ET
1406

PRELIMINARY DESIGN
OF
SEWERAGE SYSTEM FOR HEBRON, JORDAN

By

Salyed Hssan Akhtar

A Thesis

Submitted to the School of Engineering
American University of Beirut in par-
tial fulfillment of requirements for
the Degree of Master of Engineering
with major in Sanitary Engineering.

Beirut
April 1965 Advisor: Prof. Samir El-Khouri.



ACKNOWLEDGMENT

The author wishes to express his deep sense of
gratitude to his sdvisor and chelrman of his Thesis
Committe, Professor Samir El-Khuri for his able guidance
and constructive criticism made during the study of
this proj)ect. In fact, it would have been a difficult
Job to complete the study, had the writer not received
the whole-hearted cooperstion of his advisor in all
stages of the work.

The author 1s also grateful to the Assoclated
Consulting Engineers, Beirut, and their staff, special-
ly Messrs Sami Alamuddin gnd G. Misha'llani, for their
cooperatlion in furnishing useful information for the
project.

Thanks asre also due to Professors Edward S.
Hope, ¥halll Malouf, S.Deeb, and A. Vogt for their
cooperation, criticism and guldance in the finalliza-

tion of this work.

Salyed Hesen Akhtar

11



Chapter

TABLE OF CONTENTS

I. INTRODUCTION . voav svvwwooinssnesssiss r

Historical Background

Geographlcal Location

Living Nuarters

Topography

Climate

Water Consumption - Present & Future
Existing Sewsge Disposal Facilities
Tndustries

II. POPULATION ESTIMATES - PRESENT & FUTURE..

Design Periocd

Source of Date

Present Population

Future Population

Present and Future Population Densi-
ties

III. SEWERAGE SYSTEM ........ A ETILIE L -%

(A)
()
(c)
(D)

Type of Sewerage System
Material for Sewer Construction
Design Criteris

Design of Sewers

111



Page

I. Design of Sewer Network
II. Deslgn of Storm Water Sewer

(E) Manholes
v SEWAGCE TREATMENT WORKS ........ . 61

A. General Feastures

Period of Design

Extent of Treatment

Composition of Sewage

Quality of the Effluent
Location of the Treastment Plant
Type of Treatment

B. Primary Treatment

(a)
(b)
()

Scereens
Orit Channel
FPrimary Sedimentation Tank

C. Secondary Trestment

(a)
(v)

Trickling Filter
Final Sedimentation Tank

D. Sludge Treatment

(2)

(b)
(e)
(a)
(e)

(f)
(g)

Tolume of Sludge to be digested
Daily

Period of Digestion

Type of the Tank

Method of Stirring

Method of Adding and Removing
Sludge snd Supernatant

Type of Cover

Method of Gas Collection

E. Recirculation Pumping Station

(a)
(b)
(e)
(a)

Wet Well

Dry Well

Control Room

Pumnping Units and Pressure Sewer

iv



(e) Design of Pumping Ststion
(f) Size of Pressure Sewer
(g) Charscteristics of Pumps
F. Hydraulics of the Treatment Plant
G. Sludge Disposal
H. Sewage Flow Measurement Device
I. Chlorination
J . Leboratory Office Store and Workshop
\'J COSTING AND ESTIMATING .......c00.0.. cesse
BIBLIOGREPHY oo vieais 66 0.5 5056 wios o oe b e wieas s ey
APPENDIX I - Sewer Network Design Tables

APPENDIX TI- Drawings



Table

LIST OF TABLES

Growth and Distribution of Population
in Jordan in 1952 and 1961

Number of Persons in families in the
years 154 and 1963

Table showing number of births and
deaths In Al-Khalil Municipal Area

Number of School-going children in
the city of Hebron

Present Population Density in Hebron
Future Population Density in Hebron

Design of Trickling Filter with various
recirculations

vi

Page

11

13

1k
21
21

o4



LIST OF DRAWINGS

Drawing

1 Present Population

2 Future Population
3 Sewer Lines and their Aress
h Storm Weter Sewer

5 Time Area Graph for Storm Weter Sewer Design
6 I-Section of Main Sewer A to E

7 1-Section of Main Sewer F&G and K
8 L-Section of Main Sewer H, I and J
9 L-Section of Trunk Sewer

10 L-Section of Trunk Sewer

11 I-Section of Storm Water Sewer

12 Layout of Treatment Plant

13 Hydrauliec Profile of Treatment Plant
1 Grit Chamber

15 Primary Sedimentation Tank

16 Trickling Filter

LY Pinal Sedimentation Tank

18 Sludge Digestion Tank

19 Sludge Drying Beds

20 Recirculation Pumping Station

vii



SYNOPSIS

The design of a sewerage system for the towm of
Hebron in Jordan has been undertaken in partial fulfill-
ment of the requirements of the degree of Master of
Engineering with major in Sanitary Engineering.

Hebron possesses the problem of having old and
modern bulldings with narrow streets in most part of the
ton. It has at present s population of 38,000 persons
with different population densities in different aress.
The population is increasing =t a faster rate and it 1is
anticipated that within the next fifty yeers it would
be doubled. The water supply system is insdequate and
provides 30 litres per caplta per day only. A new
water supply system was prepsred by "Brown Englneers
International® in 1960 at the rate of 75 l.p.c.p.d.

A new distribution network at this rete has been
designed by the Central Water Authority and is expect-
ed to be executed soon. The teown has no proper sewer-
age system and sewage disposal facilitles. The Assocla-
ted Consulting Engineers, Beirut, were asked by the

Munieipal Committee, Hebron, to make a preliminsary
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study for the sewerage system in June 1964. The study has
been made by the sald firm and report has also been submit-
ted. Fortunately the author of this thesis was assoclated
with the preliminary study of the project vhile he was
under treining with the Associested Consulting Engineers
in summer 1964, The present study is, therefore, based
on the work done by the author for the preliminsry study.

The town has a falrly steep topography and, there-
fore, the sewerage system of the town has been made on
gravity flow basis. As the storm water easily collects
in the valley and can be disposed of in loceal depressions
out of the tovn without causing any nulsance, a separate
system of sewers for the sanltery and storm water has
been designed. This 1s economicsal as well ag ideal from
mg intenance point of view.

The per caplta water consumption being wvery low,
the sewesge 1s highly concentrested and has a BOD of 2000
p.p.m. It is expected to improve to 975 p.p.m. with the
increase in water consumption from 30 l.p.c.p.d. to 75
l.p.c.p.d. An efficient sewage treatment plent which
can handle the high concentrated sewage for a population
of 75,000 persons at a low operating cost is therefore

required. Since the town does not have a proximity to



sny body of water in which the final effluent may be dlsposed
of, the dispossl of the effluent 18 necessarily to be made
on land, and the BOD of the effluent sufficiently reduced

g0 as to make it inoffensive. A conventlionsl treatment

plant comprising of grit channels with bar racks, mechani-
cally cleened primary sedimentation tanks, high rate trick-
ling filters with rotsry Aistributors and final sedimenta-
tion tenk has been proposed. The sludge will be digested

in sludge digestion tenk and drled on sludge drying beds.

It is proposed to reduce the BOD of the effluent to 50 p.p.m.
and utilize it for irrigetion of crops as such lsands are
avallable nearby. The treatment plant has been proposed

at & sufficient dlstance away from the towm (i.e. 2200
meters) so that the odours, if any, from the trickling
filter will not reasch the town.

The design of the treatnent plant units have been
worked out for the present population as well as for the
anticlipated population so that only the required nmhits are
constructed initielly. This will not place any undue
financ lal burden on the present population as well as fore-
stall poor opereting results in the early years because of

otherwise oversized units.

The design of the sewers has, however, been made



for the anticipested vopulation since the capaclty of these
cannot be increased. Moreover, the minimum size cof the
sever has been adopted as 8 inches whilech 1s sufficient

for 211 the main sewers due to the high slopes.

The drawings for the I-sections of 211 main sewers
and the trunk sewer as well as for all the units of the
treatment plent have been drawn end are enclosed 1in the
Appendix. The drawing for the layout of the treatment
plent, the locstion of the treatment end the hydraulic
proflle heve also been prepared.

The aonroximate quantities for the work to be done
has been worked out and the cost determined. The whole
project 1s estimeted to cost about 379,000 Jordenian Dinsrs
(equivalent to $ 1,010,400) for a population of 75,000
persons, or $ 13.50 per head for the totel enticipated

populstion.
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CHAPTER I
INTRODUCTION

(a) Historical Background

Hebron 1is one of the oldest cities of the world.
Historians state that it was bullt in 1700 B.C. and that
David governed the city for more than seven years. Later
it was burned by the Romans, destroyed by the Persians,
eand when conquered by the Moslems, 1t became one of the
four sacred cities of Islam and again knew great prosperity.
Then came the crusaders and wes retaken by Salahuddin in
the yeer 1187, and finally occupied by the Allles in 1917.
Today 1t 1s the seat of government of the southern dlstrict
of Jordan's West Bank.

The Prophet Abraham, as mentioned in the Bible,
lived in Hebron near the Oask Tree which 1s known by his
name even today. The chlef monument of the town is the
Mosque of Abraham, still bearing its Arabic name of Haram-
al-Khalil, and it is the main attraction for the tourists.
Other important touristic and religious features are the
Ramah mosgque and the Russian church.

The position of Hebron before the year 1948 on

main road commecting Jerusalem with Beer Sheba, Gaza and
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Cairo made it a main touristic and commercliasl centre and a
pilgrimage station. An indlcation of the Lmportance of Hebron
as a pllgrimage station was the construction by the Sultans

of a lerge pool of about 30,000 cubic meters capacity for

the pilgrims to drink water on thelr way to Hijaz.

(b) Geographical Location

The city of Hebron is located at a distsnce of ul
kilometers southwest of Jerusalem, and 35 kilometers south
of Bethlehem. The asphalted road connecting all these cltles
passes through rich and rolling country planted with olives
and grapes, stands of government-planted pine, orchards of
applfes, pears and almonds.

The city lies between an elevation of 850-900 meters

above geal level and covers an area of about 3000 dunums.

(¢) Living Quarters

The city of Hebron consists of mixture of 0ld and
modern bulldings. The old city which is disttinguished by
thelr narrow roads, covered alleys and joint dwellings 1is
thickly populated. It has 75 percent of the population in
only one-fourth of the area of the city. The modern build-
ings are scattered in the north-western part of the city.

These are surrounded by gardens and connected by wide roads.

(@) Topography
The centre of the clty is crossed by a wide valley



at which the north-eastern and gsouth-western hills meet.
The valley forms the natursl water course for the storm
water flows as shown in drawing No. 3.
The Hebron municipal area consists of mesozolc
rocks which are composed of thin layered lime stone gseperated
by semi-pervious strata. There are faults and cracks through

which the seepage of water into the ground may take place.

(e) Climete

Hebron has a moderate climate and relatively low
humidity. The aversge temperature does not exceed 30 degrees
centigrade in summer and does not go below 5 degrees centigrade
in the winter. The aversge annual rainfall 1is about 600 milli-
meters.

The prevailing winds are western and south-western.

(f) Water Consumption - Present end Future

The eity 1s at present supplied water from the Fawwar
well, situated at a distance of eight kilometers southwest of
the city with a maximum capacity of 1250 cubic meters per day.
Water is at present pumped from this well to the Abu Nuseir
Reservoir through a 5-inch and 6-inch pipe which has been
proposed to be replaced soon by a 10-inch line. The capaclty
of the Abu Nuselr Reservoir is 600 cubic meters and its eleva-
tion is 965 meters above sea level. This reservolr supplies

water to a greater part of the city by gravity. The higher



4

area on the north of the town 18 supplied water through
another reservolr of 600 cubiec meters capaclty and 985 meter
elevatlon.

Other water resources comprise private deep wells
and raw water reservoirs, which sre difficult to estimate.
However, they are only a few and they do not contribute an
appreciable quantity.

The present per caplita consumption based on muni-
cipal supply of 1250 cuble meters per day after deducting
net work losses is thus 30 litres per capita per daye.

According to the report of "Brown Engineers Inter=

nationel"l gna the informetion supplied by the mmicipality
1t is believed that the future water consumption would rise
to about 75 litres per capita per day. A new distribution
network has also been designed at this rate of water con-
sumption by the Central Water Authority Jordan, the execution
of which 1s expected to be started soon.

The future water consumtion rate has therefore been

taken as 75 litres per caplita per day.

(g) Existing Sewage Dispossl Facilities

The exlsting sewage disposal facllitles serve only

the old southern part of the city in the northern part, the

1 wBrown Engineers' Intermational® were asked by the
mmicipal committee to prepare s study of the water
supply of the city. The report was presented in the
year 1960.
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disposal method consists of private septic tanks or
seepage pits.

From the sanitary and engineering point of view
most of the existing net work 1is not sultable. The slopes
are inadequate and lack of maintenance has resulted in accum=-
mulation of stones and dirt in the sewers. Some of the
sewers pass underneath the existing houses and make the
maintensnce more difficult. A greater part of the exis ting
gsewers are broken and uncovered which causes the spread of
mosquitos, flies etc., and therefore uhealthy conditions.
The dirty water from these sewers 1s used by some of the
inhabitants for irrigating vegetables which helps further
in spread of diseases such as typholid and dysentry.

For the above reasons, the existing network is
recommended to be disregarded eand a new well designed sa-
nitary sewerage system which is the subject of this s tudy
is to be provided.

(n) Industries

There are few industries in Hebron which are very
small. Those worth mention include two tanneries, a tomato
canning industry, and a slaughter house. The flow from these
industries is very small and is not likely to affect the
design.



CHAPTER 1II

POPULATION ESTIMATES -~ PRESENT & FUTURE

One of the principal factors for determining the
estimates of the quantity of dry weather flow 13 the present
snd the future populatlon. It is an obvious fact that as
the population increases, the use of water and the disposal
of used water incresses. Thus in order to plan properly for
the disposal of used water, sanitary engineers must be aware

of present as well as expected future population.

() Design Period

For determining the expected future population, a
decision is to be made as to the length of time or period
the improvement should be made to serve the coomunity before
1t is abandoned or enlarged by reasons of inadequacy . This
decision 1s known as period of design or design period, and
depends on the following factors:

(a) Probable growth of the community.

(b) The useful 1life of structure and equipment employed.

(¢) The initial cost of the work snd available funds.

(@) The difficulty of relieving the system when 1t
becomes over taxed and the inconvenience to the

public caused by the construction of the sewers

in the streets.



(e) The carrying charges of the sewers having sur-
plus capacity and the difficul ty of maintenance
due to the small flows in large sewers till the
system is not loaded to capaclty.

(f) Water consumption at the end of design period.

Of the above factors, the probable growth of the
community 1s the most variable one. It depends on many fac=
torg such as degree of industrialization, mavallabillty of
transportation facilities, local zoning ordinances, areas
available for develoﬁment, initiative shown by city agencles
in planning for future developments and in attracting new
industries, national trends in both birth and mortality,
shifts of population between urban and rural communities,
and installation of sewerage system or water supply facllities.

The other factors are also difficult to be predicted
accurately. Thus the estimates of the future slze and the
requirements are attended by uncertanity and it 1s usually
not sdvisable to predict designs upon estimates of conditions

which may exist for more than 30 to 50 years.

A design period for 50 years has, been adopted for
the city of Hebron for the following reasons:

1. The city of Hebron being an old and densely
populated, is believed to reach saturation within fifty years.
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The further increase in population, if sny, after 50 years
will not be accommodated within the existing municipal

1imits, but an outside development will be required for it

2. The saving, if any, due to short design period
w111 not be appreclable as there will already be sufficlent
reduction in the sizes of the sewers due to high slopping

grounds .

3. The perilod of 50 years 1s reasonable as useful
1ife span period for most of the materials which will be

used in the work.

4, Small flows in the initiasl s tages will not
reduce the velocity beyond the minimum allowable, as the

favourable slopes are avalilable.

(b) Source of Data

The primary source of population date are the past
census records. These are available only for the year 1961
when the first census of the town was made. The population
of Hebron according to this census 1s 37,869 persons. Prior
to this, the census was made districtwise in the year 1%2
which gives the population as shown in table No. I. The

figures for the district of Hebron are as umder:

1%2 125,651 persons
1961 119,861 persons



GROWTH AND DISTRIBUTION OF POPULATION IN JORDAN

Table I

1952 and 1961

Administrative Population Population 9 ngi
Area in in Increas
1952 1961 “‘03251
1952
Whole Country 1,329,174 1,691,123 + 27
Amman District 218,165 41k, s5h1 + 10
Balga District 64,926 70,431 + 8
Ajlun District 213,877 271, 822 +_ 27
Karak District 60,556 65,916 + 9
Ma'an District 125,651 119,861 -5
Jerusalem District 301,402 343, 96U + 14
Bethlehem Sub=-Div. 56,677 56,344 - 1
Jerusalem Sub-Div. 85,550 110,005 +_ 29
Ramalah  Sub-Div. 110,076 113,691 + 3
Jericho  Sub-Div. 40,099 63,924 +_30
Nablus District 315,236 342,155 + 12
WEST BANK 742,289 805, 980 + 9
EAST BANK 586, 885 885,143 + 51

Date obteined from the Preliminasry Report for Sewerage
of Hebron Town made by the Assoclated Consulting Engineers,

Beirut, Lebanon.
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These figures show that the population in the
district has decreased at the rate of 590 persons per year,
whereas local authorities and residents of Hebron city think
otherwise. The studies were, therefore, made by taking the
loeal statistics for 38 familles from different quarters of
the city+' The results of these counts as entered in table
No. 2 show that the number of persons in the 38 families
have increased from 222 to 27% within the last ten years.
Thege families being chosen from different quarters, and
different stendards of living are assumed to be represen-

tative for the whole city.

The statistics were also taken for the death and
birth rate in the town, and the number of students in the
school, end are shown in tables No. 3 and 4, These figures

also shown an increase in populatione.

Thus the decrease of population in the district of
Hebron 1is not attributed to the decrease in the populaticn
of the city but to the small villages due to the following

reasons .

1. Immigration of population from villages to
big towns like Hebron, Ammen, Jerusalem, for want of Jjobs,

1+ gpe statistics were collected by the engineers of the

Associated Consulting Engineers Beirut for making a
prelininary study of the project.



TABLE No. 2

TABLE SHOWING NUMBER OF PERSONS IN FAMILIES
IN THE YEARS 1954 AND 19631

No. of members No. of members
S:No. in year 1954  in year 1963 Births Deaths Immigrat.

1 7 8 2 ~ 1
2 7 4 - 1 2
3 5 5 - - -
4 9 13 4 3 -
5 6 2 - 2
6 8 1 - - 4
7 - 3 1 - -
8 3 10 7 L -
9 7 10 3 - -
10 6 11 5 - -
11 8 8 2 - 2
12 9 7 - - 2
13 8 10 3 3 -
L 2 I 2 - -
15 5 9 4 - -
16 6 3 - - -
17 5 7 2 - -
18 2 6 4 - -
19 2 10 8 - -
20 10 20 10 - -
21 3 6 3 - -

11
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Table 2 continued

Yo. of members No. of members
S.No. in year 154 in year 1963 Births Deaths Immigration

22 10 2 - - 8
23 4 8 b - -
24 2 2 " & -
25 3 3 ~ - =
26 31 18 7 = -
27 9 12 5 | 1
28 10 12 2 - -
29 3 3 1 1 -
30 7 7 - - -
31 8 5 - 1 2
32 5 7 2 - -
33 3 5 2 - -
34 3 5 3 1 -
35 5 6 1 - -
36 5 6 ;| - "
31 8 I - 1 3
38 8 12 ) - -
Total 222 o8l oM 71 27

Average Number of persons per family = g%

=7

1, Data obtained from the Preliminary Report for Sewerage of
Hebron Town made by the Associated Consulting Engineers,Beirut.




TABIE No. 3

TABIE SHOWING NUMBER OF BIRTHS AND DEATHS
IN AL-KHALIL MUNICIPAL AREAZ

Year Number Number Increase
of Births of Deaths
1954 1763 504 1259
1955 1873 67 1226
1%6 1878 416 1462
1957 1920 529 1391
1%8 2063 488 1675
1959 1829 436 1393
1960 2303 316 1987
1961 1950 483 1467
1962 2562 385 2177
1963 2376 Lok 1972
Total 20,517 L5508 16,009
Number of births per year = 2052 persons
Number of deaths per year = U451 persons
Increase in population per year = 1601 persons
1+ Ipta.

13



TARLE No. U

TABLE SHOWING THE NUMBER OF SCHOOL GOING
CHILDREN IN THE CITY OF HEBRON'

No. of No. of
Academic Year Boys Girls
1954~55 4249 2030
1955-56 4545 22132
19%56-57 4929 2462
1957-58 5123 2586
1958-59 4928 2631
1959-60 4865 267h
1960-61 Lgol 2631
1961-62 1996 2741
1962-63 5207 2872
1963-6M 5471 3082

1. 1pia.

14
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education and other amenities of 1life which are usually not

evailable in smaller places.

2+ The available agricultural resources, which are

not enough to satisfy the need of the people.

(¢) Present Population

The present or the current population is in 1t-

gself a population projection from the last census.

Because the net population change during any single
year usually constitutes only a small percentage of the total
population, it 18 frequently satisfactory when estimating
the population for the first two or three years following
a census, to add the census year population a sum equivalent
to the estimated population increase during the equivalent
time period immediately preceding the censug. Since only
one census figure is available for the city, the population
increase preceding the census cannot be estimated, and the
method can not therefore be applied.

The other methods such as the "School Attendance"
method which 1s based on the records of number and age of
children born prior to, and since the last census and the
"apportionment method," which is based on the assumption
that the city shares the same ratio in the increase or
decrease of state population as 1t d4id in the previous year

or years, are also not helpful due to the non availability
of records.
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The present population cannot therefore be estimated
accurately by any of the methods. However, since the met
population change during the short period of three years
after the census will not be apprecliable, and the design
of works are to be made for the population after fifty years,
the present population can justifiably be taken as 38, 000
for the design.

(d) Future Population

There are many forecasting techniques which are
used by sanltary engineers for predicting the future
population, but each of these require sufficient past records
of population which are not avallable in the event of clr-
cumstences, therefore, the use of V.B. Stanbery's sugzestion
that in the sbsence of data and analysis, the arithmetle
and geometric projections might be used as probable minimum
and maximum forecast has been made g The population for the
past year of 1951 has been estimated with the use of local
statistics and the curves for the fixed yearly increase and
compound yearly increase have been plotted. Since these
curves are based on a constant rate of increase, and do not

lead to an accurate result, they have been modified a ccording

l. g M. Frederick "Population Forecesting by Sanitary Engineers"
Journal of the Sanitary Engineering Division, A.S.C.E.,
Vol. 90, August 1964, p. Wk,
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to the logistic method. The rate of increase in population
while reaching the saturation has been progressively slowed
down by assuming that the decline of population after the

high rate will start in the year 1980. The following three
graphs based on different statistics have been drawn so that

a justified figure may be ascertained.

(1) Tncrease of Population in Relation to Local Statistics

According to the local counts for 38 families in
the different quarters of the clty as ghown in table No. 2

the population of Hebron in 1954 1s estimeted as under:

Population of the families in 1964 = 274 persons
Population of the families in 1954 = 224 persons
Population of Hebron in 196H

38,000 persons
Therefore population of Hebron in 1954 = 222 x 38,000

= 31,000 persons

Linear annual increase = 700 persons

Compound annual increase = 2.1%.

On this bastis the graph No. 1 has been drawn. It
will be seen that the population at the end of design period
varies between 67,000 and 80,000 inhabltents.

(11) Increase of Population in Relation to Increase in

Number of Students
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Table No. 4 shows that the number of students in
the school have increased from 6279 to 8553 during the last
ten years. This gives a rate of increase of 2274 students.
Applying this rate of increase to the whole population, the

population in 1954 is worked out as:

6279 x 38,000 = 27800 persons
8553

Linear annual increase = 1020 persons
Compound annual growth = 3.2‘!

Baged on this figure the graph No. 3 was drawn which shows
the population at the end of design perlod to vary between
75,000 and 88,000.

This gives & 1little high figure which is due to the
fact that the education is increasing at a higher rate than

the population especially in uder-developed countries.

(111) Increase of Population in Relation to Increase

in Population in Jordan

The table Noe 1 showg: thet the population of
Jordan hes increased from 1,329,174 to 1691,123, thus giving
a linear annual increase of 36,200 personss. The compound .
annual growth is worked out as 2M4%, Applying these rates,
the graph No. 3 is drawn which shows the populs tion to vary
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between 69,000 and 82,000.

It 18 concluded from all the three graphs that
the population of Hebron atf the end of design period will
vary between 67,000 snd 87,000 persons. An average figure
of 75,000 inhebitants in the yesr 2014 will be justifiably

used as a basis for the design.

(f) Present & Future Population Densitles

According to the records of the Department of
Stetistiecs the city has different population densities
in different areas, as shown in the drawing No. 1. A%
the rate of these population densities, the total present
population of the city 1s worked out as 32,000 as shown
in table No. 5. The balance population of 6000 persons

dwell in the areas surrounding the cltye

The future population densities of the town are
not expected to follow the same pattern j.e+ they will not
increase in proportion to the present population densities
but will decrease in the aress which are st present most
densely populated and rise in the sreas which are at present
less populated. This will be due to the simple reason that
as the time will progress the people will shift from the
01ld quarters to the newly and better developed areas for

want of better living.
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The forecast of future densities of population and

as shown in table No. 6 epd drawing No. 2,
This

their areas,
have thus been made on the basis of 75,000 persons.

also includes about 12,00 inhabitants who are expected to

dwell in the areas surrounding the clty.
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TABLE No. 5
PRESENT POPULATION DENSITY IN HEBRON *

Section Area in Density of Estimated
Dunums Populat ion Population
A 1431 U 5, T2l
B 461 7 3,227
c 723 18 13,014
D 148 25 3,700
E 8l 46 3, 864
i 15 65 965
G 8 190 1,520
‘Total 2,870 32,024
Add number of persons living in the areas
surrounding the city 6,000

Total Population = 38,024 persons

TABLE No. 6

FUTURE POPULATION DENSITY IN HEBRON IN THE YEAR 2014

Section Area in Density of Estimated

Dunums Population Population
A 1511 12 18,132
B 314 20 6,280
c 31 35 32,585
D 258 65 16,770
Total 73,767

Add number of persons living in the '
areas surrounding the city 1,233
Total population 75,000 persons

1. pata obtained from the Preliminary Report on "Sewerage
System for Hebron Town" made by Associated Consulting
Engineers, Beirut, Lebanon.
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CHAPTER III
SEWERAGE SYSTEM

A well designed sewerage system is one of the vital
public utilities which makes the way of life modern. It per-
forms the function of collecting water-borne wastes of
domestic, commerciel and industrial origin and of storm wa ter
flows for conveyance to point of discharge or disposal. In
order to adopt the adequate and most suitable method for the
collection, the decision about the type of sys tem should
be made.

A. TYPE OF SEWERAGE SYSTEM

The towns are sewered generally according to one

of the following two systems,l

The combined system, in which the soll sewage and
surface water sewsge are discharged into one sewer which leads

to the sewsge treatment works or point of outfall.

1. A thira system which 1s the partially separate system

is a compromise of the separate snd the combined systems.

In this system, the greater part of surface water for example
the water from the road surfaces and the front portions of
house roofs etc., is dealt with by the surface water sewers,
vhile a portion of surface water for example that which 1is
discharged by the backyards of houses and back parts of roofs
is passed to the soill sewers. This method is not in use now
ags it 1s prectically difficult to be adopted.

25
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The separate system, in which the soll sewage 1s
carried by an individual system of sewers, while the surface
water is carried away either by a number of local systems

or by separate sewers.

Each one of the systems has 1ts own merilts and
demerits and therefore the question whether the sewerage
of a particular town should be combined or separate 1s to
be studied on the actual conditions and circumstences which

prevail in the town.

Before we decide about the type of sewerage system
the possibility of conveyance of storm water by surface
drainage should also be studied. Since the topography of
the town of Hebron is such that the centre of the town is
crossed by a wide valley which forms the na tural water course
for the storm water flows, fhero is practically no need to
provide for the collection . of storm water on all streets
and roads. The entire surface run off will reach the valley
easily and can be carried through a surface drain or a main
sewer from the north to the south of the town. A surface
drain will not be suitable in this case as the road is very
narrow and passes through congested areas.

The location of the treatment plant has also an
important bearing on the decision of combined or separate
gsevers. The treatment plant has been proposed in the south
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at a distance of about 2600 meters from the end of town, 80
that the prevailing wind which 1is gsouth-west does not bring

the foul smell and odour to the town.

Keeping in view the above two points, the separate
system is proposed and recommended for the town of Hebrom
due to thelfollowing advantages!

1. Storm water being in-offensive does not require
treatment and can therefore be disposed of in local depre-
gsions out of the town, thus making a saving in the cons-
truction as well as in the operation and maintenance cos t
of the treatment plant. A further saving in this case will

be in the length of storm water sewer required.

It 1s easier to finance the two systems separately

because of less finances required at one time.

3. Some of the storm water flow can be taken care

of by the road side gutters.

4, The existing drain which at present carries
the domestic sewsge can be made use of for carrying storm
water for the time the city 1s incapable of providing funds

for the construction of storm water sewer.

5, Self-cleansing velocity can be attained as the size
of the sewer in separate sewer needs to be made no larger
than necessary to take the peak rates of soll flow, 1t 1s
usually unpracticable to design a combined system, with
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adequate capacity for the storm water run off which will
algo be self clesnsing at the minimum dry weather flows

of sanitary sewage.

6. The rainfall in the area is very little. The
combined sewer and treatment work if designed, will rum
underloaded for the entire year except for a short duration
of storm. Thus it will be under constant danger of clogging
and choking.

(A) MATERIAL FOR SEWER CONSTRUCTION

The selection of material for sewer construction

depends on the following factors.

1. Flow characteristics = frictional coefficient

2+« Life expectancy and use experience

3+ Reslistance to scour

4, Resistasnce to aclds, alkalis, gases, solvents etc.
5. Ease of handling and installations

6. Strength to resist structural failures

7. Type of joint - watertightness and ease of assembly
8. Availablility and ease of installation of fittings

and connectlions )
9. Avallability in slzes required :
10. Cost of materisls, handling, and installations,
It 1s evident from the above thet no one material will meet
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all requirements and conditions encountered in sewer
design. The most suitable materiel for the particular
application 1s therefore to be selected after gilving

proper consideration to most of the foregoing factiors.

The following materials are used for sewer

construction.

l. Concrete plpe

2s Vitrified-clay pipe
3. Asbestos-cement pilpe
I, Cast-iron pipes

5+ Brick masonary and monolithic concrete sewers.

Out of the above cast iron plpes are not
locally avsilable and sre costly. Moreover, such plpes
are subject to corrosion by acid or highly septic sewage
and by acid solls. These are therefore not suitable for

useé In ordinary gravity sewers.

Brick masonary was used when concrete was not
in existence. Becsuse of high cost, lack of durability,
it 18 also not sultable for sewer construction except in

special applications.

Cast-in-place sewers of reinforced concrete are
used when the required size which 1s usually very large
is more economical than pre cast pipes, or when a speclal

shape 1s required. Since in our case neither of these
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conditions exist, such sewers are also not sultable.

The pipe materials which can be considered for
our case are therefore concrete, vitrified-clay and
asbestos-cement. The vitrified clay pipe and asbestos-
cement are available only up to 36 inches diameter (or
42 inches in the case of vitrified clesy pipe) and hence
can not be used for storm water sewers which will require
larger sizes. The concrete pipe will therefore have to

be used for storm water sewer.

The other pipe materials i.e. vitrified clay or
asbestos-cement pipe though can be used in sanlitary sewer
but the concrete pipes will also be more suitable for the
sanitery sewers due to the following ressons:

1« It hes strength to resist sewere compacts
and sustain heavy overburdens. The Concrete cradles will
therefore not be required.

2. Long laying lengths and the rapidity with which
the trench may be opened and backfilling made.

3+ Its self healing property as a result of which
the small ceracks will heal in the presence of moisture
and become stronger than before .

I, Many types of jJoint designs are available
depending on the degree of watertightness required.

5+ PFilttings of the same shapes and for the same
purposes that are obtainable in clay are also available,
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6. There 18 no possibility of corrosion as
gsufficient velocities are available to prevent the sewage
from becoming stale and septic, as well as to prevent the
sludge deposit. There are also no chances of acid formation
becsuse the sewage will not remain in the pipe for a long
time .

7+« The erosion 18 also not expected as the velocltles
are generally within the allowable 1imits. In the lengths
where velocities will be excessive, the protective lining
of clay linear blocks will be provided.

8. The concrete pipe are avallable locally.

C. DESIGN CRITERIA

The function of a sewer is to recelve sewage storm
water or other liquid wastes and to transport them from one
location to the another. It must be therefore deep enough
to receive the flow from its source. Its size and slope or
gradient must be adequate for the minimum end pesk flows to
be carried. The slope must be sufficient to avoild deposition
of solids. These and other such details form the design
criteris for the sewerage system and are very important to

be considered while designing the system.

(a) Minimum and Peak Flow of Sanitary Sewage

The first criteria in the design of a soll sewerage

system 1s to estimate the minimum, aversge and the maximum
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rates of flow to be expected from the various components

areas to be dralned.

Since the soill sewerage is primarily a used water
supply, the dry weather flow is very similar in quantity to
the minimum, sverage and maximum rates of water consumption ,
¥t varies continuously not only with the time of the day,
but with the day of the week and the seasom of the year,
with extreme flows occurring between 2 and 6 a.m. in the
winter, 2nd peek flows occurring during day light hours
in the summer.

Since the records of existing sewerage system or
water supply system are not avallable, the estimates of the
sanitary sewage component of the minimum flows or the peak
flows, and the exact or definite relationship between them
cannot be made. The decision will therefore have to be
made according to the standards set by different authorities
in these respects.

Meny state regulatory sgencies (14 out of 38 state
boards of health) have set rates of 400 gallons per day per
caplta for laterals and 250 gallons per day per caplta for
trunk sanitary sewers as the minimum acceptable design flow
rates where no actual measurements or other pertalnent data
available.l The peak flow rate in the trumk sewer is less

1 A.8.C.E. & W.P.F.C. Manual on "Design snd Construction
of Sanitary & Storm Sewers", Washington D.C. 1960, p. 27.
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than in the laterals or mains because the peak 1s not
attained in all the sections of the town at the same time,
due to difference in habits of the people in different
sections. These retes heve been set on the basis of per
caplta water consumption of 100 gallons per day which is
usual in the United Stetes. In our case since the water
consumption 18 less therefore only the ratios will be used.
The minimum flow 1s usually teken half of the average

daily flow. The criteria will therefore be as under:

Peak flow in laterals = U x Average dally flow
Peak flow in main sewers = 2.5 x Average dally flow
Minimum flow in all sewers = 0,5 x Average daily flow

(b) Selection of Type of Sewer

It is now common practice to use circular cross
section for all sewers upto about 8 feet in dlameter amd
will be followed in this design too. This shape has the
advantage of giving the maximum of cross sectionel area
for the amount of meterisl in wall, convenlence in manu-
facturing of pre cast pipes, excellent dydraullic properties
and less cost of laying vprecast plpes as compared to cast-
in-place sewers. The egg-shaped sewers, which claim
principal adventage of having slightly higher veloclty
for low flows over the circular sewer of equal capacity

will not be of any advantage in our case since the
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velocities are slready favourable due to high slopes

avallable.

(¢) Minimum Size of Sewer

The minimum size of sewer will be adopted as eight

inches because experience shows that

(1) the smaller sewers are liable to become clogged
(11) the difference in cost between small sewers of
different dlameters 1is not so great as the

problem of clogging of sewers and cleanning 1t

(141) 1t cen serve for more period of time.

The minimum depth of sewage in the sewer dAue to
bigger size of 8 inches pipe will not be of concern in this
case as the quantity of flow in the meins, which are few
will not be so less as to cause the velocity less than that
required for self cleansing. Moreover the veloclties which

are sufficiently high will not reduce beyond self clesnsing.

(d) Minimum Velocities

It is & usual practice to design sanitary sewers
with minimum slopes which will produce velocities of 2
f.pss. when flowing full and to design storm drains with
minimum slopes which will produce velocltles when flowing

full of 3 f«pes. This practice 1s based on the experience
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that the velocity of not less than 2 f.p.s. 18 required

in order to prevent settlement of sewage solids when flowing
full. Since this is based on the condition of sewer when
running full, and it ignores altogether the actual flow
which will obtain in a sewer or drain and the corresponding
depth, the practice often results in deposit where the
actual flow 18 much less than the full capacity of the
sewer. The sulfide build up 1s also likely to occur due

to the low velocities of flow. The condition 1s aggravated
if the sewsge 18 strong and the temperature is relatively
high causing serious odour problems, corrosion, increase
in chlorine demand and increased difficulty of treatment

of sewage. A higher velocity usually 3 f.pes. or sometimes

3 1/2 f.p.s. 18 therefore required in such a case o1

Since in our case the topography of the area 1s
favourable to allow more slopes, a minimum veloclty of 2$

f.p«8. has easily been adopted.

(e) Maximum Veloeity

The maximum velocities of flow in sewers are
determined primarily by the destructive effect of grit laden
water moving at a high speed. For this reason it is usual
practice to limit velocities in pipes running full to not
more than 10 f.p.s. In our case the velocitles in sanitary

1. A.S.C.E. & W.P.C.F. Manual on "Design & Construction of
Sanitary and Storm Water Sewer", (Washington D.C.: 1960)
(Phird Printing 1963), p. 132.
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gewers have been limited to 10 f.p.s. but the velocities in
storm water sewer can not be avoided due to high slopes of
the growund snd bigger sizes of sewers required. However,
gsince the storm water sewer will have flows only when 1t
rains which is a small percentage of the total time, 1t 1s
obvious that erosion will be much less than for the sewers
carrying high velocities all of the time. The repalrs are
also not much difficult in case of separate storm water sewer,

as these can easily be made when there are no rains.

(f) Minimum Slopes

In the practicel design of a sewer, efforts are
made to keep the slope of the sewer nesrly parallel to the
surface of the ground in order to maintain depths not
greatly in excess of the required minimunm. This has been
fully achieved in our case and the sewers have been designed
to follow the slope of the ground surface to serve 1its
funetion at minimum cost. At the places where the ground 1s
flat, a minimum slope which produces minimum velocity of
2.5 f.pes. wvhen flowing full has been adopted to avoid
nuisance from deposits of putrescible organic matter and to

reduce the necessity for frequent clearing.

(g) Maximum Slope

The maximum slope to be used for a sewer 1is deter-
mined from the consideration of erosion which is caused

primarily by the grit or other wnorganic solids which are
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transported along the invert when the velocity of flow 1is
highs In establishing apolicy for maximum slopes for a
particular project not only the velocities which cause erosion
are to be considered but also the duration of such velocltles.

It 18 & common practice to 1imit the velocity in
concrete sewers to about 10 f.p.s. where grit erosion is
expected to be a problem. In our case since the avallable
ground slopes are excessive there are two altermatives. The
first is thet the slope of the sewer be kept parallel to the
surface of the ground snd care for expected erosion due to
high velocity be taken by the use of elther protective lining
and repairs of erroded perts of pipe or its replacement as
required. The difflculty here will be thet the interior of
the continually used sanitary sewer will not be readily
accesslble for repairs to the invert of damage casused by
erosion and thus the repsirs will be difficult esnd expensive.
In the case of a storm water sewer, however the repairs can
easily be made during the dry weathere.

The next alternative is thsat the sewer be designed
at a flatter grade which will require greater depths of
excavation large sizes of sewers and drop manhole structures.
This will no doubt be a costly affair.

To declde exactly what way should be adopted, the
probable cost of repair to an erroded sewer should be compared
with the additional cost of constructing the sewer to a flatter
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grade. Since the amount of grit expected in the sewér

18 not known, the erosion expected and hence the cost of
its repair cannot be estimated. However since the velo~-
cities met in the sanitary sewer are only slightly exce-
asive and that too in few cases, and further that in the
case of storm water sewer the veloeities will be excessive
for a short time during rain storm, for which the repalrs
can also be made easily, the first proposal (1.e. laying
the sewer pipes parallel to the natural slope of the
ground) is more economical end*nence has been adopted

for this design.

(h) Depth of Sewer

The sanitary sewers serves the dual purpose of
carrying sewage from one point to another and of providing
an outlet for users of the system. The depth of these
sewers must therefore be such as to provide an adequate
outlet for all connections. Since the houses have no
basement, one meter depth of the sewer (top) below the
basement of the floor 1s sufficient and has been adopted.

The depth of a gtorm sewer will however be
sufficient to receive the outlet from the catch basins,
and would be at such a depth that it does not interfere

with the connections of the sanitary sewer.

Summary of Design Criteria

The following 1s a summary of the Design Criteria
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adopted for the project.

1.
2
3.
b,
5
6.

8.

Max imum
Max imum
Minimum
Minimum
Minimum

Maximum

Maximum

Minimum

flow in laterals ... 4 x Average daily flow
flow in trunks ees 245 x Average dally flow
flow in all sewers... 0.5 x Average dally flow

size of sewer e 8 inches
veloclity cesssssse 3 feet per second
velocity sessssssslD feet per second for

sanitary sewer

No 1limit fixed for
storm sewer

slope essssssss According to the
topography
slope ssesssnse 04005

In addition to the above the following criterila

will alsoc be followed.

9.

10.

(p) .

Invert of mains 2t a junction shall be above those

of trunk by at least half the difference in dlameter

of small pipe and&hree-fourth difference in the

dlameter of large pipe.

Manholes will be provided at all changes in alignment,

size or

grede, at a1l junctions, and intermediate

points end at spascing preferably not more than 75

meters for providing facility in the cleaning of sewerss

DESIGN OF SEWERS

The design of sanitary and storm water sewer 1is

different from each other, and will therefore be considered
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I. Design of Sanitary Sewer

The besic factor involved in the design of sanitary
sewer 1s to determine the total amount of sewsge flow which
is to be taken csre of by the sewer. It requires the con-

silderation and determination of the following.

(a) Domestic Sewage Contribution
(b) Commerciasl Sewage
(¢) Industrial Wastes
(@) Ground Water Infiltration
Each of the above is deslt with briefly as under:

(a) Domestic Sewsge Contribution

The amount of domestilc sewage 18 based upon the
per capita water consumption because domestic sewage 1is the
used water discharged into a sewer. Since the entire water
supply does not reach the sewer owing to leskage, lawn
sprinkling, irrigation, etec., the amount of domestic sewage
1s slightly less than the amount of water supplied to the
community. It has been experienced that about 70% to 80%
of domestic water consumption reaches the sewer. Since
there are many open areas in the town where the water will
be used for lawn sprinkling and irrigation ete., the per-
centage of water reaching the sewer will be low in our case.

So assuming 70% of the water reaching the sewer, the amount
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of domestic sewage flow = 0,80 x 0,75 = 52 litres/capita/day.
(b) Commercial Sewage

Commercial areas such as stores, hotels, offices
end other business areas also contribute the sewage. Since
the city of Hebron i1s a smell town and such areas are
scattered all around in the town, the contribution from these
ig assumed to be amply cared for in the peak allowance for

per caplta domestic sewage flows «1

(¢) Industrial Wastes

Hebron i1s not an industrial town, but 1t has some
small industries like tomato canning, tennerlies and =
slesughter house. The volume of wastes produced by these

industries is worked out as under:

Tomato Canning

The factory produces 60 tons of tomato per year
(which 1s equivalent to 2400 cases of tomatoes per year)
taking the average volume of waste produced as 7 .5
gallons per case® and the season of the factory to
last for three months,

volume of waste = 2400 x 7.5 = 200 gallons per day
3x30 or 0.5 litres/minute

l - w.pP.C.F. & A.S.C.E. Manual on "Design and Construction of
Sanitary and Storm Sewer", (Washington D.C. 1960), p. 29.

2* Rudolf ¥W., Industrial Wastes, Their Disposal and Treatment
(New York: Reinhold Publishing Corporation, 1%53), D- H/l.»
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Slaughter House
Average enimals slaughtered day are as follows :
Sheep venee 90 to 100 per day
Camel & cows sesse 5 per day
Taking an average kill of 100 cattles per day eand

volume of waste per animal as 359 gallons per dayl

Volume of Wastes = 35900 gallons/day
or % litres/minute

Tanneries

There are two tenneries which process 120 hides
per day. In the tanneries, the hldes are received from
the slaughter house, the difference being contributed by
the adjoining vi.llagea. The volume of waste according to
the distribution of hides are as follows:

Volume of weste from 115 sheeps_at
the rate of 4 gallons per sheep? = 115 x 4

= UB60 gallons per day

Volume of weste from 5 cows and camels
at the rate of 360 gallons per animal =5 x 360

= 1800 gallons per day
Total volume = 460 + 1800 = 2260 gallons per day

or 6 1litres per minute

* Nemerow, C.L., Theories and Practices of Industrial
Waste Treatment (Addison Wesley Publishing Co., Inc., 1963).
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Therefore, Total volume of waste from all industries

= 9% + 6 + 0,5 = 101 1itres per minute.

Since this amount of industrial flow is even less than
14 of the domestic flow (12,286 litres/minute) 1t does not
need any speclal treatment and will be easily taken care of
along with the domestic flow.

(d) Growund Water Infiltration

Sanitary sewers always carry some amount of ground
water infiltration through the joints, craked pipes, or other
openings such as manholes etc., and increase the quantity of
sewage flow, which further results in the increase in size
of pilpe, cost of pumping and treatment faclillities. It is
therefore highly desirable that such flows be kept to a
minimum by possible ways and means of strict supervision.

The determination of the smount of infiltration
requires the knowledge and study of the factors on which
it depends. The important factors are:

1. The level of the ground water with reference
to the sewer.

2« The character of the sub-soil. - Sand and
Gravel for example permit more water to lesk than clay.

3. The watertightness of the joints and the provi=-
sion to prevent cracking of the sewer plpe.

4, The character of the construction of house connec-

tions. This usually relates to the extent sand care with which
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the house connections are supervized.

The level of the growund water in Hebron 1s 300
to 400 meters deep end 1is therefore not likely to contri=
bute at all towards the infiltration. Though subsoil con-
sists of low lime stone, the effect of its low permeabl-
1ity will not be of much concern because the percolation
of water into the ground will be very little due to high
slopes. The weter tightness of joints and construction of
house connection will be controlled to the minimum possible
extent by exercising thorough supervision over the works.
The prevention for cracking of pipe will also be made by
proper hendling.

However, in spite of all the measures sdopted
for prevention, some unavolidable infiltration would find
the way into the sewer and the allowance for this has been
made in the capacity of the sewer at the rate of 20 litres
per capita per day. This makes the total flow in the sewer

as under:
Ground water infiltration = 201.pecsp.ds

Total flow - 73 1-poc .p.d.

This figure is nearly equal to the per caplta water
consumption snd therefore a rate of 75 l.p.c.p.d. for total

flow has been adopted in the design to make the calculations
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II. Design of Sewer Net Work

A system of network of sewers in wvhich the sewage
may flow from the entire area to the treatment plant by
gravity 1s the most desirable for ressons of economy as well
as maintenance. Fortunately the area of Hebron is such that
this aim has been fully achleved.

It is apperent from the contours that the ecity has
a central velley on which the eastern and wester hills meete.
The general slope of the valley is from north to south. A
main trunk 'T!' has therefore been provided on Malik Abdullah
Road leading to south towards Nasiruddin Road as shown on
the drawing No. 3 . All the main sewers meet the trunk sewer
easily as the hills slope towards the valley. Since the town
is very thickly populated and is very old one, no proper road
system exists. The city authorities are however cons idering
the proposal to provide some rosds by demolishing some of the
areas. Only few main sewers have therefore been proposed in
consultation with the local city authorities on the exlsting
roads where no slteration in the alignment is expected. How=
ever, since the slope of the entire area is in general towards
the valley where the mailn trumk sewer T 1s proposed, more main
gsewers may easily be joined later to the trunk sewer when the
new roads are planned and constructed. This wlll not make any

change in their design afterwards because the sizes of the main
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sewer does not increase beyond 8 inches which 1s the abso-
lute minimum size adopted for the design . Moreover, since
the favourable slopes are avallable, the veloclties will also
not be reduced beyond the minimum possible.

The areas, populations served, discharges, slopes,
size of sewer, invert levels of the sewers have been calcu~
lsted and tabulated as per table No. 1 to 13. The calcula=
tions have been based on the well known Hazen & Willlams

formula with the value of coefficlent of roughness of pipe C=100,.

The minimum depth of flow during lowest dlscharge
period has been checked to be not less than 2 inches, and the

velocity, not less than 2 f.p.s. by the partial flow dlagraml.

In order to keep the veloclity not less than 2 f.p.s. during

the minimum flow, the slope of the trunk sewer from manhole

72 to M.H. 67 has been provided as 0.008 which is slightly more
than the minimum allowasble. This will mot doubt entail =
1ittle more depth of sewer in a length of about 375 meters

but this excess cost will easily be met by the reduction in
size of pipe from 10 inches dlameter to 8 inches dlameter in

a length of 600 meters from M.H, 72 to M.H. 62. A further
adventage will be that the excess scouring velocity which
otherwise would have caused from M.H. 67 to M.H. 62 will

also be reduced.

1+ Steel, E.W. "VWater Supply and Sewerage®, (McGraw-Hill
Book Company Inc., New York, s De» .
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The design has been msde on the basis of maximum
designed discharge which will take some time to gttain but
as the slopes are favourable, the velocitles are not likely
to be reduced beyond the minimum allowable. However, in
some portions where the areas are flat and the slope 1s less
periodic cleaning of sewers will be done by flushing with
a hose.

The longltudinal sections of the trunk sewer amnd
all the main sewers have been drawn and are shown in the

drawing No. 6 to 10.

II. Design of Storm Water Sewer

The basic factor in the design of storm water sewer
is same as that in the design of sanltary sewer 1.e. the
total amount of surface water to be taken care of by the
sewer, but its estimation 1s however far less straight
forward than calculating the flow of soll sewasge. There

are four factors to be determined none of which is easlly

decided.

1. Choice of design storm or return period.

2+ The extent of dralnage area.

3« Impermeability of the surface of the drainage area.
4, Appropriate intensity of rainfalle.

A brief discussion of these factors 1s worth mention

here so that a sultable method may be selected.
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Cholce of Design Storm or Return Period

3torm water sewers are usually designed to dispose
of the flow from a storm having a specified return period
which is determined by conslderation of the damage caused
from a flood of specified frequency. Since 1t 1s usually
difficult to estimate and evaluate the damage which may re-
sult from a flood, the selection of the proper return period
1s often dependant on the deslgners judgment.

In Hebron since most of the areas are residentlial
snd the ground slopes are also favourable, the harm expected
is very little. A return perlod of one yesr 1s therefore

justified for design and has been adopted.

Drainage Area

The srea contributing to any point under conside-
ration 1s determined by establishing boundarles by fileld
survey and from topograhical maps or aerial photographs «

The drainage areas for each watershed has been
marked on the contour map of the city and are shown in

drawing number 4.

Impermeabllity Factor

The proportion of the total rainfell that will reach
the sewers will depend on the relstive porosity or 1imper-
viousness and the slope of the surface. It 1s a function of
the duration of the storm snd varies continuously bullding up

from a low to a high value for the area concerned during the
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period of rainfall. It is thus the most varilable one in
the design of storm water sewer, and the lergest errors
made in rainfall run off calculations are usually in over
estimetion of impermeabllity factor.

There are many methods of estimating impermeablility
factor which vary considerably in their way of estlmation
and accordingly in their accuracy. But unfortunately none
of these can be applied here because the town 1s a very old
one and the detsils of the various components such as total
length of roads, paved and unpaved, exposed earth surfaces,
paved and roofed surfaces etc., in the city are not known.
In the event of the circumstences and in the light of the
fact that most of the streets are not properly paved and the
exposed plots are frequent, sn average velue of 0.5 18 rea-

sonable and has been adoptede.

Intensity of Rainfall

The determination of rainfall intensity will depend
on the followling factors.

l« Average frequency of occurence which has been
taken as one year.

2« Intensity duration characteristics of the
rainfall of the adopted average frequency of occurence.

3« Time required for run off from remotest pert
of the drainage area to reach the point under design (time

of concentration).
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The intensity duration cheracteristic which are
derived from gage measurements of rainfall, are not avai-
1able. The intensity of rainfall will therefore be found
by using the most suitable formula out of numerous formulas
avallable.

There are many methods which are followed in the
American as well as English practices for determining the
run off « A discussion of all of these is not of much use
here. However to select the most sultable one, a brief
discussion of those methods which give accurate results 1is

necessary.

1. Rational Method

The Retional Method translates rainfall into rum
off by the formula

Q = AIR
Vhere = rate of rim off in cubic feet per second

2
I = coefficlent of run off of the area
R = average rainfall intensity in inches per hour
A =  dralnage area in acres.

This method is besed on the following baslic assumptlons:
1. Rate of run off to any point under design is a
function of the average rainfall rate during the time required
for water to flow from the remotest part of the dralinage area

to the point, sald time of flow being called the "time of

concentration" .
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2. The peak rate of rainfall occurs within the
time of concentration.
The application of the Ratlonal Method to a design

problem requires determination of the following basic data.

1. Drainage area tributory to point under design.

2. Probable future condition of the drainasge area -
that is, percentage of impervious surface or character of
land use when developed to the extent assumed.

3., Selection of an appropriate run off coefficient
for the entire area or for component inlet areas.

4, Rainfall frequency and intensity duration curves
for the locality.

5. Time of concentration, including both inlet and
conduit flow time to point of design.

Out of the above since the intensity duration curve
is developed from rainfall records which are not avallable,

this method cannot be strailght away used.

Hydrograph Method

This method is an outcome from science of hydrology,
and has made progress in recent years. It is based on appli-
cetion of a definite design storm pattern to the drainage area
and the determination of a rum off hydrograph from rainfall
records. The method requires assumption of a hyetograph of
specific shape and size, for which a detalled study of the most

severe storm 1s necessary. Since the reinfall records arenot
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availsble, this method cen not be used.

Empirical Methods

Many empirical formulas have been developed by the
engineers for finding the run off. 1In general these formu-
1sg are expression of the run off in terms of the area drained,
the relative imperviousness, the slope of the land, and the
raete of rainfall. Comparison of these formulas when applled
to the same conditions give 2 wide range of divergence some-

times even more than 750 percent.1

These formulas have therefore become out of use and

hence will not be used.

Llyods Davies Method

The method of designing storm water sewers to take
vhen running full the run-off of a storm, the duration of
which 18 equal to the time of concentrastion of the sewerage
system ebove the point on the sewer, is known ess Llyods
Davies Method by the British Engineers. According to this
method, of all the storms of equal frequency of eccurrence
the storm which has a duration equal to the time of concen=
tration produces the greatest run off.

This method is very much similar to the Rational
method and the run off from any dralnage 2rea is expressed

by the formula

s E;bbit,H.E. "Sewage and Sewspage Treatment", op. cit.
P .
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= 0.5 x A.p x R
Where = Run off in cuble feet per minute
Area in acres

= Impermesbllity factor

W W o 2 D
]

= Intensity of rainfall in inches per' hour.

For the determination of intensity of rainfall, many
formulas were advised out of which the Llyods Davies method
is based on the following formula:

R = Eé 09
40 .625

Where R = inches of rainfall per hour

t = durstion of storm in minutes.

This formules 1s based on once e year storm which 1is
usual in England and 1s less 1f compered to the American prac-
tices of once in five or once in ten years storm. I% 18 how-
ever sultable in our case because the very heavy stowrms occur
Infrequently and to builld a sewer capeble of caring for the
storme which occur once in five or once in ten years would
involve a prohibitive expense over the investment necessary
to care for the ordinary heavy storms encountered anrmually.
The sewers will thus be allowed to overflow on such exceptional
ocasslons for a small time. This will also result in a more
freqeunt use of the sewerage system to its full capacity.

The Llyods Davies method is not strictly accurate
except when applied to hypothetical cases in which the imper-

vious area is evenly distributed (in time, not distamce). In
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practice large parte of areas sre often bunched in one
locality and in such a case the run off from part only
of the drainage area and resulting from a storm of du-
ration equal to the time of concentration of thatpart

of the drainsge area may be greater than the run off from
the whole area. Also this method when applied directly
to complex problems involving several drainage area may
give erroneous results. For example, when two sewers
having different time of concentrstion meet, the flow
from the point of junction is calculated according to
this method, on the basis of longer time of concentration
whereas it may be found thet if the calculation 18 made
on the basis of the shorter time of concentration and that
part only of the totel impervious area thet would con-
tribute after thet time of concentration, a greater run
off results.

This deficlency has been taken cesre of by drawing
the time area graph as per drawing number 5 and applying
the tangent method. The most concave point on the curve
is selected and i1s marked "zero time, zero acres" . From
the new"zero time,zero acres" a point 1s measured minus
twenty minutes zero acres, and from this point a tangent
is drawn to the curve. The point at which this tangent
meets the time area curve gives the criticel time of con-

centration and effective imperviocous area which produces
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the maximum run off.

Since this method can he used in the ambsence of
past rainfall statistics and is also fairly accurate, 1t
will be used for this design.

The contributing sreas have been determined by
dividing the area into different watershed areas as shown
in drawing number 4. The inlet time for the flow to reach

from the remotest point in the contributed area has been

read from a Nomogram.l For this the average slope of weter-

shed has been determined and the character of the ground
has been taken as "between paved and bare soil™. The time
of flow into the sewer has been calculated by knowing the
veloeclity of flow when flowing full and the length of the
sewer. By adding the inlet time and the time of flow in

the sewer the time of concentration has been calculated.

The intensity of rainfall and the run off has then
been calculated by the formulas. The dilsmeter of the sewer,
1ts designed discharge, deslgned velocity and time of flow
has also been celculated and tabulated in table number 15.

The designed slopes of the sewers have been provided according
to the natural slopes of the ground surface which has resulted
in excessive velocities throughout. This could not be helped

due to the natursl topography of the area. However, since

1:Seelye Flwyn E. "Data Book for Civil Engineers® Vol. I
(New York, John Wiley & Sons) 2nd Edition, p. 500, Fig. H.
(Overland Flow time) .
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the duration of flow into the sewers would be only during
rains, the damage expected on this account will be not
much and the erroded portions will be repeired when there
are no rains.

In the sever from MH to MH, a smell portion 1is
met where the ground 1s flat. The designed slope in this
portion has also been kept higher because the slzes in the
earlier portions which are small due to higher slope would
have gone very high in a length of 2880 feet thereby increa-
sing in the cost. It would have further increased the
depths in the latter portion, making a further increase
in the cost.

To economise in the cost of sizes of the plpe,1

1t was considered that some gquentity of storm weter be allowed
to flow in road side gutters. The problem has been well
studied and the discharge to he taken care of by the gutters
has been calculated by the formula

= 0557 81/2 ,a8/3

Where discharge in cfs.

= slope of the surface of the rosd wide gutter

B w @ o
']

= coefficient depending upon the roughness
end cross sectionsl shaped of the channel
(assumed as 0.13)

1. Linseley & Franzinl, Element of Hydraulic ineer
(New York, McGraw-Hill Book Go., Inc., 155), p. Hib.
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2z = transverse slope of the road (assumed as 2%
A = depth of water allowed at the curb
(allowed as 10 ¢.m. from the start to the crossing
of main road with the Khalid Bin Walid Road and
5 c.m. from the sald crossing to the end)
The compuations are shown in table number 16. The .
size of the plpe required, 1ts slope, veloclty etc., for
the balance quantity of run off has been calculated. By
comparing the two designs (viz. without the road size
gutters, and with road side gutters), 1t 1s noted that
the nquantities of run off taken care of by road side gutters
are very little sand the sizes of the pipes reduce only in
the length from MH to MHE which are not appreclable. It is
therefore recommended that the entire surface run off should
be teken care of by the storm water sewers. However, for
immediate needs, if the city is not financially in a position
to take the full work in hand, the sewer line may be laild
only in length from MH to MH as the 1st phase and the earlier
portion be joined later.

E. Manholes

Manholes sre among the most common and necessary
appurtenances to sewage systems and are used to permit ins-
pection, cleaning, and the removal of obstructions from the
pipes. These have therefore been located in the system wher-

ever there 18 a change in alignment, size or grade, as well
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as at all junctions of the sewers.
Spacing

Practice in manhole spacing varies to some extent.
In many parts of the United States a spacing of 300 feet
i8 considered as maximum for the small sized and medlum- _
gized sewers. In this design, a spacing of 75 meters (1.0,
about 250 feet) has generally been adopted for providing

more faclillity in cleaning.

Shape
The menholes will be circular in shape with minimum

ingide dlameter of 4 feet which is sufficlent to perform
inspecting and cleaning operation without difficulty. The
circular section has been adopted for reasons of greater
durability. A minimum clear opening of 21 inches will be
provided so as to enable a man to gain access to the interior
without difficulty. The manhole will be widened out rapidly

immediately below the opening as shown in the figures.
Material

The materisl used for the constructlon of manhole
walls include brick and cement concrete. The cholce of the
material will consider the following:

l. Cost in place including materlal, labour, and
equlpment.

2s Durability under a2ll conditions of service
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which may reasonably be expected.

7« Adaptabllity of the material to meet fleld
conditions with particular reference to chenges in locatlon,
grade or alignment made during constructione.

I, Depth of msnhole and character of surrounding

material.

Since the cement concrete gives more durability
under all conditions of service, and stendsrd pre-~fabricated
steel forms can be easily arranged for depths of one to
two meters, the manholes will be constructed of cement
concrete. Moreover, as less thickness will be needed,
the construction cost will not be uneconomical.

The bottom of manholes will be provided with a
base slab of concrete 8 inches thick to support the walls
of the manholes and to prevent the entrence of ground
water. The flow will be carried away in a smoothly con-
structed U shaped channel which will be constructed
Integrally with the concrete base. The side of the
channels will be kept high enough to prevent the flow
of sewage onto the sloping floor. In menholes where two
or more sewers joln at approximately the same level, the
channels in the bottom will be joined with smooth easy
curves. Where the inlets and the outlets are not of
the same dlameter the tops of the pipe will be placed at

the same elevation to prevent back flow in the smaller
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pipe when the larger pipes are flowing full.

Manholes frames and covers will be made of close
grained cast iron. The weights of frames and covers for
all streets and roads in the residential area where trafflc
18 not heavy will be L0O poundss. For the mein sewer which
passes on the main Abdul-Mallik Road, fremes and covers
weighing 600 1bs will be provided. The covers will be
roughened to prevent excessive slipperiness but will not
be perforated because they allow objectionable odour end
entrance of surfsce water, send end girt. Cilrculer manholes
covers will be used on sewer manholes as they do not fall
into the sewer. Manhole covers will be marked so that

sanlitary sewers may be distingulshed from the storm water

sewer.



CHAPTER IV

SEWAGE TREATMENT WORKS

A. GENERAL FEATURES

Sewage 1s treated as a protectlon to health, to avold
nulsance, to prevent the pollution of natural waters and of
bathing beaches, and to avold damage suits. The treatment
is done in a sewege treatment plant whose purpose is there-
fore to convert the raw sewage into an acceptable final
effluent and to dispose of the solids removed in the process.
Tt 1s fundamentel therefore first to determine the baslc
design considerstions such as period of design, the strength
of rew sewage, and the required cherscterintics of the
effluent, or the required treatment before proceeding with
the design of the treatment works.

Tn the developed countries such baslc deslgn criteria
are estsblished by the regulatory bodies, usually the state
department of health, and before proceeding with construction
of any sewsge treatment facllity their approval 1s to be
obtained. But in under-developed countries like ours, the
case 1s not so, and devistions are necessltated by guch

fectors as unusual components in the raw sewage, relative

61
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cost of treatment fecilities required to meet these stendards

or other justifiable causes.

(a) Period of Design

The design perlod of the treatment plant will be
the seme as the period of design established for the estima-
tion of Ary weather flow i.e. 50 yards, but 1ts planning
w111 however be so made that the facilitles for the present
population requirements will initislly be installed with
provision available for the extension of the facilitles
as and when they are needed. This 1s necessary in order
not to place any undue financlal burden on the present
population and to forestall poor operating results in the
early years because of oversized units.

The future anticipeted population of Hebron has
been estimated double thet of present population. The
number of wnits in the treatment plant will therefore be
so chosen that half of the units may be constructed for
the present, leaving the remaining half tobe constructed
when the need arilses.

The piping, main condults, chammels and other
gmell units will however be designed for the ultimste
requirements, because their replacement will not only be

costly but practically difficult.
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(b) Extent of Treatment

The extent of treatment to be made depends upon
the final disposal of the effluent from the tréatment plant.

(¢) Composition of Sewage

The five-day BOD is the principle yardstick used
to measure the strength of the spplied sewege. The BOD
test requires an incubator to store the diluted sewage for
a period of five days at = temperature of 20° ¢. Unfortu-
nately there 1s no laboratory at Hebron where the facilities
for making such a test are avallable. Another test known
as ! hour permengsnate test was therefore made which does
not require an incubstor and 1s quicker.l The following
results in 4 hour permsnganate value of BOD in p.p.m. which
is 25 percent of the 5 day BOD were obteined.

Results of 4 hour Permanganste Test

Semple 4! Hour Permanganate 5 day B.0O.D.
Number Value in p.p.m. in p.p.m.

1 500 2000

2 kho 1760

3 450 1800

4 ueh 1856

To be on the safe side the value of 5 day BOD will be

LThe test was made by the engineers of the Assocla-
ted Consulting Engineers, Beirut, in July 1964.
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taken as 2000 p.p.m. The effluent 1s proposed to be used
for irrigestion of crops due to the following reasons:
(a) The climate is arid.
(b) Such land 1s avallable.
() There is acute need of irrigation water.
(4) The ground water level 1s low enough to permit
percolation.
(e) The return of sewage through & gufficient depth
of soil will recharge the wells.
The treatment will therefore be such that the BOD

of the effluent 1s sufficlently reduced to meke 1t inoffensive.

(@) Auelity of the Effluent

As steted above, the quality of the effluent depends
on the effluent utilization. TIllinoils and New York Standardal
state that the complete trestment plants employling biological
processes should be capable of producing an effluent having
a 5 day BOD not greater than 15 p.p.m. and containing not
more than 30 p.p.m. of suspended solids .

Tn our case, since the B.,0.D. of the sewage 1s very
high, the reduction of B.0.D. to the extent of 15 p.p.m. will

require a very high recirculetion and will be very uneconomi-

cal. The B.0.D. of the effluent 1s therefore proposed to be

1H.E. Babbit, Sewerage and Sewage Treatment, ope. clt.

p. 305.



65

reduced to 57 p.p.m. which is sufficient to make the effluent

inoffensive for irrigation of crops.

(e) Loecation of the Treatment Plant

The conditions which are to be considered in the
selection of the site include topography, soil and under-
ground conditions, danger from flooding, cost and the atti-
tude of the public. Although heslth-protection requirements
place no restriction on the plant location but more isolated
site are consldered better as it offers a factor of safety
age inst trouble that may arise from improper operstion or
ingsufficient administrative support.

The topography of Hebron 1s such that the sewage
can be made to flow by grevity from ell perts of the area
to the trestment, 1f the loestion of the plant 1s selected
to the lowest point of the srea served. This will not only
be very much economical, as it will ssve pumping expenditure
but will also be dependable from the maintenance point of
view in a town like Hebron which lacks technical persomnnel.
Keeping this in view a site comprising an area of 3000 square
meters in southwest of the town at 2 distance of about 2200
meters from the last point on the trunk main has been selected.
This site will also have the following additional adventasges:

1. The site 1s well isolated from the residentisl

and commercial areas of the community. Though it is on the
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wind Airection but the greater distance will not allow the
odours ete. to reach the town.

2, Cheap and plenty of land is avellable .

3. Local disposel of end-product such as grit,
gludge or ash is possitle.

b, Tt is accessible to sn all weather access road.

5. Possibility of using the effluent for irrigetion.

(f) Type of Treatment

The selection of any perticular process or combina-
tion of processes of sewege treatment 1is generslly based on
the study of a number of conditions such as :

(a) the method of final disposal;

(b) the quality of the sewsge to be treated;

(¢) the efficiency end characteristics of the
treatment processes. The criterion must be the
quality of the effluent produced;

(d) the skill required in operstion, and the avall-
ability and experience of operating personnel,
and the facilities for meintenance and repair;

(f) head availeble for the plant and the mecessity
for pumping of the sewage Af there 1s Iinsuffi-
cient natursl head;

(g) construction and operation costs, and the amount

of money avallable;
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(h) ease of increasing capacity:

(1) quantity and quality of sludge from the pro-
cegses, 1ts disposal and avelilable areass and
possible sites for 1t;

(3) availability of materials and life of struc-
tures and equipment .

The types of treatment process to be selected 1is
dependent on a2ll the conditions and the manner of their
combination. In comparing the different processes, however,
the operstion is to be considered more important, because
by proper operation the nature of the effluent cen be altered.

The following methode which 2re generally used and
which appear to fit in the locel conditions of Hebron are

discussed here in brief.

Imhoff Tank

This method of treatment which was used before the
development of the sedimentation and the sludge-digestion
process has been superseded by modern and efficlent processes
except in the small installations beéause the newer methods
permit easier control of operstion and give better results.
The adventage claimed for such a process 18 that they are
cheaper in first cost. This will not be true in this case
because these tanks alone are not enough for a complete
purification, end would require the use of filter beds and

secondary sedimentation units, thus adding to the cost.
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Moreover, the maintenance and operation of these tanks 1is
difficult and cunbersome because of odours, creation of

unsightly conditions, and foaming problem.

Oxidation Ponds or Lesgoons

Oxidation ponds or lagoon are the most simple and
cheap treatment processes and are claimed to treat success-
fully either settled or raw sewage with effluents at least
équal to those from sewsge treatment plants that provide
complete trestment, but these require large areas of land
which are not available at low cost. Moreover, the high
concentration of sewage due to less per caplte water consump-
tion also makes the method unsuiteble for use in Hebron.

The smell snd odours will also be troublesome as the loca-
tion of the plant is fasvourable for it. These are therefore

not recommended to be sdopted.

Oxidation Ditch

It is a novel method developed recently by Professor
Pasveer of Netherlands. It is basically similer to the Acti-
vated Sludge process but 1t is much simpler and does not
need costly construction work. The other advantages of this
method are esse of operation, simple maintenance, low cost
of operation end comparatively much less areas'required
than lagoons. The area required is only 5 percent of the

area required for lagoonss. This method therefore appears
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very sultable for the clty 1in question, but the past expe-
rience in Europe and even in Netherland has shown thet the
method has not been used for population of more than 10,000
to 12,000 persons. Such a method 1s therefore not sdvisable
to be adopted for big cities 1like Hebron till the experien-

ces at other plsces prove it worthy for the purpose.

Activated Sludge Process

This method hes the advantsges of producing = clear,
sparkling, and non-putrescible effluent; freedom from odours
during operstion; degree of nitrification controlable between
limits, more than 90 percent of the ﬁﬁcterial removable; and
gsome commercial value in the sludge, but it is not sultable
for adoption in cltles where constant skilled attendance 1is
not avallable because of the mechanical equipment that must
be operated. Moreover, this process hss the following addi-
tional disadventages over the trickling filters.

(a) Greater sensitivity to changes in the quality
of the influent.

(b) High cost of operation.

(¢) Difficulty in dewatering and dlsposing of the

large quantity of the sludge proAuced.

Conventional Process

The treatment of sewage in a conventional process
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involves three stages: preliminary or primary treatment,
filtration and finel sedimentation. The heart of the
process is filter. The other two steps are essentlal,
however, to the successful functioning of the plant .

The advantages which 1t possess which 1t possesses
over the other methods of treatment are —

(a) the reliability to give a good effluent under

wide variations of filter load;

(b) low operating cost;

(¢) its ability to function wmder extreme weather

conditions;

(@) the effluent 1s of high auality.

An outstending disadvantage to the adoptatlon of =
trickling filter at many plahts is the heaﬁ loss through the
filter which varies between 5 and 11 feet, in additlon to
the depth of the filter. Other disadvantages which it ineludes
over the activated sludge process are —

(a) odour and fly nuisance;

(b) the larger sres required;

(¢) relatively high construction cost.

These disadventages are not of very serious nature
and will be mlnimizedland overlooked in view of the advantages
it possess. Odours are rarely troublesome where the rotary
distributors are used, and will be easlly checked by proper

operation and masintenance. Moreover, even 1if it could not
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be checked for a while due to some wmavoidable circumstences
1t will not reach the town, as the treatment plant 1s at
sufficient distence from the town.

The fly nuisence will be minimized by adopting high
rate filters or vwill be controlled by flooding the fillter
bed for 24 hours every week or two and thus drown the larvae.

The area required for the filter will only be relative-
1y larger then the activated sludge, which will be avallable
with only little additionel cost. According to Schroepfer,
the cost of the two processes are as under:l

Comparative Construction Cost of Trickling Filter

and Activated Sludge Processes
(Cost in Thousands of Dollars)

Plant
capacity __Trickling Filter Plants Activated Sludge Plants
or sewage Usual “Estimated Usual Usual Averege for Usual
Treated Lower in his Higher Lower Aeration Higher
m.g.d. Limit analysis Limit Limit 5 hr 6 hr Limit
10 900 1,200 1,500 560 560 700 940
25 2,130 2,850 3,550 1,280 1,600 1,800 2,120
50 b 130 5,500 6,850 2,500 3,200 3,500 U4 200
75 6,000 8,000 10,000 3,700 4,750 5,200 6,200
100 7, 900 10,000 13,200 6,300 6,300 6,900 8,200

H.E. Babbit, Sewerage and Sewage Treatment, op. cit.,
pp. 436 and 497. ’ e -
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volume and charscteristics of each type of waste produced.
As the volume of wastes from the existing industries 1is very
small, no separste treatment, or modification due to these,

in the municipel treatment works is required to be made.

B. PRIMARY TREATMENT

The term "Primary Treatment of Sewage" applies to
those methods which remove a part of the suspended and float-
ing solids and include the following units:

(1) Screens

(11) Grit Chamber

(111) Primery Sedimentation Tanks.

(1) Screens
Screens will be provided for removing large suspended
and floating sollds which cause the following:
(1) Clogging of sewer pipes, channels and treatment
plants .
(11) Clogging of and injuries to machinery.
(111) The accumulation of putrifying sludge banks.
(1v) Unsightly floating matter.
The following design criteria will be adopted for the
design of screens.
(1) Screens will consist of galvanized steeel bars
with a clear opening of 2.5 c.m. between the bars and having

a cross-section of 1 em x 4 em with long dimensions parallel
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to flow.

(11) The velocity of flow through the screems shall be
1.5 ft. per second. The "Ten-State Standard" limits the velo-
city through the screens to 2.5 f.p.s. but the lower rate is
preferred due to greater amount of screening that will be
removed.l

(111) The rack will be inclined to the horizontal at an
angle of 45 degrees.

The screens will be operated msnually in view of avall-
ability of cheap unskilled labour and shortage of mechanical
persormel. The screenings will be removed 2t convenient inter-
vals and will be either buried, for which a suitable and suffi-
cient land 1s available, or will be disposed of along with the
general refuse of the city.

The bottom of the screens will be 6 inches below the
invert of the sewer toa allow space for collection of large
particles which otherwise may ceuse stagnation and clogging

of screens.

(11) Grit Channel

A grit channel wlll be provided to remove the grit,
which includes coarse particles of sand, gravel, minute
pleces of minersl matter, and other materials which 2re non-
putrescible and which have subsiding velocities substantially
greater than those of orgsnic putrescible solids. The purpose

P -~ s

1
WPCF Manual of Practice No. 8 on Sewage Treatment Plant

Design, Third Printing, (Wsshington: 1963}, p. 52.
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of removal of these are -
(1) the protection of moving mechanical equipment
from abraszion and accompanying normal wear;

(11) the reduction of pipe clogzing caused by deposition
of grit particles or heavy sludge in pipes and channels, per-
ticularly at chenges in direction of the condult;

(111) the reduction in frequency of digester and setting-
tank cleaning required as the result of excessive accumulations
of giit in these units.

The following design criteria will be adopted In the
design of grit chamber:

(1) The horizontal velocity of flow in the channel will
be kept at one foot per second.

(11) The settling velocity in the channel for a particle
gsize of 0.2 m.m. is assumed as O,1 ft. per second.

(111) The control of velocity within the effective length
of the channel will be provided through the use of a partial
flume. The partial flume has been adopted in view of 1its
advantages namely, the head loss 1s kept at the absolute
minimum and thst the control section ean be used conveniently
for metering the flow. It i1s also simple to comstruct .

(iv) Two channels will be provided so that the difficulty
of varisble flow of sewage is overcome by placing the channels
in or out of operation according to the rate of flow.

(v) The grit would be removed manuslly in view of cheap
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available labour as compsred to cost of maintenance of mecha-
nical equipment. The two chennels will facilitate the grit
removal.

(vi) The grit removed will either be utilized for
filling the low areas neer the treatment plant site or will be
buried for which the land 1is available near the treatment plant.

(vi1) A drain of open jointed pipe will be embedded in
the bed of grit chennel to drain away the sewage collected
before the removel of grit.

(vil) The grit will be washed in a separate chamber.
The arrangement for wash water to overflow back into the grit
channel will be made. Thus the grit free from organic matter
will be removed by means of a pipe.

It is proposed to provide only one chamber for the
screening and grit removing device due to the followlng
reasors :

1. Saving in cost of construction due to one compact

mit.

2. Saving in space at the treatment plant.

3. Facility in operation.

(11) Primary Sedimentation Tank

The primary sedimentation basin has been provided to
remove the bulk of the settleable solids remaining in the

sewage, and also to reduce the suspended solids contents of
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the sewage in order to prepare 1t for subsequent treatment .

The following criteria will be adopted for the design

of sedimentation tank:

1. The sedimentstion tank will be designed to operate
on a continuous-flow basis, and will be circular
in shape. The circular section has been adopted
because 1t is8 cheap in construction as well as in
maintenance cost.- The econtinuous operstion has
the advantage of less cost, less head loss in
operation when compared.wlth fill and draw besin
and is more efficient. To facilitate sludge with-
drawal and drainsge of the tank, the floors will
slope radially towards the centre at a rate of
one inch per foot.

2. The cleaning will be done mechanicelly due to the
following reasons:

(1) The mechanically cleaned basins with continuous
operated scrapers are not required to be shut
down for cleaning and no allowance for sludge
accunulation 1s required to be made in their
design.

(11) For equal performance they are lower in first

cost and in operating cost.a_

1VPCF Manual on Sewage Treatment Design, op. elt.,p.96.

°H.E. Babbit, Sewerage & Sewage Treatment, op. cit., p.378.
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3+ Multiple units will be arranged in group of two
end four for taking the present and ultimate dis=-
charge. The units will be designed for aversege
rate of flow.

I, The overflow rate will not exceed 1000 gallons per
sft of the area per day.

5. The weir losding will not exceed 15,000 gallons
per day per linear foot and would remain prefer-
ably upto 10,000 gallons.

6. The miform distribution of the influent will be
accomplished by a concentric influent baffle which
distributes the flow uniformly towards the effluent.
The inlet baffle will have diesmeter 15 percent of
the tank diameter and will extend Y4 feet below the
surface.1

7. The effluent weir will be V-notched type and will
extend around the entire periphery of the tank.

8. Baffles will be provided ahead of the overflow
welrs to retain floating screen and will extend
8 inches below the water surface.

9. Sludge removal from the hopper will be made by direct

connection to pump.

1
WPCF, Manual on Sewage Treatment Plant Design, op. cit.,

P 100-
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10. Scum removal will be done by a radial arm which
rotates with the sludge removel equipment. It
will be collected at the periphery in a radial trough
from . it will flow to an outside sump.

11. The sludge hopper will be located near the centre
of the tank and will be of sufficlient capecity
to seal the outlet pipe and avoid entrance of
overlying liquid.

12. The inlets and outlets of all the tanks will have
exactly the gsame elevations end capacities so that
all the tanks receive @& proportionate amount of
sewage .

13. The detaills and dimensions of the supporting struc-
ture, and all mechanical equipments etec., will be
furmished by théhanufacturer.

Design of Grit Chamber

To make a compact unit, screens and grit channel will
be provided in one unit. The design of grit chennel will there-
fore be made first, and the design of screens will be checked
for the determined dimensions of the channel.

Present population 38,000 persdns

Ultimate population

75,000 ﬁersonn
75 lnpaﬁopodc
30 l.p.c.p.d.

Present sewasge flow

Future sewsge flow
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nmax = E?EOOOIX ab§§685é160 x 245
= 6.3ecfs
amin = 38,000 x 30, x 35.3 x 0.5
. x X b3
= 0.23%3% efs.

1
For veloclty control by Partial flume

1 .1 mm)O 067 - z
;‘min = +lW

Amax

0.67
1.3 @%) -2
Where Amin = minimum rate of flow
Amax = Maximun rate of flow

W

Flume throat
Z = Distance as shown in the figure

Assuning the flume with a 6" throat,

5ol ()"

O. - . .

3 1.1( g3y -Z
oLlXU o

0.038 = 1.1(0.11&}"-67 -2

= 0 02""6 - Z

0.962 Z = 0.246 - 0.087
7 = 0.129 = 0,165 ft (5 em)

1y .E. Babbit, Sewerage & Sewage Treatment, op. cit., p.38k.
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dox = 1.1(}%)0'67 - 2

0.67
1.1( 6.1 - I
. X

i

= 2.3 - 04165 = 2.135 ft (65 cm).

Volume of Grit

.13 = 245 efs

Qav
The volume of grit is 4 eft per million gellon.

Volume of Grit per day = 4 x 2.45 x 7.5 x 60 x 60 x 24
 } »

= 6.35 cft
For a clearance interval of 7 days,
Volume of grit = 6.35 x 7 = U4 .5 cft.

Therefore Depth required for grit collection

=

W 5
Z2x 200 x 2045
= 0,53 ft (15 em) .
Therefore depth of grit channel will be
65 + 15 = 80 cm.

0.67
d min = l.1 -u-jlz—o—go:ax : -2

-

= 0.246 - 0,165
= 0,081 eft (2 05 CIn)
Width of Channel = _Mmex or § min
Qm-' Q min.v

L}
n
::
-
(s}
s ]
e
o
Q
=]
—
.



82

Provide two channels each 45 em wide.
Flow should be greater than Qmax in this formula .
Amax = 130.W N3/2

=130 x 05 x ©0.a7)3/2

N = 0.375 ft. for 6" throat

= 15 cfs.

Since this rate of flow is larger than the maximum

rate of sewage flow 1.e. 6.13 efs, free flow conditions will

exist.

For the distribution of

velocity in grit channel to be

wmaffected between minimum snd

maximum flow,

Area (3) = Area 2 + Area 1

(88"'21205)-3{3’205){2-5

Therefore x = 6425 = 0,075 cm

o
]

1.5 x 6.13)°%77 = 2.73 rt.

Since it is more than 2 ft, it 1is OK.
From table

D = 1.302 ft

B= 2Tf1t
Ratlo = D = 1.302 = 0.65

B

i H.E. Babblit, Ope cit., P 387-

1
15 (}lmu90'33 but should not be less than 2 ft.
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Ratlo of D/B should b e 0.65 in the design.

Therefore D = 0.5 x 2.73 = 1.77 ft = 55 em.

F = 12 inchee = 30 em.

G = 2ft = 61 cm
C = 1,302 ft = U0 em
n = ha w2
Therefore HA = ( 6.1 2/3 _ 2.09 ft (64 cm)
L x O,

At the tail water conditions to prevent submergence

de + K > de’

a. = 3/82 W ¥ - dth at the flume
o "/;Q; here brea a e
= 05 ft.
a, = 2//6.1 = 0.91 ft (or 28 cm)
. X ™

K for 6" throst = 3 inches = 0.25 ft.

Therefore d, + K = 0,91 + 0.25 1.16

de ‘: %HLI']-%I_.W

= 0,485 ft (or 15 em).
Since d, + K (1.e. = 1.16) 1s greater than d,

there will be nc submergence.

Length of Channel

d max = 2.135 ft
Setfling velocity = 0.1 ft/sec.

(30 l""85 ),

Time taken for a particle to settle 2.135 depth at the

‘rate of 0.1 ft/sec = 2.1%5 = 21.35 seconds.
L]
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For allowing a horizontal velocity of 1 ft/ sec,
Length of channel 21.35 ft (6.5 neter)

Design of Screens

The width of channel adopted = 2.88 ft
¢/C spacing of bers = 3 em = 0,0985 ft.

Therefore number of bars = _2.88 _ 3
Space taken up by 28 bars = 28 x 1
= 0092 ft-

Effective width for the screening chamber =

= 2.88 - 0,92 = 1.96 ft.

Velocity at peak flows max

N
Width of channel x d max

T et

= 1.47 sey 1.5 ft which is OK

Velocity at low flows = Q min
of channel x d min

0.2 = 1.47 ft/sec
. X .

U]

say 1.5 ft.
Thus the velocity will not be disturbed and will be
enough for no deposition before the screen.
The bars of 1 cm x 4 em cross section with clear
spacing of 2.5 cm between the bars with long dimensiona
parallel to flow will therefore be adopted.
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Deslgn of Sedimentation Tank

Present 3 (Aversge)

il

38,000 x 30 = 1140 m’/day
75,000 x 75 = 5625 n/day

Present water consumption = 3C l.p.c.p.d.

Ultimete 7 (Average)

Present BOD of the sewsge = 2000 p.p.m. = 2000 gm/litre

i

60 grams/capita/day.

The present BOD in parts per million is very high.
The reason for this is the less consumption of water by the
people (which is only 30 litres per capita per day) . As the
water supply position will improve, the BOD will be reduced
appreclably. On the other hand, the present per caplta con-
tribution of BOD which is 60 graﬁs per capita per dasy 1s low,
because of poor diets of the people. It is expected to i nrcrease
as the standsrd of the people will improve within the design
period of 50 years. Looking to the pace of development and
therefore expected rise in the standard of living of people,
a contribution figure of 70 grams per capita per day 1s reason-

able and has been adopted in the design.

Total BOD of the sewage (in future) = 1O 37%1000

= 934 p.p.m.
These high concentrations of BOD will require a greater
degree or recirculation for the present, which will be reduced
as the water supply position will be improved. Assuming present

fixed recirculation rate as 8:1 and future recirculation rate
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as 3:1

Puture Qav = I3.000 (75 + 225 )
= 22,500 mn3/day

Present Q,, = 38,000 ( 30 + 240 )

10,250 m?/aay

Using a tenk 45 ft in dia (about 13.7 meter) with
10 £t (3.05 meter)side depth and bottom slope 2t 1 inch per
foot of slope

Volume of tank = 0,785 x 13.72 [3,05 + 1le 2

= 475 o’
Detention Period = u&g x 24 = 2.0 hours

vhich is OK.

Overflow rate = 5622 x 1000 x 4 = 935 gallons per
X . X T X sft/dey . « 0K

2625 x 1000

. x . X

10, 300 gellons/lineer foot/day.

Weir Overflow rate

This 1s OK.

(b) Design for Present Conditions

Provide two tanks.
Qgy (per tenk) = 5,125 m>/day
Using the same size of tanks,

Detention period = h?giégah = 2.2% hrs == OK.
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Weilr overflow reate = 5122 X 1002

= 9,600 gallons/linear ft/day.

Diemeter of the Inlet Baffle:

Ratio of Inlet baffle diameter to Tank dlameter = 0.15
Therefore diameter of Inlet Baffle = 0,15 x 45 = 6.U5

= 6.75 ft (2.06 meters)
Depth of baffle = U ft.

C. SECONDARY TREATMENT

The effluent resulting from sedimentation usually con-
teins about U5 to 50 percent of the unstable organic matter
thet was originally present in the raw sewage. It therefore
requires further treatment which can best be made by oxida tion
and nitrification of the organlic matter.

There are a number of methods of oxidation of sewage
effluent such as contact beds, intermittant sand filteratlion,
activated sludge, trickling filters and oxidation ponds .

The activated sludge and oxidation ponds have already
been dlscussed while selecting the method of treatment in
general, and have not been considered suitable. The quallty
of effluent from intermittant sand filter 1s though better
then any other method and operation is also simple but the
process is not sultable for big towns due to the large area

and considerable quantity of ssnd required. The contact beds
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besides having large areas of land required has also the
disadvantage of indifferent quality of the effluent and
requires very careful operation. The rete of treatment 1is
very slow and in fact the attempt to Increase the rate has
led to the production of trickling filter.

Thus the trickling filter being superlor in practically
all pertinent considerations will be used.

The secondary treatment will therefore consists of the
following units:

(1) Trickling filter

(2) Final sedimentation tank.

The design of each of these 1s dealt with separately

as wumder:

(1) Design of Trickling Filter

There are numerous variables which affect the perfor-
mance and, thus the design of trickling filters. The factors
which are very important are the followlng:

(2) Conpositibn and characteristics of the raw sewage

received at the treatment plant.

(b) Hydraulic and orgenic loading to be applied to the
filter.

(¢) Recirculation system.

(a) Composition of Sewage

The sewege is highly concentrated and has at present a
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BOD of 2000 p.p.m. It is expected to reduce to 975 p.p.m.
after the water supply position is improved. The industrial
wastes are very small and do not compose any substentlial
part of the sewage to be treated.

The hourly, daily, and seacsonal variations in both
the volume and the strength of the sewage received 2t the
treatment plant will be taken care of by varying the reclrcula-
tion. Multiple pumping arrangements will be provided to acco-
modate the low, average snd maximum recirculated flows to the
raw sewage so that the flow to the treatment plant 1s almost

constant.

(b) Hydreulic and Organic Loadings

The loading rate of a filter 1s an Aimportant design
factor, because the fillters are classified according to the
applied hydraulic asnd orgenic loadings. Although there 1s
no well defined practice for the loadings, the following
ranges have been recommended by a FSIWA Subcommittee on

Units of Expression, and will be followed in this design.l

Low=rate High-rate
Fillters Filters
Hydraulic Loadings
Gallons'per day per sft 25 to 100 200 to 1,000

Millions gellons per acre per day 1.1 to 4.1 8.7 to 4
Organic Loading
Pounds per 1,000 cubic feet per day 5 to 25 25 to 300

Pounds per acre-foot per day 220 to 1,100 1,100 to 13,000

lypcr Manual on Sewage Treatment Plant Design, op. cit.
P. 155.
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The above ranges show thet the rate of hydraulic load-
ing in high rate filters 1s 8 to 10 times higher than that of
low rete filters. The high rate filters are therefore low in
initial cost and require less spece and will, therefore, be
provided in the treatment plant of Hebron. In sddition, 1t
will have the following further advantages.

1. The effect of sewage temperature on high=rate
filter 1s less than that of low-rste filters because of
increased hydraulic and organic loading.

2. The head required to operate a high-rate trickling
filter is less than that required by a low-rate filter.

Single stege filters will be adopted due to the follow-
ing reasons:

(1) The BROD of the settled effluent 1s more than
30 mg/l and the avplied load, recirculation included will
not exceed 110 1b of BOD per 1000 cft per day.l

(2) The desired BOD can be obtezined by single stage
filterstion.

(3) The construction and maintenance cost of the single
stage of filterstion is much less than the double stage filtera-
tion.

(¢) Recirculation System

Recirculation though involves extra first cost and also
some proportion of operating cost is en accepted method of
incressing the BOD removsl efficlency and will be provided for

1 Etwo steel, OE- cltO, Po 5280
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the following reasons:

1. Orgenic matters in recycled filter effluent 1is
brought in contact with active biological material
on filter more than once. This will increase the
contect time and seed the filter throughout its
depth with a large variety of organisus.

2. It will allow continuous dosage of the filters
regerdless of fluctuations in flow and thus keep
the bed working more nearly continuously. It will
also dilute the strong sewsge and will supplement
the weak sewsge.

3. It will freshen the influent and reduce odours.

4. It will improve distribution over the surface of
filter, reduce tendency to clog, and due to being
sufficiently high, will also eid in controlling

filter flies.

5. It will equalize and reduce loading applied to the

filter over a 24 hour period and will thus improve
the efficiency.

Flow Diagram

Out of the various systems of recirculation used
either individuslly or in combination, the flow diagram as
showvn below has been adopted due to the following reasons:

—
-

-

PST. FsT e

&1 chambery
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(1) Recirculation through primary tanks will freshen
the stale sewsge and reduce the scum formation.

(2) The recirculated effluent from the sludge hopper
of the secondary settling tenk will remove sludge and will
thus also reduce depletion of oxygen in plant effluent.

(3) The recirculated flow passing through the settling
tank will dempen the variation in losdings applied to the
filter over a 24-hour period.

(4) The capecity of the final settling tank will be

required only for the balanced flow.

(d) Design Criteria

The design criteria will be as follows:

(1) The shape of the filter will be circular.

(2) The depth of the filter will be 6 feet at the
centre and will be increased at the side walls due to the slope
in wnderdrains. The walls will be of reinforced cement concrete
and will be 12 inches thick.

(3) The hourly, daily and seasonal variations will be
met by varying recirculated flow by means of multiple pumping
arrangement. The operation will thus be continuous.

(4) The filter medium will consist of crushed stone
which will be sound, hard, and free of dust. The size of the
stone will be such that 95 percent or more of the media will

pase 4 inches square mesh screen and will be retained on
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2 1/2 inch square mesh screen. The pleces will be wniform
in size with all three-dimension as nearly equel as possible
end will be placed in layers of uniform size with small size
stones at the tope of the bed.

(5) The ventilation will be provided with vents or
risers on the under drain system so as to maintain the aero~
bic conditions necessary to secure effective treatment.

() The arrsngements for flooding the filter will be
made for controlling the "filter flies" and "ponding" . The
walls will be watertight and drainage channel will be provided
with gates.

(7) The filter blocks will be of vitrified clay or con-
crete and will be placed in parallel lines perpendicular to
the drainage channel.

(8) The drainsge channel will be provided to carry
the flow from underdrains and to admit the air to the under-
drains for ventilation. The channel will be designed to
provide a velocity of 2 to 3 fps and will be rectangular in

cross section.

(2) Final Sedimente tion Tank

The trickling fillter removes only a small percent of
the solids that are applied to 1t in the effluent from the
primary settling tenk. The prineciple function of the filter
is to change the charscter of the suspended solids, rather
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than to remove suspended matter. The suspended sollds in

the sewage applied to the filter are finely divided and will
not settle resdily. As & result of oxidation in the fillter
the solids are changed to a form which being heavier and

- bulkier, will settle if passed through a tenk. The effluent
from the trickling filter will therefore be treated by settl-
ing in a final sedimentation tenk.

The followlng design criterie will be sdopted.

1. The final sedimentation tank will be designed
to operate on a continuwous flow basin and will be circular
in shape.

2. The cleaning will be done manually. The masnual
cleaning is prefered to reduce the first cost as well as the
maintenance cost. The tank will be hopper bottom with steep
slopes of U5 degrees to the horizontal so as to facilitate
sludge withdrawal.

3. The overflow rate will not exceed 800 gellons
per sft. of the area per day.

4. The weir overflow rate will not exceed 15,000
gellons per dsy per linear foot and would remain preferably
upto 10,000 gallons.

5. The uniform distribution of the influent will he
accomplished by an concentriec influent baffle which distributes
the flow wniformly towards the effluent.
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6. Two units will be provided for the ultimate

flows out of which one will be sufficient for the present.

Design of Trickling Filter (For Combination No. 2)

Present BOD of the sewage 2000 pepems

Future BOD of the sewage = 934 p.p.m.

Since the iniltisl BOD's of the sewage are high, high
recirculation rates will be required for reducing the BOD
of the effluent to the sllowable rate. The proposed BOD
of the effluent is therefore to he so chosen that the
effluent is not objectionable and the future flows can be
taken care of by increasing the number of units without
altering the flow in the units.

The design has therefore been made for two different
allowable BODs of the effluent viz. 40 p.p.m and 50 p.p.m.
with verying recirculation rates. The design calculation
for different combinations have heen made as shown in table
No. 7. It will be seen that the following three combinations

ere sulteable for adoptetion.

1. Combination NMo. 2 and 6.

Proposed ROD of the effluent = 40 p.p.m.
Present recirculation required = 9:1

Future recirculation required = U4:1}

5700 m>/day
7050 m’/day -

Present flow/tank

Future flow/tank
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2. Combination No. 4 and 8

Provosed BOD of the effluent = 50 p.p.m.
Present recirculation =8 ¢ 1
Future recirculation C R B
Present flow/tank = 5125 tn}/day
Future flow/tank = 5625 m’/day
7. Combination No. 3 & 5

Present proposed BOD = 50 p.p.m.
Future Proposed BOD = 40 p.p.m.
Present recirculation = 8:]
Future recirculation = h:1
Present flow/tank = 5125 m’/day
Future flow/tank = 7050 m’/day

Since the difference in the present and future
quantity of flow is less in the combination No. 2 and 6
this combination i s most suitable and would be adopted.
The above three combinations, however, show that the
design 1s flexible enough and the actusl operation will
be efficliently possible by any of these.

The detalils of the design of the combination No. 2
and 6 are given below. The design for other combinations
have been worked out similarly and the results are tabulated

in the table No. 7 for comparison.



JTABLE NO 7
TABLE SHOWING DESIGN OF TRICKLING FILTERS W/ TH DIFFERENT RECIRCULATIOMNS
SNEET NO. %
B.o.D | PRoOPOSED| Pkomn] B .0.D |AVERAGE PRIMARY B. o D TRICKLING FILTER TRICKL ING FILTER AVERAGE
SERIAL APPLIED | B.OD | RE-CIR| OF THE | B.O.D | SED/MENTATION| APPLIED TO (75 f2: Dia:, 641: beep) (/oa f*: DA, 6 H: DEEF)| Flow
NUMBER | TO THE | OF TNE| CULATAN RE-CIR-|APPLIED TANK FRICKLING FILTER (vorume - 26, s00 ) (m: umE 47,000 ¢#) PER REMmar K S
PLANT | E FFLU FACTOR | CULATED| o - Pr: TANK
m ” DETEN T /0N B.0.D IN Total BoD ORGANC | EFFICENCY| REMAING ORGANIC | EFFrcuncy| REMANING 4
" EFFLUENT| SED: TANK| pPERIoD | REMOYAL . LoADiNG | OF F/LTER B.0O.D | LoAD/NG| OF E/LT a.eD 3
. p- . B : pry : I G s I N m=/d
i e Pf}"'“ ppm: | HOURS Yo i & X Bs jooo o Arar W| » prm| b/ § 55T Phm | / b
FOR, PRESENT |CONDITIIONS |
| |
1. 934 | 40 57 | 276 | 2.0 26 177 2/90 |82.5 665 6o 46-& 72 487 | 5€25
| |
2. o ve £6 | 232 | 2.0 ” /48 | 23/0 87 §6.0 so 49 72.5 el 7050
3. " " 5 56 202 ve - /29 2400 40 (3 415 5/ 72 3¢ &4 so
2. ” S0 3 4 287 s e ! &4 2260 85 &6 £2.5 48 72 57. 45| SE25 | RecommanoED
5 ” ’” 4 70 | 240 " “ 154 | 2390 %0 5 | 5%, 53 7r-5 44 70 50
FOR| CLTrMATE DES/IGN tt ON.DfTIgNJ' v
1 2,000| 40 9 54 249 | 2.5 40 /49 /870 73 §7 52 4o 73 40 | 85700 Recommanpen
2. 7 . /0 €o 236 7 " 146 2020 75 &7 48 42 73 39.4 | €270
3, « | 50| 8 {8 | 283 - i 170 | 1920 | 725 | €7 56 41 73 46 | £)2.5

o I ey B




98

Design
Assuming 2 detention period of 1 1/2 hour in the

Final Sedimentation Tank, the percentage removal of guspended
matter and 5 day BOD by gettling against 50-100 p-p.-m. curve
- o
BOD applied to final sedimentation tank is, therefore

= 50 x 100 = 66 p.pem.
~T6

> \ .7 +— ;n————\ EST J—-———-'P 50/2%,.,
N~

\

Design for Future Conditlons

Assume 2 recirculation of 3 ¢ 1

The effluent for the recirculation will be taken from
the bottom of the final ssedimentation tsnk. Since the BOD
applied to the final sedimentation tank is €6 p.p.u. whereas
the effluent discharged out of 1t is 50 pe.p.m., the ROD of

the recirculated effluent = 66 + 66 = 50 = 71 pep.m.

Average BOD applied to Pr. Sed. Tank = 934 + (71 x 3)
HL

= 287 pPsPee
Percentage BOD removal by Pr. Sed. Tenk for 2 hours detention
time “ s . s e - an = 36 1

Therefore BOD applied to filter = 287 x 0,64 = 184 p.p.m.
Average Q= 000 ( 75 + 225)
%,UUU
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= 22500
Provide Y4 tanks.
Flow/tank = 5625 m>/day.

Total BOD applied to filter

m/day

184 x 5625

2260 1bs.

Adopt diameter of filter as 100 ft

Volume of filter

il

47,000 oft.

Organic loading =42260 x 1000

= U8 1bs/1000 eft.

This is OK

end depth as 6 ft

3.4 ¥ 100 x 100 x 6

Efficiency of Trickling Filter and Final Sedimentation

Tank at this orgenic loading with R as

Therefore Remaining 20D

This is OK
Hydraulic loading:

Applied sewage = 5625 mé/day
= 1lu‘qr!gdo

Il

Area of filter 7850 sft.

0

N

1]

= 72%

0.28 x 18“

51.5 p.p.m.

Hydraulic loading = 1.U49 x 43560 = 8.26 m.g.a.d.

1850

1
Ibid., p. 528 (Fig. 2Ut-3)
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Design for Present Conditions

Assume Reclirculation as = 81
BOD applied to the Final Sed. Tank = 66 p.p.m.
BOD of the recirculated effluent = 66 + 66-50 =68 ppm.
Average BOD applied to Filter = 2000 ; 8x68
= 283 p.p.m.
BOD removal by Pr. Sed. Tank
(with 2=5 hour detention) = 4o ¢
Therefore, BOD applied to filter = 0.60 x 283
= 170 pepem.

Average A 38,000 (30 + 240)

1,000

10,250 m3/day

i

Provide 2 tenks, 7/tank = 5125 m3/day
Total BOD = 170 x 5125 = 1920 1bs.
Orgsnic Loading/1000 cft= 1920 x 1000 =41 1bs.
L7000
Efficiency of Trickling filter and final sedimentation

Tank at 41 1bs ver 1000 cublc feet = 739"
Therefore Remaining BOD = 0.27 x 170
= u'6 PeDMa

Since this 1s less then the allowable, it is OK.

Hydraulic Lozding

Applied Sewsge = 5125 m3/day
= 1!36 'n.g-d.

1
Ibid., p. 528 (Fig. 23-3).
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Hydraulic loading

i

1.36 x 43560
7850

L}

7.52 m.g.a.d.

This 1s OK.

Design of Plpes

(a) Inlet Pipe for the Trickling Filter

Future flow/filter = 7050 mJ/day = 2.89 cfs.
Present Flow/filter = 5700 n°/day = 234 cfs.
Adopt 12" size, area = 0.785 sq. ft.

Future velocity = 2.89 = 3.8 ft/sec.

5.785

2.;” = 2.98 ft/sec.

Since these are less than permissible maximun veloclty

Present velocilty

of I rt/sec.l the size of pipe adopted is OK.

Distribution Pipe System Over the Tank

Providing Rotary reaction type distributor with
I arms at right angles.

Ultinate Flow/filter 2 .89 cfs.

]

Flow/pipe

2.89 = 0.72 cfs
L

Provide 9" size pipe, area = 0.785 x 0.75 x 0.75
044 gq. ft.

it

Vel

0,72 = 1.6U ft/sec.

5 1WPCF Manual on Sewage Treatment Plan Design, op. cit.,
. 17/2.
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Sinece it 1s less than I ft/sec, 1t 1s OK.
For economy and uniform distribution of flow, the
9-inch pipe at the centre of the tank will be reduced towards

the other end because the flow is progressively reduced. .

3ize and Number of Nozzles

The discharge through spray nozzles can be represented

by the stendard Orifice F‘ormula.1

n = Cn.an 2 ghy
Where 7 = Discharge in cublec feet per sec.
Cn = Coefficient of discharge = 0.65
a, = area of nozzle In sq. ft.
g = acceleration due to gravity

nh = head on centre line of office = £ eft.

&
1]

0465 xo.7851ﬁm[%2-%]xm

= 0,0435 cfs = 19.6 g.pm.

Number of Nozzles required per arm
Flow per pipe __ = .ga
Flow taken up by one Nozzle L0435

16 .6 say 17 nos.

Length of one arm= 100 = 50 ft.

Spacing betwéen mozzles = %% = 3 ft.

|
L. Metcalf and H.P. Eddy, Americen Sewverage Practice.
Vol. II, (New York; MeGraw-Hill Book Co., Inc., 1%%5), 3rd edn.,
p. 515
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Provide nozzles at 3 ft C/C.

Depth of Undergrains

Radius of filter

0

50 ft.
Provide slope = 1%
Height inlthe middle of the Trickling fllter = 6 ft.

Height at ends 6+ 05 =6.5"ft.

Effluent Channel Pipe

[}

Discherge 2 = 2«89 cfs

Minimum permissible velocity 2 ft/sec.

Reconmended veloclty 4 ft/sec.

Area of pipe = 2.89 0.72 sft.

Dismeter of pipe = U4 x 0.72 = 0.9 ft.

Provide 12" pipe

Channel Periphery

Area of section required = 0,72 x 14U = 52 inches.
-

Adopt section o x 6",

Design for Final Sedimentation Tank.

For Future Condiltlons

Discharge - 22,500 m3/day

Auantity taken out for recirculation

22,500 x 3/b
16,900 m>/day

Quantity to be treated by Final

Sedimentation Tank 5600 m>/day .
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Provide two tanks, flow/tank = 2800 m3/day

Provide Detention perilod 1 1/2 hours

Volume of tank = 2800 x 1.5 = 175 rm-‘5 = 6200 cft.
T

Volume of tank = 0.785 D2 (14D ) ,*,; P -

62,000 = 0.785D%+0 .131D7

1]

Therefore D = 3L.5 ft or 35 ft % Lol

Overflow rate = 2800 x 1000 x U
2.8x3.14x35%35

= 770 gellons/sft/day ... OK.

For Present Conditions

n = 10250 mgfday

Auantity tasken out for reecirculation

10,250 x 8
9

9120 m>/day

Nuentity to be treated by F.S. Tank = 1130 m’/day
Netention vperiod = 17; x 24 = 3.72 hours or
3.75 hours.

1130 x 100 x 4
7.8 x 3.14 x 35 x 35

315 gallons/sft/day «.. OK
Weir Overflow rate= 1130 x 1000 = 2700 g/linear foot/day.

= This 1s OK.

Overflow rate

1]
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D. Sludge Treatment

The suspended solids and some of the orgenic dissolved
solids which are in the form of sludge or scum create the most
d1fficult portion of the disposal problem in a trestment plant
because their polluting potentlalitles are generally greater
than those of liquid effluent and thelr volume 1is enormous.

So before disvosing them finally these require trestment in
the treatment plent for (a) reduction of the volume of sludge
to be disposed of snd (b) control or destruction of i1ts put-
rescibility.

Of the unit operations employed for the sludge treatment,
the air drying of sludge after digestlion will be sdopted for
this project due to the following reasons:

(1) Tt is the most economicsl end simple method.

(2) Tt breasks down the complex orgenic matter present

in the sludge into simple compounds

(3) It reduces the quentity of sludge to be disposed of .

(1) Tt makes the odour of the sludge inoffensive.

(5) The sludge gives up 1ts remaining water more easily,

and drying on beds can be accompl 1shed economically.

(6) Digested sludge when dried is more useful for egri-

culture purpose than raw sludge, having lost much
of its oll contents.

(6) Coliforms are reduced.
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Design of Digestion Tank

The major features to be considered in the design of
a separate digestion teank are

(2) Volume of sludge that will be dlgested dally.

(b) Period of dlgestion.

(¢) Method of heating.

(@) Type of tenk.

(e) Method of stirring.

(f) Method of adding and removing of sludge eand

supernatant .
(g) Type of cover.
(h) MYethod of gas collectlon.

Each of these are described briefly as under.

(2) Volume of Sludge

The quantity of sludge depends upon the amount and
charscter of the solids in the sewaze treatment process.
Since these charscteristics are not known, the volume of sludge
cannot be determined vrecisely. An estimation of the guentity
of sludge has, however, been made by assuning the figures for

the normal domestic sewage, and appears with the design.

(b) Period of Digestion

The principal factor affecting the period of digestion

or the rete at which digestion of normal domestic sewage sludge
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takes place is the tempersture maintained in the digestion
tenk. As the temperature increases, the rate of dlgestion
increases, thereby reducing the capec ity of the dlgester.
There are two signiflecent temperasture zones in which the
Aigestion takes place rapidly. Firstly, a zone of high tem-
persture in which the hest loving orgenism (thermophlic) are
responsible for digestion and secondly the zone of moderste
temperature in which the common (misophilic) orgsnism are
active. The upper zone 1s rerely put to use in sevage works
because of odour and other opersting difficulties and the most
practical optimum tempersture for gludge digestion is between
80° and 90° F in the mesophilic range.

The temperature of Hebron ranges averagely between
30° ¢ (86° F) in summer to 5° C (or 41° F) in the winter.
The temperature in the summer is 1desl for digestion to take
place without the ald of heating. In the winter, the tempe-
rature 1s though not idesl but the digestion will take place
when the temperature in the day time will increase. The heat-
ing will therefore not be done due to the following reesons:

(1) The cost of providing extra capecity for digestion
at a tempersture of 41° P will be less than the extrs equipment
requlred for heating and insulating at a higher tempersture.
It 1s due to the fact thet the totel size of sludge digestion

end sludge storsge tank will not be directly prorortional to
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the time required for digestlon.l

(2) Skilled careful operation will not be required
for controlling the temperatures.

(3) The maintenance cost will be low.

Type of the Tank

In the process of sludge digestion the dlgestive actlon
1s most rapid in the first few days and then it 1s slowed down.
The digestion of sludge (80 to 90 percent) will therefore be
made in the primary tank where mixing of fresh sludge wlth
old materisl in the tank will be done; and only the ripening
of the sludge will be made in the secondary tanks. Thils
would provide the following sdvanteges:

1. The difficulty of drewing supernatsnt liquor from
e single tank due to the gas production and mixing will be
overcome, because the separstion of supernatant liguor will
be best obtained from the secondary tank.

2. The initlal cost will hbee less as the primary tank
will only be covered and equlpped with stirring asrrangements.

2. The secondary tenk would serve to equalize fluc-
tuations that occur with sludge drying.

4. It will reduce the tendency of sludge to short

circult and pass through untreated.

1
H.E. Babbit, op. cit., p. 516
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5. No measures for preventing the scum [ormation
will be required. A moder2te amount of scun if formed will,
however, be desirable, because the odours from the sewage
surface will be held back end certein amount of heat insula-

tion will be obtained.l

(e) Methods of Stirring

The seeding of material to be dlgested with actively
digesting materlal is essentizl for rapld sludze digestion.
It is necessary, therefore, that esch doze of fresh sludge
should be mixed well with older material in the tenk. To
assure this thorough mixing the following three methods are
usually adopted.

1. Recirculation of tenk content by pumping.

2+ Recirculating dlgester gas by means of compressor

end relessing 1t through a number of vertical
pipes below the lower scum level.

2. Mechanicel mixing devices.

The recirculation of tank contents require a heat
exchanger and a puap. It also requires a constant attendance
and being costly is not sultable to be adopted. The recircu-
lation of digester gas 1s out of question, since the gas will

not be stored. The third method, i.e. the mechanicel mixing

1
Metcalf and Eddy, American Sewage Practice, Vol. III,
(New York: McGraw-Hill Book Co., Inco., . De 305
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device 1s the simplest and will, therefore, be adopted.

The mixing device will consist of a simplex Screw
Pumpl and a verticsl uptake tube within the tank which will
extend from Just below sludge level to the base of the tank.
The screw pump will draw sludge up the verticel tube from
the body of the tsnk and the rotating conical disperser will
scatter the sludge over the entire surface of the digesting
sludge. Since too much mixing 1s not good, the pump will
not work continuously but will be controlled sutomatically
by time switch, operating once in each hour for a pre-selected
period of upto 10 minutes duration. The period of digestion
will be so adjusted that complete tenk contents are turned
over daily and thus thoroughly mixed. The scum which tends
to form on the surfece will be broken up; the gas bubbles
will be freed rapidly end even tempersture conditions will
be meintained throughout the mass of the sludge.

By means of a reversing switch, the screw pumps will
also be used to clrculate sludge down the tube, thereby
sweeping floating scum into the body of the tank. Thus the
raplid flow of sludge down the tube will entrain large volumes
of gas which create an intense diffusion of gas bubbles and

vigorous dlsturbance of the sludge surface.

lan equipment for Simplex Sludge Digestion Plants by
Ames Crosta M1ills and Co., Ltd., Heywood, Lancashire,
Publication 70, p. 31.
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Method of Adding and Removing Sludge and Supernatant

The crude sludge will be pumped dally into the primary
tank through a pipe which pesses over the tenk wall and dis-
charges below the surface of the sludge. As crude sludge will
enter into the primary tenk a corresponding volume of digested
sludge will be displaced through sn overflow plipe into a slght
box and will flow throuzh 2 sultable range of piping to the
secondary tank. An auxiliary sludge draw-off will also be
provided in the bottom of the primery tank for using under
controlled condition, when it is safe to lower the level in
the primary tank. The controlling sluice vslve will be pad-
locked to stop unsuthorized use.

The aqulescent condition in the secondery tank will
allow the separstion of supernatsnt liquor. The drew off
plpes with controlling valves will be provided at varying
levels in the tank to allow the supernastent to be removed.
The supernatant liguor will be returned to the inlet of the
treatment plant for purificetion with the sewege. The volume
of the supernatant liguor will not be substential end will
therefore not effect the load on the plant. However, if 1t
is more, 1t will be fed into the sewage at a steady rate
over a long period.

The removal of supernatant will thicken the sludgze,
which will be passed to the drying bed through a pipe as
shown in the drawing No. 18.
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Type of Cover

The primary tank in which digestion will take place
will be covered by the fixed concrete roof. The covering of
primary tank 1s essentlal because of offensive odours which
will arise during mixing end digestion of sludge. The cover-
ing will also reduce hest losses from the surfece and keep
the scum layer more fluid. The fixed type of cover will be
provided due to the following reesons:

1. It is 1low in cost.

2. It gives satisfactory service.

3., The danger of drawing air into the tank will be

overcome by drawing the digested sludge equal

to the volume of raw sludge received in the
primary tenk. The supernatant will not be drawn
from the primary tank.

', No maintenance and operation will be required.

Method of Gas Collection

The gas glven off by the actively digested sludge
will be collected in & ges collecting dome which will be
provided on the flet portion of the concrete roof. As the
heating of sludge will not be done, the gas 1s not of much
usees The gas holder will therefore not be provided and the

gas will be drawn off by a pilpe and burned by means of a

gas burner.
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i

Design of Sludge Digestion Tank

The volume of the sludge produced 1is calculated as

under:

(a) Volume of Sludge in the Primary Sedimentation Tenk

Total settleable solids per caplta per dey in

" domestic sewage is gilven as und.er.1
Volatile solids coe 39 grams. 72.2%
Fixed solids .. 15 grams. 27.8%
Total = 54 grams.. 1007
Total weight of sollds = 75,000 x 54 - 89320 1ps.
hsh
Specific gravity of solids = S5g = 250

100 + 1.5 py
Where by

i

Percentage volatile matter in
the sludgze.

Sg = 250 = 1.2
In0 + [1.5x72.2)

Volume of Wet sludge2 = Wy [ 100 .3y + p(Ss~qu
: w L (100-p). Sg.Sw

Where Wy = Total weight of dry solids in 1bs.

p = Percentesge moisture cgptent of the
sludge (assumed as 9%57%).
¥ = Unlt weight of water in 1lbs.

lG.M- Falr and J.C. Geyer, Water Supply & Waste-Water
Disposal, (New York: John Wiley & Son, Inc., 1556), pP. H63.

°Ibid., p. 760 (Bgn: 26.5).
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Sg = Speciflc gravity of solids

Sw = Specific gravity of water

(assuned as 1)

8930 [ 100 + 96 (L.2 - 1.0)]
62 .4 £ x 1.2 x1

2380 cft daily.

2. Sludge After Trickling Filter From Settling Tank

The dailly per capltas production of non-settleable
suspended solids 1s 36 gremsl (26 grams being volstile and
10 grams fixed).

Assuming that 7.5% of the welght of the volatile
solids 1s destroyed Auring filteration and that 87 .57 of
the remaining weight of solids is captured in the sludge.e

Volume of volatile solids remaining = 0.875 x 26 x 0.925

]

21 grams .. 70%

Fixed solids = 0.875 x 10 = 9 grems .. 30
Total sludge = 30 grams.
Total dry solids = 30 x 75,000 = 4960 1bs
45k

Specific gravity Sg = 250 = 1,219
100 + 1.5 x

1Ibid., p. 563 (Table 20-k),
2Ibid., p. 770.
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The percentaze of sollds in the fresh humus sludze
of trickling filter is 5 to 107.1 Assuning 59 solids,

Ws 100 . SW + p(Ss-Sw)J
w L (100-p) Sg Sy

Volume of wet sludge

= 4960 100 + 95 (1.219 - 1.0{}
Fe & 5 x 1.210 x 1

= 1570 cft daily.

3. Combined Primary & Filter Sludze - Fresh

By addition, the position of total dry solids in the

combined sludge will be 28 under:

Primary Final Percentazd

Sedimentation Sed. of

Tank Tank Total Total
Volstile 39 grams 21 gm. 60 gnm. 71.4 ¢
Fixed 15 grams 9 gm. 24 gm. 28.6 1
Total dry solids 54 grams 30 gm. 84 gm. 100 ¢
Sp. Gravity of Sollds, Sg = 250 = 1.206

1 + X .
The fresh humus from trickling filter mixed with
primary sedimentation tank sludge has 3-6? solids.g Adopt-
ing average figure 4%

Total solids = 84 XE%ELOOO = 13,900 1bs.

11bid., p. 770 (Table 26-2).

Ibia., Table
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Volume of wet sludge

13,900 [ 100 + (96 x 0.206)]
62 Wt [ b.0o x 1.206

2500 eoft.

. Primary Sludge Digested

Assuming that 67 percent of the volatile matter 1is
destroyed, 25 vercent being converted to fixed solids.l
Volume of volstile solids = (1~0.67) x 39
= 13 grams ... 37?
Fixed solids = 15 + 0.25 (39 - 13)

]

22 grams .. 637

i

Total ...

1}

35 grams
Total weight of solids per day = 75,000 x 35 = 5,790 1bs.

Ss = 2 0 = 10607
100 + éIoS X 3”

The primary digested sludge has 10 to 15 percent
sludge solids.2 Adopting 13?

Resulting volume of sludge

?290_ 100 + (87 x 0.607)

676 cft.

5. Combined Primary & Filter Sludge Digested

Assuming 67% of the volatile metter destroyed during
digestion, and 251 of the remaining being converted into fixed

1
Ibid., p. 769.

2
Ibid., p. 770 (Teble 26-2).
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(1 - 0.£7) x 60 = 20 gm. 374
2l + 0,25 (60-20)= 34 gm. 637

R g

I}

Remaining volatile solids

Total fixed solids

TOtal » a8 " . a .--25!4- g'ﬂ.
Total solids = 75.300 x 54 = 8930 1bs.
L

Sg = 250 = 1.61
100 + (IOS X 37I

Assuning 927 water content In the digested sludge?

8930 100 + (92 x 0.61)
. SXIQbI

Volume of wet sludge

1735 cft.

Capacity of Digestlon Tank

Capacity of digestion tenk is given by the formula3

cC =Vfr-2/3 (Vf -=Vad) ¢

Where C = Capscity in cublc feet per capita
Vf = Volume per capite of fresh sludge

Vd = Volume per capita of digested sluge

t = Time required for digestion in days.

Aversge tempersture in summer = 30° ¢ or 86° F

Average temperature in Winter = 5° ¢ or 41° F

Designing for the winter tempersture which is critieal,

11via., p. 769.

21p1d., pe 770 (Table 26-2).
31bid., pe 776.
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For 410 P the digestion periocd = 100 daysl

Ve = 5500 = 0.0731 cft
750
vd = 1735 = 0.0231 cft.

75,000
C = 00734 = 067 (0.0734 - 0.0234) x100
= .04 x 100 = L.,0 cft per capita.

Since the sludge 1s usually not removed as raplidly es
it is digested, the capascity of the digestion tank in addition
to this should also be sufficient to provide for the following:

() Concentration of the digested sludge.

(b) Separ=tion of supernatant liquor.

(¢) Storage of the dizested sludze during periods

when the facllities do not permit resdy disposal
l1.e. in winter.

Out of these the first two are normal variations and
are included in the basic capacity valve of ! cft per capita-2
The winter storage may also be taken cere of by the greatest
storage cavacity which will be available at the end of sunmer
season when the sludge level will be 2t 1ts minimum elevation.)
However, to be on the safe side 1t is worthwhile to add 259

allowance for these varistions.

g w. Steel, op. cit., p. 577 (Pig. 26.1).
K. Imhoff and G.M. Pair, op. cit., p. 216.

3Ibid., pp. 216-17.
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Per caplta capacity of digestion tank = 5 cft per caplta.
5 x 75,000

375,000 cft or

i

Total capecity required for future

]

10,600 m>.

i

Cepaclty required for present conditions
= 5 x 38,000 = 190,000 cft
or 5370 m’

The capaclty required for the secondary tank will be
less. So sdopting a r=tio of primary and secondary tank
cavacities =s 2:1 snd edopting 6 tenks of equel volume out
of which four will act as primary and two will act =as secondery.

The capscity of each tank = 10,600

_z._—
= 1765 m>
Adopt a circular section with gsimilar dimensions as
recommended by Ames Croste }ills and Co., Ltd., Lancashire,
vide publication No. 70, so as to get faclllity in procurement

of mechanice 1l equipment, the slze of the dlgestlon tank will
€m

- S _T5em
be as under: //dizzing;w ‘2
- LRI E
$
ft———— 15 m— o
1

"-{ [

~_

Volume of tank = [ mx 152 x (8 + 1.5)] +[m (152-5°) x 1.
o of tan [_n_x 5 x + 145 ] [_8_( 5°-97) x ?]
= 1680 + 85 = 1765 m7.
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Design of Sludge Pump

Volume of Combined Primsry & Filter Sludge (From pege 116)
® = 5500 cft. .

The sludge will be drawn every & hours.

If the pump is operated for 15 minutes

Cepacity of pumnp 1ag.p.m. =5500 x 7.5
b x 15

.688 gepem. Or JOO geDeme

[}

Static Head required for the pump (from Hydraullc Profile

drawing No. 13). 819.5 - 805

16 meters or 52 ft.
O

From Nomogram, for 8" size pipe

Veloecity = 4.5 ft/sec.
¢ @r -1.3 ¢4
Frictional losses in the 8" diameter rising main
Length of the rising main = 94 meters
'. Entrance losses = 12 ft = U neters

2-90° Bend = 2 x 20 = 40 ft= 12 meters

Losses inside the pumping
station = 2 meters

Total ... = 112 meters
hf = 112 x 1.3 = 145 em = L,7 ft, say 5 ft.
Total head = 52 + 5 = §7 ft.
The performances curve of Peerless pump show as under

Curve No. V 4303, size 5 x 6 x 3 - 1/8L
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Efficlency 70%, RPM 970, 3 1/8" sphere.
20 HP, R, = 700 gpm at 57 ft head.

This pump or 1ts equlvalent will be used.

' Recirculati&n Pumping Station

The desi@nc:f the sewege treatment plant necessitated
the recirculastion GS.ireated effluent to the treastment
plent. Since the f through the treatment plant 1s by gravity
a recirculation pumping station is required to pump the effluent
to the grit chennel su;p which 18 at a higher level. The pump-
ing station will 1nclud%}the follewing structures:

(a) Wet well

(b) Dry well

(c) Control Room

(@) Pumping umits and pressure sewer.

Wet Well. A wet well is provided to act as an equalizing basin
for minimizing the fluctuatidnys of load on the pump and for
making the autonatic Operation.iéssible with simple controls.
In this varticuler case, 2 wet well may even be ignored because
the flow through the treatment plant will practicelly be at a
constant rate. However, 1t will be preferable to provide a
wet well to make allowance for the operating levels and to make
the operation sutomatically possible with simple controls.

The wet well will be constructed partly underground

and partly above ground as shovm in drawing No. 20. The bottom
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of the well will be sloped towards pump suction steeply (1:1)

to prevent the collection of deposit on the floor of the well .
The well will be divided into two portions to faelli-

tate cleaning and repair. An emergency bypass will be provided

in the wet well so that under extreme conditions when all the

punps including standby and diesel sets are put out of operation,

the sewage is allowved to flow to the low areas or fields nearby.
The size of the wet well will be such that 1t provldes

facility for cleaning and inspection. 3o, the width of the

wet well will be 1.20 meter (or ! ft.), and the length equal

to the length of the dry well which will be governed by the

size snd number of pumps to be installed.

(b) Dry Well. Tt 1s proposed to install the punps in a dry
well which willl be adjacent to the wet well. This willl have
the following advantages:
(1) Corrosion of the pump will be reduced.
(11) Servicing and maintenance will be easy.
(111) The pumps will be self-primed.
The size of the dry well will depend on the sizes of

the pumps required to be installed.

(¢) Control Room. The pumps are proposed to be vertical spindle

type. The electric motors will be plasced inside a control
room which will be constructed above the dry well. This will

facilitate the chances of damage due to the accidental flooding
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of dry well and also the maintenance of the electrlic motor.
The size of the control room will be the same as the slze of

the dry well.

Punping Units and Pressure Sewer

Verticsl spindle, non-clog centrifugal pumps coupled
with vertical shaft electric motors will be provided.

In order to keep the flow through the treatment plant
constant, the recirculsted flow will be pumped at a varying
rete in the hours of minimum and maximum flow. This will
effect the ratio of recirculation but as the period of
such minimun and meximum flow will be very smell there will
be no considerable effect on the treatment plant and therefore
on the quality of the effluent. The arrengement of pumps will
be so made that these in different combinations will provide
the required recirculated flow. Adeguete capacity of the
punp wlll be provided 28 standby. A diesel engine set will
also be provided to work in emergency during electric fallures.

Automatic float control with butterfly valve will be
provided for the pump operation so that the pumps are switched
ocn or off according to a pre-determined level in the wet well.

The design will be mnade for the estinated designed
population but initially, only the capacity required for the
present population will be instelled. The space will be

left for the installation of the additional pump units in
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the punp room as and when needed. In the case of punp house
dry well and wet well, however, the reduction in the capacity
will not be made, as the cost will not reduce in the same
ratio as that of capascity and also because of practical diffi-
cultlies.

Pressure sewer will be installed for carrying the
recirculsted flow from the pumping station to grit chennel
Sump. Cast iron pipe will be used because the pressure sewer
may be sub)ect to sudden high pressure due to +ater hammer
and also because the protection and maintenance for cast
iron pipe sewer will be cheaper and easier. Centrifugal
cest iron pipe, with a working pressure of U50 psi will be

used.,

Design of Pumping Stotion

To keep the flow in the tréatment plant constant, the
renquired recirculated sewage flow to the treatment plent will
be =2s under:

Present Conditions with R = 8

Raw sewage Proposed flow Required
flow in to the treat- recirculated
l.peme ment plant in flow
l.p.m. l.p.m. gZ.pen.
Average 790 7100 6320 1664
¥ inimum 395 7100 6715 1765
Maximum 1980 7100 5130 1350
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Future Conditions with R = 8.

Aversge 3910 15, 640 11,730 3,100
Minimum 1950 15, 640 13,685 3,600
Maximum 9760 15, 640 5,880 1,550

Capaclty of the Pumps

The above requirements show that there 1s a great varle-
tion in the quantity of recirculated flow and it will require
installetion of seversl sizes of pumps which will have the
following disadvantages:

(1) Grester part of the flow will be dealt with low

efficiency pumps in smsll sizes;

(11) When one puip is out of commission, there is no

standby of equal capacity;

(111) a2s there sre many sizes of pumps, larger quantities
of spare components will have to be kept and these
will not be inter-changeable.

Moreover, since the flow will be vsrying throughout the
day, and these recirculated flows which have been determined
on the basis of assumnption for maximum flow to be 2.5 times
and minimum flow to be half of average will remein for a very
ghort time of the dsy, 1t will not be very much sound to follow
these figures strictly. The sizes of the pumps will therefore
be so made that maximum varist ion ¥ possible with minimum number

of pumps.
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It 1s, therefore, proposed to install the following
set of pumps for the present:

Three punps of 700 gpm @ Py

One pump of 1650 gpm i

For the average conditions core punp Pp will be operated
so 28 to give a dischsrge of 1650 gpm end the three pumps of
700 gpm will act as standbye For the peak hours of raw sewage
flow, the two pumps P; (of 700 gpm) will be operated in paras-
1llel so &s to glve a discherge of 1350 gom. For the minimunm
flow condition either the punp P> will be operated alone or
one more putp of 750 gpm will be operated in paralle.

A diesel engine shall also be provided for the capeclty
of 1650 gpm for emergency during power failure.

For the future when the population reaches to the full
designed figure of 75,000 pcrsons, three more pumps of 1650 gpm
will be added so as to make the total instsllation as under:

3 Py punps of 750 gpm.

4 P> pumps of 1650 gpm.

During the hours of aversge rav sewage flow, the two
punps Po (1650 gpm) will be opersted in parallel so as to give
a discharge of 2850 gpm. If this is not sufficlent one of the
punps of 750 gpm will be added which at the operating hesd of
25 ft. (egeinst 3100 gpm) will give 250 gpm so es to make the
total of 3100 gpm. For the hours of minimum raw sewege flow,

when maximum recirculrted flow will be required three pumps Po
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will be operated in parallel so =8 to glve the required flow
of 3600 gpm. For the peak raw sewage flow hours, the two
punps P7 (750 gpm) in parallel or one pump of 1650 gpm will
be operated as needed. One of the pumps Pp will slways remaln
as stand-by.

A diesel engine set shall also be added so as to

maeke the capaclty equal to the average flow required.

Size of Pressure Sewer

The static head for the pumping will be as follows:
Water level in the wet well + s+ 805.0
Maximum water level in the grit channel... 810 .68
Therefore Static Head = 810.68 - 805
= 5,68 meters (or 18 ft)
Length of pressure sewer = 184 meters (604 ft).
If the size of pressure sewer is adopted as 18
inches, the velocilty at maximum flow (13700 litres) is
1.5 fap.s+ which 48 0.K. but the velocity at minimum flow
is8 1.7 feped . which 1s low. Since the reéirculated flow
will be drawn from the bottom of the final sedimentation
tenk 1t will have sludge mixed with it and therefore the
minimum veloclty should be 2t least 3 f.p.s.
A 14" size of pipe gives the velocitles as under:
Velocity at max: flow veo T7¢5 fepess
Veloclty at min: flow sen 3.0 fepeBa
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This size is sultable, as a lesser size willl increase the
veloclity at maximum flow to be too high which will increase
the head loss due to water hammer.

Water hammer = VoC
g
where Vo = 1initiasl veloclty

C = gpeed of pressure wave

c = 4720
1+ KD
A E
where K = Bulk Modulus = 3 x 107
E = Modulus of Elasticity = 15x106

t = thickness of pipe = C.75 inches

D = Diameter of the sewer = 14 inches

and 4 = acceleration due to gravity

e = 4720
+ 3 x 102 x 1k
15x100 ,75
= 14030

h = Vo€ = 745 x 4030 = 940 ft = 410 psi
g 322

Frictional Losses in the Rising Main:

The frictional losses will be calculated for maximum
flow, 1e. 13600 1pm. The losses due to the fittings will be

sbtalned in equivalent length of straight pipe by Nomograml

1. Seelye Elwyn E. "Data Book for Civil Engineers" John Wiley
& Sons, New York, Second Printing, 1953, page 6+67.
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and added to the stralght length of rising main.

(1) Length of rising main  «.s v cee = 184 meters
(11) Entrance losses = 38 ft. oo vee= 9 meters
(111) Losses due to 4 - U450 Bang = U x 22 = 88ft. = 27 meters

(iv) One gate valve and check valve
=2 x 40 = 80ft. = 25 meters

(v) Outlet losses from 14" adia pipe to
grit channel sump = JOfte ove sse = 3 meters
(vi) Add for loss inside the pumping stetion . = 2 meters

Total vee = 256 meters
Loss of Head for maximum flow from Nomogram = 0.67
he (max) = 256 x 0,60 = 1.54 meter or = 5 ft.

Total head which the pressure pipe line has to sustain
= 940 + 18 +5 = 963 ft. = 420 psi
It is within allowable pressure of 450 psi and is

therefore 0 .K.

Capacity Head Curve of Pressure Sewer:

The capacity head curve for 14" ¢.I. pressure sewer in
a length of 604 ft. with valve of n = 100 is plotted for varipus
discharge as under:
Discharge in gpm hf in ft/1000 Total hf
500 0.5 0.32
1000 2 el 1.27
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1500 h.0 2.2
2000 645 3492
2500 9.5 5 eT5
3000 13.0 785
2500 17.0 10 .25
4000 22«0 13.3

Characteristics of Pumps

For larger pump of 1650 gpm, the performance curves
of Peerless pumps have been plotted on page 1% which shows
the following details.

Curve No. 4305-U  size 6 x 8 x UM & 8 x 8 x UM
Tmpeller diameter = 141/2 inches, efficiency = 70%
RPM = 730, sphere 4 inches,

Discharge 1650 gpm at 21 ft. head, HP = 15

This pump or its equivalent by some other manufacturer

will be used

Ng = N/ - 7304/ 1650

g0 -7 210.75

= 3,000 r.p.m.
The pump will be radial flow.

While decanting the final sedimentation tank, the
minimum water level in the wet well will be 899.0. The satic
head will therefore rise to 11.68 meters (or 38ft). A capacity
head curve of pressure sewer against this static head has been

shown as dotted in the performsnce curve of P> pump at page 131.
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It shows that the three pumps working in parallel at & head
of about 4Oft will give a discharge of 1000 gpm which will
be alright, as the decentation of final sedimentation tenk
will not be very often but once in three months or so.
For smaller pump of 700 gpm, the performence curve

of Peerless Pumps have been plotted on page 132 which shows
the following details:

Curve No. V U302, size 5 x 6 x 3 - 1/8L

Impeller diameter = 12", RPM = 730

Efficlency = 62%

Sphere = U inches

Discharge = 700 gpm 2t 19 ft. head
Horse Power = 5

This pump or its equivalent by some other manufac-
turer will be used.

Ng = 7304 700 = 2000 rep.m.

(19)°°7

The pump will be radial flow.
Two Pumps in Parallel

The performance curve for two P; pumps (700 gpm) and
three P; pumps (1650 gpm) have been plotted on pages 131 &
132. This shows that when two P; pumps (700 gpm) will be
opéerated in parallel, 1t will give a discharge of 1350 gpm
and vhen two P, pumps (1650 gpm) will be operated, it will

give a discharge of 2850 gpm. The three P, pumps will give
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a total discharge of 3600 gpm st a head of 48 ft.

HYDRAULICS OF THE TREATMENT PILANT

The flow to the treatment plent 1s as follows:

Present Q,, = 38,000 x 30 = 790 lpm

2h x AO
Future Q. = 7000 x B = 3910 lpm
2h x A0

Present Minimum flow = 15% of average = 120 lpm
Present Maximum flow = 2.5 Av = 2.5x790

1980 1lpm

Future minimum flow = 15% x 3910 560 1lpm

Future maximum flow = 12,206 lpm

There is a wide variation between minimum end meximum
raw flow. Since these flows will be for a2 short time, these
wlll be taken care of by increasing or decressing the recir-
culatlion by providing several pumps in the recirculatinn
pumping stetion and thus keeping the flow constant through
the units.

The design will thus be based on present and future
averasge rates of flow.

Present recirculation = 8

Future recirculation = 3

Present total discharge = 786 x 9

7074 or 7100 l.pe.m.
Future total discharge = %910 x 4 = 15640 1.p.m.

1. From Grit Chamber to Sed: Tank Distribution Tower

0 max = 15,650 1.p.m.
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2 min =

Using Cast Iron pipes with C -

?’100 1 DM

100

Using Nomogran based on Hazen-Williams Formulse

For max Q, size of pipe = 16 1inches
Velocity = 6.6 ft./secs
Loss of Head = 1.25%
Slope = 0.0125

For min: flow, size of pipe = 16 inches
Velocity = 3 ft./sec. - 0O.K.
Loss of Hesd = O.3$

(1) Length Of PIDE secececccancsncsssses =2 = 2540 mta

(11) Loss of head at entrance in equivslent,
Length of straight pipe from Nomograml
= 22 ft. = 6.7 meters
(111) Outlet loss in equivalent length of straight pipe

loss due to enlsrgement from 16" pipe to
the dia. of distribution box assuning the
ratio of plpe dia. to diameter of distri-
bution box as 1/4)

in equivalent length of straight pipe

= 40 ft. = 12.2 meters

Total length L 4 meters

Loss of head:

he (max) = 44 x 1257 = 55cm.

or 0.55 meter

L.

Seelye E.E. "Date Book for Civil Engineers - Design", Vol. I,
John Wiley & Sons, Inc., New York, Second Fdltlon I9§3, peb =67,
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he (min) = W44 x 0,39 = 13em. or 0.13 meters

2+« From Sed: Tank Tower to Centre of Sed: Tank
QN max in each pipe = 15650 = 3910 l.p.m.

Q min in each pipe = 7100 = 1780 l.p.m.
T

The entering veloclty into the sedimentation tank
should be low so as to prevent pronounced currents towards
the outlet and to distribute the sewage uniformly over the

cross section of the tank. So from Nomogram, for 16 inches

dia pipe.
Max:Velocity (for 5 max) = 1.7 ft/sec.
Loss of Hesd = 0.%
Min:Velocity (for 4 min) = 0.8 ft/sec.
Loss of Head = 0.03*
Slope = 0.001

(1) Length of PIPE +evevvvvesvasvesceas = 15 meters.
(11) Loss of head st entrance (in equivalent
length of pipe) for 16" dia pipe = 22ft.=6.7 meters
(111) Ioss of head in 90° Bend

(for medium sweep elbow

from Nomogram) = 18 ft. = 5.8 meters
Total length 275 meters

he (max) = 27.5 x 0.1% = 2.75cm. or 0.03 meters

hf (min) = 245 x 0.0311- O«Heme or 0,01 meters.
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3. From Sedimentation Tenk Tower to Trickling Fillter Tower:

2 max = 15,650 1l.p.m.

Q2 min = 7,100 1.p.m.

From Nomogram, for 16 inches diameter pipe
Max: Velocity (for 7 max) = 6.6 ft./Bec,
Loss of Head = 1.2%

Min: Velocity (for 4 min) = 3ft/sec. -
Loss of head = O.}?

Slope =  0.012

(1) Length Of PIPE tevctovesssscasncsosssscnne =
(11) Loss of head at entrance for 16" pipe =22ft e
(111) Loss of head at outlet (as in 1 above) =UOft .=
Total
SAY

he (max) = 75 x 1,2 = %cme or 0.9 meter

0.K.

56 meters
6.7 meters
12 2 meters
74 .9

Z§ me ters

heg (min) = 75 x 0,3 = 22.5 cms. or 0.23 meter

L, Prom Filter Tower to Centre of Filter at Gravel Level:

Q mex in each pipe = 15650 = 3910 l.p.me.

M

Q min in each plpe = /100 = 1780 l.p.m.

L
From Nomogram, for 10 inches diameter pipe.
Max: Velocity (for Q max) = 4.2 ft/sec.
Loss of head = 1.0%
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Min: Velocity (for Q min) = 2 ft/sec. = O.K.
Loss of head = 0.7%
Slope = 0.,25%

(1) Length of pipe (including 6 ft. depth of filter)= 25 meter

(11) Loss of heed at entrance = 15 ft. = 4.6 meter
(111) Loss of head for one 90° Bend = 18 ft. = 5.8 meter
Total = 35.4 meters
he (max) = 354 x 1.0% = 3504 em.
he (min) = 35.4 x 0.25% - 9 cm.

Add to this, loss of head in nozzle by assuming,
(1) height of nozzle above gravel = 15 cm.

(11) 1loss in nozzles = 75 cm.
90 em.

Therefore hey (max) = 35.4 4+ 90 = 125.4 cns. or 1.26 meter

he (min) = 9.0 + 0 = 99 cms. or 1.00 meter.

From Centre of Trickling Filter to Tower of F.S. Tank:

(1) Length of channel = = 70 meters
Assuming 1/2% slope in the length of channel
loss of head = 35cm. = 3I5¢m.

Add for depth of channel

20cm.
Add for thickness of slab = 10cm.
Total = 6Sems or = 0,65 meters
5.+ From Final Sed: Tank Tower to Centre of Final Sed: Tank:

Max . Flow/tank = 15650 = 7825 l.peme
2
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Min. Flow/tank = 7100 = 3550 lepems
2
Adopt size 16 inches, from Nomogram
Max: Velocity (for 3 max) = 3.6 ft/sec.
Loss of head = 0.38%
Min: Velocity (for 4 min) = 1.5 ft/sec. = 0.K.
loss of head = 0,%
Slope = 0.003%8

(1) ngth of Pim 'Olllt-..-..-‘.'.0..........!.315 me ter

(11) Loss of head at Entrance = 22ft. = 6.7 meter
(111) Loss of head due to 90° Bend = 25ft. = 7.5 meter
Total = 29.2 meter

hf (max) = 29.2 x 0.3811 = 10.,8cm. or 0.1l meter

he (min) = 29.2 x 0.4 = 2.%cm. or 0.03 meter

From Centre of Final Sed: Tank to Pumping Station:

Max Flow/tank going to recirculation Pumping Station
= 3/4 x 7825 = 5880 lep.me.

Min Flow/tank going to recirculation Pumping Station
= 8/9 x 3550 = 3160 1.p.m.

Adopt 12" size pipe, from Nomogram

Max:Velocity (for Q max) = U s.ft/sec.

Loss of head = 0.9%

Min:Velocity (for Q min) = 2.4 ft/sec.

Loss of head = 0.3%
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Length of DIDE ssecsssscssccscscsassseacs = 20 meters

Loss of head at entrance = 17ft. = 5,2 meters

One 90° Rend = 20ft. = 6.1 meters
Total 71 +3 meters

he (max) = 31.3 x 0.9¢ = 28.2¢m. or 043 me ter
he (min) = 3143 x 0.3%F = 9.3%m. or 0.1 meter

From Sed: Tenk to Sludge Digestion Tank Control Room:

Volume of sludge (from page 116)
= 3500 cuft. daily
The sludge will be drawn every 5 hours

Therefore volume = 3500 = 24,7 md
1x35 b4

= 24700 litres.
If this will be drawn in 15 mts.

Volume per minute = 24700 = 1646 l.p.m.
15

Adopt size of Pipe 8 inches

Velocity = 2.8 ft./sec.
Ioss of head at entrsnce = 15ft. = 4,5 meter

Loss of head for two 90° Bend = 2 x 12 = 2Uft .= 765 meter
Length of Pipe = 1309 = 94,0 meter

Total 106 .0 meters

he (max) = 106 x 0.6% = 63,5 cme or 0.6 meter
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Therefore, the level in the wet well for sludge

digestion tank = 810.3 = 0,64 = 809.66

Level in the Treatment Plent Units:

Min: Level In the wet well = B805.2

Max: Level in the wet well = 805.4

. Level at Final Sed Tank Centre = 805.5

Max: Water level at Final Sed tenk tower = 805.5 + 0.1l
= 805 .61 meter

Min: Water level at Final Sed Tank Tower = 805.5 + 0.03
= B805.53% meter.

2e Max: Water level 1n the T. Filter Gr. level:

(1) Depth of gravel = 6 ft. = 6 x 30,5 = 183 cm.
(11) Add losses from centre of T. Filter
to distribution tower of F.S. Tank = E5cm.
Total = 2U48cm.
or 2.48 meter
Max: Water level in the T. Filter gravel 805.61 + 2.U8
808 .09 or 808 .10mt .

3¢ Max: Water level in the Distribution Tower of
Trickling filter = 808.10 + 1.26 = 809.36
L. Min: Weter level in the distribution Tower of Trickling Filter
= 808,10 + 1.0 = 809.10 meters
5« Max: Outgoing WL in the Distribution Tower of Pr. S. Tank
= 809.36 + 0.90 = 810.26 meters
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Min:Outgoing WL in Distribution Tower of Pr. Sed. Tank
= 809,10 = 0.23 = 809,33 meters
f+ Adopt Water Level in the P,3. Tank
= B810.30 meters
7. Max: Incoming WL in the distribution tower of Pr. Sed. Tank
= 810.30 + 0,03 = 810,33 meters
8¢ Min: Incoming water level in the distribution tower of Pr.
Sed Tank = 810,30 + 0,01 = 810,31 meters
9« Max: WL in the grit chamber
= 810.33 + 0,55 = 810.88 meters
Min: water level in the grit chamber

= 810.31 + 0,12 = 810.43 meters.

F. SLUDGE DISPOSAL:

Sludge Aispossl is one of the main problem involved
in sewage treatment, becsuse the sludge which accunulates has
to be removed from the site of treatment works. It can be
Aisposed of to fill land or can be used as a fertilizer filler
but before it i1s done so, it must be dried to a sultable degree
- of moisture. The moisture 1s removed from sludge of decrease
its volume and its characteristics. The sludge containing 751
moisture can thus be moved with a shovel or fork.

Methods for drying sludge include the use of sand beds,
presses, vacuum filters, centrifuges and heat dryers. The other
less expensive methods such as disposal in permanent lagoons,

drying on earth plots, pumping in wet form to farmers, are liable
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to cause nuisance. The approximate relative cost of the various

means of sludge disposal in terms of percentasge of the cost of

drying on beds 1s gilven as under:l
Method of Dispossl Cost as a Percentege of
Drying on Beds

Disposal 1n permanent lagoons 25
Drying on earth plots 50
Pumping to farm lands 50
Drying on sludge heds 100
Filter pressing 150
Heat drying of press cake 300
Vacuum filtration and flash drying 670

The method of drying by presses, vacuum filters,
centrifuges and heat driers besides being more costly requires
extensive mechanical equipment and will thus not be suitsble
for this treatment plante. The sludge drying beds which 1is
simplest of these practices will be most sultable for this plant

and will therefore be adopted.

Drying Bed Area:

The requlred area of sludge drying beds depends on the
nature of the sludge to be dewatered and the climatic conditions.
A well digested sludge 1is dewatered more readily thsn partly

digested sludge.

i I.B. Esceritt, Sewerage and Sewsge Disposal, opecit., p. 320.
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According to the upper Mississipi and Great lakes
—¥30ards of Stete Sanitary engineers, the area required for
=1ludge drying bed for High rate filter type of treatment 1s
71 .5 squire feet per capite+l Some of the State Departments
of Heslth in United States for example, Illinois, Towa, Idaho
=nd Missourl adopt a rate of 1 s.ft per capitea.® For Hebron,
= rate of 1 s.ft. ver capita will be quite sufficlent, because
the drying time will be much shorter due to more sunshine,
1 ess reinfall and low relstive humldity and will therefore be

=sdopted.

MDesign Criteria:

The following design criteria will be sdopted for the
design of sludge drying beds:

1. The embankment will be of concrete walls and willl
extend 30 cm. above the sand surface.

2« The esrth floor of the drying bed will be graded
s1ightly to the underdrain for collecting the efficlent.

3, The underdrains will be of 6" dla. drain tile
Placed in trenches with open joints. The main underdrain
will be laid down diagonally over the drying bed, asnd the
dlaterals which will be of 4* diameter wmglazed tile will meet

1. Steel,E.W., Water Supply & Sewerage, opcit., p. 589 (Table 26~2).

= Babitt,H.E., Sewsrage & Sewsge Treetment, opcit. p.538 (Table 91).
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at about 30° to main underdrain as shown in the drawing No.
19. The laterals will Ee placed at 3 meters centre to cen-
tre.
4, The bottom will consist of graded gravel In
three layers. Around the underdrains, a 5 in layer of 1 1/2
inch to 2 inch aggregate will be placed. It will be topped
with 2 inch layer of 1 inch sggregate. The next layer will
be of 1/2 inch aggregate 4 inch deep. The total depth from
the underdrain tile to the top of the coarse layer will thus
be 12 inches.
5+ Sand: The sand depth will be 12 inches and will
be of good quality to meet the following specifications:
(1) Washed (less then 1% dirt by volume) .
(11) Uniformity co-efficient not over 4.0 and prefe-
rebly wnder 3.5, and
(111) Effective size of grains between 0.3 & 0.75 mme
6« To provide an economical and satisfactory cont-
rol of sludge flow to the beds, shear gates will be provided.
7. The sludge will be distributed through pipe lines
which will be leid on a grade to give a velocity of at least
25 fepeBoe
8. Splash plates of concrete will be provided to
distribute the flow of wet sludge wniformly over the bed
without causing sand scouring.
9. Multiple beds will be provided to provide opera-
ting faclility. The size of the beds will be 18 x 8 meters.
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10, Facilities for cake removal: The aquentity of sludge

to be handled 1s quite appreciable, and it will therefore not
be efficlently possible to remove the sludge by wheel borrows.
The facility to expedite cake removel will be provided and
will consist of dump cers running on narrow gsuge (about 24
inches). To avold power driven equipment, the cars will be
moved by hand or by animal for trensporting the sludge cake

to a point of disposal.

Deslgn of Sludge Drying Beds:

Total ultimate population ‘o ‘ae 75,000 persons
vresent populstion oo ses 38,000 persons
At the rate of 1 s.ft. per capite per day,
total drying bed area required = 75,000 8.ft.
or 7,000 sq. meters
Adopting a size of 18 x 8 meters,

number of drying beds required = /,000
18 x 8

= U9 beds
50 Beds will therefore be provided.
Drying Bed erea required for the present = 38,000 s.ft
or 3550 sq. meters

Number of drying Beds required = 3550 = 25 Nos.
18 x 8

G . SEWAGE FLOW MEASUREMENT DEVICE:

In the maintenance of sewer systems and efficient
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operation of the sewage treatment plant, 1t 1s necessary to
gecure information on the rate of flow of sewage. Since a
partial flume has already been provided for veloclty control,
1t will be used for the measurement of rate of flow. The
measurement will be made in open channel flow by translsting
accurstely the difference of elevetion of sewage flow Into.
the rate of flow. A small well will be constructed et a
distance 2/3rd length 'A' from the flume throat sand will be
provided with a float. The floet will be connected to a
device to convert the depth of sewage in the well directly

into the rates of flowe.

He. CHIORINATION

The effluent from the treatment plent will be chlorina-
ted for disinfection before disposing off to the fields for
crop irrigation. To be effective, the residusl chlorine will
ordinerily be not less than 0.2 to 1.0 mg/litre and will

require a contact time of not less than a4 minutes.l Under

these conditions, chlorination of effluent from secondary
treatment will result in 99.9% reduction in the coliform
content of the effluent. According to the Ten-State Stendard,
the dose for normel domestic sewage treated in a trickling

filter plant 1s 15 milligrams per . lltre .2
1+ WPCF Manual on "Sewsge Treatment Plant Design" opcit. p. 283.

2« Ibid. p. 283
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Using this rete the total chlorine required per day will

be as follows:

= 75,000 x 75 x 15 = 186 1bs.
1000 x U5k

The chlorine will be obtained in manufacturers
150 1bs. cylinders, or other sultable size govermed by the
avallability of chlorine locally and the pollicy of the
supplier. The liquid chlorine containers will be handled
with utmost care as the free chlorine combines with any
moisture and becomes toxic. The chlorine feeding equipment
will consist of vacuum feed type of chlorinator which in-
corporates all safety features required to prevent the
accldental discharge of chlorine gas. The equipment will
be installed in a room for maintenance and handling of
chlorine containerss Only one umit will be installed for
the present and the other unit will be s dded when the popu-
lation reaches the designed figure. A room having an erea

of 15 sq. meters will be provided.

I. LABORATORY, K OFFICE, STORE & WORKSHOP

The performance and efficiency of a sewage treatment
prlant are dependent to a large degree upon supervision and
efficlent maintenance. The following service bullding will
therefore be constructed at the treatment plent. These will
be arranged and designed with primary consideration to the

sctivities of operating personnel.
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Laboratory Cum Office Building

It will consist of two portlions:
(a) the laboratory vortion.
(b) the office portion.
The laboratory will be concerned primarily for carrying out
the following tests on a routine basis:
(1) B.0.D.
(11) Dissolved Oxygen
(111) Suspended Solids
(1v) Residual Chlorine
(v) PH, Temperature, and Odour.
(vi) Coliform Test.

It will comprise of a chemical laboratory room of about

5 x 8 meters for conducting all laboratory operations for

the sbove test and for desks, files, and a chemist office

of about 3 x U meters size. The space for office will be
adequate to provide the plant superintendent the requlred
privacy needed for proper supervision of personnel and for
filing of plant records and correspondence. It will comprise
of one room for general office and record of about h x5
meters, and a superintendents room of about 3 x 4 meters. A
small reception room will also be provided in view of increasing
public interest.

Store

A store room 1is importent for keeping stock of spare
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parts, materisls end operating supplies. In addition 1t
will 2180 take care of plent portable equipment which 1is
bulky end vulnerable to damasge if not properly stored. The
room will be designed to allow trucke to back up to a loading
dock and will be equipped with an overhead door. It will be

provided with steel shelves and bins.

Workshop:

A workshop is very essential for the maintenance of
mechanical equipment particularly in a location remote from
commercial machine shop like Hebron. It will consist of two
portions:

(a) Genersl repair shop and

(b) Machine shop
and will be situated in the same bullding in adjoining rooms.
Two separate rooms will be provided in view of the fact that
the precision tools used in the machine shop woul@ be vulne=-
rable to damage in a genersl repair shop. The repair shop
will be equipped with facilities to store small tocols and a
desk and chair for daily log snd report work.

A sultable size of store snd workshop woul d best be
decided after consultation with the plant superintendent and
the mechanicel foreman. Sufficient space to house those has

been provided as shown in the layout plant drawing (Drawing
NO- 12 ) .



CHAPTER V
COST ESTIMATE

To have an 1dea of the cost of the project, a cost
estimate 1s needed. The preparation of detalled specifica-
tions and cost estlmate is beyond the scope of the present
study. Also the actual rates for various 1tems of work can
only be determined accuretely by competitive tenders or by
inviting rates from different deeslers. It 1s, therefore
proposed here to prepare an approximate quantitiles of work
done and cost Involved to have an approximate ifdea of the
cost of the project for allocation of funds end inviting of

tenders. The estimates of gquantities and cost willl be as

under:
Item Estimated Cost in
No . Description quantities Unit Rate J.D,

1 (a)SupPlying and consturct- 1220 Meters 4.20 5,120
ing 18" dia. pipe sewer at
invert depth upto 1.5 meter
complete jobe.

(b)Supplying & constructing 370 Meters 5,00 1,850
18" dia. pipe sewer at an

invert depth upto 7 meter

complete job.

2 Su?plying & constructing 1425 Meters 3.80 5,400
16" dia. pipe sewer at
invert depth upto 1.5 inch
complete job.

151
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Ttem Estima-~ Cost

No. Description ted quan- Unit Rate in
titles J D,

3 Supplying & constructing 785 Meter 3450 2,750

14" Aia pipe sewer at an
invert depth upto 1.5
meter, complete job.

U} Supplying & constructing 142 Meter 3.0 430
12" dles plpe sewer at an
invert depth upto 1.5
meter complete job.

5 (e) Supplylng & construc- 621 Meter 2450 1,550
ting 10" dla pipe sewer
at an invert depth upto
1.5 meter, complete job.

(b) Supplying & construc- 77 Meter 2.70 2lho
ting 10" dla pipe sewer
at an invert depth upto
3 meters, complete job.

(¢) Suprlying & construc- 375 Meter 3.00 1,130
ting 10" dla pipe sewer
at=a invert depth above
3 meters, complete job.

6 (a) Supplying & Construc- 7845 Meter 2.20 17,250
ting 8" dia pipe sewer
at an invert depth of
l.5 mdters complete Job
(for main & trunk sewers

(b) Supplying & construc- 973 Meter 2.50 2,430
ting 8" dia pipe sewer

upto an invert depth of

7 meters complete job.

(e) Supplying & construe- 14000 Meter 2.20 20,800
ting 8" dia pipe sewer

upto an invert depth of

1.5 meters for laterals

(oty taken as approxi-

mate) complete job.
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No.
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Description

Constructing manholes as

per drawing complete job:

(a)

Over

upto 1.5

(v)
(c)
(a)
(e)
(f)
(2)
(h)
(1)
(1)

(k)

Over
upto

Over
upto

OCver
upto

QOver
upto

Over
upto

Over
upto

Over

18"

pipe sewer

meter depth.

18*

pipe sewer

Estima-
ted quan-
titles

3.00 meter depth 17

16"
1.5

14
1.5

120
1.5

10
1.5

10"
3.0

10

pipe sewer
meter depth

pripe sewer
meter depth

ripe sewer
meter depth

pipe sewer
meter depth

pipe sewer
meter depth

plpe sewer

20

11

11

above 3.0 meter depth U4

Over 8" pipe sewer
above 1.5 meter depth 122

Ovyer

an

pipe sewer

upto 7 meter depth

Over

8l

sewers

dia lateral

16

200

Unit

Nos .

Nos.

Nos .

No=s.

Nos .

Nos .

Nos.

Nos.

Nos.

Nos .

Rate

50 «0
70.0
45 .0
ho .0
35«0
40 .0
50 .0
€0 .0
30.0
40.0

30.0

say

Cost
J D

250
1190
900
b9
105
Uho
50
240
3660
Léo

9000

86740
87000 J.D.
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STORM WATER SEWER

Estima- Cost
Item ted qquen-~- milt RRate in
No. Description titles J:D.

1 Supplying and construc-
ting 36" dls pipe sewer
at invert depth upto 3
meters depth complete -
job. 550 Meter 7.50 4,125

2 Supplﬁing and construc-
ting 42" dia pipe sewer
at invert depth upto 3
meter, complete job. 550 Meter 8.50 U4 675

3 (a) Supplglng and cons-
tructing 48" dia pipe
sewer at invert depth
upto ? meter complete

-

job. 500 Meter 9.25 U4 625

(b) Supplﬁlng and cons-
tructing 48" dia pipe

sewer at invert depth

above 3 meter depth

complete job. 350 Meter 10.0 3,500

I Supplying and construc-
ting 54" dia pipe sewver
at invert depth upto
3.5 meter depth com-
plete job. h70 Meter 12.0 5,610

5 Supplging and construc-
ting 60" dla pipe sewer
at invert depth upto
3.5 meter depth com-
plete job. ugo Meter 13.50 €,480

€ Constructing manholes
as per drawing con-
plete job:

(a) Over 36" pipe sew-
er upto 3 meter depth 8 Each 80.0 640
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Ttem
No. Description

(b) Over 42" pipe sewer
upto % meter depth.

(¢c) Over 48" pipe sewer
upto 3.5 meter depth.

(@) Over 18" pipe sewer
above 3.5 meter depth.

(e) Over 54" pipe gewer
upto 3.5 meter depth.

(f) Over 60" pipe sewer
upto 3.5 meter depth.

TREATMENT PLANT (1st Phase)

1 Cons tructing Grit cha-
nnel as per drawing
Including supplying
and fixing bar racks
constructing partial
flame supplying messur-
Ing device, all acce-
ssories, complete job.

2 Construction of Primary
Sedimentation Tanks as
per drawing inecluding
the mechanical scraping
equipment required, all
riping and accessories
complete job.

] Construction of Trick-
ling Filter including
supplying the rotary
distributor, filter
medila, and other items
as per drawing, com-
plete job.

Estima-
ted quan- Unit Rate
tities
8 BQCh 80 0
8 Each 85 .0
6 Each 90.0
6 Each %0 .0
16 Each 90.0
say
1 Each 750
2 Each 6000
3 Each 10000

Cost
JCDO

610
£80
540
540
1440

30,525
31,000 J .D.

750

12,000

20,000
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Estima-
ted quan- 'nit
Description tities
Construction of Final
Sedimentation Tank as
per drawing complete
job. 1 Each
Cons truction of Sludge
Digestion Tank:
(a) with fixed concrete
top including supplying
the screw pump, and
other items as per draw-
ing, complete job. 2 Each
(b) with open top, com-
plete Jjob. 1 Each

Construction of Pumping

station including cost

of punps and motors, dry

well, wet well and con-

trol room, rising main,

complete job. 1 Each

Construction of Sludge

drying beds including sll

plping work etc., complete

Job. 25 Each

Construction of distribu-

tion tower for Primery

Sedimentation Tanks, com-

plete job. 1 Each

Construction of Control
Building for Sludge Diges-
tion tank, complete job. 1 Each

Construction of Distribu-
tor tower for trickling
filter, complete job. 1 Each

Construction of Laboratory
and Office 1 Each

Rate

L., 000

8,000

4 000

20,000

800

2,000

5,000

15,00

2,500

Cost
J Do

4,000

16,000

4, 000

20, 000

20,000

2,000

5,000

1,500

2,500
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Estima- Cost
Item ted quan- Unlt Rate in
No . Description tities JD.
12 Construction of Store 1 Each 2,500 2,500
13 Constructionof Workshop 1 Eech 3,000 3,000
14 Construction of Chlori-
nation Plant 11 Each 2,000 2,000
15 Construction of compound :
wall and g=te - Job 5,000 5,000
16 Cost of land 30,000 sq.ntr 0/50 15,000
17 Generel expenses, devel-
opnent of land and all
preparings ete. LS 40,000
1,75,250

say 1,76,000 J.D.

II. TREATMENT PIANT (Second Phase)

1 Construction of Primary
Sedimentation Tanks as
ver drawing including
mechanics1l scrapling equip-
ment required, ell plping
and accessories comnlete
job. 2 Bach 6,000 12,000

2 Construction of Trickling
Filter including supplying
the rotary distributor
filter medis and other
items as per drawing,

complete job. 2 Each 10,000 20,000
3 Construction of Final Sedl-

mentation Tank as per draw-

ing, complete jJob. 1 Each 14,000 k. 000
b Construction of Sludge

Digestion Tenk (a) with
fixed concrete top 1i/c
supplying the screw
pumps, and other items
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Est ime-
ted quan-
Description titles
and accessories requlr-
ed, complete job. 2

(b) Digestion Tank with
open top complete Job. 1

Construction of Sludge
Drying Beds including all
pPiping work etc. complete

Job. 25
Generasl Expenses LS.
Total ... % ol b

Unit

Each

Each

Eech

Rate

8000

800
800

Cost
J.Ds

16,000

20,000
10,000

86,000
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ABSTRACT OF COST

I Sanitery Sewer coe JD. 87,000
II Storm water Sewer cos JD. 31,000
III Treatment Plant, 1st Phase ... JD. 176,000
IV Treatment Plant, 2nd Phase ... JD. 86,000

Total ,.. JD. 380,000

equivalent to § 1,013,000 for a population of
75,000 persons .

Cost per caplte ... 1,01%.000
»

= s 13 050

ST —=—==
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DES/IGN OF TRUNK SEWER
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