533
APPENDIX 21.1

SOIL PERCOLATION TEST

To design a suitable soil absorption system for disposal of effluent from septic tanks, percolation
tests shall be carried oul, on the propused site for location of the absorption system, in the foliowing
manner,

Six or more test holes spaced unformly over the proposed absorption field shall be made.

A square or circular hole with side width of diameter of 10 cm to 30 cm and vertical sides shall be
dug or bored to the depth of the proposed absarption trench. The bottom and sides of the hoies shall be
carefully scratched with a sharp-pointed instrument to remove any smeared soil surfaces and to provide
a natural soif interface into which water may percolate, The holes shall be filled for a depth of 5 cm with
loose material to protect the bottom from scouring and settling.

Before the actual readings for percolation tests are taken, it is necessary to ensure that the soit is
given ample opportunity to swell and approach the condition it will be in during the wettest season of the
year, This is done by pouring water in the hole upto a minimum depth of 30 cm over the grave! and
allowed to soak for 24 hours. H the waler remains in the test hole after the overnight swelling period, the
depth of water shall be adjusted to 15 cm over the gravel. Then from a fixed reference point, the drop in
water level shall be poted over a 30 min, period. This drop shail be used to calculate the percolation rate.

If no water remains in the hole, at the end of 30 min. period, water shall be added to bring the
depth of the water in hole 15 om over the gravel. From a fixed reference point, the drop in water tevel shail
be measured at 30 min. intevals for 4 hours, refilling to 15 cm fevel over the gravel as necessary. The drop
that occures during the final 30 min. period shail be used to calculate the percolation rate.  The drop
during the earlier periods provide infomation for the possible modification of the procedure to suit local
circumstances.

In sandy soils or other porous solls In which the first 15 cm of water seeps away in less than 30
minutes after overnight swelling peariod, the time intarval between measurements shall be taken as 10
minutes  and the test run for one hour.  The drop that occeurs in the final 10 munutes shall be used to
calculate the percolation rate,

Based on the final drop, the percolation rate, which is the time in minutes required for water to tall
1 em, shall be calculated.

4051 CPHEEQ/ND/94
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APPENDIX 21.2

DESIGN EXAMPLE OF LEACH PIT

Design example | Twin Leach Pits {Dry conditions) for 5 users |

1. Assumptions

a)

I

9.5 liters of wastewater is generated per capita per day

5.0 liters of waler is used per day for floor washing and pan cleaning

c The water table remains 2 meters or mare below ground level through out the year for dry
pit and 50 cm below for wet conditions

o) The local solf is porous silty leams  and

e} The pits are designed for 2 year sludge accumulation capacity.

2. The solutien.1 .

al Calculate the total waste water flow (3} in liters per day

O = 9.5 /d*5 users + & liters for floor wash etc,,
= 52.5 liters per day

by Assuming a pit of 800 mm internal diameter (inside lining 75 mm thick with brick on edge
and effective depth 800 mm, check for infiltrative surface area {A}, this is given by .
A, = x dh
Where d is the external diameter and h is the effective depth of the pit
A, = m x 095 x08 = 239 m°

c) If the soil is porous silty loams, the infiltrative area required is 52.5/20 = 2.62 m* | hence
the infiltrative area provided is insufficient, Therefore by choosing a depth 01 0.9 m | the
infillrative area Af wilt be
= n x 095x09 = 269m" | which is sufficient

d) Check for the required solid storage volume {V) for a solids accumutation rate of 0.04 m®

per capita per year, (Table 21.4) for a dry pit with water being used for anal cleansing and
for a desludging interval of 2 years and a household size of 5 persons

Vo= 004x2x5 = 0.40m7

Whereas, the volume of proposed pitis |




L
ed
T

7 x0.8X0.840.9

ARSI 0

4

Hence pit propsed has the sufficient storage capacity.

2} Aliowing a free space of say 0.225 m, the dimensions of the pit are as follows -

ifternal diameter  BOO mm
Total depth t125 mm (900 mm + 225 mm free board)

Since the pif bottom is more than 2 m above the maximum ground water table, the pit will
function in dry condition.

Solution. 2 ;

The ground water table is 50 cm below the ground surface, but all other assumptions are
the same as in the above example.

The pit size is determined by taking the sludge accumuiation rate from Table 21.4,
Assuming the pit desludging period as 2 years.

Volume of the pit

it

0095 x 2 x5
0.95 Cu.M.

Allowing a free board of 0.225 m. Pit dimensions come as follows
internal diameter 1100 mm

Total depth 1225 mm (1000 mm + 225 mm free board)
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APPENDIX 23.3

OPERATION TROUBLES IN SEWAGE TREATMENT PLANT

Signs & Symplams

{1

Possible Causas

Suggested Action

{3

Prefreatinant

pR AR N

thorease in domestic sewsge or indusiral

Clean screens more ofter and report

wasla
Unusugl o eXCessive sereemngs
Excensne i Boadwastings, ashes of material from building Report and gat them divedad.
siter

Exoassive arganic matler o gl

Vetocity is ton low ard detention period 10g
lorg

Reduce the cross-Sectional area of
the channe! pocupied by Howng
SEWHGE,

Instal planks, bricks or e
o channel or (eshape of repat ik

tnng suies

wnt (o preporhonally meduce depth of
fiow for all nofmal present How rales,
ar decigase the numbe:s of channsls
used; of reduce length of channel by
moving oiitiel wel

Carryover of Gt

Vetooity 16 oo high and detenton 1oo short,

Fermove gut more frequently o
increase number of chanaaeds of
increase cross sechonal atea ot
channels.

Sedmentalion Tank

PrAlid tha- Rkt A S A

Floating shudge- io alf anks

mdated shidge decomposing in the lank
angd butyed tr the surfaos

Femove studge mere oomplelely amd
more olien

Floating shudge- not in all lanks

AHected tanks retewing oo mush sewage.

Aaduce How 1o atfected lanks,

Bubbles rsing in tanks,

<

Report and emply task completely as
sonn as possible.

Cortents Black and odorous

Take aclion 1o eliminale septicity by
improving pdtoalios of sewer system,
preateation of organs indusiial wastes
adenilted o the sysiem eto o impove

digester operabion s0 s 1o have
anproved guality superatand o
rechace How mita seltling lank o Bypass
cormpeiely supernantant 1o agoons ale,
it

situation mmproves

Exoessive sotling m ind

Ty t00 |owe

Reduce ooss-sechonal area by
instaling inner walt of susable matenal
atong one wall of channel. or agiate
with e, waoter of othenwise 1o prevend
deposiion

Excessive suspernded matlan in efttuent

Al tanks

Aceomutaled siudge Flow hiough tanks too
tast { over loading)

Fastr

Lot

idge of ynder drainege returned too

Clean tanks more often. Report and
get the loading reduced

Freduce purmpmg rate.

i3t tanks

Some tanks reraiing oo much sewage

Feduce tow to atlectad lanks
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Excassive floating maber in (be effuen

Datective scum boards pr none.

Fepair scum boards or wstall new
anes,

Bhdye pipes choke

Slucige oo thck

Blutdge containg grit

Clizan more often

Clean grit chamber mote often, if
chokage persists reperl. Change
shidge pipmyg ¥ necessary

frdermittent surging of How

High iteomitlent pumping rates,

Adjust pumging rates to keep close 1o
rafes of fow or install or adjus! baffting
to reduce inlet velocity and o have
sftective How distribution across the
width of tank.

Sludge hard o remove from hopper

High content of grit antd/or clay

Low velacily in witharawal kne,

Reduce gt
cant, of reduce oliy-content: or fod
the clogged lines.

Purmp siutdge more oftan or shatige
stutdge piping

Trickling Filters

Filler ponding

Hock o other media oo small of not
sufficiently ueilnrm in size Organie Ioading
EIHOES 1w,

Rake or fork the rocks of Bim surlace
with sight equipment; wash the filtar
sutface with a stream of water undes
hgh pressure. or slop the distribulor
ovit 1h ponded ares and allow
continuaus How of sewage: or dose the
filet with beavy application of chioring
{5 Mg/ CL in filter mtlueni) for several
hours at weekly intervals of take the
fller out of use for one day or longer
o afiow # 1o dry out or replace tilter
mizdi i above methods do nol
sueiged.

Filter Filos

Davelop most frequently in an altamate wet
and dry ervionmant

Dose tiker continuously not
tarmiliontly; of remove Broesshe
biotogical growth. or flood the hiter for
24 hows al weekly or bywaehly
intervats (it should be dose &t intervals
fraquent enough to prevent the Tty
compheling its fife oyele batwean
Hoodings) or wash

goiously the
nside of the exposed tilter walls: or
chiorinate the sewage (310 % mgM o
several hours al bequen! mstervals of 1
W 2 weeks: o apety DOT o ofhe
insachcides

Ordeurs
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Anagrobic decompasiion of sewage shudge or
budogueat growits

Maintain aerolwe conditions i all unds
including sewet system of educe
accumulabon of slime  and iologieat
growdhe or chivnnaste Tltar influent for
shorl penods when fiow s low of
reduoe unusually heavy organic
fadings as from mdk wasies




fring of Fiter Surlace

A g, al of betow O°C; ot progy
tempeialure of applied sevwage by

Crocrsase numbeo of imes sewhie &

ot oves tiler and o reducs

sproeg eftect, o arect sownd scoeen gl

e file in tne path of pre
winghs: or break up o remaoy

]

froguertby.

Activated Sludge

by shadge woiummoe mides

iy be pontrolied by proper

o bo cetotn

apphcatan of ohi

or cortrolb sludge madex B

vaterd siudgs

g

thipested sludge

Fliging studge i selthing lanks)

ey excabsive ndries

trctaass the rate of re

slutdge fom tha i ng tarn

foorease the rale of How of aeraton
an e the

it it i tank of

sped of clisg neehiat
in the tinal seltlisg lank to
‘

rater of temoval of Studees

rease the

nitrification by redu
forerpating thes dhatant

phafelsl fels)

Frothing

s cavse. bothing, The

W sewEhe: O NCTeRsEE 0

Hied sewags
g areas] Dr appty
quantities 0 lank

spf
cirdn)
sutlate lrepeated o

SEEREY]

y agfahion |

Ghgcdge Digestion

Fluctustion in

Loighe tarrperat

Fomgs large goanhies

high rale or oo

iy the surfaces of cols o replace

sating with an extermal

acoumutalion: of INCIEase n

Control sour
pxoessive acid condions Dy reduting
prganic overtonds . of reduce acid

by pratreatment o elimipate
taxit e or add e to keep pH
hetween B8 1o 7.2, or proper guanity
wdpe shouis be

vt over thyesied
withils man trorm digesier

sriteol grit of prevent
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Insufficient amount of wel buffered sludge in

» digester: of excessive additions of raw
studge {with high veiatite content); o poor
mixing of digester comlents; or temperature top
low for profonged periods fottowed by rise in
temperature of digestar contents; o
withdrawal of 1oo much digested studge; or
excessive scum of grit acoumdations

Temporarily reduce of stop raw shudge
additions; or add lime 1o keap pH
between 8.8 {0 7.2 while other
cotrective measures are undenaken:
of restore good mixing within digesier;
of raise lemperalure to normat range;
o7 breakup and ramove excessive
scum layer: o if large guanitiies of oil
or grit are prasent. empty digaster,

dries more slowly thar usual

Bludye fayer too thick
Second dose appled tpo lale
Ssanding water

Bed surface clogged

Broken o clugged
[HE

Pul on less sludge

Do not apply second dose if first has
started to dy off
Decant waler

Raiw over. skim it pRCRLSATY HHG
rediess the surface,
Sel thasn right.




540

APRENDEC 20.2

{1}
SCHEDULE OF PREVENTIVE MAIN
Centrifugal Pumps

TENANCE

B,

Mams of Saection or parnt o Rarteranoe oy be carsed oul Freguencyftime interval Flamarks
X183 b atfanded. al which inspection and
mainienancs o be
done
1 Heoarings Checking of Temps Two months red ball of rolier Bearmgs
themomiter point b oo mueh il o
grease. hot sleeve Deanngs
need o cif ot haawviesr
hubricant, 1t dogs not comect,
dinsemide and inspact the
bearing alignment of pump
and drwver.
2. Glands Changing nf Glaond pe Two months
3 Bearings Lubwicatan {gree Tweor months Crhwek tar sapormt
tersulting mowhitish GO,
washoul with kesosens
&, Gauges Checking of pressure and eaecum Three monhs
g
5. Changing of gland paching e dolivary Six months
sluice valve, suclion valeas Dye pass
vatve, retiux vitlvi,
& Exhaust pump and its Checking of gland packing & s S months

auxttaries

I 4 el

tnpetier

Chigckaig ot
afficiency nhgys
wnpiller nul atc

Y aa

(e

SOHEDULE OF BREVENTIVE MAINTENANCE

Eiectrical Motors

5. Mame of Se Bamanancs o e oo Froguency! Hime ntesval Hemarks
Ho, to b altendad st whith inspection and
rrdntanance 0 be done
i, inductian Motor stator Cinenang of end coviers duat Dlowng and Cine rnonihn Depanding on the workog

apd Foio

conditiens & msiniainoanoe
staft avaiabie

5 fing device

stmeant of
carbon bigpshes shod cleiling jaws. oling
ot tiulch o

g month

Beaarings

Twes monihs

Wintings

it

of end
tabarg
bevtos e pdiieg

£k
Fetar
Ao Wl 4

connachons of stalos

fiun lest

the mictor on oad

Two yeas
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&

SUHEDULE OF PREVENTIVE MAINTENANGE
Power Transformer

S Maimanancs 1o be carned ot Ereguency/time interval Famarks
Mo, at which inspection &
maintenanee 1o be done
1. siftca el topping of bansformer ol lempaiature gauge, Bix months Check and d regpuired sthoa
went pips, vollage lap changiy swilch get must be changed before
the outbreak of monsonn
2. Fitration of oi, checking of d Hi shtength, ched of viscosity of | e H the ranstormer oif
ol terminal boxes { HT & LT bothd insulptors, Mewtrpl Sart withstands insulation fest
fightening of nuls bolts. cable sookels stopping of keakages i any uply 40 KV far one minale i
through joints. i ol necossary o dry and
fiff the transtormer ol
3. Checking of it funclioning Yt
4. Checking of contdlion of core of the transtormen and 5 wi B yeus.
insulation condition.
(43
SCHEDULE OF PREVENTIVE MAINTENANCE
Switchgears ( Adr or D Girenit Breakers )
Gl tame of Section or Part 1o Muntenanue fo pe carasd oul Frogusnoytime Remarks
No. b altended intaeval at which
inspacton &
mrintanence (o be
done
i O Ciroul bromker or Al Cherking, chanayy and tightening of outs, bols Six roonths
Circud bronkes wf fined ry pontacts. movng auxiliary
15 man fixoed conta NG
aiinets No voll coil, pwerdoed cod mberock
system condibion of ansformer ol knife
swalchias & inswalors. ste.
2. il tank Cleaning & topping of ofl & Checking dislectric Six months

strength of ansformes o

Cortacts

Changing of old & sluggish transtormer of of o
ettt breaker Shanging of old & wearing out

Three years

comtacts (fixed moving auxilieries ele)

Depending on the
souree of powes
supply & ds
tripping ate,
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5}

SCHEDULE OF PREVENTIVE MAINTENANCE
Sedimentation Tank with Clarifier and their drive

. Narme of section or Maintenance to be carred out Frequencyfime inferval Ramarks
Mer, patl 1o be atttended at which Inspection &
mainlenance fo be done

1 Trolley wheels Lubnocation fgreasmg One month
2. Reduction Geasr Box Checking and topping of of levet Three months
3. Turn Table mechanism Checking and lopping the ol level Three months
4, Verlical stip Ring Molor Dust blowing. checking of carbon brushes, Four months

bearings eic
5. Rail/Track Adsiment of gap betwesn two rails & its Four monlhs

alignment elc
&, Reduction gear Checking of helical spurgeass condition Six months
7. Rubbies lype whewis Checking of wear & lear alignment & ils Six months Maote frequently in the old

Hon wheels pasitonmg mnstallations

B, 5 Scrapets Tightaning of nuts & bolls, repiacement of Yeuar

broken paris
g, Checking of ils sprockets chains | sleei

balls. gear hoxes elc.
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APPENDIX 24.1

MINIMUM LABGRATORY EQUIPMENT NEEDED FOR TESTS

Equipment

Type of Plant

3MLD

» 5 MLD

Anavtical Balaneg

X

Antockave

Centrifuge

Uhlorine comparator

Colony counters

Dleminer

Dissolved Oygen sampler

Drylng over (hot air}

Fume cupboards

G lquid chromotograph

Mot places

© ncubator 20° G (BOD)

incubatar 30° O (Bacteriolagical)

Kjehldahl Digestar Unit

Magneatic stirrers

Microscupe, binccutar with ¢if immersion and movable stage counti
el

Marmbrance Filter Assemb

Mufito Furnace

Cirsat o7 equivalert gas analysis apparatus

e compaator {Calorimetric)

pH meter with reference & spare alectrodes

piH meter grotable

Refrigerator

Sedwick Rafter funnes

Shuddge samg

Bowhiet extraction u

strophotomster with o

4 Total erganic carbon analyser

Turbidimeater

Vanoum pump

Wiater bath {thermestat controlied)

e and chemicals as regquired




APPENDEX 24.2

TESTS RECOMMENDED TO BE CARRIED QUT ON UNITS OF SEWAGE TREATMENT PLANTS

Froatuwsent Siage/ Ul REEEY Settleabde Dissolved  Mised Tiguou 8V e Trarbricdity i Alkalingy  Volatle  BOD OG0 DO ORP Totas
Suspondod Serdirds Suspandded M, ’ Acicls Kjohildatl
Sediels Rl Neragen
(M, S5
: 2 4 o ' 7 “ o 1e N £2 13 14 PG

b Ry Sewage X X X X X X X
2. Primary Sodimentation Tanks

inpthuent aned etuent N X X
30 Trickbng Filter influe

oifbgo X A X X X X
4 Activated shadge aeration 1ank

intluent & effinent X Y X X
5. Abwewe tank contants ~ X
. Efthuent of Sceondary settling

tank X X X X X
Y. inflaen: & offfuent of sepiw

tanks hnhofl tanks

clayigosiors X X X X
8. Above tank cuntents X X £
Q. Digester contents X X X
10, Primary shadge
1E Seeomslary settled sludge
12, Drgested sludge X x X
15, Sheddge digesior supornatant x X X * X it
14. Stabilisation ponds influent &

effluant X X X X X
15, Above popd confents X X X X
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TESTS RECOMMENDED TO BE CARRIED OUT ON UNITS OF SEWAGE TREATMENT PLANTS

Treattment Stage Uit Aprpriorisca M Prasmpiites iy Tesmie Y K Cehms foc® ¥ Mo s Wi ol Thnggen Atgz Cell s s
Hrogen Hgtate Sistrstarinrs Hidan Fase @ e Exaniraion izt Pt Liplaks Denaastration Spestbad
a3 Tantire B Bora Rats
& fatina
i HE ? B =] 21 g 3 =4 2% =7 i ] 3 31

1. Raw Sewage S % % x 3 Biedoiny Tosts
4 Primary Sedimeentation Tanjo

influent and eiflnent
3. Teiebding Filter infhsent £

Hnent % %
4. Actvaied shedge acration tank =y

indhens & cffiowm
5. Alxn tank contenrs * £ X
G Efltwen: of Secnidary sotiling

1%
tank x B
o]

7o infbreat & eiliuem of se

fanks loshefl Ganks

slatigosiors
8. Abeve tank conlenix bt X
9. [Hgester condents
M. Primary shadge X X ES
11 Secondary setted sludge * % ®
B2 Digested sbadge x i ® kS x
13, Sludge digester supernatant
i4. Stabiisation ponds nfluent &

effivent
15, Abewe popd contents %

OTHER TESTS ! Shidge Porn Septc Taks. fiof Tares o Wit ol st aranalon for Ova Dyst Pafgens
7 Tngeste 3as Lorngiste Cas Apatyss

& Unbormated Efuent Thizaing samitheni
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APPENDIX 25.1

DESIGN EXAMPLE FOR VENTURIMETER

Problem : Design of Venturi Meter using the following data .

1. A venturimeter will be provided in the force main. The force main is 92 cm
{36 in.) in diameter.

2. The tube beta ratio {diameter of throat/diameter or the force main) shall be
aqual 10 0.5

3. Maximum and minimurn flow ranges are 1.321 and 0.152 m’/s. respectively,

4. The flow measurment error shall be less than = 0.75 percent at all flows.

5. The head loss shall not exceed 15 percent of the meter readings at all
flows.

6. The salected venturimeter shall be capable of mesuring flows of solids
bearing liquids.

Solution :

Where: Q s pipe flow m’/s.

= upstream peizometric head, m
; throat peizometric head, m
force main area, m*

= throat area, m’

H, -H.,. m

=

D L
'!

Under actual operating conditions and for standard meter tubes, including
allowance for friction, the above equation reduces to
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Where
C, = Velocity, friction or discharge coefficient (dimensionless)
K = Coefficient (dimensioniess)
I
2
M__,,AWWV (3)
VA
S
-~ p,
(= (4)
oD

D,. D, diameter of pipe and throat, m. For Standard Venturi meter the diamster
of the throat is one third to one half of the pipe diameter and the value of k lies between
1.0002 and 1.0328. The value of C, genarally ranges from 0.97 to0 0.99.

The value of C, is normally provided by the manufacturer.
Unit Sizing and Calibration Curve :
1. Determine constants,

The venturimeter tube has DJ/D, = 05
1hroat diameter D, = 46 cm.

2. Develop calibration equation from eguation 2
Assume C, = 0.985
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0-0.985x1 .owmmxm? .»mém/w m\@,mﬁm&y

= 0.7489 vh ms.
Develop calibration curve

Assigning different values of differential head recorded by the meter, the pipe
discharge can be obtained from equation. Atmaximum peak design and minimum
initial flows of 1.321 and 0.152 Cu.M/s the differential meter readings will be 3.111
and 0.041 m respectively (122.48 and 1.6 in.). The calibration curve is shown in
figure. It mercury is used in the glass tube, then the cifferential pressure

readings must be adiusted for the specific weight of mercury {13.58).

Head loss Calculations !

In a venturimeter tube, due 10 gradual contraction of the approach secticn, the

nead loss is considered negligible. Likewise, due to short length of the throat, the head
loss in this section can be neglected. The head loss in the recovery section is estimated

Where h, = head ioss through the venturimeter, m

K = 0.14 for angles of divergence of 5°

At maximum and minimum flows of 1.321 and 0.152 m¥s, the head losses are

calulated as follows

0.14 m 1.321 wm = 0.45m

2x9.81 m X046

h, at maximumiow =




These head loss values are 14.8 percent of the differential readings of the meter
at respective flows.

A1, at minimumfiow =

549
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0.152
A{0.48)°

G.14 m
X881 T
4

12 = 0.006m

Head loss when the flow is 80 mid. or 0.578 m¥s.

DIFFERENTI AL PRESSURE-hm OF WATER

4.0

30

?.@

1.0

014
2x8.81

0578
~X{0.46)7
;X048

M 12 = 0.0867

yd

025

0.50 075 100 125

[,

DISCHARGE m3/sec

CALIBRATION CURVE OF THE
VENTURI - TUBE METER

OQ

2846

22.08

14.73 H

7,36

DIFFERENTIAL PRESSURE -h om OF

MER CURY
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