=hy + hy + hg =0.20 (m)

G-value ' ' :
G = ] PQH.g
U

- 7103 x 0.014 x 0.20'x-9.8
1073 x13.6

- a4 (see™h

1.50 3.75 .
Y QS.h1®. Q.25
N AR
| Em I B e
SlEm L
B __g A‘ I 1 I 1 aa | l_""/
o ; t } T ==t 1=
S HE SRR RN RN R R ER)
Tl ety e
. (i ! ! H 1 } 1 i H 1
mg -
2 = = - == mn = = = = o1
[e) 1 L] L ] ¥
b A
§ 2.50 025 2.50
=
Plan
L L
2], l' T
Tg - l\v
2 2] | s | EREy | BERS | S S
A== I Y Y g e
o] T .
¥ <
—{—_ \_}\}J\J\J\_}B\JH\_}
Section A-A T i "Sectlon B—B

Fig. 5-7. Rapid Mixer and Flocculator Arrangement
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5.3.3. Sedimentation
1} General

Sedimentation aims to settle and remove
suspended particles (forms in flocs) that are made
- when water is still in, or flows slowly through a
basin, and thus clear water of sedimentation can be
reduced on the filtration loading.

Most of the_ekisting sedimentation basins
used ih small water treatment plants are of the
horizontal-flow type. )

-The rectangulax horizontal-flow sedimentation
basin consists of the influent zone, settling zone,
effluent zone and sludge zone. (Refer to Fig. 5-8.)

| g Water Level
— - ]

I . . f

R |
Influent =~ Settling Zone : [Effluent
Zona | RN 9 jZone
o U T - 1

[ e :

| T~

- D e J

Sludge Zoneg

— "

Fig. 5-8. Rectangular Horizontal Flow
‘Sedimentation Basin
{Ref. Book No. 3}
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2} Design consideration

The basic formula of sedimentation basin
design are: : ' '

t = v/0

U = H/t
= Q/W.L~
Where,

t : detention time (hr)
V : basin volume (m Y
V=HXxW=xL o
H, W, T : depth, width and 1ength of ba51n {m)
Q : influent flow rate (m /hr)
U : surface loading rate or settling
_velocity (m3/hr/m2 = m/hr)

The above formula shows that the settling
velocity basically only depends on the influent flow
rate and surface area of the basin. Optional-
settling ve1001ty (U})is determined by settling test of
settable partlcles in the raw water. The method of
setting test is referred in Reference Book Nos. 1, 3,
7, 9, and 10.

3) Design Criteria

The design of sedimentation basins is made
based on the following basic criteria, such as (1)
the quantity of water to be treated, .(2) the selected
detention time, and (3) the selected surface loading
rate,
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_ .Most'recommeddable dimensions and criteria of

the design are as follows:

NumbérJof'sedimentation basin appropriate 2
basins with the capacity of more than 50
m3/hr and 1 basin with the capacity of less

than 40 m3/hr.

Detention time ... 2 - 4 hours at the maximum
: . daily demand
Flow velocity ... less than 40 cm/min
Effective depth ... 3.0 - 4.0 m
Wwidth; length ... 1 ; 3 to 5
Surface loading rate ... 5 = 15 mm/min.
Over flow rate of outlet weir ... less than
: 500'm3/day/m

Influent zone

For a uniform distribution of the influent
these openings should be spaced as shown in
Fig. 5-10.

Perforated
lbaffles wall

TOP Rectilinear
I Flow

Fig. 5-9. Influent Arrangement
(Ref. Book No. 1)

Settling zone _

For a density current of a rectilinear flow
in the settlinq zone, the perforated battle
wall will be set up. (Refer to Fig. 5-10.)
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Effluent zone : . L
For reducing approach velocity, Quﬁlét_
channel or. triangular notched are provided on
the effluent zone. (Refer to Figs. 5-10 and
5-11 below.)

=S

Fig. 5-10. Effluent Arrangement
{(Ref. Book No. 1}

o $ o o @/BOLTS\@

WER

Fig. 5-11. Tfiangular Notches
"(Ref. Book No. 1)
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[Example 5.2] Design of Sedimentation

{1) Design data _
a) Treatment capacity ... Q = 50 (m3/hr}
b) Raw' water turbidity... Tr =50 {(mg/1)
¢) Treated water turbidity... Try = 5 (mg/1l}
d) Alum feeding rate ... 20 {(mg/l)
e) Sludge content ... 10 {kg/mB)

(2) Calculation

a) Dimension of sedimentation basin

(i) Detention time T = 3;0'(hr)
(1)  Volume V=50 x3 =150 (a3)
(iii) Dinmension - ‘2;8 X 9.0 x 3.0x 2 = 150m3

W @)y |
b) Plow velocity
50

V=50 % 28%3.0 x 2 0.05 < 0.4 (m/min)

c) Overflow rate

50

R W x 182902~ 15515 (w/min)

d) , Baffle flow wall
Total hole area = flow area 6%

= 2.8 x 3.0 x 0.06 = 0.5 (m )
$100 mm .... A = 0.067 (mz)f N = 0.5/0.007 = 71
-e) oOverflow rate of outlet weir
(i) flow rate .;... 500 (ﬁB/day/m)

weir length. L = 50 x 24/500 = 2.4 (m)
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f) Sludge removal

Total sludge volume

(50 - 8y 4 0 B - o
Tds = {50 - 5Y + 0.234 x 20 % 50 x 2 x 10_3}_59.5 - 6.0_(m3/d)
10 10
Drain time R S_miu/day
Pipe -diameter i $50 mm
Numbef of drain pipe ; 6
' . 6.0 . . . :
Q= 5.8 — = 0.2 (m3/m1n) = 0.003 (m3/sec)
2 2
Head loss =A-]—'-Y-—-+ Zf A
: _ d 2g . g
q = wdz / . 2gh - ﬂdz 2% 9.8 x 3.0
4 Yagfa+ it 4 0.03 x 3/d + 4.0
2 : :
_nd J/ 58.8
4 ¥ 0.09/d + 4.0
d = 0.05m
Q-nx005 [ 3 e o000 « [FBE
4 0.09/0.05 + 4.0 °° *V T8
= 0,02 x 3.17 = 0.06 '(m3/s) .
2. *
31 . 2.40 &
" l L]
iy i
: wn
FAN o o

Fig. 5-12. Sludge Drain Device
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5.3.4. Rapid Sand Filter
1) General

_ Phe rapid sand filter aims to purify raw

waters into clean water by filtering at high velocity
through chemical settling basin with coarse sand
filter layer,

For rapid filtration, sand is'commonly used
as the filter medium but the process is quite
different from slow sand filtration. This is so
‘because much coarser sand is used with an effective
grain size in the range 0.4-1.2 mm, and the
flltratlon rate is much hlgher, generally between 5
and 15 m /m /hour (120 =360 m /m /day). Due to the
coarse sand used, the pores of the filter bed will be
relatlvely large and the impurities contained in the
raw water will penetrat&zdeeg)by'1nt0'the filter bed.
"Thus the capacity of the fllter bed to store
dep081ted 1mpur1t1es is much more effectively
ut;llzed and even very turbid river water can be
treated with rapid filtratidn. For cleaning a rapid
filter bed, it is not sufficient to scrape off the
top layer. Cleaning of rapid filters is effected by
back washing.‘ This is ‘directing a high-rate flow of
water back through the filter bed whereby it expands
and is scoured. - The back-wash water carries the
deposited cloggings out of the filter. The cleaning
of a rapid filter can be carried out quickly; it
need not take more than about one and half hour. It
can be done as frequently as required, if necessary
each day.

Graded gravél -
Perforated : .
laterals

Cast-iron
“manifold

Fig. 5-13. Rapid Sand Filter (Ref. Book No. 9)
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For effective filtration, the pretreatment
should produce floc partlcles that are small enough
to penetrate the bed. Removal of floc within a bed
is accompllshed prlmarlly the. gralns, or floc already
deposrted and adherence thereto. '

2) Type of rapid sand filters

Rapid filters are moStiy,buiit opeh_with the
water passing down the filter bed by gravity.

For certaln operatlng condltlons, other rapiad
filters than the open gravity-type are- better suited.
Other types are pressure filters, and multlple-medra
filters.

a) Pressure fiiters

Pressure fllters (Fig. 5- 14) are of the same
constructlon as gravity- type filters but the
filter bed together with the filter bottom is
enclosed in a water- tlght steel pressure
vessel. The dr1v1ng force for the filtration
process is the water ‘pressure applied on the
filter bed Wthh can be so high that almost
any desired length of filter run is
obtainable. ' '

Raw Water Wash Water
[nlei Discharge

Filtered _ J] =

Water ~—
Qutlat

Fig. 5-14. Pressure Filter (Ref. Book No. 1)

D-72



b) . Dual-media filters (Fig. 5-15) are of
gravity-type, downflow filter with the filter
bed composed of several different materials
which are placed coarse-to-fine in the
direction of flow.

Filter Bed Material

. Material Depth Diameter Specific

] = Weight
—Authracite 0.6m - 1.6 1.5
1]l -Sand 0.4m 0.8 2.6

Fig. 5=15. Dual—Média Filter {Ref. Book No. 1)

3) Design consideration
a) FPilter dontrol

There are three types of filtration-rate
controllers. (Refer to Fig. 5-16.) The type
.b) is probably simplest as there are no
moving parts at all. 1In this type the raw
water enters the filter over a weir. For all
filters the weir crest is at the same level.
Thus, the over-flow rate at each weir will be
the same, and the raw water feed to the
‘filter units will be equally split.
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. - 1 f
Influent ! ]

Conduit

Influent
Conduit

Fig.

b)

Influent
Conduit

B~ s w
*—H Min. W.L.

- TN | - ¥ - Effluent Conduit
__——— A

"fFIo'at Box

—Max, WL,

| Clear Water Wett
. MinowlL.

Clear Wafer Well
Min. W.L.

5~16. Filter Cdntrol System
{Ref. Book No. 1)

Therefore, the type.b) is the most
recommendable because any mechanical

equipment is not used.

Backwash arrangement

A rapid filter is cleaned by backwashing,

that is diredting a flow of clean water
upward through the filter bed for a period of
-a few minutes. Filtered water accumulated by
pumping in an elevated tank can be used, or
the effluent from the other (operating)
filter units of the filtration plant directly
("self-wash arrangements"). The velocity of
‘the upward water flow should be high enough
to produce an expansion of the filter bed so
that the accumulated c¢loggings can be
loosened and carried away with the washwater
(refer to Fig. 5-17.) .
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Fitter Bed Normal

Position I R H__{__
_ A
. N J . L La L Wash-Water
L

lLa-L
Bed Expansion -—?—-x 100%

Eilter Bed S— :
E;de:d_—l m\

Discharge
Wash-Water ___ ———1J
Supplv —"""_[1___ I
Fig. 5-17. Backwash Arrangement (Ref. Book No. 1)

For a filter bed of sands (specific weight:

*2;65 g/cm3}‘typica1 backwash rates giving

about 20 percent expansion are listed in

‘Table 5-3,

dmm 0.6 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

3 V ; BACKWASH RATE (m°/m’/hour)

S10°C 12 17 22 28 34 40 47 S4 62
20 14 20 26 33 40 48 S6 64 75
30 1623 30 38 47 56 65 75 86

o4 = aﬁerage grain size of filter sand (mm)

~
1t

back-wash water temperature (°C)
3/m?'/hcmr)

E-
il

back-wash rate (m

Table 5-3. Typical Backwash Rates
(Ref. Book No. 1)

The reservdir_generally should have a

. capacity between 3 and 6 m> per square meter

" of filter bed area and it should be placed

about 4-6 meters above the water level in the
filter.



Elovated

Tonk
5]
Setling” . Ropld Sond 8 . S
Tonk Filter - urtoce wosh plpeliod
. Back woth pipellne

WL T @ T

} ) : Distribulion

H : . @ Reservoir

v ol |
@ ) . Distribution
B - 4> Main
: - Pipeline
N i > f Drod
%E@ % ©) A Eaas .-N-'- roin
= Filter Drain Filter woste Distributicn
: Valve Pumps
(1) Influent Volve or lnfluent Flow Splitting Welr
{(Z) Effluent Volve
@ Filter woste Volve
" (4) Fiter Drain. Volve

@‘ Beek ‘wash Woter Valve .. @ ‘Back wosh Waler Control Valve
{68) Surfoce wash Water Volve Surface wash Waoler Control Valve

Fig. 5-i8. Wash-Water Tank Arrangement

A simpler solution is to ‘increase the .depth
of the water standing over the filter bed and
it limits the maximum filter resistance.
The filtered water will then be available at
a head of some 1.5 to 2 m above the filter
ped which should be sufficient. The
operating units of the_filtration plant must
supply enough water for tﬁe_required backwash
rate.

The wash water is admitted at the underside
of the filter bed through the underdradin
system ("filter bottom"). To divide the wash
water evenly over the entire filter bed area,
the underdrain system should provide a suffi-
cient resistance against the passage’ of wash
water (generally 0.6~1.0 m head of water),
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Backwash velocity and backwash pressure are
obtained from the following formula: (Refer
‘to Example 5.3)

Lo (1 ~ By ) x (Ps - Py

P g

where,
U most reasonable backwash velocity

(m/min)

backwash pressure {m)

sand bed depth (m)

porosity of unexpended bed
density of sand {kg/m3)

: density of water (kg/mB)

h.b:

T O H
FhWmC O

4) Surface water arrangemeht

Particularly when fine sand is .used, with
grain size less than about 0.8 mm, the scourinhg force
of the rising wash water may be inadequate to keep
the filter grains clean in the long run. After some’
time they could become covered with a sticky layer of
organic matter. 3This may cause problems such as mud
balls and filter cracks (refer to Fig. 5-19).

Fig. 5-~19. Sticky Layver of Organic Matter
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5)

Major items-of-désiqn criteria

a) The flltratlon rate. shall be commonly take in
a range from 120 to 200 m 3/day.

b) 'There shall be two. basins to be provided,
'1ncludlng one stand-by basin.

c)  The maximum filtration head shall be taken by
less than 1.50 m. '

d}  The washing rate shall be as fbllows:
i} Backwash —--- 0.5~0.7 m/mln in veloc1ty
' at 1.5 m actual head.
i1i) Surfacewash --- 0.15-0.2 m/min in
velocity at 15-20 m

actual head.

e) Materials of filter layers

Materials Effective Size Thickness

(mm) - o (m)
Sand 0.45 - 0.7, 0.6 - 0.7
Gravel 2 -5 .1
" 5 - 10 . 0.
10 < 15 0.1
" 15 - 30 0.1

Note: Loetflclent of unlformlty of sand shall
be 1.3 to 1 7.

f} Filter bottom : Underdrain pipe oxr pofous
blocks. | '
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‘There can be prevented by providing an
additional scour  through surface water wash.
Filter cleaning now: starts by back washing
'usually combined with a surface water wash at
a 10-15 m/hour rate. {(Refer to 5-20.)

8% . Bockwash Trough ]
: 11
/
= 4
Surface Wash—=C Srp ]~ Expanded Sand
Water AR ' / Surface
- Wi
} é IIN ,-«(.‘L‘\ 3 u,\\"'?""fn\ Y ‘J IO 2
Surface Wash —/2::‘ 3 Tt TN 7
Nozzle Ae (E—Z;panded Sand Bad G ]
- 4 t v
4 u‘Q: Backwush %
,// u°°:.? s % Gravel o IM""'M"’ 7
. e [ e Ty S,
Backwash~+§ -8 80%% O O1r 0o O O ;
Water 77 AT T T T 7 7o 77 77 T
Backwash Lateral
Fig. 5-20. Backwashing with Surface Wash Water
(Ref. Book No. 4)
Table 5-4. Washing Method of Rapid Sand Filter
' (Ref. Book No. 4)
Washing Method Surface and Backwash
items Fixed Type Surface-Wash

Pressure of Surface-Wash

~ Water (kglcmz)- 1.5 to 2.0
_Fiow_Rate of Surflace-w_ash '
Vater (mS/mZImiﬁ.) 0.15 to 0.20
Duration Time of Surface~
Wash' {min,) _ 4 to 6

Pressure of Back-Wash
Water (kg/cm®) 0.25 to 0.50
Flow Rate of Back-Wash

Water (m3/m2}'min.) 0.5 to 0,7
D:jra.tion Time of

Back-Wash (min.) 4 to 6

Note: Pressure of back-wash water and surface-wash water
~ are values at discharge points(Orifice of jet) of
Underdrain system and surface—washing system,
respectively
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[Examplé 5.3]

1)

2)

Head losses of the pbackwash water. (Refer to
Fig. 5-21) :

Design

a)

5

c)
d)
e)
£)

q)

" Number of basin: N =

Water treatment capacity: @ = 50 {m3/hr)
Filtration rate: V = 120 (m/d)
Filter area: A = Q/V = 10 (m%)

NI

bimension : 2.30 (m) x 2.20 (m) = 5.0 (m?)
Filter bed . :

i} Sand; effective size: - 0.65 ﬁm)
space coefficient: 0.48
depth: - . D.60 (m)
density: 2.630 (kg/m?)

ii) Gravel; lst 1ayef: éffective_diav'z;o (ram)

2nd layer: effective dia. 4.0 (mm)
space coefficient: ‘0.4
depth: _ _ 0.2 (m) each. layer
_ form coefficient: 0.7 : P
Filter bottom
Underdrain Type . .

Open area rate: ii)(%)

Velocity coefficient: 0.62
pack-wash velocity: 0.65 (m/min) = 0.0108 (m/sec)
Back-wash flow: 5.0 x 0.65 = 3.25 (m3/min)

3
= 0.054 (m>/sec)

Calculation

(1}

ticead loss at sand bed: h

1
Y LO p p
h by (1B x (7s-7H)
= 0'2 (1 - 0.48)(2,630 -~ ],000)
10 _ S

0.51 (m)



{2) - Head

h2 =
U

(3) Head

hy

(4j The
infl
hD =
(5) Head
h4 =

It

loss at gravel layer; b,

200 x Iy x U'x N (1 - Bg)’
X

pf_x g x ¢2 b4 D2 Eo3
200 % 0.0108 x 10> 0.2 N 2
S 5 x L__;~_§_ 4 0.2 _J x (1~ 0.4)
10° % 9.8 x 0.7 (2x107 )2 (ax10~3)2 0.43
0,32 (m)
Kinematic Viscosity of Water
1 (cp) = 107° (kg/m.s) 20°C
loss at filter bottom;
- 1 ( u ‘2
2q aB
_ 1 © 0.0108" 2
2 x9.g 0.62 x 0.01
= 0.16 (m)
total head losses at the filter bottom
uent
by + h, + hy
0.51 + 0.32 + 0.16
0.99 = 1.00 {(m)
loss of transmission pipe; hy
" 2 2
- x 22V g Y £ = 0.03
b x 2q 29 0 0.054
2.0 3.17° 4 0.017
{0.03 x + 4) x ———
0.15 2 x 9.8 = 3.17 (m/s)
4.1 (m) D = 150 (mm)
2
a = D% = 0,017 (%)
4
L = 20 (m)
fl=3_..0X4



‘Therefore, the totalnhead of excludes valve A
control.loss head before value A: hg '

h

il

5 18.0 =~ (ha + ho + h4)

It

18.0 - (1.7 + 1.0 + 4.1)

11.2 (m)

i

(6.) Open rate of valve A loss coeffiéient; £fu

fl.l

1

=2
\U‘l\
N
8|5

H

1-1.2/3-17 s
2x9.8
Accordingly, referred from Table 4-4, Valve A

should be opened at about 1/5, Valve B is
fully opened. '

Elevaled Tank

‘——"L-——
Estimate Calculotion Note | - :
H = 8.0 1
ho= 1.7 —
ho = |‘O(m} hs
Bock wash Velocity  V=0.65(m/min) .
T T 4
® . X
ho Back Wush line  Distribution line
N Dq o _ ——_l_-'—-__..‘
Drain Cieor woter line = g 9
Rapld St:lnd Filter - Clear Water Rasenmlr

Fig. 5-21. Back-wash Flow Diagram



'5.3.5. Chemicals Dosing
1} General

For successful coagulation, an optimum amount
of coagulant shall be dosed into the raw water and
‘the water shall be stirred up properly. The optimum
amount of coagulatlon for proper dosing varies
dependlng upon the" nature and the composition of the
water as a whole. A laboratory experiment called
"Jar Test“ is commonly employed for regular checking
‘of the water to keep the adequate dosing.

The standards of c¢oagulant appllcatlon in
Japan are shown in Appendix G.

2) Design consideration_

‘Aluminum sulphate solid as coagulant and soda
~ash as alkalinity are most widely used for small-
scaled treatment plants in Thailand.

a) Alum solutlon (usually 3 to 7%, normal 5%) is
prepared in special tanks w1th a holding
capacity of 10 or more hours coagulant
feeding requirements. (Refer to Fig, 5-22.)

Hond
Agltator

i

[ Perforg fo’.i_j

Bosket

7
_{
-

Alum Solution

) Dosing
- © Tap

I
1
I
]
i
1
|
i
1

[

Constant Leve] Box Solutlon Tank

Fig. 5-22. Chemical Feed Arrangement for Alum



b} Two tanks are required; one for operatlon and
the other for solution.

¢) Alum is strong acid, so that feeding
facilities was made up: anti-erosive

materials.

d) For coagulatlon w1th alum, ‘the average - pH:

value is shown at 6.0 which remains below the
cptimum range, Alkallne'should be

additionally dose ‘so as for alkallnlty to
reach at least 20 degrees if alkalinity of
‘raw water’ 15_1nsufflclent_f0:_coagulatlon.
(Refer to reduction of alkalinity in Table
5-5.) '

Table 5-5. Reduction of Alkalinity by'Coagulant
1 ppm injection (Ref. Book No. 5)

Classification . Reduction of alkaiinity (ppm)'
Aluminum sulfate (solidity) ' 0.45 '
(Al2 3 15%)
Aluminum sulfate {(1liquid) 0.24
(Al2 3 8%)
Poly aluminum chloride 0.15
(A1,0,, 10%, basicity 50%)

J
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5.4. 8Slow Sand Filtration
5.4.1. _General

The main purpose of slow sand filter is to
 remove suspended matters and pathogenic organisms in
the raw water, in particular the bacteria and viruses
responsible for spreading the water-related diseases.

The slow sand filter i's also very effective
in removing suspended matters from the raw wateér.
However, trouble-free .operation is only p0551b1e when
the-average turbldlty of the raw water is less than
15 N.T.U. with peak values below 30 N.T.U. and
without continuwous occurring more than three to four
days.

Generally, slow sand filtrator is carried out

in combination with ‘sedimentation process by basins
or reservoirs as shown in Fig. 5-23,

4]

s‘;*l i ILNT tg_q
: J | S

Plain sedimentation basin Slow sand filter Chlorination well

S8~2hours -  3~dayd

Physical. and bmchem:ca] processes

Fig. 5-23.. Typical Process of Slow Sand Fllter
(Ref. Book No. 4}

Mest 1mportant operations of the above system
is to remove 1mpur1t1es from the raw water which are
brought by bicchemical and microbial actions.

In storage reservoirs, suspended particles
will be removed by settling but quick blocking of the
slow sand filter bed would still take place when
algae grow. con51derably thick., Pre-~treatment will
'then be necessary. :



The purlflcatlon processes start in the
supernatant water but the major part of impurities
are removed from the water and the microbial and
biochemical action take placelmxthe top layer of the
fllter_bed, This filter bed is called
'Schmutzdecke', which is the 'filter skin' or layer
of deposlted materials that is formed at the top of a
slow sand filter, .

Slow sand filters have many advantages in
uslng for small communlty water supply. . They'produce
clear water that is free from suspended 1mpur1t1es
and.hyglenlcally safe. - Slow sand fllters do not
require coaguisting chemicals. Chlorine, however,
should frequently be dosed.

5.4.2. Design of SYstem

The major design factors of slow sand filter
are flltratlon rate, number of filter units, -
thickness of filter sand bed, graln size distribution
and depth of supernatant water. Outline of the slow
sand filter is roughly illustrated in Fig. 5-24.

|

. Lo | = ___
RIS | = = i IRegulati’ng _
- Ym T : h\\'{‘]l
Raw water_—= J““ = I§' %
< LT

.
Mov
weir

. [‘|[><] Filtrated water —

=
Fig. 5-24. Outline of Slow Sand Filter
{Ref. Book No. 5)
'1)' The filtration rate is recommended by 4-5 m/
day.
2) At least two units of filters should be

provided for one system, and three units, if
possible. And the filtration rate should not
exceed 0.2 m/hr, even if only one filter is
available due to filter cleaning or any
emergency of other units.
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3)

4)

Fig.

5)

The thickness of the fllter sand bed should
be in a range from 1.0 m to 1.2 m.

The graln size dJstrlbutlon of the sand
1oca11y avallable should be analysed. The

effective size and coefficient of uniformity

can be determined from the following figure
and the standard values are about 0.20'mm_as
effective size and less than 3 as a
coefficient of uniformity. If such sand is

not available, coefficient of uniformity up
to 5 and an effective size of the sand

ranging from 0.15 to 0.35 mm may be
acceptable (refer to Fig. 5-25.)
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5-25. Grain Size Distribution of Filter Sand
(Ref. Book No. 1)

The depth of supernatant water should be
about 0.9-1.2 m.



5.4.3.  Cleaning

The time- proven method of cleanlng a slow
sand filter is by scraping off the sand surface ‘with
hand shovels to remove the top layer of dlrty sand
over a depth of 1.5-2.0 cm. The scraped ~off mlxture
of. sand and impurities are plled in ridges or in
heaps which are carried or carted to the edge of the
filter using barrows ‘or hand- carts wheeled over
wooden planks (refer to F1gs._5 26 & 5= 27)

The dirty sand is sometimes discarded (can be
“used for 1and£1115) but in other cases it is cleaned
by washing (refer to Fig. 5= 28), if cheaper than
buying new sand. To prevent purification the sand
should be washed immediately after, taken out from the
filter. -

. ‘/a"f? LN
NN f
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Scraper Unit Meter Flatner ~ Movale Foot Plate ~

Fig. 5-26. Scraper and Fig. 5-27. Removal of
Flatner ' ' Filter Sand

(Ref. Book No.6) {(Ref. Book No. 6)
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Fig. 5-28. Cleaning of Filter Sand
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5.5. Aeration Process
5.5.1. General

Aeration is the treatment process whereby
water is brought into intimate contact with air for
the purpose of increasing the oxygen content,
reducing the carbon dioxide content, and removing
hydrogen sulfide, methane and various volatile
organic'compounds responsible for taste and odor.

:Aeratlon is widely used for the treatment of
groundwater hav1ng too high iron and manganese
content. For the treatment of surface water,
aeration would only be useful when the water has a
hlgh content of organic matters.

5.5.2. Aeration Methods

Structures or equipment for aeration may be
classified into 1) waterfall aerators, spray nozzles,
multiple trays, 2) diffusion or bubb1e;aerators,
 bubbles of compresed air passed through the water,
-and 3) mechanical aerators. The water fall type
accomplishes aeration by causing the water to break
into drops or thin films, thereby increasing the area
of water exposed per unit of volume. The'diffusion
type produces a similar effect in discharging bubbles
of air into water by means of air injection devices.
Mechanical aerators émploy motordriven impellers or
in combination with air injection devices and find
the greatest application in treatment of waste water.
(Refer to Fig. 5-29.)

AIR PRESSURE. INLET . == COKE
AR SPRAY ] i:;:(//-
KF A(}”f %?;
”4a e
' ’xu\fﬁ';’fl l.‘ .‘.'l
Ui\’r”u;, \‘\l.‘,\:‘.’r T
: i)
Spray Nozzlé- Water Fall Diffusion Multiple~
. Type : Type Type Tray Type

Fig. 5-29, Aerator Types (Ref. Book No. 5}
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5.5.3. Design of System

Generally the spray type and the multiple
tray type are used for'aeration of: the small water
~supplies. : '

1} Spray nozzles type

The device of this type shall be de51gned in
_close reference to the existing nozzles avallable for
studylng. The general ideas for de51gn1ng are
described as follows, although the nozzles have
variety in kind. ' : '

* Diameter _ 2.5 - 4. 0 cm

* Discharge 250 - 500 1/min at approxi-
_ mately 0.7 kg/cm2 pressure

* Nezzle spacing .5 - 3.0°m

o 9.0 m2/m3/hr

Allocated area 3 0o -

2} Multiple tray types

Coarse media such as stones or ceramic balls
ranging from 5.0 cm to 15 cm in diameter shall be
placed in the trays to improve ‘the efflclency of gas
exchange and distribution.

Number of trays 3= 9.

*

. * Tray space 30 - 75 ¢m
* Required area 80 ~ 240 m2/m3/hr
* Water appllcatlon rate 50 --75 m3/hr/m2-'

5.5.4, Arrangement of Aerator

In the treatment of groundwater,‘rdpid
filtration is carried out. removing .iron. and
manganese. To assist. the filtratidn process,
aeration is commonly prov1ded as pretreatment to form
insoluble compounds of iron and manganese (refer to’
Figs. 5-30 and 5-31). -
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Fig. 5-30. Beration and Rapid Filter
' (Ref. Book No. 1)
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Fig. 5-31. Aeration and Rapid Sand Filter Process
Flow Diagram
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5.6. Disinfection
5.6.1. General

‘Disinfection aims to provide water in
distinction of bacteria or at least in complete
inactivation of harmful mlcrOHorganlsms. There are
two ways in disinfection, phy51ca1 and chem1ca1, the
former is to boil water and the latter is to use
chlorine for the purpose. -

The single and most important requirement of
drinking water is that it should be free ffom any
micro—organisms that  could transmit diseasé of
illness to the consumers. Processes such as storage,
sedimehtation, coagulatlon and flocculation, and-
rapid filtration reduce to varylng deqrees the
bacterial content of water. However, these processes
‘cannot assure that the water which they produce is
bacteriologically safe. Final disinfection will
commonly be needed. 1In cases where no other methods
of treatment are avallablep disinfection may be
resorted to as a ‘single treatment against bacter1a1
contamlnatlon of drinking water.

1) Physical disinfection

Boiling is a safe and time-honoured practice
in destroying pathogenic micro-organisms such as
viruses, bacteria, cercariae, cysts and ova. While
it is effective as a household treatment it is not a
feasible method for community water supplies.
However, in émergency, boiling of water may be a
temporary but useful measure. '

Under the conditions usually éssociated with
the boiling of drinking water, it requires about 1.0
kg of wood to boil 1.0 litre of water.
2} Chemical disinfection

The chemicals that have been sudceSSfully

used for disinfection are chlorlne,'chlorine
compounds and ozone.
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The chlorination for community water supplies

is extremely important.

a)

b)

"5.6.2,

:Chlorine is a dgreenish yeilow topic gas found
in nature only in the combined state, chiefly

" with sodium as the common salt. Chlorine

having a characteristic of penetrating and
irritating odour, is heavier than air and can
-be compressed to form .a clear amber-coloured
liquid, which is heavier than water. It
vapourises in atmosphere temperature and
ordinary pressure.. Commercially, éhlqrine is
manufactured by the electrolysis of brine
with caustic soda and hydrogen as by-
products.

_Chlorinated Lime ("Eleaching Powder"):

Before the advent of 1liquid chlorine,
chlorination was mostly accomplished by the
'use of chlorinated lime. It is a loose
combination of slaked lime and chlorine gas,
with the approximate composition
Ca(il_za(;‘a {HO) 2.}120 + Ca{0Cl) 2:.2Ca (OH‘) g
By a4dding water, it decomposes to give
hypochlorous acid, HOCl, When fresh,
chlorinated lime has a chlorine content of 33
to 37 percent. Chlorinated lime is unstable
and exposure to air, light and moisture makes
chlorine content fall rapidly. The compound

~should be stored in dark, cool and dry place

in closed corrosion-resistant containers.

Design of Chlorination System

1) cChlorination practices

.Chlorination pracfices may be grouped into

two categories depending upon the desired level of
residual chlorine and the point of application.

)
1
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When it is required to prOV:Lde a re51dua1 and
.the times of contact is 11m1ted it 1s_a_common
practlce to provide free re51dua1 chlorination
avallable,_ If combined avallable re51dua1 ‘chlorine
is used, chlorine should be further applled to water
to produce, with natural or added ammonia, a combined
residual effect is shown in Fig. 5-32. '

Reactions of Chlorine in Water
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_ A_ 2] c
" Destruction of Formation of Chlord — Destruction of
Chlorine by ~ Organic Compounds and Chiorinas and
Reducing Compound ChlomminesD ) Chiord Qrganic Comp.

Fermation of Free Chlorina and =F‘resence
of Chlord, Organic Compounds not Destroyed

Fig. 5-32. Reactions of Chlorine in Water
{Ref. Book No. 1}

Pre-chlorination is an application of
chlorine prior to any other treatment. This 1is
Commonly used for controlling algae, taste and odour.
Post-chlorination refers to the application of
chlorine after other treatment processes are over,
particularly filtration.



2) Residual chlorine

FolioWing are the methods available to
measure residual ¢hlorine in water,

a) Diethylwpara~phenylenediamine
b} Orthotolidine Method '

is ordinarily recommendable. .
3) Chlorination technology

In the rural areas, dosage should be made
densely; but residual by 0.5 ppm (mg/litre) after 30
minutes contact period will be sufficient to achieve
ordinary disinfection. - ‘

_ The batch method of mixing is most commonly
“used. .This method consists of density mixing a
predetermined volume to a predetermined strength and
applying it to water by means of some gravity system.
The strength of the batch should not be more than
0}65%=0f chlorine by weight, as this is about the
limit of solubility of chlorine at ordinary
temperatures. As an example, 10 g of ordinary
bleaching powder of 25 pefcent,deﬂsity is dissolved
in 5 1litres of water, giving a stock solution of 500
ppm. For disinfection of drinking water, one part of
‘the stock solution may be added tentatively to 100
parts of the water to:be treated. The initial dosage
would make the water by 5 ppm. If the chlorine
residual after 30 minutes' contact were found more
than 0,5 ppm'the initial dosage could be reduced in
future. Figs., 5-33 and 5-34 show two types of
devices which will be used to stock solutions.
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CHAPTER VI, WATER DISTRIBUTION WORKS

6.1. General Description

Water distribution facilities aim at
delivering hygienically safe, readily available water
after treated to the beneficiaries. Their capacity
should be rendered it possible to meet the hourly
max1mum water. demand, .but also supply the amount of
'water for fire flghtlng., The distribution facilities
comprise of dlstrlbutlon,reserv01r, pump, elevated
tank, pipeline and service pipe.

The water demand at a district wvaries
_con51derably during a, day. Water consumptlon is
highest during the hours when food preparation and
washing of clothes are done. During the night the
water use will be lowest. (Refer to Fig. 6-1.)

. Distribution reservoir serves to accumulate
and store water during the night so that water can be
supplied during the daytime to meet the maximum water
demand.

——

AsFunction of Average Demand

B |
Hour Demand( DayTime)

_{Average Water Cemand '
~———Over Ful Day

]

Actual Hourly Consumption

MinlimLm Dlemdnd(lm-Niqm)
" T
O l4 i 12 16 120 —|24

.Hours ——»

Fig; 6~1. Variation of Water Demand during the
Day (Ref. Book No., 1)



6.2.

De

6.2.1.

1)

2

sign:Cthideratibn
Distribution System
Where there are suitable heights for locating

a dlstrlbutlon reservoir in the district, a
natural flow -down method is used for- water

'dlstrlbutlon.

If no sultable helght is in the dlStrlCtS,
water is delivered by elevated tank which

.helqht .can ensure’ the mlnlmum dynamlc water

pressure, ot by the' pump pressurlng method.

For pressure control of the dlstrlbutlon

system, elevated tank is usually ‘provided..
The follow1ng two systems are con51dered.
The dlstrlbutlon system w111 be usually

determined by the system A.

A-type , - B-type

Elevoted:
Tank

Elevated Tonk

Over flow
Pipe
o Distribution
] Pipeline - — Pump
Drgin Nelwork . ]
i . Pipe _ ' ' : i
!MO*A] ' 11 | ] . :
Distribution, Distelbuti e :
Dis tion, Distelbution  Woter Mater Distributi ' 4
Reservoir Pumps R;i::::::on ) :2:::

Pipeline -
Networks

Fig. 6—2. Distribution System



6.2.2.

1}

2)

3)

Distribution_Water Demand

The planned gquantity of distributing water is
+to be the hourly maximum water demand in
normal condition or the total of the daily
maximum water demand and the quantity of
water for fire- flghtlng in case of a fire,
whichever bigger. :

The déily maximum water demand and the hourly
maximum water demand can be referred from

-Chapter 3J.2.4.

The quantlty of water for fire-~ flghtlng is
obtained in Table 6-1.

Table 6-1. Quantity of Water for Fire-Fighting

6.2.3.

1)

2)

" {Ref. Book No. 5}

population : o
more than 10,000 0.5m3/min.

less than 10,000 0.26m3/min.

Water Pressure

The minimum dynamic water pressure is
recommended to be 1.0 kg/cmz.at end point of
distribution pipés are connected with service
pipes.

The service connection can be classified as
follows:

- House connection
- -Yard connection
- Communal tap connection

The service level at target year is to be
house connection in principle.



6.2.4.

Distribution Reservoir

1) The distribution reserv01r is prov1ded to
balance the constant supply from treatment
plant with the fluctuating water demand in
the distribution area. The storage volume
should be large enough. to accommodate the
cumulative differences between the water
supply and the demand.

2) A distribution reservoir with a storage
volume of 20 to 40 percent of the total daily
maximum water demand shall be generally
adequate. '

The required stbrage Volume can be determined
as follows. (Refer to Fig. 6-3.)
100 . D :
T 90| s
.3 / o b
ef o /
?_ > 80 ) :
a7 24 Hrs. Pumping
£9 50 . Constant Rate
o 8 Cumulative -
%,9 40| _Water Demand
3%
/‘ 12 Hrs. Pu.n"nping
) Constant Rate
| I T [ I |
8 12 18 20 24
Hours ———s
Fig. 6-3. Graphical Determination of Required

Storage Volume (Ref. Book No. 1)

The estimated hourly water demand 1is
expressed as a percentage of the total demand

overfjuapeakdayandgﬂottedleacumulatlve.'

water demand curve. The constant supply rate
is then drawn in the same diagram as a
straight line.
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6.2.5.

1)

2)

23)

The requlred volume of storage can now be
read from the graph. For a constant supply,
24 hours a day, the required storage volume
is represented by A~A' plus B- ~-B', about 28%

of the total daily maximum water demarid.

If the supply capa01ty is so hlgh that daily
demand ‘can be met with 12 hours pumping a
day, the requ;red storage is found to be C- oh
plus D-D', about 22% of the total daily
maximum water demand. Therefore, the storage’

volume w111 be 20 to 40 percent of the total

daily max1mum water demand including the
quantity of water for fire-fighting.

Distribution Pump (Refer to Fig. 6-4)

Purpose of ProviSion of the Pumps

The distribution pumps, which are installed
between the distribution reservoir and the
elevated tank, deliver the treated water to
service area through distribution networks.
The tredted water is pumped up to the

" elevated tank where the minimum dynamic water

pressures of about 15 to 18 m cannot keep at
the distribution reservoir. '

TYpe of Pump

The pump to be used for distribution is
generally single suction centrifugal type
from the viewpoints of total lifting head,
suction and delivery conditions of the pump

systems.

Number of Pumps to be Required

Three unit pumps including one stand-by unit
of the same size and specifications shall be
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provided taking into account Chanqéability of
spare. parts ‘and convenlence of O & M. The
prlme ‘mover of the- pumps is an electric motor
forrtwo units and a dlesel engine for the
remainder. ' '

4) Design'DiSCharge
' The désign‘diSchafge of the distribution
pumps should be the hourly max1mum water-
demand._ :

5) Specifications of Pump &nd Motor
The preliminary-specificatibhs.bf pump and

motor can be determined from. the figures and
diagrams described in sections 4.4.3 and

4.4.4.
Elevated tank
-
-
3
-3
. I | Drain
QOver flow pipeline . pipe
Distribution
FESEIVOIr
Gistribution
#__3,_”“'“ pipeline
: N . :
A . Water meter
< ® —
L = (SO Powavwy
— ) Distribution pumps P4t s
T e : ’

NOW: M e Motor driven
msvvinos E0INE dive {stand by)

Fig. 6-4. Distribution Pumps Arrangement
6.2.6. Elevated Tank
1) The required volume of elevated tank is 20-10
percent of the total daily maximum water

demand including the quantlty of water for
fire-fighting.
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2)

3)

6.2.7.

1)

2)

Low water level of . the tank shall be the

level which can ensure the minimum water
pressure at all distribution branch ends.

Appropriate low water level is generally 15
to 18 m above the ground level in the
Northeastern region of Thailand.

Elevated tank is also used for backwash and
surface wash of the rapid sand filter.

Distribution Pipe
Distribution pattern

There are two main systems of distribution
water, the dead-end system and the network
systém. The network system is geherally
recommendable.

Diameter and velocity of distribution

a) Main distribution pipe shall not be less
than 100 mm in diameter. When fire
protection is provided, no hydrant can
be served by a pipe smaller than 100 mm
in diameter. Sub-main distribution pipe
shall not be less than 50 mm in
diameter,

) Velocity of flow shall not be more than
1.8 m per second in main pipes and
about 0.9 m per second in sub-main.
‘Recommendable average velocity is shown
as follows:

Diametér {mm) Velocity {(m/s)
50 - 75 | 0.6 - 0.8
_ 75 - 150 . 0.7 - 1.0
:200t— 300 0.8 — 1,2
350 ~ 600 0.9 - 1.4
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¢) = The Hazen-Williams formula is'adopted as
average ve1001ty formula as mentioned in
Chapter 4. 5.4,

The hydraullc calculation of plpellne
networks is explained in detail: as
follows:

the following two Jnethods are generally
considered: ‘ '

* Dlscharge method T Harday Cross'method
* Hydraulic head method; Contact hydraullc
“head method

The same results can be obtained from the
both methods. The former, however, can be
applied only for hetwork plpellne. The
latter is the method that dlscharge can ‘be
obtained by assuming pressure on every
‘contact, then can be applied for the both
type, network pipeline and branch'pipelihe. '

Accordihgly, the hydrauiiC'head method is
" considered to be adequatge for calculating the -
hydraulics of pipeline in sanitary distrrict.

The contact hydraulic head method.
' 0,54

C 2,63 hl-h} hizhj

gij = 0.27853 - C - Dij RE]

Where, gij : quantity of water flow between (1)

and Jj

Dij : diameter of pipeline between (1)
and (3)

Lih : length of pipeline between {i)
and (3j) -

hi dynamlc hydraulic pressure at (i)
hj : dynamic ‘hydraulic pressure at (i)

Therefore, the contact equation on (i) will
be as follows: ' '
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n
2> oqij+ Q@ =0
3=l | | .
Where, gij : quantity of water flow between (i)
and (3])

Qi : quantity of outflow from (i)

Now, if there are (j) pipeline, (N} contacts
and (M) distribution plant where dynamic

" hydraulic pressure is constant, (3) water
flow equations and (N-M) dimension linear
equation can be obtained.

4ij = Kij (hi = hj)

2,63 ~0.54 -0,46

Kij = 0.27853.C.Dij - Lij . (hi-hj)

This'calculation is so complicated that it
may be done by computer by using a program
mentioned in Appendix I.

3) Pipe material

Pipelines frequently cause a considerably
high investment, and selection of the
suitable type of pipe is important. Pipes
are available in various materials, sizes and
pressure classes. The most common materials

are:
i}  Cast iron pipe
ii}) Ductile cast iron pipe
iii) Steel pipe
iv)  Prestressed concrete pipe
v) Asbestos cement pipe

vi) Polyvinyl chloride pipe
vii) High—~density polyethylene pipe

Asbestos cement pipe is generally used
because it is most economical in cost and
relatively durable if it is handled carefully
and buried at adequate depth,
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6.3.
6.3.1.

1)

2}

6.3.2.

Characterlstlcs of plpes to be 1a1d are
lndlcated 1n Table 6-1.

Steel pipe can be uSed under the railway and
high crossing.

Pipe Fittings

- Pipes

The depth is_determinéd-according to the
road-surface load.. Namely, the burying depth
should be more than 100 cm above the pipe
under  the road, more than 80 cm above the
pipe under field.

Pipeline foundation

a) When the pipeline is lain in soft
ground, ground improvement is reguired
by the "Soil replacement" method and the
method of consolidation by dewatering,
including the simple consolidation
process.,

b} Sand'layer With'certain thickness should
be lain under pipes. :

Valves

1) Sluice valve

a) Sluice valve should be installed at 500
to 1,000 m intervals.

b} They are lnstalled on branched points,
siphon culverts and and before/after

bridges, etc.

c) They are 1nsta11ed at the p01nts Wthh
minimize water~supp1y suspended area.
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2) Air valve

Air valves are installed on convexes of
pipeline. '

3) Drain valVe

For the cleaning of the pipeline, drain
valves are installed mean the river, waste
‘gutter or the pipeline end.

4) Sstop valve

Stdp.valves are installed on the service
pipe.’

6.3.3g Fire Hydrant

Fire hydrants are provided at convenient
points for fire-fighting {(i.e., near road
intersections and branched points). Moreover, they
are installed at 100 to 200 m intervals depending
upon the existing arrangement of buildings on the
pipeline. '

6.3.4. Water Meter
i) Water quantity measuring devices should be
installed at the starting point of
distribution main pipe, and service

connection of users.

ii) It is recommendable to install self-recording
type.
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Table 6-1. Charactéristics of Pipe
{(Ref. Book No. 5}

L

Materials ' . Merit R o Demerit
Cast iren pipe {1) Intensive and corrosion resistance | (1) Weak to impact
{Inside mortar hning) (2) Cutting easy . o (2) Leavy )
(3) Mechanical jeint is flexible, {3) Need specials protechon ﬁgamst Jomt
expansive and easy to construct “removed

(4) Surface and joint corrosion proof in
the exceedingly humus

Ductile cast iror_i:pipe {1) Intensive and corrosion resistance | (1) Heavy
(Inside mortar lining) (2) Strong to impact ) Need specnls protection ag1|115t joint
(3) \lechamcal joint is flexible an(l TEMmOoVe .
expansive i (3) Need outside lining in Turus
(4) Easy to construct Sy in case large size pipe 1mpossnble {o

(s) Many kinds joints repair from inside

Steel pipe (1) Intensive (tension and bend} (1) Need temperature cqnnsmn joint or
(lining pipe) (2) Strong to impact flexible joint
(3) No need counfermeasure to joint (2) Weak to electric corrosion

remove by welding joint {3) Take much time \'.e!chng anﬂ. lmmg
() Light difficult to construct in spring ground

{s) Easy manufacturing (1) Flexibility is !_ﬁrgg {large size pipe)

Asbestos cement pipe | (1) Corrosion and electric corrosion {1} Shear strength is small
resistance are good . (2) Weak to impact
() Joint is llexible and expansive (3) Need specmls protection against joint
(3) Light and easy to construct : - removed
1 (1) Inside roughnsse is not changing {1) Lasy to erode by water and soil
) ] (5) Cheap _ qua '_t," ‘
Risid poly venyl (1) Corrosion and electrie corrosion (1) Weak to impact at low temperature
chloride - Tesistance {2) Weak 1gamst heatness, ultrwlolet
{2} Light, easy to construct rays and organic soly ent
(3} Passible to adhere 1 (3 Caution to fire solvent cement
{4) Inside roughness is not changmg (1) Need temperatiire etpanswe and

(5) Cheap flexible joint
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[Exampie 6.1} Determination of Pipe Diameter

L.w.L

h=~9

"? HW.L

natural £low-down B
130 (mortar lining)

a). C =
b) Q= 0.2 m3/sec
c) 1'=3,000 m
d) h=9%m
I =h/l =9 3,000 = 0.03

e)

By usiné the Hazen-William's formula diagram

00 100
10| 0
50| 50
a 0
! 20
10 16
@ 07
306 05
2 _
Y 03
& 02
a1 a
a07 o7
s 05
03 03
a0z 02
Qo1 | a0l
203 501 2 3 570 2% 5

I= {%a0)

Hazen-William's Formula Diagram

Pipe'diameter will be 500 mm (The velocity will be
1.2 m/s in this case.)
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(Example 6.2] Determination of Pump Type

1)

2).

Design data

‘a) Planned treatment capacity =,2,000,m3/day
b) H.W.L,. of receiving well = 159.0 m .
¢) H.W.L. of river intaking = 148.0 m
d) L.W.L. of river intaking = 139.0 m
e) Distahce between intake to

treatment plant o . = 3,000 m

f) Diameter of transmission pipe 300 mm-

Dimensions and typé of intake pump can be
determined in the following procedures.

Calculation ' _

‘Planned intake quantity = 2,000 x 1.1 =
2,200 m3/day’
= 0.025 m3/s.

Hydraulic gradient (I} will be 0.42% in case
that C-value is 140, referring from Fig. E-5.
. 3,000 oo |
* Friction loss = 0.42 X g~ =1.26 m
: ? ' -
* Actual head = 159.0 - 139.0 = 20.0 m
* Other head losses _ - m2,0m
Total head '

fl

=it~

24,0 m

Number of pump is two (one is ordinary, another
is stand-by.

The capacityﬁof a pump-is 1.5 m3/min.
Therefore, the required pump'w111 be a single-

suction centrifugal pump (H = 24.0 m, Q = 1.5
m3/min), referring from Fig. 4-3. )
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[Example 6.3} Determination of the Capacity of
: Distribution Facilities '

1) Population served (.coceeansssacss 16,000
2) Daily maximum demand, 16,000 x
S 150/24 = 100 m3/h
3} Hourly maximum demand ....cceeeses 150 m3/h
4) Quantity for fire-fighting ....... 30 m3/h
5) Planned quantity for distributing water
- 100 + 30 = 130 m3/h < 150 m3/h
6) -Capacity of storage reservoir ,
Referring from Appencix H, the capacity of
storége'resérVOir will be 6 hours water demand
of daily maximum. Therefore, 100 m3/h X
6 h = 600 m3 |
7} Capacity of elevated tank
Referring from Appendix H, the capacity of
elevated tank will be 2 hours water demand of -
the daily maximum. Therefore, 100 m3/h x
2 h=200mn3
8) - Capacity of ‘distribution facilities
a) Population .eeevecevenes ceene 16,000
b) 'Hourly maximum water demand
per capita cecicecencersannnas 225 1/c/d
" ¢) Water supply level .......... House connec-
tion )
d} Planned water pressure....... 1.0 kg/cm2
e) Height of elevated tank ..... 18.0 m
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[Example 6.4] Hydraullc Calculatlon of Plpellne
Networks

1) Design-data

% 4.50/ sec

0.30{/sec

Note: C-value will be 140 for all pipelines.

Fig. S6~1. WNetwork Pipeline Head Method

The hydraulic calculation of the pipeline will bhe
made by the contact hydraulic head method.

For the pipeline as shown in Fig.S6-1, the
hydraulic will be calculated repeatedly. Number
of pipelines is 5, number of contacts is 4, number
of distribution plant is 1. Pherefore, there will .
be five water flow equations and three dimensions
linear equation. '

a) First trial

‘The dynamic hydraulic pressure (hy) at
contract is known, h; = 40.0 m.

h2, h3, h4 is assumed to be 39.0 m, 38.0. m
and 37.0 m, respectively.
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“(km+ku+ka)‘hz+(ku'hr+km'h3+ku°h4)=Qz
- (kg +Kaptkyy) « hy+ (kg » h:‘*‘ka;j. +hy+ky = by ) =Q,
' - (Keptky )_ * h4+.(k42 « hyt+ky e hy)=Q,

.k,a_'kz.-o 27853 C »Dyp 283 054+ | b, [ 048
=0, 27853><1d0><0 100 m><400‘°“>< |4oo -390 |0
=0.0036 2
K=k, =0,27853 X 140.X 0.075 #53 X 50075 x | 40.0 —38.0 [04¢
=0.0011 | " -
k =k, =027853% 140X 0.075 #53x 300-%5¢x | 39.0 ~38.0 |4
=0.0020 :
ka=k2=0.27853 X 140 x0.075 282 ><500'°=H X | 39.0-37.0 [
=0.0011 -
Kye=kqg=0.27853 X 140 X 0.075 253 X400 x | 38.0 ~37.0 [***
=0.0017 - :
Q. =0.001rrf/sec; Qs =0.0005 alSec, Q,=0.0045 m5ec
Rearrangé by substltutlno these flguers into the equation.
~0.0067 ty + 0.0020 hy+ 0.0011 h, = — 0.1430
0.0020 h, ~0.6048 b, + 0.0017 h, = — 0.0425
0.0011h, + 0,0017 h, — 0.0028h, =  6.0045

by solving this,
2-—38.845'“. h 1=38.325™, h,=36.922™

Accordingly, . :
| 38.845 —39.0 { =0.155>0.001 -+ NO
| 38.325-38.0 | =0:325>0.001 -eeeeee NO

| 36.922-37.0 | =0.078>>0.001 +++---- NO

(b} The second trial-

Kz =K, =0.27853 % 140 X 0.100 %53 X 4007054 x I 40.0 —38.845 l-o 48
=0.0034

by the same way . .
k 1=ky=00012, k -kag—oooz'r kz‘akﬂ = 0.0011

ki =k 3=0.0014
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~0.0072h,+0.0027 hy+0.0011.hy=—0,1350
0.0027 h; —0.0053 h, +0. 0014h ~—0 0475
00011h +0.0014 by, —-0.0025 b= .0045
by golving this equation

h,=38786, h,=38.440, h,=36.792

| 38.786 ~38.845 | =0.059>0.001 ="+ NO
| 38.440 —38.325 | =0.115>0.001 ==~ NO " -
| 36792 36922[-—0130>0001 --------- NO

- (€) The 'third trial"
Kyz=ky =0.27853x 140 X0. 100”3x400°“x [400 38. 786 |'MG
=0.0033
_ by the same way
km—kn—oomz ko3 =ky,=0.0032, ka-kn—ooon
' ky=k=00013 .
—0.0076, +00032h +ooo11h ——01310--
0._003211_?0_00 7hy+0.0013 h..?.—O_.Otl'Ia
0.0011 h,+0.0013h,—0.0024h,= 0.0045
- h;=38.743, By=38457, h,=36713

| 38.743 ~38.786 | =0.0432>0.001 +é+-re NO
[ 38.457—38.440 | =0.017>>0.001 =+ NO
| 36.713-36.792 | =0.079>0001 =~ NO

(d] The fouth trial
kz“[’\z;“00032 klg—kn—OOOlZ K —k32~00035
Ko=k,=00011, Ky =k=0.0013
~0.0078 h, +0.0035 hy+0.0011h,=—0.1270
0.0035h,— 00060h3+00013h =—0.0475
00011h2+00013h -00024h =.-0.0045
-38708 h,=38.446, h,=36691

| 38.708 —38.743 | =0035>0.001 e NO
| 38.446 —38.457 | =0.0112>0.001 +-ereee- NO
| 36.691—36.713 [ =0.0222>0.001 ++=ere NO

(e) The fifth trial -
Kigmk = 00032, ko= =0.0012, k23=k32—00037
K=k =00011, Ky=ky=00013 o
~0.0080h,+0.0037 h3+0.0011 b, =~0.1270
0.0037 h, —~0.0062 hy+0.0013 b, ==0.0475
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