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oy will make nnjnicipal Waterborne ean:l.tation rema.tn for a long

tank'and the n:l.ghteoil cocneervancy systan, the tmo moet
widely used nethods of sewage dispoaal i.n Lagos and other

.- other developing ocuntriee, this work holds. that whe.re the
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parta of Nigeria

A backgrmnd su.rvey of the problems of waterborne R
eanitation in Nigeria is given. Even though these pa:oblana

time an unaccmplished ideal in most towns in Nigeria and

* right conditiona exist, certain aections of auch tmms could

" be provided with l:l.mited waterbone sanitaticn. facilities.

A survey is made of & marber of such facilit:l.es :Ln the Lagoa
Area in educational inetitutions, hospitals, amy barracks, :

housmg and industrial estates i.n which these conditions exists N

Results are reported of laboratory scale model tests

to shew that only a little strip at the bottom of the stamia.td

circular design of the soakaway that has beer used in the

Nigerian building practice for some four decades is effective

in leaching away: tank effluents- suggestiona for an o

alternative design are made T

1

. A critical appraisal is made of the etpirical foxm:la
.for converting ‘the peroolation rate of watéer in- a soil to the -
rate of sewage loading on the soil, toqether with a auggested

g e
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- modification of the or:l.ginal American method for percolaticn - '

tests in. the sandyblaterite soils of Lagos.f ¢ «:5"'-:-

” The results of & six-year study on the water table in
parﬁa of Lagos are reported , They i.ndic:ate that the water*
tableietooneargrwndleveltomkeﬂmeseptictanksyetan
- anflective method of sewage dieposal i.n 'l:hese lcw lying
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aneas:af Lagos, S . Sk o
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) results with the 1aboratory scale n'odel in the treat:ment

- obtained from different parts of ‘the Lagos Metropolitan Avea.

R

'Ihe biodisc process 1s Eiiscussed tOgether with the

'

of milk, damestic sewage, nightsoil and industrial wastes -

The results show that the process. is efficient in the _
treatment of all of them. An tems of reduction in Chemical
Oxygen Demand (oD}, Biochemical Oxygen Demand (BOD) and
Suspended Bolids (SS) Co

. The thesis ends with adesign for convertingd septic .
tank into a biodise plant, and discussion on the possibilities

of the biodisc process as an- inexpensive altemative to: the

septic tank in the low-lying areas where the tank is ineffeotive,
and to the relatively expensive package plants based on the

Activated Sludge Process now existing in a fiurber of institutions
T

in the Lagos Area. 1t is hoped that the findihgs 4h these
studles will be a comtribution towards the solution of the -
gerious problem of sanitation in Nigeria and other countries
with gimilar problem.- S :
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'l‘his 'Ihesis ds divided into three sections o

The first section (Chapters T and- II) is :Lntroductory,

g dealing with the problers of water borne sanitation in
' ‘ sanitation in a meber of public institutions i.n the
for the instellation of these facilities.

‘I‘he second section (Chapters III - V.[I) deals with the '
nightsoil conservancy system and the septic tank, the two

- methods of sewage disposal mostly used in Lagos This- section

deals in some detail with the ineffectiveness of the septic
tank ~ cum - soakaway in thelmr—lyingareas of Lagos and the -

suitability of some soils in the Metmpolitan Lagos Area for
leaching away septic tank effluents.

The last section (Chapters (VIII - x) deals with the
Biodisc Process and experiments with the: process in the o

" treatment of wastes. in Lagos._ It inc:ludes a chapter (Ghapter X)
on a design for converting an existing septi¢ tank into a, " ’

. biodisc treatment plant and another (Chapter XI) on Discussion
and Conclusions. i

Lo

The Thesis ends with a Bibliography. SR
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' : CHAPTER 1
INTRODUCTION: FROSPECTS FOR WATERBORNE. -
'SANITATION IN NIGERIA

1.1 THE_BRQBLEM_QE_I NCREASING POPULATION

Food experts have for a long time expressed

concern over the fact that the overall world populatlon"'

'~ appears to be growing at a faster rate than the wOrld's

food resources. What has now become anether cause of
concern in the alarming rate of world populatien growth)
this time to the‘internatiénsi health Lommunity;.is
man's inabillity to keep paee with this growth‘in the
provision of an extension of facilities for remeving

from his immediate environment the wastes from his body.l

" his dwellings and his industries, and for their safe

disposal after suitable treatment.

This latter problem is serious the world over; Even
in the more developed countries of Europe and Nerth
Bmerica where most towns have the central sewerage system
the World Health Organisation'rmmnns_that the rate at
which extensions are being mede to, these existinél
facilities and the rate at which senitary engineers,
sewage plant operators and technicians are being trained
in these countries are not keeping pace with-the rate at
which the communities are growing (LOGAN, |[J.A. 1967).

The situation is grievous in the develeping countries.
While in 1967 the overall world bopuletien grewth'rate

was 1.9% per annum, the population in West|Africa was

' increasing at 2.5% per annum, and that in Nigeria at 2.7%

per annumifuwN.O.,'IBGT). Further in most communities
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~ sewerage and_sewage‘disposal facilities are practically

oy -..2_

" in the developed world, only extensions are required

to existing facilities but in most developing countries
existing facilities are not adequate to meet immediate
demands. Arrangements therefore need to be made from
scratch for these communities that are growing at a
faster rate than thelr counterparts in the develbped
countries, Co-existing with these disadvantages in the
developing countries are the other serious consequences
of undér-deVelopment: a low gross national'product, low
technological development, inadequate education at all

‘levels and the lack of appreciation of the need to invest

so much of scarce natural resources in .schemes that have
little political appeal.

1f the overall population growth is fast, the cities

" 'of the world are growing faster still. The World idealth

Organisation reckons that urban growth rates are more
than twice the national rates (HANSON, H.G. 1967). This
means that more and more people crowd into the cities.

" These in conseguence grow either-verfically upwards,

leading to great population densities, or horizontally,
leading to urban sprawl. In either case, increasing '
quantities of wastes from a rapidly 1ncreasing urban
community now have to be collected and transported over
long distances before treatment and subsequenf disposal.
Authorities ir countries where city growth is prdperly
planned and control&ed are barely able to keep pace with
the heeded extensions to the existing sewerage and sewage
disposal facilitiés; -Ajegunle, Shomolu and Ketu in. the
suburbs of Lagos in Nigeria are examples of the chaos

" that occurs where city growth is little controlled, and

non-existent.

It
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- 1. 2 PRESENT DAY SEWERAGE TECHNOLOGY

The most satisfactory method known to technology
today 1s the central sewerage system in 'which a network

of sewers collect and carry the raw sewage from

plumbered buildings to treatment works and thence to

 disposal points. Three essential processes are involved

in the sﬁstem: collection and transportation of. sewage,
1ts treatment, and finally its disposal. At the
treatment works the sewage undergoes processes essentially
designed either to remove the harmful suspended, colloidal
or dissolved solids in the sewage fluid, or to ‘convert
these into harmless and less complex substances which
can be more easily disposed of. Disposal of the harmless
effluent is usually in a large body of water like .he

sea, a lake, the lagoon or a river. '

It is not all cities in the developed countries,
and there are very few indeed in the developing countries, .
that have the central sewerage'system. These other cities
employ other less complex but less efficient methods for
their municipal sanitation. Of these. the nightsoil

conservancy system,'also known as the bucket latrine,

is widely used in many towns . in Nigeria, though it is
not as inexpensive as many think. . It is very unpopular

with all concerned: " f?i'-“ L '];57-5'

(a) with héalth 'authorities as it fails
VVthe essential requirements of a
-‘good excreta disposal method,,_

(b) with the community which it serves :'
‘as it is the cause of much irritation
and annoyance to see nightsoil workers
handle and transport on their heads
buckets of foul smelling and half septic
sewage, and

‘{¢} with the workers themselves as they
suffer a psychological and social stigma
which makes them wear masks when Ehey_go

. on their rounds (ALUKO, T.M. 1971).



X

-

XA

R

. ¥'.3 CENIRAL SEWERAGE AS AN ENGINEERING SERVICE

L

In modern city planning practice, the central
sewerage system is considered an engineefing service
just like water supply, electricity. and street '
lighting. These engineering services are installed

‘as part of the initial operation of land deveiopmént

and in advance of building development. The capital

cost of ‘these services is therefore part of the cost

of land development, and is reflected in the sale
prices or lease rates of the developed land. The
maintenance of the central.seWerage system is usually
the responsibility of the municipal authoritonr the
responsibility of a semi- public body specially set up
for the purpose. '

In Nigeria there is as yet not a single town with
the central sewerage system. It is'hoped-that new towns
to be built in future will have this modern system as ,
part of the engineering services being-installed from the

- beginning. In particular the proposed new Federal Capital

must have a central sewerage system. There should also
be a programme of introducing this system to existing

" towns.

Water supply is in many ways akin to sewerage and’
sewage disposal. It 1s, like sewerage and sewage.disposal,
divisible practicaiiy into the same processes though in
the reverse order. A number of the treatment processes
are common, and the approach is practically the same for
the design of the conduits that catry'the water to the
consumer and those that carry the sewage away from the
householder. Indeed water supply and sewage'disposél are
complementary in sanitary engineering. - '

No cost data or construction experiénce in the central
sewerage system exists in Nigeria. Some ten years ago

“the Federal Government had before it proposals for the

waterborne sanitation of Lagos. The project included the
network of sewers, pumping stations and treatment plant )
for cewage. It also included facilities for solid waste

collection, treatment and disposal. The propoéals'were :
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~estimated to-cost E178m (H356m)*< and wére'to éerve< x
an ultimate population of 4.35 million which was the.

- consultants's forecast population of Metropolitan
Lagos in ZOQiA.D., the end of the plan'peniod
(SIMPSON, ‘R.W.  1966). This works out at £41' (N82)
per capita for both liquid and solid waste disoosal

- The latter, however, accounts for less than (HZ) per
capita, . .. | ' ' ‘., ﬂ’.

- - A reasonable amount of information exists on
/capitil  water supply/costs in Western Nigeria. A study of -
' 10 supplies completed in the 5-year period.1961 - 66
shows that the per capita cost varies from‘E3.23 in
Oyo {(pop. 271,500) to £11.65 in Shaki (pop. 50,500).
The average per cCapita cost was £4.62 for an aﬁéﬁgggw
population of 169,400 (Table 1.1). It is to be noted
that the design standard of 10 gallons (45,5 litres)
per head per day used in Western Nigeria watef supply |
practice at that time is lower than the quantity of water
allowed per head in modern communities. SALVATO,_J.A.
{1872) Says that the design figure in U.S.A. was 585 litres
- and that the corresponding figure for developing
countries was 113 litres per capita per day but that a
figure'as low as 38 litres per day per capita is usual
for these countries. Upgrading the per capita consumption
to 20 gallons per day (91 litres per day) will probably
raise the average per capita cost by 50%.

*The estimates were given in € sterling as they o
‘were made before the country adopted a new system o

of currency (in which the naira is the new unit)" o
'in 1973. The original rate of exchange between the '

£ sterling and the Nigerian naira was £1 = ¥2.00 '
(January 1%973). The exchange rate in July 1976 was
"El = H1.18. : - s o
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WATER SUPPLY CAPITAL cosrs IN WESTERN arcznia
‘1961 =-1966
CAPITAL (COST | CALCULATED _ COST . PER CAPITA
PROJECT year AT TIME~OF |CAPITAL COST § DESIGN
- COMMISSIONED COMMISSION [AS POR 1966 J POPULATION| AT TIME" CALCULATED
- e : . |COMMISSIONED FOR 1966
(g) <7 (€£) (E) C(E)
1. Shaki ) 19686 589,800 589,800 50,500 | " L1.65S  11.65
2. Owo 1961 346,700 - 142,600 | 60,200 5.76 7.35
3. Ado-Ekiti 1961 308,700 - 394,000 . 56,800 5.44 - 6.94
4. Badagry 1965 ° 34,500 88,740, . 14,150 5.98 - 6.23
5. Abeokuta . 1.1962 1,043,000 | 170,000 5.07 6.16
6. Owena 1965 - 1,559,000 | 322,000 4.61 4.84
7. Ogbcmosho 1964 _ 1,219,000° | 293, 000 3.77 Tt 4.16
8. Ijebu-Ode 1962 ©-318, ooo 386,600 96,500 ©3.30 . 4.01
9. Ife-Gbongan 1965, 1, 164 ooo 1,223,000 359,000 3.25 3.6t
0. Oyo 1961 687, 100 . 877,000 | 271500 2.53 - 3.23
T _M{b . T - . R ; . .
NOTES: ‘
1. Each Scheme provided for both public stand pipes and individual house connections.
2. Average cost per capita as at 1966 = £4.62 )
3. Figures are givenin £ sberlknq as the, okowects were constructed before the
- change to the new currency in January 1973, when £1 = N2.00Q °
4. 1966 costs were comguted from actual costs as at date of commission at an

assumed growth rate of 5%,

Owena scheme comprises the Ondo-Akure-Idanre-Ikere complex.
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. -From the 1ittle :I.nfonnatim available on electricity
capital costs in Westem Nigeria the average per capita

_oost appears to be under £4.00 for supplies constructed .
about the same period {HCWEIDY, A. 1966). ; ,:-5. o

'Ihisanalysisshmsthatsewerageisbyfarthemst

expensive of the three services per capita. 'Ihis is the .
' first and perhaps the most serious problem of the central

sewerage system in Nigeria and other developing countries, that'

" iz, the relatively high capital cost of a service the need for

1.4

which is'little appreciated by the people and their political
leaders, in comparison with other engineering services. o

SEWERAGE, TOWN PLANNING ‘AND ‘STUM ‘CLEARANCE

£126m of the £178m estimated capital cost of the scheme
for the waterborne saoitation of Metropolitan Lagos mentioned
earlier was for the construction of the network of sewers' for ‘
collecting and transporting the sewage; this is 71% of the total
cost. All the other components of t-he scheme ocmsisting of
pamping and treatment equipment for the sewage, buildings and
camposting plant were estimated to cost the remaining 29%. ‘
The construction of the sewerage or the network of sewers is
therefore the most expensive item in the cent.ral sewerage system.
This is a very important point in this thesis.

Expensiveness of installation apart the construction
of a network of sewers in an existing town will be accanpanied
by dislocation of traffic and general disorganisation of

business in the colmu.mity In parts of Metropolitan Lagos :

where the land is very flat and the soil sandy relatively

deep excavations will be inevitable to obtain the required

gradients in the sewers. . Apart from the disorganising effect
of the excavation and pipe laying activities, there is the

.time consuming procedure of public acquisition of land now
under different and private cwnership. '
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In most of the older tmms grwth has been little
controlled Inlargeareasaroundthehubsof thesetawns
the street pattern is hardly discernible and there aré chunks
of building development where individual buildings do mot
face on to any streets.' Such streets as ‘exist are narrow and

 bullding development on them does not follow an identifiable -

building line. The older parts of Lagos Island and most of
the older parts of the city of Ibadan fall under this category.
It is in these areas that the difficulties of excavating for

- and laying sewers to the inaccessible properties are greatest, |

~ The disorganizing effects and high cost of sewerage in
existing towns will be less serious in cases where town growth
has followed accepted town planning principles. This will be
the case in the newer colonial type towns, like Kadwng and
Port Harcourt, the Sabongaris outside the native cities of the
Northern States, and the later extensions to existing towns
like Ebute-Metta in Metropolitan Lagos. The adverse effects of
uncontrolled town growth are reduced considerably in view of
the grid-iron type layout in these towns.

It is considered that the only effective way of tacklmg
the problem in these cases is to carbine sewerage with slum
clearance and rehcmsing. There is little financial wisdom

in spending so mich money on the construction of a public sewer

along an existing street which in a few years will cease to be
a street, or through ‘private prope'rty to a mud house of little
value which will in a few years cease to exist. Unfortxmately

it is in these central areas of the older towns that population -

densities are greatest and the rehousing problems that must
follow slum clearance are most serious.

® .



=y

-9 4

1.5 SEWERAGE AND URBANISM

The prospect for the central sewerage system in
Nigeria is made further difficut by the relatively high
degree of urbanism in parts of the country:. The 1963

' census indicates that there were'23 towns with populations

of 100,000 and above, sharing a total population of

5,043,386 which is 9.1% of the total population of

55,670,046 for the whole country (Table 1. 2). 14 of these
23 towns with a total population of 3,579,160 or "1% .-
are situated in*the Yoruba-inhabited éouth-west area of
the country, within a radius of some 160 km ‘of Ibadan
(Fig. 1.2). It is noted for comparison that there was

not a single city of up tp.100,000 p0puiation in Liberia,
Senegal, Mali or Gabon in 1963, ‘There‘wes only one such
city in each of the following countries; Sierra Leohe,

~Uganda, and'Tanzania, There were two in Ethiopia, two

in Kenya, two in Sudan and three in Ghana (Fig. 1.1).

The main problem posed by a large town is the ,
magnitude of the capital construction of a central sewerage
system relative to other undertakings like schools, ‘
hospitals, and electricity supply. The £178m estimated
expenditure on the sewerage scheme for Lagos.stared the
Lagos State Government in the face for a long time.
Proposals for the sewerage of Lagos submitted by
consultants at fairly regular intervals to successive
Governments never got off the mark due to the high costs
relative to the government budget and the competing needs
of other and cheaper areas of development. If Lagos had
been the size of Freetown (148,000) or Blantyre (109,795)
or LibreviBe (57, 000) the estimate for a central
sewerage scheme would have gone down to.a size more
acceptable to the authorities. Since in the relatively
small but densely populated south-western area of.the
country alone there are 14 towns with populations of 7
100,000 andabove, the problem of embarking on the central
sewerage system for them and the many smaller towns assumes

+

gserious dimensions.
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TABLE )1.2

TOWNS OF 100,000 POPULATION AND ABOVE IN NIGERIA‘u

No.’|~ .-~ TowN - | POPULATION : |,

1. Aba 0} x3rees LT
.z.uknhbeokuﬁa ,_-_. _ii.'187;ﬁ91jf~f j_:gyi;
3.| Ado-Ekiti . | 157,519
‘4. | Benin . |- .100,694
5. | 'maer 0 fi 134,550 °
6. | Enugu .. .| 138,457,
7. ‘Ibadan | - 627,379
. 8.[ 1fe. . I 130,050 .
9, ': Ikerre | " _'1‘.0"7,'21"6'-”1_"" b
10. | S 1lesha = . | 165,822 - |
1. |iTloxin = * | 208,546
2. | 1we | 158,583
13. | ‘Kadwna o | 19,010 | LUl
14, | oRano. o .o o o298,4320 | o T
15.| Lagos -, - |- 665,546 . i . ..o
. | 16. | Matdugurt .| . 139,965 e R
T "L} 17.| Mushin’ 17 312,063
| ze8.gss.

iy
Pl

0.1+ 163,032
[ 21l ioyo - | 112,349
22.] Port Harcourt .|: 179,563 | .
12a.d darta o | aee,a70 [l s et

&

. .

T o t. a-.1 5,043,386

ft

. The population of 5,043,386 for the 23 tdwns
represents 9.1% of the total population of 55,670,046
N for the whole country in 1963.
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The pattern of urbanism in Nigeria is the urban sprawl in"

which the town extensions are mostly in one or two-storey develogrents.

These extensions are seldam characterised by the high densities
assoclated with the older parts of the towns.: " But while sewerage
works in them may be free from slum canplications ’ tney involve
longer lines of sewers and higher pumping costs per acre of land -

© served campared with the other parts..

Waterborne sanitation for little towns also has problems.
Small plants employing conventional methods for treating sewage
fram small population cost more per capita than large plants
designed for large towns and cities. But since in most countries
more than half of the popilation lives in small cc:mmnities of a -
few hundred to a few thousard irhabitants (PASVEER A. 1966), there-
is a need for the develogment of sewage treatment plants employing .
methods that are less expensive than those’ employed in conve:.tional ‘
plants. Of these so-called low-cost methods the septic tank has been
used extensively in Nigeria and other developing countries, the
axidation pond has been used in same institutions in Nigeria, while
the aerated lagoon has now been mtroduced in Nigeria.

CASE FOR AN INTERIM PROGRAMME OF WATERBORNE SANTTATION
FACTLITIES IN SUITABLE AREAS IN TOWNS

Municipal waterborne sanitation will for the reasons already
explained in this chapter remain an unrealisable ideal for. .
many towns in Nigeria for some time to come. - Research into
new methods and new materials will, it ig hoped, bring down
the per capita cost of this modern and efficient method of -
sewage disposal. The Nigerian.econamy will hopefully contimue

.-to rise. ! At a point of time in future the two things, possibly '

catalysed by international aid, will make it a reality in the
Nigerjan town. It is hoped that this time will not be very

distant.

There are however certain sections of these towns |
which even now can have the benefit of some:form of |
limited waterborne sanitation facilities, proﬁided certain

criteria are met, without having to waft till the -com'in'g

]



- second cfiterion. It is met in the building of the

- 14 ~
of the centrai sewérage system. The analysis of the,
central sewerage capital costs has shown that most
of the cost goes ifito the actual sewerage, that #s,
the network of sewers. In the Lagos proposals earlier .
mentioned the sewerage accounts for 71% of the total

"estimate; This leads to the obvious conclusion that

maximum economy in. the sewerage system will lead to

savings which might bring within realisation now a

scheme that would otherwise have had to be shelved ;?
when sewerage costs bear a disproportionate fraction

of the total cost. This is the first criterion. Again .
there are in the community building and estate developers
whq can afford and are willing to stand the expenses

of waterborne sanitation in their individﬁal developments““
where building development is under single contrdl and
better still, under single ownership. This is the

ordinary dwelling house where the owner-developer

decides to build a septic tank within his own premises.

It is met in the University where the authorities build

a small sewagé treatment plant on the campus.. It is also-
met in the Government Residential Area where Government
can decide to install a sewage plant on land which it

owns to serve buildings which it ‘also owns. A variation

of this criterion occurs where even though the land is

“under single ownership actual building development on

it is under different ownerships but single control.
The Lagos State Development and Property Corporation -
estates in Tkoyi, Victoria Island, Apapa and parts of
Surulere and the Western Nigeria Housing Corporation

-estates in Ibadan and'Ikeja are in this category.

o
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In the nent.chapter a nunber of sewage treatment .
plants in parts of the Lagos area which meet ‘the criteria
mentioned in the last paragraph are diseussed' It is
shown in Chapter III that the majority of premises in
Lagos are on the septic tank and in Chapter VII1 that

~the ground water is too’ high in the ]ow-lying areas

to make the septic tank soakaway effective. - In Chapter-'r
VIII the biodisc process is discussed and the encouraging
results obtained in- the tests on this précess reported
in Chapter IX. suggest that the process can be’ used in .
upgrading existing septic tanks particularly those in |

- low~lying areas ag high water table has no adverse effect =
. on the process. Finally in Chapter X calculations are ' .
-~ made for upgrading the size V tank which is the 1aigest

size in the standard P.W, D. deSign discussed in
Chapter III. o

Fig. 1.3 shows a map of the Metropolitan Area for

& [

by,
A
-

Is
-
-3



L =

J‘r

’

LAGOS *
CLAGOON

AV victori

“Scale, jl—ém olkm

1 0 g ) 2km
'l_rnj‘j'.l‘g.-‘. ."‘_I' Y I

FIG.13

METROPOLITAN ‘LAGOS AREA |




Fant

' .-|:2.1

o CHAPTER g

WATERBORNE SANITATICN IN LAG)S

teman e
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It was shc»m :Lﬁ Chapter I that while the central,'s-eg}éga&e S

system is the nost satisfactory method of waterborme sanitation
in cities, it is very expensive, and is likely to remain an

uirealised ideal in many towns in Nigeria for same time yet._:;_"

It was however argued in that Chapter that given certam
.. "conditions there are certain sections in some of these tcwns w

2.2

that can have ‘the benefit,of same form of limited waterborn_e

sanitation facilities now, without having to wait for the s )
installation of the central sewerage system in the whole trwn

'I'here are in such tcwns estate developers and public

authorities who own institutions and can afford and are willing B

to pay the expenses of waterborne sanitation within these
estates and institutions. Such authorities could be a housing
corporation with respect to its Estate, a University Council .
with respect to the University Campus, or a Government with
respect to a residential area where its civil servants live.

In this Chapter a number of schemes in the Metropolitan Lagos

Area are described to illustrate how the varicus authorities
concerned have taken advantage of the existence of the right

conditions to provide waterborne sanitation facilites in their

respective areas. The locations of these schemes are shoWn
in Fig. 2.1. ' '

UNIVERSITY ‘OF.'LAGOS . SEWAGE, TREATMENT ‘PLANT

The first of these treatment plants is the "Oxigest" Model -

31R 80 which was built at the University of Lagos in 1965.

It was designed to handle the canteen and doamestic waste fram

a population of 1,000 from buildings covering a substantial
area of the campus, and has a design capacity of 50,000 gallons
per day (227.5m*/d). It is a package plant in which the .

preliminary, primary and secondary pmcesses all take place in

. a single unit but in different cmpartments as shown in Fig. 2. 2

2 ur
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The Oxigest Model 31R 80 is a contact stabilisation )
modification of ‘an activated sludge process plant in which.
the organic material in a waste is removed by activated
sludge, after a short contact period in a contact chanber,
for aeration in a separate chamber. The modification. possesses
the advantage of confining aeration to the mixture of activated
sludge and the organics in it as compared with the conventional
type of -activated sludge plant in which the whole of the
sewage is aerated at a correspondingly higher cost, both
capital and operational.

t

The unit consists of two cylindrical sheet steel tanks
arranged concentrically on a concrete base and welded to steel
channels enbedded in the concrete which forms the bottam of
the tank. Steel partitions welded between the two tanks d.vide
the outer tank into three compartments: a contact zone or
mixing aeration compartment, an aercbic digesting campartment,
and a reaeration compartment. ,A structural steel bridge’ (16')"'\'
supports the inlet stilling well (4), sludge scraper (5) and
a surface skimmer (9). A circular air inlet header (10) supported
from the settling basin serves to lead air to diffusers (11}
at the bottam of the outer tank as well as acting as a handrail
for the walkway. Roots type positive displacement blowers
Type RBST 6 are housed in a separate building which also contains
the offices and stores of the operator and is situated about 30m
away from the plant.

Gosteen o

Raw sewage enters the contact zone through the inlet

-~ pipe (1).. Here it is mixed with re-aerated sludge from the

re-aeration zone. The organic material in the waste is rapidly

- removed by flocculation and adsorption onto the activated sludge.

Fresh sewage entering the plant displaces an equal amount of
mixed liquor from the contact zone into the inlet stilling well (4)
of the settling basin via pipe (3). Here solids heavy enough

to fall to the bottam do so to form sludge which is scraped to

‘the central sludge well by a mechanically driven scraper (5).

*Fiqures ‘An bracket refer to Fig. 2.2. ¢
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basin by air lift (12) to enter the reaeration zone. Here
- it flows round slowly to enable it to be thoroughly aerated |

- same 10 metres away from the plant.

- 21-,‘

- .

. Supernatant liquid fram the settling tank flows over the

- notched welr (6) to the effluent tyough (7) fram which it
" leaves the plant throwph the effluent pipe (8) and is - © ..
~ discharged into the swamp not far away. Grease and other

|

floating matter in the settling basin are diverted by the: -
mechanically driven surface skimmer (9) into a scum trough
from which it is autamatically led into ’che aercbic digesting

cmpartnent : ’ .

- Sludge is drawn from the sludge wall in the settling

.r_

so that on re-entering the contact zone it is already fully
oonditioned to treat sewage.

e
'- - Sludge surplus to requireztent is transferred by air Jift
(13) to the aercbic digester where it is digested. Surplus

~ digested sludge is removed fram the Plant via the waste sludge '

sluice valve for disposal on two sludge drying beds 1ocated

t.“,_-, 1.

Air Products Ltd., who market the equipment, claim in

~ their brochure that provided that the organic and/or hydraulic .

loading does not exceed the design figures, and the plant is

" maintained reqularly in accordance with their inetructions,j it
will produce at all times a final effluent that will conform o

to the Royal Cummission Standard of 20mg/1 BOD and 30mg/1

suspended solids. The design loading was exceeded a few years

ago ard a second Oxigest plant, this time a rectangular model _
20B27 of 22,500 gallons (102.4m’) per day capacity, was built

~in 1968 to cater for new housing units for the staff. fThe new..
plant is same 400m away fram the older plant. Neither plant has

been producing effluent of this quality. This is prcbably due
more to inadequate maintenance than defects in the design

.

——n
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Records show that the installation cost of the bigger '..__1
and older plant was £47,500 in 1966.. This works out at E47 5

- per capita of the design population of 1, 000. This per -
- capita cost appears high. Relatively long sewers and a lift _' e

station are probably contributory factors to this hlgh cost
Cost details of the smaller plant are not available.

THEIKEJADHLITARYCANKNMENTSMGETREATMENTPIANT

The second example of the provision of sewage facilities h
in an institution in the Metropolitan Lagos Area is the

‘treatment plant serving the Military Cantonment of the Nigerian
_Army at Ikeja.. The Cantorment covers some 480 acres (1.92 km? )

and consists of the usual acccrmndation for officers and other
ranks, offices, a hospital and other fac111ties. ‘The raw "
sewage from these buildings is carried in an 18 inch (. 46m)

dia concrete gravity sewer, designed to flow half- full at
maximm flow at ultimate development, to the treatment plant
some two and a half kilometers away at the edge of the swamp

on the other side of the heavily trafficked Trunk A road from -
Lagos to Shagamu. It is a conventional type plant in which

the different treatment processes take place in separate units
as compared with the Oxigest plant in which these processes
take place in the same unit thorugh in different chrpariments

 2.3.1 Design Data.

. Fig, 2.3 is'; a s’chematic layout of the plant. The
plant was designed to treat the sewage fron an initial
population of 6,000 at a per capita contribution of
37.5 gallens (171 litres) per day or a total of 225,000
gallons (i, 023m’) per day. The ultimate design _
population was.18,000 persons which at the same per
capita contribution will give an ultimate flow of
675,000 gallons (3070m*) per day. The first phase

- develo;.ment of. the treament plant which was
cmnﬁssioned in 1965 covers only about one~sixth of the

total area. of 4!5 acres (18 200m’) available for ultimate
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"2._.3.2 Sewage Flow

Sewage first passes thruugh a ccmrtimtor in the -
influent chamber A which has a capacity of half the

u_ltimate flow. . Provision has been made for a second S

camminttor to be i.nstalled in future. A by-pass th.rough

'a hand cleaned screen is provided for use when the -

conminltor is: out of use either due to breakdown or

. maintenance operation. The sewage from the comt mtor

passes into the Parshal Flume in the influent chamber

which measures the flow. The sewage then goes into a - |,

division bax from which it normally goes into the

primary clarifier B. From the division box the flow

can be made to by-pass the clarifier tluough an 18" (. 46m)
dia plpe to the outfall sewer. .

Before leaving the influent chamber the seviage is
mixed with rec1rculated effluent from the final clarifier.

. The sewage now enters the primary clarifier in which -

according to the designers' claim, approXimately 35% of
the BOD and 65% of the suspended solids are settled. The
effluent passes over the weir from where it can be made
to by-pass the rest-of the plant into the outfall sewer.

-From the primary clarifier the sewage flows into
the trickling filter C where an additicnal 508 of the
BOD is claimed to be removed by biological action. The
sewage 1s distributed by gravity through the rotating

. distributor amms and passes through the filter bed. It'is

then collected in an under—drain system of precast
concrete blocks. Fram the under—drain it can be made to
by-pass, but normally goes into the final clarifier D.

F

. Recirculated effluent is drawn from the final
clarifier D and pumped back into the ‘end of the influent
chamber where it is mixed with the raw sev.'age, which

i impmvts the efficiency of the trickling filter The o
design specified a recirculation ratio. of 1:1 as hear -

as possible. There is a flow gauge in the recirwlatton ‘

.section of the mfluent c:hamber

.. { ] ! 3



- 26~

| ' -

2 3 3 Sludge ‘System

Sludge is normally dravm fram the final clarifier '. -
and pumped into the sludge digester E. Slhdge is
- drawn every morming and- afternoon and the operation

is stopped only when the sludge ‘has thinned to the
9 : . “consistency of. sewage. Digester cverflcm flows
' ‘ auwnatically into the lagoon and is taken fram a
level 2.5 feet {.76m) below the top, which allcvws a
layer of scumtoformatthetoP The two lagoons are -
filled altérnately one being used for 3 months before '
changing to the othex, .- T

A special feature of this plant is the by—pass
arrangement whereby the sewage can bywpass certain units_
or indeed the entire plant and go straight into the
ocutfall sewer and thence J.nto the dramage swamp. In
particular pr:mary sludge can be made to by-pass the
digester and pumped straight into the sludge lagoon F.
By-passing would be occasioned by damage or breakdown
in certain units, or by power failure which unfortunately

- occurs much. too often in this and other areas of Lagos.
It would also be necessary during periods when units
' were under raatine mamtenance operatlons. |

P2

_ ~ The design prcvided for the addition in future of
; o a primary clarifier, a trickling filter, a final clarifier
-and ancther sludge digester of twice the size of the
present one which would operate in parallel.with it.

¥

. . Information received from the consultannts indicated .
- L o that the construction cost in 1965 was £28,400 and the
i ‘equignent cost '£14,600. This works out at only £7.15

L . per capita of the first phase p0pulation of 6,000, .This, -

.. however, does not include the eost of the constructj.on‘ .
!,-. - of sewers at the Cantonment itself as well as the cost of
| the 18 inch (.46m) dia sewer from the Cantorment to-the -
treatment plant. Sewerage items have been shown. in '
c‘jhapter I tobe relatively expensive.
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" 2.3.4 General Dimensions of Plant Units o

Influent Chamber: , AR
' . Overall length = 33' - 44" (10.2m)
Width at Commiindgor = 12' - 4" (3, &n)exte.rnal
h Width at Flume = 4' - 4" (1 3m) external

Clarifiers: :
: R Tank Diameter = 25' - 0“ 7. Gm) jnternal

e Depth =7 - 8" (2. 3m) at ciramtference ' '*3&.’.

Trickling Filter: L
: Diameter = 50' - 0" (15 Zm) internal

Depth of Bed = 5' -8 SRR

Digester: - ) rnal
, e ' Diameber = '28'- - 0" "(8"6m)' internal

Depth at circumference = 15‘ - 6" {4.7m)
- " Depth at centre = 23! - 0" (7.0m)
: Sludge nying Lagoons (Measurements at bottom) :
|  Length = 50' = 0" (15.2m)
 width = 15" - 0"_(4.6m)

Lo
K ..wt‘i-‘«-—a—w—t

. 2.4 THE IKEJA INDUSTRIAL ESTATE TRA\DE :EFFIUENT TREATMENT PLANT

This plant was constructed at the Ikeja Industrial Estate
' by Reliance Engineering and Construction Company for the Western
Nigeria Housing Corporation and cammissioned in April 1965.
It has a design capacity of 640,000 gallons (2912m*) per day
and is meant to serve all factories in the 188 acre (.75 kn?).
Industrial Estate, )

A feature of the plant is its tréatment of sewage of
different characteristics from different factories. On .
entering the plant these different caponents are first mixed _
in a mixing tank. The mixture goes through a disintegrator =~ *°
before flowing into an aerator clarifier, This consists of two
concentric tanks in which sedimentation takes place in the outer
‘tank and aeration in the inner tank. The aerated sewage then
flows into two high-rate trickling filters from which it goes
-into a secondary clarifier before the effluent is finally
discharged after chlorination into the Shasha River 1.2km away.
There are two sludge digesters for treating sludge from both

the aerator-clarifier and the. secondary clarifier, There is =
also provision for sludge filtration in the design.
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For r-:-crne reascn only 4 of the many" factoriee in the. Est‘aiae

" were effectively connected to the plant in 1971 even'though‘it" .
_mssaidthatarrangaentswereonhmﬁthentooonnectmm.

¥t

L} " 2.5

et

Three of these connected are however the largest factories in

o the Estate. . They are Niger:l.an Textile M:l.ll, Dmlop Factory and
* .. Guiness Brewery. o

_ The capital cost was 2500 000 incluiing the outfall sewer
to the Shasha. This was a package deal project and 1t was
known to the author in his former capacity as Controller of Works

Services in the Western Nigeria Public Service that the

authorities did not escape the problans usually attendant upon
this type of contract.

The plant, has had a oontmucus history of tmsatisfactory
performance, most probably due to defects. in design as well as
poor maintenanoe. Following ‘aeration with high rate flltration
as done in this design is considered unusual. It is known that
the authorities are now oons:.dermg the oonstructlon of an
entirely new plant. ‘ C o
THE SURULERE HOUSING ESTATE TREATMENT "PLANT -

Th].s plant treats the raw sanage from a group of 45 buildings
covering an area of 29 acres (.12km?) in one of the housing
estates of the Lagos State Development and Property- Corpofation
in Surulere. The bulldings vary from 4-storey blocks of flats
to the higher class 2-storey detached houses corrmnly “found
in these estates. It is another 'Oxigest' plant designed to-
treat 200,000 gallons (910m’) of sewage a day at an average
flow of 8,330 gallons (38m*) or peak flow of 25,000 gallons (114m*)

The capital cost (1966} was £61,000 which works out at
£12.2 per capita of the design population of 5,000.  Again

" this appears low and must be acoounted for by the absence of

expensive construction of ‘sewers in the scheme,
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The Surulere Treatment Plant has been included in this K

survey to prove the point that where estate development and,
" as scmetimes happens, building ownership are under a single
control, it becames relatively easy for the estate authorities

2.6

B ]

© to instal sewage treatment facilities in the estate while the

rest of the town suffers from the: absence of the central
semerage system.

'UIHERSEHAGETREATMENTPIANTSHQTHEMETIDPOLTTANLAG)SAREA

There are a number of other treatment plants in the area
under consideration, About 1965 the Federal Ministry of Works .
and Housing installed in a number of Lagos Primary Schools

'Oxigest' Models A and B ({rectangular type) plants in place

of the septic tanks which had had a long history of ~ -
unsatisfactory. service particularly during the wet season. |
The schools vary in poptﬁat’ion frﬁm 740 to 5,920 pupils.
Assuming a 10-hour attendance at school these figures beccme

“310 and 2,480 respectively for a full 24 hours use of sewage e

disposal facilities.
‘Between 1964& 1966, the Chicago Punp type plant was

-, -installed for the Federal Ministry of Health at the Health Centres

at Randle Road (Surulere), John's Street, (Lagos) , Randle Road

. (Apapa), Cemetry Street (Ebute-Metta) and King George V Road

i ol

Military Cantonment almady described in. 2.3 above was built.
for the Nigeria Police at the Southern Police College, Ikeja
It Has a design capacity of 45, 000 gallons (205m’) per day to
..serve a population of 1,500, The budget cost in 1966 was .
".£28,350 which works out. at. £18.9 per capita ' '

(Onikan). The design capacity of the John's Street plant is

12,500 gallons (11.88n’) per day while the capacity of the othei:s

is 4 150 gallons (18, 88m’) per day each..

In 1967 a plant similar to. the plant for the Ikeja -

F:Lnally building work is nearing cdompletion on the

_construction of a new treatment plant at the Lagos University
| Teaching Hospital, Idi-Araba.. This is a CLOW MODEL CS-660-F7-100
- “plant manufactured by the Clow Corporation of Florence, :
' Kentucky, U.S.A. Like the 'Oxigest‘,.it is a contact - _ o
stabilisation mdificaticn of the activated sludge process, = '
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It was de51gned for an average dailv flow of 6.60:,'000 gallons -
. . ]
(2003m’) per day with a total 5-day BOD loading of 1650 1b.-

(750kg) per day. The peak hydraulic flow capacity is 3 times

the design average daily flow, o o

Again as in the 'Oxigest', primary and seoomia.ry
treatment take place in two concentric circular steel tanks.
The inner tank is the clarifier where the raw sewage, m;lxed.
with activated sludge, is settled. The outer tank is divided
into three compartments: a mixing chamber, a sludge activating
chamber and an aerobic digester. The steel tanks are encased

4

-in concrete and are open at the m’p,’ ’Ihere is prcvision for -
- chlorination of the final effluent in & separate building. :

'I‘he concentric tanks are 40 ft. 6 ins. (12, 3m) and 86 ft
3 ins, (26.2m) internal dia; and the . depth at the wall of the
outer tank is 16 ft. (4.9m). The structure is on piled . . .
foundations and was originally estimated to cost‘H473 000 together

 with the office building, chlorine room and laboratory. - It is

however apparent that it will cost much more than thJ.s in view
of the present upward trend in build;.ng oosts

At an assumed per capita 5-day BOD c!:ontrlbutioh‘ of ngm,'

the population equivalént of the_ organic loading of 750kg. per

., day for which the plant was ‘désigned is 11,000. The original
: estimate of ¥473,000 for the capita cost works cut at ¥43 per
capita. This is £29.3 at the. present rate of exchange (1975).

Thls is only two-thirds the cost in 1966 of the Lagos Un:.versity
plant which was £47.5 per capita.. The lower per capita cost -
in the Teaching Hospital Plant is due to the fact that the

- bigger the plant the.lower the per capita cost becomes., The o
: Teaching Hospital Plant is ten times the capacity of the -
o Univers:l.ty plant in terms of population equivalents.

*

In this account of the small waterborne sanitation schemes

in Lagos. ‘sewerage -costs and treatment plant costs have not been -
. treated separately because the ‘setqeraée. component. .in nearly o
all the cases was little thus satisfying the first of the
| criteria set in Chapter I for eervarléjng an such schemes for- ' - t

sections of a town. This probably accounted for the fact: that

information on costs usually did not separate the two canponents.

o

"
¥ +
! r
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Nearly all the exarrples discussed in’ th:l.s Chapter are ‘, |
rodifications of the activated sludge, prooess t which air
mst be supplied at a very hig’n rate, ' This is becanse large

quantities of oxygen are required by the aercbic bacteria for
- the deomlposition of the organic material in a waste,

_ Unfort\mately apart from the axygen produced l:y algae in fheir

own synthesis, the atmosphere is the source of all oxygen used .

in the process of aercbic oxidation of organic campourds, - - -

m:ygenhmeverisonlyaboutone—fifthbyvoltmeofairarﬁ

- its density is only 1,43gm per litre at 0 C and standard

pregsure. Moreover it is only slightly soluble in water the
solubility in fresh water ranging from 14.6 mg/t at 0% Cto*
about 7.0 mg/2 at 35°C under 1 amnsphere of pressure -

(SAWYER, 'C.N. aIﬂMCEAR'['Y P.L. 1967)

It is apparent frcm the. foregoing that only little
quantities of oxygen are available to the bacteria in a waste
fraom large volumes of air. The cost of the medlamcal installation.“

- . for forcmg large volumes of air through the eeration tanks of

activated sludge plants makes the system- tmsuitable for. sewage |
works where flows are under 0.5mgd (2,275m%) . (BABBIT H.E. ard
BAUMANN, E.R. 1965). All the plants under consideration are -

below this capacity and must therefore be oonsidered unsuitable
in the circumstances. - '

N LI
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thoroughly washed ‘and dlSlnfected =each emptyl
" L ' 4“ _. TR *-"ﬁ si’
'f“'_In general the nlghtsollman+and th

."_'|- cow -

max1mgm posszble rules of hyglene in th

TEYy

- /as

..\-.'

Lagoon or.in a blg mlver, burlal*

~ . A -,' .ﬁ

-

. thn in spe01ally des1gned”tanks)

. . .t
:__, -.-F&.t' 1“&?.; ¥

1958)
M _,f

SHAW, V. A

whlle these methods 1f properly oarrled out may

] w

% Ko .

be effectlve and - hyglenlc,!they are.often most

1

unhyglenlc and they constltute a?nulsance due to

REOWH i

fly*breedlng, mells and un51ght11ne55*and ‘

KN
B -..'J _ -‘#‘ g L
some cases, may lead to water pollutlon arlslng
R .' a._‘ N - .,‘: ! d" ‘f
from surface run- off from the dlsposal uates.
L - e
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about
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e .30m to“.usm of earth
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number of SOO-gallon tankers placed at 1nterme-'

,.¢

; P i h Y
'drlvengbyvtractor
A+ e

.fo the Coun011’s nghtSOll jetfy 4t E

3 A
l - W

: _:ﬂ"r-‘_ s

-polnf«was sufflcie tly'strong

."L':"

R LTl

-sufflclent volume

d;whlleﬁthere

. S } - '
was aﬁdecrea e of -3 1% in- tho numbcr of premises
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. : o CTABLEZAT . e es e
" NIGHTSOIL AND SEPTIC TANK SLUDGE CLEARED IN LAGOS 19601965

-

1960 — 1961 1961 - 1962 ) ' oso — 1083 1963 - 1964 1064 — 1065 < -

No. of

with
Pails

Premises

Pails
~ Cleared

No; of

‘No. of .

Premises

with
Pails

" 'No. of

 Pails

Cleared

- No. of

Premises
with
Pails

No. of
Pails ~
Cl eared.

No. of

Premises -

with
Pails

No. of
Pails ™

_Cleared

No of «| -7 ~-f
- No.of - }.
- Pails .2
- Cleared -~

Premises

" with

Pails .

- k-

£6,687
55,148 -

¢

20,930 .

" 44,052

52,643
31,388 -,

-

45,560
46,319
. 26,071

44,362 .
52,079
35,004 &

A T "‘ Ly
BN 3

37,633
42,135 -
~23,872 .

44,910

" 33,961

L1

50:958 .

37.540
41,891

31,385
. 3828

42825

© 50,723

- 51,156
L4819

37,870

. 41,609
. 32,787 -
- 23,008

49,108

. 43,177 :
| 50,652 .

132,765 -

128,053 ;'

116,950

131,445

103,640

129,849

114,644

140,623

' 135554

| 172,693

-

S

=
"1

.. ' VOLUME OF NIGHTSOIL - = "
. DISCHARGED AT JETTY . -

PN

1960 — 1961

1961 — 1962

1962 1963 . |

1963 — 1964

. 1964 1965 .

LA
R

*

m

© SEPTIC TANKS EMPTIED <=7 - -

- 'No.i ’
.732 -

4684

'. No. -
" 816

-

;5221

No;
824

5272

No.

843

< b

ST

© | 950 -

S g S 72,332,

© 29,756 - |-

o 'J'.ll v

ks - 777 ... T {Quantities were estimated from No. of tankers discharged) -~ . .- _ e
- . e " -
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? The.lagoons would prov1de/retent

"o
i,

“of the“order of 15 OOOmgll.”

BT A
v -
5.

‘ﬂno 1ndicatlon mn the prellmlnfry,repéi

m) 3

. s . R
T *concentrated waste whlch‘has
' o e 2 PR e ¢ = u N
M i

."bring:the conoéntratlon‘dbwn to & 1evel in'whlch It w1i

,;.~" R -4'\“‘, ;-‘ g el ﬁ? _3.-, PRRC

_‘;‘: #‘z-
>be amenable to treatment 1n an aeroblc dev1ee.

: hgrs
R L
, [i] -e ';, /,

not de51rable as 1t 1ncreaée8"the'

s

- ',. "‘i ‘,,.l“.r"

‘handled and, correspondlngly, plant capacﬂty and,QOSt,,°;5
-’ L Y A '1’ i ',:‘A' B -4‘ 1 \" T i
~ For’ thls reason 1t is. more usual to

3 _.v
v 'i . qg Lo

anaeroblcally.

¥
Chapter IX; TJ;?j‘_fiiﬂ*f

-7.!!'_‘; gt
i )

~-The. capltal cost at 1970 prlces‘ @%&EiVil;eﬁgineé;

« LAa

:aftef cémm1581on1ng féllure is undefst?oq to have
océufred~1nfthe struct;;e of the qfrategliépéona and
not indthe blologlca17§£;;£ﬁent précges. Evantually
‘-ffhﬂ Coun01i%;volved a bef%ér method for kéeplng the

ke

; walls of t e

glagonn watert:ght; and +he pJanf stahfed
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it

operating'again Unfortunately the hydraullc sand recla-
matlon connected with the constructlon of ‘the new hlghway

round Lagos Island has agaln stopped the operatlon of the‘

'plant. Each time the plant stopped operatlng dumplng of
_ ntght5011 has had to contlnue at the Bbute~Ero Jetty, much1'

to the annoyaneeof the church authorltles, and the dlsappolnt-'

'ment of a11 1nterested in the sanltatlon of Lapos. 5"

The 1nsta11at10n of a nlpht5011 treatmentlplant 1s

only a partlal solutlon to]the enormous sewerage problem of
Lapos Successful treatment of ntght5011 at Fbute Elefun
removes only one thlrd of the problem.' It onky partlally
ﬂolves the problem of - d15posa1 as the’ effluent 1s stlll

dlscharged 1nto the enclosed waters of the Harbour._ The
LN

new 1nstallat10n does not at all touch the very unsatlsfactory

*
COlleCthﬂ and transportatlon method ThlS 1ast aspect has‘

been shown in Chapter T to be the most serlous part of thls
COmplex problem Indeed collectlon and transportatlon ‘both

eonstltute a much greater problem than treatment of nlght-

s0il 'in Lagos

The authorltles.have nevertheless eccepted the 1nstai-
1ation of the anhtSOll treatment-plant as a step forward-
pendlng the comlng ot a complete mun1c1pal sewerape system.f
Sewage treatment by the forced absorntton of oxypen Wthh is
the system used in the: new plant was, shown Jin Chapter I to
be expen31ve If the blodlsc process descrlbed 1ater in
tnapter VIII can treat nlght5011 successfully then 1ts nany
adVdntages 115ted in that chapter Would recommend 1t for

¥

conslderatlon in nlght8011 treatment 1n Ldgos and elsewhere.

Results of evperlments on. the treetment of anhtSOll w1th

!
the Taboratory scale model of ~the blodlsc are.reported in’.

Chapter TX. . . ﬁj.
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3.2

~ 4] -

THE SEPTIC TANK SYSTEM

. 3.2.1 DESCKIPTTON AND OPERATION OF TANK

The‘%eptloatank *5 ‘a covered settllng tank 1n' :

n 11 ’ - 1"
. y.'.‘r T iy 3o, .
o r

.whlch both prlmary‘and secondary treatment take

-;,'_'.' okt ".4 'r“ ' i

,The effluent‘

g - R B -“. .
e Lo . ok v

i
By

"placeﬁooncurrently (Flg

7 from the tank undergoes further:treatment 1n a

‘?'soakaway before leaohlng through the 5011*under

4]
the soakaway The flnal effluent 19 ‘a source

1 - ',-t~ "‘I,f " ) ‘*i s

of contamlnatlon of both eub8011 and ground

water and therefore constitutes a p081t1ve N f~_

danger where water supply,ie from welle or

(

sprlngs near a’ dwelllng serVed by a eeptlo tank.-

Water pollutlon eaused byreeptlc tank‘é*fIUent

»moves in’ the direction of the ground water whlch

(13

follows the gradbnt of the water table.. Ae the

latter generally f01loWo the peneral oontours

of the ground surfaoe septlc tanks are usually

. 1ocated downhill of a well or sprlng Even then

51t is recommended that eeptlc tanks should ‘never -

K

be’ closer than iSm to any source of Water supply

(HOLLIS M.B. 1963). L 'ffj o

The prlmary treatment con31stq in the:s“

-settling out of the SOlldS in ‘the 5ewage from

the. household water eloset and sometimes: from

the. kltchen, whlle the seeondary treatment con-

.sists in the breaklnp down of these putrescible

--".I‘l‘ -

L, I
solids in the process of-anaeroblc digestlon.
The three main functions of the tank are to'
provide”a place: ' _: S - e

(a) for sewage SOlldS to settle out of the

Fliauias oo T

o
1
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] Effluent to Soakaway
V -

-~ $LUDGE

. Adverse _slope t_in 20 -
"o N ..:i‘.'-":;‘ -oT 4 u_“,:_"':,“;‘ R

FIG.31 THE DOMESTIC SEPTIC TANK.
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:(c) for storage of re51dual solids_(WRIGHT

" the tOp are 11quefled Gases (CO CH

(b} for bdcterlal actlon to dlgest a major ﬂyﬂ

iportlon of the settled sollds,

#
.

F.B 1966)

i3

however oondltlons the sewage 50 that 1ﬂj'::
further treated and dlSpOSEd of 1n a sub eurface"
soil 1each1ng|system which is analnteegral part B
of the system.i The pre-treatment 1n theqtank S
prevents premature olopglng of the leachlng system

(SALVATO JR 7. A. 1972) -

-

At eaoh pull of the cheln of the water closet

2 el
i’ l

some 9 11tres quanlty of raw SeWage‘enters the
1nfluent end of the tank whlch pushes out a ,
elmllar quantnty of partlally treated sewage

from the effluent end 1nto thn sewer leadlng 1nto

[ . 1 !, *

the leaohlng system (FJg ‘3 3, kR As the sewag

- ___‘__

-flows through the tank the heav1er sollds eettle

g 1

to the bottom._ The lighter sollds 1nc1ud1ng fats

and grease ‘rise to the surface and form a 1ayer

vt A:

of scum (HOLLIS ﬁ D 19639, In the process of”

',-anaeroblc dlgestlon azcon51derable portlon of

\.- -t

‘both the sludge at the bottom and the scum at

‘A»,*!

’ 1y NH etc )

are llberdted from the dlgeetlng eludge. These'

Q

rise to 301n the llghter ollds whlch accummulate

3 ..'f- A PSS
w1th the scum where they agaln undergo further

1

dlgestlon,-W1th scum fragments heavy-enough again ‘

Settllnp to ]Oln the sludge at the bottom. _The;f

J.Slfnlflcant result of anaeroblc dlgestlon;ln the -

P . : : or T ;,-
e R S e o

-

- o—— .
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5>

“sludge whlch explalnsrwhy a tan

'-the tank The baffle 1J1N1ger1anﬂu11d1ng practzoe 15

it before rlslng to the effluentﬁplpe 1nverte

ble for the “flow. of sewage through the tank and in

e bas1n. A 31tuatlon could be reached when the flow-

‘E G. and LANOIX J.N. 1958) gjﬁ:_ | _;r.

tion of the sludge blanket results in these gases .';-::{u'

T

R B L T

' - ! l_. "g.' . ‘
tank 1s a con51derable reductlon 1n the volume,of the

Ry

3“

e ! R Lo

an:operete for 1 :;?}

‘r\.‘

E G. and LANOIX J N 1958).J

* -'-_

)

2

l'the adverse slope at the bottomfe}oﬁg‘the length of

4 < >

»H' f“

. £ -2 .P !

-

"’b 'l

1 EE

retards flow and- aids the dep031t10n of sollds”‘“

,

As both the scum layer and;

F

“"r-i‘" 5

alze they enoroach more and more on the space aVaJla-
* Jw N u- K

Wi

partlculaf reduce the‘capa01ty.ofithe tank as a settllny

>

I‘ o T P .
r,—. Boqta s

through sectlon has become so narrow fhat adequate

3

-.7, Wi
LI T

eedlmentatlon of the suspended&matter 13 no 1ongerw'3

.- .\_;- -~

‘p0331b1e. The preaence of large amounts of floatlng

o
N - [

' matter 1n the effluent is. 1nd1cat10n that th19 condltlon';“

has been meached and that desludglng is due (WAGNER,

.~.€,.J_-= 1‘,"‘».!',? Lo o
.

- - Ta e - .
Ty o

The productlon of gases 1n the anaeroblc dlgeS*

} R
I )

.
“ . : .-.l‘ "

bubbllng.throuph the sewage across the ‘main stveam flow."

This fouls the quiescent oondltlons‘essentlai for the_‘-

e

efficientfunctioning of the tank as a &et1lfng bdqln.“
" A HEAS _ L
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The Imhoff Tank 1s a development of the septlc tank
whlch eliminates thls dlsadvantage._ It-ls a two-storey
structure in which settllng of sollds through the .
flow1ng sewage takes place undlsturbed 1n the upper
storey wh11e the anaeroblc dlgestdon of the sludge and

the. productlon of. gases take place 1ntthe 1ower storey

 The. capa01ty of the septlc tank 1s dec1ded from

‘-*r e ‘p

a\con51derat10n of the number of users, thez per caplta

I -

' * o A R '&‘?mﬁ
H@;.,The average per caplta flowqo
I [T *}
-5

to ‘the per caplta water consumption

&+ E B . ,A.'
be lower than 100 11tres per day 1n most rural areas

of the worldu *f'rban areas 1n

ngerla that the septic tank ig’ most e;ten51ve1y used

The pumplng and treatment facxlltles

2 ,1.r - . Loy o

day even though the actual dally consumptlon 1n January

1974 was only 135 OOOm (30MG) whlch works out at 75

‘lltres (16 gal ) per head of an estlmated populatlon

_-n G -+ -..i"

a .o . - '_ ,..'.-L

of 1. Bm (1973) DR \:y,:.ig

. A " h i - D A L

. e

, In ngerlan bulldlng practlce, kltchen wastes and

. ; ; b

bathwater are: generally excluded from the septlc tank

[

What is admltted 1nto “the tank therefore 1s 11m1ted to -

~what resu]t Irom the flushing of the w.c. some 3 to



7

wd ¥
LA

L 2? ta Su 1itres per daya.” Q-F
E A *: Again WAGNER ‘and LANOIX"' ciesa’ ).

“carrying primary settilng tank LB consider

6 times & day by each occupant cf a hcuse. For \‘9

11tba Gistern the per capita sewage flow 1sitherefore{

o ‘,—_‘zz,, T iRy

e

detcﬁfioh perlod {g. frcm 1 to 3 days
Thé détéhtioh perlod ih fhe prlmarJ
a cchentichal waste treatment_plah é

to be 2 hcufs for 3DWF of & houra="

...... 1?’4,

x

allowancé for these fwc ccntlpencies. Thc

hcwever rELomMend a design flgure of 190

(‘l‘(

just argued abcve.‘ This additionai“capaci

e Lr ““ 5y

'l s
." iy

dlgestion.,ait is usual fc measure tank capacity in*’w

|f~.. "
- L%

net llquid volume Wthh does not include the sp‘ce fcr
fq‘\l !l i ~ "

gasea abcve ‘the 11qu1d line. ":'E{gcf'fﬁﬁﬂ

qppflc tanks, are uaually rectangular in cection

!J

. but tanks’ w1th czrcular Bection8rare knc End are

{l'l. o i
-

" reported to ‘function as efflclently as*rectangular oneafl

'.'h

roL The tank depth must be adequafe to'leave enough

£

j: Bt Y

LI
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L]

flow-through space for 1he maln sewage after allowance

i.; wfor the accumulatlon of sludge at the bottomﬁand the

'} - : .t ".‘ ‘.r <,
of some th1 kness of scum from the tbp..

'-.. P "’.

penetratlon
3 3

" B
v o 4,,‘;_-.

fWAGNER and LANOIX recommend that the depth should be‘f
.between 1 27m and 1 70m.+ The 1ength"to breadth ratlo

Syt

.'must recugnlse the‘fact that & eettllng tank should be

*
_.x, .a _.. _’ } e ar (.

. long and. narrow. Agaln WAGNER and LANOIX recommend

L ‘
L

€

-.tl ‘ the 1ength ahould be about=2 to 3-t1mes the breadth

S

’ :H‘| N "'( ‘_

whlch 1s the usual proportion for rectangular settling -

t3;a

tanks (WHITE J B 1970) Clearance abova the 11qu1d

‘i;

'1ine ig. recommended to be SDcm.b CWAGNER and LANOIX)

but the volume of space ‘80 provxded ehould never be“”'_

‘below 0,20’ 1itre tHOLLIS) M.D: 1963).;;_.j :““?;fi'

% -,.‘;
we l A

Whlle.eeptlc tanks are ueually bﬁilt 1n single

compartments bl tanks of tWO or threeAﬂrheven four
i i '
;‘,,f..

compartments are not unknown.. These compartmente,

separated by water-tight partltions,lare 11nked toge-

b
PRI

hF'I‘ ‘thr‘ough elbow plpes and 1\functlon’ as‘a' i

i e
e

| tank in serles In a ﬁ“* fwo ”Pcompartment'tank the

t.-..l_ — —-'H -
flret compartment is uaually a half to two~thirds of -.

the tota] volume and *his type, of tankdls reported to’
provide an extra degree Sf sUSpended solids removal
(HOLLTS, M.D. 1953)t- It is not usual to haﬁe tanks of

mopye than four compartmen1s. There should be a 2 Scm

3

"..spade between the tank cover and the ton of each

‘

partltnon to allow free paﬂsage of pases between compart-

mefits, _
3.9 9 LEACHtNG SYSTEM

the pa*tlally treated eewaoo from thertank to the!hm_ﬁ L

BEE

{-‘ -

" absorption ares where it ?, (lecharved into the 5011

L]

T



4
e

<.

B
':1;‘- ey

'abound 1n the top 1m‘or so,of s01 _
- dlscharged deeper than thls does ‘not! recelve'the beneflt

'ffof thelr act1v1t1es (ROCKEY, J§

C leachlng system whlch can take place withln or. below

"be at least 1m above the water tabIE.;

"~ for septlo tank effluent depends on the rate at which

a the effluent w111 percolate-through=1tjd Thls 1S'deter*

' the rate of percolatlon of water through “the. s0il. The

- 48. -

-at-a shallow depth In its passage through the soil

.-Vlt is attaq&ed.by aeroblc bacterla 1n the process of .

P » v . g
\?“' L —».n"‘ )
FE L TR e T

w7u1963)'¥ff1""

'_ Effluent dlsposalsis th'ﬂsecondffunctlon of the

the top im of soil. ,_External factors known to affect - :

the pasgage’ of the sewage effluent through the soil are
‘L

the flow- gradlent and the p031tlon of the water table.

Authorltles (WAGNER and LANOIX SALVATO WRIGHT etc.)

'L &

agree that the bottom of the leachlng system should

-

In Chapter VIT.

is descrlbed a 6- year 1nvest1gatlon to establlsh how

- far the 5011 in certaln parts of Lagos sat;sfke uns

L

criterlon.

The suitabillty of a 5011*as an absorptlon area

mined 1nd1rectly from percolation tests whlch determlne

':theory and practice of percolatlon tests and the results

~ of some tests in Lagos are’ descrlbed 1n Chapter vV & VI

The 1each1ng system most desor;bed 1n 11teraturei_-t

".on the septlc tank con31sts of JOm Dlpé3 dralns spaced

from 1. 8m to.2.3m apart, surrounded by gravel,,and* »u-‘e-A

buried at a depth of HSm to .som.f Desmgn praetlce is
for trench Wldths to vary from hSm to .SOm wlth the

Vp1pe 1a1d in: .15m of gravel.; To allow unlform dlstr1~f

i R Do
bution of effluent over the entlre draln length eaoh

L3
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FIG. 32 EFFLUENT ABSORPTION TWLE.
FIELD ARRANGEMENT
I_;.;_ﬂ_;__ |Main trench width 30cm . F
e T e e e e |
e { _',WJ
’ i | | ' 7 ' ol _|minirpum 3 .
From Septic | ||| ' R L HyeReems ram
tank . AL o stope § (n 400 s - (R -
S ] = el et eeieread | B 3 -
' : ‘ Distribution L - “I' ] o
ll; box ' ] 1l g
| | 10cm drain tiles ot evetite pips | i
A ]
; LAYOUT OF FIELD -
:‘ ’

i .Ar-‘ ‘m

Backtill

LONGITUDINAL -SECTION CROSS ~ SECTION
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' of the plt bottom 1Sfcovered by’ the concrete slab

‘foundatlon for the plt wall . It coﬁld also be I
; | L _ - _g+‘-_ R

_50:-

line is coanructed of ehort pteces cf plpe .BOm

ﬂ

to .QDm lengths, open joinfed, or of longer lengths

titig the lowenr third of- the pipe reumference. Flg

3.3 showe a +yp1cal tlle fleld arrangement and eome

detallq. - ¢; _ 3f . Ji __;;4211{;.,_";r
| The total Area A of trenehes required to {. g“
dispose the dally Sewage flow Q from 8. buildlng 15

g ‘Ven by . ‘ - _,.. h ‘.:‘. T " ' ‘.r‘. .' .' : ."'.‘-."1:.-. ‘.,L:l

C . A e g' 844 metere

where -qn allowable rate of eewage applicaticn in,ﬁ;ﬂ

litres/mo. For trenches of w1dth b, the total 1ength

Q. | o I
LLoo= b meters R fB 2)

', Soakapey plt& and soakaways are not con51dered

P,

- as effectlve as eoakage trenchea and are recommended

only as an altennatlve where porous sand or gravel

: EYLSiS below the top 1 to 1. 2m of the 3011 They

. are eometlmes used in comblnatlon w1th absorptlon

fle]ds The plt con51sts of a hole 1n the ground

-

wa]led uppwlth elther porous materlals or W1th brlcks

"r, ’

and blocks placed w1*hout mortar 1n the 301nts;ﬂ The_, £

,effoct:ve area of the plt is fhe vertlcal ared, which

JB 1he product of the 01rcumference and depth. The

area through 1mperv1ous strata should be dlsregarded

:

the bottom area of the plt should also be 1gnored 1n

Lthe calculatlon of the effectlve area;; Thls would

appear valld only in cases wheve thenhole or most

&

#With saw cits spaced at iBm apavt, each cut constitu—_

"L of trenches reqU1red in the tlle flélds 13 ﬁlven by"

P

n'1n the calculatlon HOLLIS M D (1983) recommends that
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justlfled in the case of a. deep plt of small dlameter -

where_the bottom'area 1s small relatlve to the vert1—~'

e cal wall“area. It would be diffi to. i _ha_
v, o o g L e T A :. AR

el R :
however, n case-of pits” of relatlvelyilarge;dlameter-‘
o ._‘-.‘(‘ -_..;t.;; 3 .I'\"f. ot ‘,"-_ :,,, _?;ﬁ L ; w ". % ol -
O : : . 5 sl o .
o depth ratlo where a substantlal area at«the plt bottom
‘ . . %. v", E 1‘ 1 4 r, sl ?{ ) o : .
»is” avallable{
oot i
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]ustlflcatlonifor ignorlngﬁthe bottom‘ rea in’ euch

P o R S

PR

-

4+ 0 : \"?'5'.1' #!a b 2cd ,.i. ‘,,
J-"-!H- Wb

.:.5. is- so near the bottom of the ﬁ: ;that there Can be no QF_

, TR ':-.F‘ .“'i -". 4 IR AR ‘? ,__ ‘,,._1

i", wq(, :

. oL
RS m,f; « “ e TR

o 3011 through“the plt bottom
. ,-' RSURRCINEE T2 B Y R AR N ; I
'1:" 3 2 U THE SEPTIC TANK IN NIGERIAN BUILDING PRACTICE S

Flg 3 3 and Tables 3. 2 and 3 3 lare adapted

i T .
'—u}cu. . k‘f’r& "."" i;,,u_..

"~'«. _‘.._n.

from INFORMATION BOOK SANITARY STRUQTURES (P W D

4

e oo 2T

.} "__. -n__.

NIGERIA 19u3) and show the’ detaiie’of ‘the septlc tank -

* '!-. "‘,.

in ngerla bu11d1ng practlce Theee‘detalls haVe nct C

= changed for: over. 40 years.u Whefeever townshlp bulld-

"f e . ; ,_r

- 1ng bye lawe are enforced buildlng plans submitted

¥

fcr the approval oféLocal Authoritles always include ‘e

one eheet of P.W. D Drawlng No.,ziuuo ahow1ng thei

'
[ I E *‘

standard septlc tank Table 3 2"shows the dimenalons

:

and capacitles of flve dlfferent ;ank elzes appllcable

- . wp L

to the - varloua numbers of ueers shown“ih columns 8 and

RELL

9'of'fhe Taﬁle.- The tank 1n each case provides for e

T . P 5 i
: - > ’." un‘ o

11& lltres (25 gallons) of all wastee per day. -; w ”*‘1w-
f < vy N 14. o e
S The reason for keeplng the tank depth C constant rﬂ."

- [T 0
' R C. "»,

at u' 0 (1 2m) 1n Table 3 2 1s obscure. It is probably

_.-.{a

the mlnlmum depth whlch WOuld eatlsfy the requlrements .;ﬁﬁ

-
o 2 e
- . NS

:3f'ﬁg‘fi for effectlve settllng of suSpended sollds 1n the ma1n> S

r.;.‘ [P - ‘

eewage flow without the need for frequent deﬂludglng.
] . ‘_.

v, , Lo e . . . -
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Up to $0-0 weeording to
tall avoilable ot #ite

ail drain vented

1"puc||| con¢ cover y ' .
b turty "
. ot B =T — —1-.f"
-. .,-‘ ", o .c
[:::': = L — D‘BJ e =$
'y pipe, 1ih &0 to ad B
" 1in 80 Fall oy ’
- - 2 rubbis
e : 9 Sanderste /‘ .
o] blockwall ) End 0 Vplpl
= A L"“‘[ plugged

SECTION A-A

| up to 50 mecarding to falt _f,

3

See achadute |

§0 AKAWAY

o I al- N ——— 3 ¢ o R S -
1| ' 1 ';".' Sy Rratit 1' . $aw=tut pipé or short
TSN PRI X mammm lengths  laid  butd
L . T = - - = ends  jointed

PLAN
Note '
Details are taken from '
information Book : Sanitary Structure
{ Nigeria Public Works Depariment 1840}

FI1G33 THE DOMESTIC SEPTIC _TANK
 AND SOAKAWAY [PWD STANDARD)
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TABLE 3.2 —~ SCHEDULE OF SEPTIC TANK
SIZES AND DIMENSIONS )
. Capacity Effluent per capita
Ta}\k K - Dimensions {m) (m3) -No. of Users litres} -
 Size ] Soil | Soil -
A B C D All Wastes All Wastes
| " > ’ Wastes - Only Wastes Only
1. 2 3 - 4 5 "6 7 8 9 10
| 2.032 0.457 | 1.220 1.295 1134 10 e 10 134 | - 1134
I 2.286 0.534 1,220 1.448 1488 13 15 1145 ° C99.2
u. | 228 0610 | 1220 1.448 1.700 15 =20 1133 | 1 8s0¢
v 2.540 . 0.686 1.220 . | 1.677 2.125 18 . 30 Bt - 7 7030
v 3.048 0762 | 1220 1,982 2.834. - 25 40" 134 .| = 709
- " NOTE: This tahle is adapted from schedule in Information Book: - ) T JL S
_ ' Sanitary Struciures (Nigeria Public Works Department, 1940} .0 -7 7 1000 a7 ey N
B . -~ o ) : - . : . - ‘- . . LA = . 3":_

-5~
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TABLE 3.3: SCHEDULE OF SOAKAGE ]
PIT/TRENCH SIZES
(NIGERIA P: W, D. STANDARD)
No. of Users DIMENSIONS : i
Tank Efﬂ%ent ‘ .
Size Al Soil (m*) 98 litres/m2 196 litres/m2 294 litres/m?2
Wastos Wastes — : . -
Only - Size (m) | Area (m?) Size (m) Area {m?) Size {m} Area (m?). o
1 2 3. 4 5 6 7 8 9 10 -
| 10 10 1.134 3.81 11.57 274 .. .| 590 221 | . 385
dia : dia. i ' dia. o :
It 13 15 1.488 442 | 1529 3.13 762 | 259 < 525 ¢
dia. - . dia. - S dia. R
1 15 20 1.700 4.73 17.47 | 3,35 878 274 . 586
dia. . - dia, : dia. U e
Iv 18 - 30 .| 2128, 381 <L 2326 | 1828 - - 1015 {1220 L 748
B S un - run - T run s
v 75 - 40 2834 - |- 4573 | 2780 - | 2287 1394|1824 . |- 930
L. . un : run ’ . nun o
NOTE: This table is adapted from Schedule il:n__lnformation Book: Sanitary Structures -
{Nigeria Public Works Department, 1940} .

.‘...f'[-.vs..' IS ,I :
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Caystem whatsoever,~ The soakage system shown in these

dmtferent hydraulle loading
_JWH

‘hlnutes per 1nchh(2 sucm) as{
u |r 1._».’9

shown ih Plg. 5 2 In Chapter’v it'ds shown that

-“‘ﬂ - -

1, 10 and ohugl”

H;Sg

St

¢
B . ,}
with percolatlon rates aboVe 60 mlnutes per lnch ére ,;_l‘
eon51dered ‘not su1tab1e for Seepage plts andﬁthose wath N
f S D
percolatlon rates greater than 30 mlnutes per 1nch are )
coneldered not su1table for any type of 1each1ng
# .
spec1f1cat10ns WOuld appear therefOre to apply only 1m
to the excellent SOllS covered in the shaded portlon
of Fig. 5 2 whlch represents a mere 7% of the ‘wide

-n X L

range of percolatlon rates for Whlch 1eachlhg systems

can be des1gned "Such excellent 30119 do EXlSt in the

sandy coastal areas or 1n the V1c1n1ty of rlvers and s

streams. It is certain however that many thousands of
soakaways constructed in the country are in 30115 whlch“
N
do not meet the percolation rate requ1rements appllcable
PR Lot N ..!‘:‘_

to their sizes. . .- - . _‘Ju .‘;,‘

+
.-..au....'...'

In the de31gn 1n Flg 3. 3'the effluent sewer from

- ku

the sept:c tank enters andg- traverses the c1rcu1ar o Lo

.

‘soakaway along a dlameter near the bottom part1 ularly

in a shallow soakaway The effluent therefore percolates

+

through only a short depth of the gravel medla before

reaching the. bottom. Tests toxéheck the vaildlty of
i\‘a- '

the assumptlon that the whole of the . 01rcu1ar area qiv 5
- 1

a :
i ‘.q

ﬂ
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N ) . . ) ] .

at the bottom ie avallable fob-leachlhg away +he ’

B

effiuéﬁf ih théSe,ulﬁcumgfances'are-deseribed in““

4

#.6. ard LANo&x, J i 719%@),-

""'

equailon to condlflth 0UfS1de the' Campus of fhe Sehator

i 4 4-"-"‘—(-\‘,."',**

ﬁobert A Taft Sanltary:ﬁngiﬁeeriﬁg -enter u$,examinehd

qnd Q‘OfiTabie 3.

R
4

w
EW;

the iea hlng of effluenf takes p'

both the 81de and a fractlon of the bottom where the

walls arerbh strlp founddtlon. Thls 19 clearly a {?%_M

+

dlsadvantage in: shallow soaknways.

_,.,_1).,
N N

Use by w " D.ann the ﬁural areas'of'fhe wcrid (WAGNER, 1?;
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The Béptlm tattk method @f aéwage aiéposai is

rVefy 1mporfant in Légos ahd thé @thér towns of Nigeria.- \i

For many yeafg muhlcipal authoritiés have made ‘the -

i

brovisiof of ‘a septie tank 4 bye~1aw reqU1rement in -

all new bulldlng development.; iy~ is for this ‘reason .

that the gredter part of this Ghapter and the whole

‘of the next fouf chapters cf this ThESJ 'aﬁe déVcted

to'd congldebatlon bf the leachiﬂg system ih order

tO\]ustlfy tﬁe éﬁlstiﬁg ﬁractlee and ‘make suggestlohs-.,

for 1mprovement..

.8 . . .
A - r -
. - A

B E R
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CHAPTER IV

FLOW THROUGH SOAKAWAY ‘AGGREGATE

'4.3. INTRODUCTION

The design of the soakaway in Fig. 3.4 assumes that all the.
bottam area is available for leaching away the effluent and that .-
the side area is not effective in the exercise. 'This is apparent -
from columns 4,and 8 in Table 3.3 in the last chapter where the .
bottam area of the soakaway or trench in each tank size - .

- maltiplied by the daily rate of sewage application to the st kaway |
gives the daily quantity of sewage to be treated. This assumption
15 exanined in this chapter. o

’lhe tank effluent discharges i_nto the soakaway aggregate
either through saw-cuts in the lower one-third of the periphery |
+ of the sewer or through the loose butt joints between the short -
pipe pieces: The path of the discharging effluent fram a point
in the invert éf the pipe through the aggregate will depend on the
velocity of discharge and the porosity of the aggregate. The
- porosity in turn - depends on the particle size and the packing of
the aggregate. "
At each pull of the chain of the cistern of a water closet
a quantity of raw sewage approximately equal to the volume of the
water in the cistern enters the influent end of the septic tank.
It pushes out appraximately a similar quantity of partially treated
- sewage fram the effluent end of the tank into the sewer leading
into the socakaway. The rate at which the sewage flows through the
sewer depends on the influent velocity, the material as well as the
gradient of the pipe.

The influent velocity will depend on the head of flow at
entry to the sewer. The head in taum depends on the rate at which
. the raw sewage enters the tank and the horizontal area of the tank.




| ,'I‘he surface area is 2 32m'~‘,}which is 1arge relatiVe to the 9 lit.re

.-.4'
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quantity of sewage entering the tank at each pull of the chain. - .’ l. *
" The rise in the level of the sewage in the tank due to this {s only -

" therefore very small: for the range of tank sizes shown in Table 3.2, .
© In these circmstances the rate of flow through the sewer *s small/ '

4.2

“the period of discharging the effluent. Observations at a functicnj.ng ;

-4mm Af even it is assimed that all 9 litres enters the tank

instantanecusly The head available for flow thiough the sewer is

and the flow itself would be laminar. It is also non-unifotm, - ' o -
varying theoretically from zero to a maximum, and back to zero over. -

darestic septic tank however revealed that there was always a - e
"trickle' flow from the sewer into the soakaway even when the w . '
was at rest and that the WC had to be flushed 3 times beforé n, _
appreciable increase was noticed in the trickle flcw, which cm{:lnued
after the cessation of discharge from the WC.

A ‘IHBC)RE'I‘ICAL ('INSIDERATICN

The aggregate specified in Fig. 3.4 for the soakaway medium
is 3/4" = 2" (1.9cm - 5cm) rubble. What is used in practice is
Scm —-i;ﬂlOcm rubble from broken sandcrete blocks and concrete. This
aggregate is usually ... +of different and irreqular shapes. .
For simplicity however only aggregate of two regular shapes and two

" types of packing will be considered in this theoretical exercise.

These are shown in Fig. 4.1.

The packing shown in Fig. 4.1(b) is more compact and results
in less porosity than the other shown in (a) and could be expected to
impede the percolation of sewage through it relative to {a). An ‘
elemental volume of effluent issuing fram a sawecut. in the sewer and
dropping symmetrically on particle 1(iii) in the top row of Fig. 4.1(a)
could in the first instance be conceived as flowing round the particle
in one plane in which half the quantity flows to the left and half to
the right. The two halves again meet under I(1ii) but immediately
begin to £low round particle 2(ii1) and subsequently particles 3(iii)
and 4(1i1) in-a similar manner. Should the velocity with which this
elemental effluent strike the top of 1(iii) be high and above a certain
value, the drop of effluent could splash and a fraction of it go to
particle 1(ii) and a similar fraction to particle 1(;fv) .. This would
result in ,i:heSe.other particles conducting part of the sewage,elalenﬁ .

T T T Y. AR A o e e i

*Figure given'is for the biggest tank size” (7).
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Imi etfluent

. tml ettluent

(a} SPHERICAL: (b SPHERICAL: -
SQUARE PACKING - HEXAGONAL PACKING

Iml ettluent

Gy | ooir 4G e |

_—y

{] RECTANGULAR .
SQUARE PACKING
r mi effluent

N
bl % klx SA%
% F
%1% %1% %
% % % %
. 'r} -‘[; |72
—L— el HEH___JTﬁuAer“hﬁﬁ___T

(d}  RECTANGULAR:

BONDED PACKING

FIG. 41 TWO REGULAR SHAPES AND TWO
TYPES OF PACKING OF AGGREGATE -
IN_IDEALISED SOAKAWAY MEDIUM
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By the same reasoning an eleme.ntal effluent volume dmppmg
"fsymetrically on top of particle 1(1) in Fig. 4.1(b) below this
: vvelocity will flow round 1(1) and the other particles vertxcally -
' below it iy a Similar marmer. In both (a) and (b) in Fig. 4.1 '
:j .therefore the effluent goes through the soakaway medium vertically
dowxmrﬁs in a. colum one particle wide. The one~-plane concept can ,
-now be extended to include the other plane at right angles to get a } :
=.' true three dimensicnal picture of the flow. ~ The result is the same, -
namely that the effluent flows through the soakaway medium vertically o
i domwaxds 1in a colum one particle thick. ' S ‘ :

ir

-In the case of the rectangular packmg in which the blocks are . ,
2 not bonded but are loosely butt jointed, 4(c) the percolating effluent
}' : . . will also go through the soakaway aggregate in a vertical colum one
© Yo particle thick, as in the previous cases (Fig. 4.1.c). The bonded
' rectangular packing shown in Fig. 4.1(d) however presents a different
.. situation. Here after each half of the original elemental volume Flows
Lo ,’ round the rectangular block to the upper surface of the next course

x v of blocks, it does not join the other half as in the previous cases.
v Rather on striking the horizontal face of the block below, each half
f | - sub-divides into two, the two halves of the original half now flowing
round that block as shown in (d). In this case therefore there is a _
~ - . spread of the percolating effluent sideways down the medium. , The spread
‘*? o is symretrical, in three dimensions, about the vertical axis through
the point where the effluent strikes the first block.
| | ’ ' A re-arrangement of the mumerators of the fractions of the _
%1 » R quantities flowing along the vertical faces of the blocks is shown in
B | . Fig, 4.2(a). The numerators of these fractions ave seen to form a
‘}‘ f—‘ " Pascal's Triangle. fhis re-arrangement makes it easier to see how in
’ ' this idealised set-up most of the flow goes through the centre and
. ‘diminishes towards the periphery.

Where as in a sewer traversing the whole diameter of a circular
Boakaway the tank effluent distharges into the aggregate not through a-
8ingle point but through a miber of points spaced along the sewer,
the spread of _the effluent through the aggregate can be determined by
r R consider:l.ng the spread due to the @ischarge fram each hole separately

LRy
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FIG.4-2 PROPORTIONAL FLOW OF WATER
~ DOWN VERTICAL FACES _IN
RECTANGULAR _BONDED__PACKING
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"super—mposing the various spreads on one another and finally adding
‘up the varicus f£low fractions at the appropriate points along the

sewer length. It is emphasised that these results apply to idealised
cases only., ' |

TESTS ON THE PERCOLATTON ‘OF 'WATER THROUGH f/ _
THE_AGGREGATE OF A MODEL SOAKAWRY . °. . sy

. The cbject of these tests is to verify the applicability of the .

' theory developed above to the flow of water thrcugh a model soakaway._

4.3.1 Materials and Meﬂ‘xod

N

. The model was/from .64cm thick perspex sheetyinto a tank 20.3cm
high and 25. dcrn by 25.4cm square section, 13 rows of 3mm dia
holes spaced 254m apart were drilled at the bottom of the tank
in a grid formation as shown in Fig. 4.3. 17 of the holeg
symmetrically arranged in the 2 middle rows at right angles were - .
‘enlarged to take 6. 4mm dia perspex tubes, as shown in Fig. 4.3.
These tubes were comnected to 4mm bore plastic tubes, and

. mumbered 1 to 17.

' 'Ihere was an outer tank of 6.4mm thick galvanised iron, 15.2cm

high and 45.7cm square section. 17 holes .of 15mm dia were drilled -

at 2.54am centres along the two central axes of the bottam of
this secord and lower tank. Through these holes the 17 tubes from
the enlarged holes at the bottom of the upper tank were passed

as shown in Fig. 4.3. In the first series Qf tests the upper tark was”

filled with 20mm dia polyolefin spheres in a hexagonal packing
arrangement as in Fig. 4.1(b). In the secord series the spheres
were replaced with 19.lmm size gravel. In both series the bottam
tank was filled with lagoon sand which represented the soil into
which water would enter after percolating through the aggregate
in the upper tank

A 12mm dia plastic tube was connected to the exit pipe of a 29.2cm
diaconstantheadperspextankatoneendanda64nmdia18cm
lcrmgoc)ppe.rtubeattheotherend Theooppert\mewasplugged
atoneendandhadaﬁtmmdiaholedrilledinitlo 5am fram

. that end,
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6-4mm dia. copper . ,
20mrﬁ dia. . I === H . constan! hcad tankl
polyolefin sphere 1 -

Tank A | == X —r— 1 - .
; ' | " Supply from Main
&= | -iT.- :
- :' -Iﬂrl‘ I ? 3‘ I‘ i . . .
Tank B ) FEprpn a0 ] ' '
o] B (LYY ' MR i
" Measuring ] Overfljow -
cylinder— ] 3 J to wa's“ .
25-4 cm

“Imm dia. holes

| Y N I ~ at 2:5hcm crs.
N | LT

LS W 4

uuhuL o

o . - > )7 holes for 6-omm' -
. .1:./ - dia. perspex tubes i‘l e
. © o 25kem-crs. '

A 1K

254 cm

Lo iy

PLAN _OF BOTTOM OF TANK A
suowme GRID _OF DRAINAGE Hog-;__

FIG. 4.3 MODEL SOAKAWAY FOR -
T INVESTIGATING FLOW_THROUGH
AGGREGATE MEDIUM, - = .-
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S '_ angle frame. . By this arrangement the height'of the platform’ ‘.‘. o |
Sy S . from the floor could be adjusted to give the desired variation

e s TRE L.

S R TR I

; ‘Ihe N tanks, one on top of ‘che o‘rher were carrled on a .
platform in a 65mm x 50mm x 3mm thick No. 260 Dexion iron

in the difference between the level of the water in the c:onstantl ' I'
head tank and the exit hole in the oopper tube and so vary the

. flow. ThlS head is designated h' in Fig. 4.3. PR J’:-.
R ’ . e el
At the start of a test h was adjusted to the desired value. '(’

7

"1, The copper tube was placea horizontally just 2mm above the top

e S layerofaggregateinTarﬂqA Carewastakentoseethattl'le

LoE . hole in-the tube was directly at the centre of area as represented
1'.1" _ '. . by the intersection of the diagonals of the square plan of the : .‘
ok -

tank. After this the tap at the supply end of the constant head

r tankwasopened Watertl‘nenbegantocaneout ofammberofthe.‘
17tubesoonnectedtothebottanoftankA. ' .

S 1After the test had been rtmning for 15 minutes when it oould be

- M assumed that a steady state had been reached in the flow through;

. ' the aggregate into the tubes, the flow in each tube was measured
.« by collecting the quantity caoming out of the tube in 3 minutes
“and measuring this in a graduated cylinder. The sanples were
ooilectedand:reasured from tube to tube. As expected there
was no flow from a nurnber of tubes while the flow was plenty in
a few others. - ".[‘here were 3 and sometimes 4 readings each day
at each setting of the platform in the Dexion Iron angle frame. «

Same of the results are shown in Table:4.l and 4.2. - .

4.3.2 Results ‘and Discussion

L Table 4.1 shows that in the tests on the flow of water through |
. the gravel medium all the flow collected through the tubes came
fram 7 cut of the 17 holes at the bottom of the inner tank.
These are holes 4, 5, 6, 7, 12, 13 and 14, Fig. 4.3 shows that
these camprise the centre hole 5, the four holes immediately next
to it on both axes, as well as the 2 holes {7 and 12), each one .
. step still further away fram the centre hole: The highest flow
came from hole 13, just one step fram the centre hole.

AN
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. pgtal flow.in 5 middle. holes ..
'4' 5; 6' 13p 14 = 2374“’!15. “

% of flow through middle holes
2374 \ .

S7e8 = %5 8“ﬂ>"
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A Tbtal flow. collected dn.17" holes }f
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 potal flow rate = 1524m1/m1n. .

..

1952mls in 3 mins. . .
Tbtal flow ‘through mlddle holes

. 475, 6, 13, 14 = 1624mls

% of flow through m1ddle hoies
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f2a.6.76 |483,8 427.7

130.6.76 70.2 68.7
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VARTATION ‘OF SPREAD. OF. ‘WATER "FLOWING 'VERTICALL

{ ]

_EsTHROUGHHSPHERICAL'BALLS

L)

Lu'HEXAGONAB'PACKING'MEDIUM'WITH'RATEfOF'FLOW'IN

‘"SEWER'

. _ { : ‘ :
---------- -.H..-..-.......».n-.-j-..:.-.-.‘..‘...._‘......li..-n.>.‘..‘.-;_‘...........--......>.|. .
Average | Flow . |% flow Total flow Average influent .
. .| flow through through in\'sewer! velogity in
| Date [ through | 5 centre |centre | I madium (cm/sec)
J 17 holes | holes {ml/min) Y e e

(mlfmin)

L

oo 2.,

Y
3 3

29.6.76 | 123.3 108.9

1.7.76 46.3 | 46.0 .

88

88

98,
99 °

5.7.76 23.3 | 23.3. .| 100

610
308

200

_,118‘.Jﬂ..

!

i Z

. L I . ) .
The proportion of Filow through the 5 centre holes Ificreases

decreasing flow in the model sewer.

'
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'I‘he highest ﬂow cane. fram hole 13, just one step fram the

centre’ hole. The calculations at the bottam of Table: 4, 1

+ show. that 85.8% of all the flow collected through all 1? holes
~in fact came through the 5 middle holes. ‘

Table 4 1 shcvws that In case of the tests with sphe.rical balls/
meditm the flm is a little more spread out as flows wete

‘recorded in holes 15 and 16 (2 and 3 positions away frcm the
" centre hole) .- Eurthezn'ore the flow in hole 16 which was
-3 positions distant from the oentre was much greater than the

flow in hole 15 one position nearer the centre. The proportion
of thé flow through the five middle holes to theé flow thiéugh all
17 holes is however 83.2%, which agrees reasonably with the
figure of B85.8% for the medium with gravel. Theése tests show
quite oonvincinqu that most of the flow came through the centre
area-of both the gravel medium and the sperical balls medium.

Table'4.2 shows that in the tests with the spherical bails medium
in which the rate of flow was progressively dec':reased fram an

¢ average of '820ml/min. on 24/6/76 to 118 mlAnin. on 5/1/76 the

proportion of the flow through the five middle holes increased
progreesively. It is seen in this Table that at flows of

200 ml/min. and under practically all the flow came through these
nﬁddle holes. '

colmm 6 in Table 4.2 shows the average influent velocity of the
water entering the medium. The velocity was quite small on the

~last day of the tests. This velocity (6.21am/sec) was however

still greater than the velocity with which the tank effluent
discharges into the medium of an operational soakaway.  As

. mentioned earlier cbservation in such an operational tank and
soakaway showed that there was always trickle flow into the soakaway

when the WC has not been flushed and that even after the WC has
been flushed there was little jncrease in the flow into the

soakaway. ‘This is duve to the large surface area of the tank compared

with the vollmtaof the WC cistern, which creates only a small head
(under lcm) available for increasing the flow in the sewer into

. the soakaway

e ’ i
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For the flow in the tests on the last 2 days in Table 4.2 - .
the effective cover of the water at the bott;xn of the model =~
soakaway is approximately a circle with centre at the centre _

.of hole 5 and radius 2.54am, which is the distance from the  “F'

centre of hole 5 to the centre of hole 4 (Fig. 4.3). This
radius happens to be 2.54cm which i¢ the spacing of thé holes
at the bottom of the tank in these tests. Cbviously it would
change with a different spacing of the holes. . -

The spread of the water dowrwards through the medium could
be assumed to be a cone of height 17.8cm, which 1s the depth

‘of the medium, and subtending an angle of 2 tan - 0.1427

~+ tan 2 =2 = oaam o
Assuning this conical formation obtains and extends through the
medium of an operational scakaway the circle covered at the
bottam of a 1m. deep soakaway would have a diameter of 28.54cm
while that at the bottom of a 1.2m deep soakaway would have a
diameter of 34.25am. 'The sizes of the circles at the bottom
of soakaways of different depths for this particular conical
formation are shown below. |

|Depth of 0.6 Jo.8 | 1.0 1.2 |1.4 {16 [1.8 [z.0
S_oakaway . : . : : . . i

e

Diameter | : : : - I o '
of wetted [ 0.171 [0.228 | .0.285 | '0.343 | '0.400 |0.457 0.514 |0.57)
circle at | - 1 : : | I ' , "
bottom
‘m)

S#.no’e in the 1.2m deep soakaway the diameter of the circie
irrigated at the bottom of the soakaway by the effluent discharging
fram a particular hole from the invert of the sewer is .434m,

the circles formed at the bottom of the soakaway by holes spaced
this distance apart along the invert of the sewer will just touch

one another. Holes spaced nearer each other than this distance

will overlap each other at the edges while holes spaced longer -
distances apart will creategaps of un-irrigated areas between the
circles at the bottom (Fig. 4.4).

f

i
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) At soakaway depth 1:2m and hole spacmb 0-343m crs.
along sewer 6 circles of 0343m dia. form | at bottom.

(2) At same depth but closer spacing of holes o\ong sewer,
samg size circles forrn but overlap

(3) At same depth but wadcr spacing of_‘holu along sewaer,
same size circles form with gaps. | '

{4) At soakaway depth 1-8m and hole spacing 0-514m dia
form at bottom. ’ | ‘

FIG44 CIRCLES OF WETTED AREA AT BOTTOM

0F 2:2im DIA. SOAKAWAY . (TANK SIZE I)
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In actual practice the effluent discharges from the invert
- of the. sewer not through point holes but through short cuts
" -~ in the 1ower third of the periphery of the sewer section or
' gh the butt joints between adjacent pipe-: where the sewer
'Iis formed of short pipe lengths. In this case the area at the
bottom of each hole irrigated by the effluent from it forms -
not a circle but an oval, with a long axis at right ang] 2s
to the 1Lenc_;th of the sewer (Fig. 4.4). Again holes spaced
343mapartinthemvertofsuchasewerina12mdeep L
soakaway will create irrigated areas at the_bottom which again
just touch each other. :

. 4.4 THE SORKAWAY IN NIGERIAN BUILDING PRACTICE

The results of the tests discussed above would appear to e
" indicate that only a little strip at the bottom of the soakaway
vertically below the sewer actually receives the effluent; and that
the larger portion on either side of this strip receives no effluent.
The effectiveness of this larger portion could therefore be queried.

Fram: the table above it could be assumed that at a depth of
1.2m where the diameter of the wetted circle is .343m if the saw-cuts
along the sewer are spaced at .343m or under, the wetted portion would
form a strip, approximately rectangular and .343m wide. The area of
such a strip in a 4.73m dia soakaway {size TII tank, Table 3.3) is
1.6lm? . The total bottam area of the soakaway 1is 17.47 , glving
a ratio of 1.1; ‘61.1, = .0919 of wetted area to total area. This would

mean that only 9.19% of the area provided at the bottom of the soakaway
is effective. Table 4.3 shows the percentages of the effective area .
to the total area in. three of the scakaway sizes in Table 3.3 for depths
varying from 0,6m to 2.0m. calculated on this basis.. ‘The soakaway
sizes considered are of 2.21m, 3.13m and 4.73m (Table 3.3). ‘

L]

fable 4.3 shows that only mere fractions of the bottom areas
of the three scakaway sizes are being effectively used at the range

of depths considered. The logical inference from this would be to came :
dut"w‘ith new soakaway designs of smalller dimensions and more econandc
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NTAGE AREA OF BOTTOM WETTED BY EFFLUENT 'IN '3 'STANDARD 'CIRCULAR B
' . 'SECTION SOAKAWAY SIZES AT VARIQUS DEPT; " -

' Spacing of

. saw-cuts. g

. in.sewer' .
coodm) e

DA

___Percentage of bottom area

tted

2,21lm dia .

3.13m dia .,

4.73m -dia_

Looa.w.a.g.o .

0.8

0.6

1.¢ . :

l.2"

o

. -

%)

[+ ]

m .
-

Q
.
LY
(=1
(=1
El

........

| 26025

6,96
[

P

. 9.28

11,63

1392

1_8 55

. 20,85

2313,

4.61

" 6.92

7.71

- 9.19
10.76
f-iz.zs"
;;Ils.éz
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It was shown in the last chapter that the _i’.W.D_, design
fiqures of "93,;195 and 294 litres/n? are very high on the sewage
loading rate - percolation rate curve developed by thg Senator 3
Robert A. Taft's Sanitary Engineering Center's researchers (3,2.3), .

. If this curve is applicable to Nigerian soil conditions ‘then only so!.ls

with percolation rates of 4.39 minuteé" and under should be used for

septic tank soakaways at the loading rates in the P.W.D. ‘Specifications,

The vast majority of the solls in which these standard eize *
soakaways have been constructed are shown to have peroolation rate
fiqures. far in excess of 4.39 minutes. If this curve is applicable
to Nigerianh soil conditions then the use of the P,N.D, design figures

should lead to overloading and subsequent failure of the soakways
oonstructed to these specifications., :

As no mass failure of soakaways has been reporbed one or the
other of two things may be happening: either the curve is not
applicable to conditions in Nigeria which would mean that for Nigerian
oonditions the allowable sewage loading rates would be higher than
those de:cived from equation 5.3 in the next chapter. or the p.w.n.

.design rates in fact lead to overloading of the central strip of the

soakaway bottam in the first instance but that the excess effluent that
the central strip cah not absorb flows s‘idewéys into the area néw
considered ineffectively used on either side of the centval gtrip

from where it leaches away into the soil, Further work is required

to establish which of these two alternative possibilités 18 actually
operative. It may well be a bit of both of them,

The chservations made so far apply only to the actual area of
the soakaway and not to its shape. There is no dmbt"d'lathaving
decided on the actual area required’providing this in a long and
narrow rectangular shape would be more satisfactory than providing
it in a circular gection. a rectangula;: shape has the advantage of

© ease of construction. Also where the sides participata in the

leaching away of the effluent the rectamgular shape offers a ia.rger

_sideareathanthecirc\ﬂarqhapeforagivenama. v

" *
S
+

*definition of percolation rate at page 79, |
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Fig. 4, 5 is a suggestion for a rectangular design for a
smkaway in granular soil to take efflvent from a size IIT Septic
Tank at an effluent loading rate of 98 lj.tres/m2 This loading S
tate and therefore the original P.W.D. design area of 186m2 /
have béen used ‘in this exercise. The innovation here is ‘the rectangular
shape and the better. dis{-.ribution‘ of ‘the effluent through the
soakaway agqregate medium to bring a larger area at thé bottam of the
soakaway into immediate effectiveness in the leaching away of the
efflvent.. The square section possesses the advantage of econamy
in the use of land and wall material. Tt however suffers the same
disadvantagé 4s the circle in the smallness of the percentage area
of the strip immedidtely effective &t the bottam of the soakaway.
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THE PERCOLATTON OF WATER AND SEWAGE EFFLUENT THRGUGH sofLs . -°

5.1 . The water content in the average raw dcmastic sewage is
- -Of thé ordér of 99.94s . (Griffin; G.E.). 'The water coritent in’
7 Lara septic tank effluent which is the original raw. sewago minus -
' : 'scme 608 of the suspended solids, is still higher than this =~ *
a figu.re The effluent therefore 4s very la.tgely water, and =~ “
' "_muld be expected to 'behave to a large extent like water in its .
] 'passage throagh the soil under & soakaway or soakage trench.
+ Super-imposed on this nérmal percolation of water through ‘8011s
' Ahmever is the effect of biological activity tn which backeria »
present both in the sewage effluent and in the soi] break dovm:
the soluble and insolublie organic caannds in the sewage o
effluent in addition to fornu_ng new biological solids. The study s
N of the percolation of septic tank .effluent through the soii of
" the absorption area is therefore essentially a study of the
catbined effect of these two processes.
5.2 PERCOLATTON ‘OF 'WATER “THROUGH - SOILS

iq

r_::; " 5.2.1 . In a review of the literature of f].ltration theories
v Sakthivadivel, R. and Immay S. (1966) noted that previous

workers “had variously assumed, ochserved or: concluded that

(a) the movement of fines through a filter is

. g the result of two antagonistic pmcessos
. .

B T T

' - {1) deposition of fines in the filter caused

i e by the adherence of flnes to the filter
. o - % ¢ ‘sand or to the qedment partlcies settled

before, and

- 'f(i_i) removal of sedure,nt from the depos.Lt into

suspension c_aused r_by hydrodynamic forces
(Mints and Krishtal, 1951 and 1960);
. - Ak . 2

. . R
3 . . : " .
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‘follow:lng relationship. L

C =77 -

(b) the clogging of filters is”due to the R
adhesion/coagulated fines to the filter sand 2o
and that durmg filt:ration .the interstitial

veloc1ty increased until it reached a value
where the hydrodynamic forces overcame the forces

L of adhesion when no. deposition ocourred - i}
(Maskrle, 1960),- c ;, R L

.& . P ﬁ‘

(c) the rate of deposition of fines depends mainly ‘
' on tu.rbidity, concentration ‘of fines in suspe.nsion '

_7 and the amount already deposited a pa.rticle '
o once deposited was not further removed {shekhtamm,
. v 1951) . '.'.‘_. e :’;.; ’,;v_:..” .

L
T

o
3

‘(d) any suspended particle brought in 00ntact with .
B - a rough - filter particle adhered to it by Van der’
""Tj' Waals foroes (Ives, 1960,;1962) R

Sakthivadivel R (1966) himself oontributed the
theory of. deposition by bridging in which a fine particle .
arriving at a pore less than’ twice the diameter of the - -
fine could not pass and formed a bridge which is ‘

_strengthened by drag and fali’ velocity and on which other

fines arriving at the reduced pore are- deposited ‘

Taylor, D.W. (1962) listed the following factors in

'the 'soil itself which affect the passage of water . through

. it - g '
(1) . equivalent grain s1ze, Ds, T ey .". o

- {ii) T"the derlsity w and ooefficient of visoosity Q of
the pore fluid L -

_(iii) the void' ratio e, .

 (iv) the shape- and arrangement of the pores,

i

'

‘and (v)  the quantity of the undissolved gases in. the pore water

The first three of these factors are oonnected in the

, S v :.‘ i
! -‘.f,' - ‘ '
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5.3;-'1 | Bendixen, T.W. et al. (1950) separated the oauses-.‘;
- of soil cldgging due to the addition of .-septic tank "
i: effluents into three factors--— ' SRR

physical action of the. solids added,P
. (ii} biological action and the effect of the
T ..products formed fram it, . ey
e (iii) deterioration' of the soil’ struct.u:e du ]
o chemical changes in the soil. |

o & .r,_ ¢ :
They coricluded that clogging during the firét several
. days of dosing is directly proportiona] to the amount of
' suspended solids added to the soil after which blolegical "
actlvity in tf'le soil reduoed the rate of clogging. ; e B S

N
J

5.3.2. Mccauhey, P.H. and Wixmeberger, J.H. (1954) cheerved
- that failire in subsurface trenches and seepage beds used _‘.
in septic tank installations is caused by a clogging mat |
that ‘i deposited as a thin sheet at the surface of the
. sand and not by clogging w:l.thin the fllter. |

S .
*t is seen frcxn this short review that in the peroolation
of water through a porous.bed of sand or soil fine particles
i in the water are deposited in certain pores, “which reduces
" the effective size of these pores and oonsequently the void
. ratio .e. This wouid have the effect of reducing the
| permeability coefficient k .in equation (5.1) as well as
¢ . > the rate-at which the water passes through -The cloggmg ,
© of the. pores in the ‘passage of a sewage effluent t}mough a soil __
is nearly entirely in the surfaoe layer, which prevents _ .
the efﬂuen{: from penetrating through to{,the 1ower 1ayers. o

"

R . . ~

Ve f
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This difference in the nature of ciogging of soil poxes
',inthepassageofwaterthrwghasoilontheonehandandme
clogging consequent upon the passage ‘of ‘Bewage effluent cn the
other leads to a corresponding difference in.the rate: at whic’n _
water percolates through a soil and the .rate at which sewage »i’

will percolate through the same soil, *Previous investigations .
into the sewage effluent absorption capacity of solls have', . lC
attempted to establish a link between the two rates. Such ._‘;;.
correlation would rean that it wculd be necessary to knw only , T
the percolation rate of water through a soil to predict the ,‘ i '!‘«
percolation rate of sewage effluent thrcugh the 8ol 'Ihis ) f"_é .
would be advantagema as water is. mre ccmeneint tc handle than
seéwage effluent. o '. ‘ . '

3
P
]

T

3

'I:
. o T

.'t : s ,.4‘
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. In the percolation test develoPed at the Robert A Taft
Sanitary Engineering Center, Cincinnati, the rate at which the . '*"'i':".
level of water dropped in a vdrtical hole 10 0 30. am dla dug R
in the soil to the depth of the proposed abgorption ’ciles is .
measured at intervals.of 30 minutes in a 4-hour test. ' The drop
in level over the final 30 minutes is used .1.n calculating the
percolation rate which the Cincinnaty investigators observed to
be independent of the shape and size of the hole.. In sandy soils
in which the water seeps away fast the tést is run for 1 hout;
observations being taken at 10 mimies intervals and the
percolation rate calculated from the drop in level over the - .
last 10 minutes of the test. ’Ihe percolation rate is defined i
as the time treqlﬂredforwaterinthemletodropzmcm |
(1 inch,) St R PE ‘1

‘I"
2 LA

5.4.1" Developrmt of the E:rpirical Forrfmla for Percolation 'nests-

The ci.ncinnati studies covered 97 septic tank effluent -
absorption fields in 10 Statés in U.S.A. over a period S
‘of 17 months. The percolation rate was detetinined for | d \‘
each field, The per capita’ daily Water oonsmrption for Tor

- each household was determined frcm water meter records
over a period of six months. Frc:mthis the total daily

load of sew_age was calculated. The area of the ile line’
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- trench was'neasured or estimated m t:he field. The o B

daily load divided by ‘the tre.nch area gave ‘the: da.lly
rate of applicatlon of sewage effluent per unt axea

"H

Infomatim was obtained frcm each household about
the history of each absorption field whic:h together with

Qas used in evaluat.mg the efficiency of eaoh field. 'I‘here
,5 were three categor:.es of efficiency employed as follows -

i 1) good, tile field has néver given any trouble, g
S ) falr - seepaqe to the.ground surface has beén '
T observedoccasionally>_'_'
Cand (1i1) poor =, tile field ha.e given tmzble ccntinuously

The applied load in gallc:ns per sq. ft. was Men
plotted against the percolation rhte in rrd.nut:es per inrﬁ'l

. for each field, three different symbolq being used, one -

i . for each of the categories of efficiency (Fig. 5.1)"

. Finally a curve was drawn separating points denoting fields
of "good" performance from those of ‘fajr! drﬂ poor’
performance. The rc—..:earchers found that the curve
approximated closely to Lhe equation

q = 51 tﬁ-% . -i . | ‘o (5.2)
where g .

allm:able rate of sewage application _
PO “in U.S gallons per sq. ft. per :f:: b

) . ‘ 3 . .
day. =~ 7 . .":‘ -;.‘-. ’ s
f T F .;

q. = 204 t 2 X . Li -..:! """‘

E .

, s, 3)
RTINS

-rr o A'f

and t = peroolation rate in minutes per 2 54cm (Fig.5 2)

L . =

S

to= Perooletion rate' in m:lnute.s per inch
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- 5.4.2 Criticism of the Empirical Forlmla for Pereolation Teat5°

The reomnendation of the Cincinnati equation for

universal application can be critieed on three different
. grounds.” Firstly soil is not a homogeneous material, '

and is known to show eonsiderable variation in property
in short dietances‘ both horizontally and vertically. * i

In fact variation in property has been observed in the
same hole fr'm'day to day. A percolation rate vali.le o
determined for a particular site can only be’ apprm:imate
In view of these liinitations. The value will be more
reliable if it is the average of values cbtained from
several holes closely spaced on the eite, and spread over
a period of time. Even theugh the Cincinnati researchers
were aware of these limitations they made only two

~percolation tests on each tile field It is conside.red

that any equation developed in such’ cirmn'etances will
suffer the adverse effect of inadequacy of date ‘Secondly
the researchers relied on evidence from house<holders using '
the individual tile fields.  -This is subject to human
error of fact on the part of house-holders and of
evaluation on the part of the investigators. This is not
considered acceptable in the development of a formila of
importance. Thirdly, and finally, even if the research _
had overcame the first two criticisms it would be difficult
to support the universal application of this equation
developed in one part-of a country to other countries
thousands of miles away and located in entirely different
climatic regions. :

It is considered that an experiment under 1aborat:01:y
conditions in. which both water'and sewage effluent are
made to percolate side by side in the same soil would ‘
yield more corrvmc:.nq results about the oonpa_rative rates

~of percolation of both. Both would be subject to the

same external factors during the experiment. Also internal
factors like the grain size and void ratio could be varied.
from test to test to see how the percolation rate of both.
water and sewage effluent vary with these factors.

*
¥
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Hm:efver, in view of what appears. to be universal

. : .

‘ acceptance Of the enpirical formula, in spite of the adverse

TR I -;.’.{; e E
far _obse.wations trade above on its developrent the next section
".4 .; in o pi“‘ i

'r'"-'-' ‘ Y 1#:

Tis. devoted to a mthematical fomuilation for percola£10n tests
in both»lmea and uh Lined holes. . . .. ‘

5 4 3 A Mathematioal Fomulation for percsolation'f 'I'es'cs-

*

‘ o N Lei_:‘ r = radius of circular hole (Fig. 5 3)
o - : ~n. H = original he;.ght of water in hole at f
' . 'L ., - 'L‘_ . tj.ne t o= 0’ } . ‘- ] “‘.{‘_‘.‘2‘ |; .

. L ﬂ -r ‘_‘_ .t h ‘_‘h-.“ o
' K = height of water in hole at time t,
8 = progressive fall in water Ievel at:
time £, . %L.e U
K N
Q = quantity of water discharged ih time t.
Water escapes through both 51des and. bottcma o .‘ p -
Assume v = k (2gh) | "
Water ‘escaping through bottom: R o

dQ _ ] g ) [ -I . e
. E = ay _ . . . .

Y

: LD ’ L ‘b . ' -t i "
® ' ' ' = 'ﬂ“f2 kb (2gh)7 e . LI . L a (5'4)

Water escaping.thfough sides: :  : no '
g - af v dh L TR I -
o] - LA .
o T T
= 21r kg f (2gh) ? ¢h - L
_ - ' “Jo : S

o

. R 1 h ;_ ,..h“';.'= . .
Znr. k, (2g)7 h* dh vy
o TR

4 Aol 3 ® -
= g k_ (2)” E/a g (5.5)
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Water escaping through both sides and bottan:

s OIn 7 e
Kk (2g) [;%]wH? 3 ™k (29)7 [2J )

" (Zg)% Eb = +‘§- kshm ] sa

H | SR

-
-
-

- -

(5.6)"
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Equation (5. 10) can be used when the escape of water is
limited to the bcttcm Wh:tle equation (5 11) can be uSed when
the escape of water is 1imited to the sides. EEE o

During the first few of the tests reported in thc next
Chapter the following shortcamings in the method of doing

percolation tests in tnlined holes in the sandy-]aterite soils of :
Lagos were obsetved:
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L (@ it ves difficult to dig holes. to trve

s E e circular dimensions; - oo

A :r‘,.'»' T v S
ERN __}(b) the sides tended to cave in

PR P gt

o {e) erosion occurred, at the si_des, altering
, . » the cross-sectional area of'the hole,

.-, .

A amd adversely affecting the xesults- o i

o '_"‘f‘; (@) : a certain amount of fines were deposited at

'Ib overcane or minimise these difficulties the Senator
Taft's Sanitary Engineering Center's method was modified in.
anumberofthetestsreportedinthenextmapter This
modification consisted in lining test’ holes with everite pipes

in same tests, galvanised iroh pipes in some others and expanded

metal in same others yet as ‘described in “that chapter " This
arrangetrent eliminated or reduced the erosion as- well as the -
caving in of the sides. Lining would hmever interfere with
the discharge through the 51des, which could be eliminated
ca'npletely lf the 51des are ccmpletely sealed off. .

This modiflcation however mtroduces a ‘new problem. The
relationship between the allowable rate of _sewage application
to 30115 ard ‘the peroolation rate shown in equations 5.2 and
5.3 as well as in Figs. 5.1 and 5.2 was establlshed in respect
of unlined holes in which water discharged from both the bottcm
and the sides. This established relationship cannot be applied .
to a lined hole w:Lthout first establishmg enother relationship o
between the dlscharge through ‘the bottcm only and the discharge N
through both the bottam and the sides. 'Iwo of the tests reported .
in the next - chapter attempt to establish this relationshlp for
a laterite soil in Lagos ' and two others for a sandy 1aterits ‘
soil.

Both Xy and k, generally decrease with time t. The need
to campute the appropriate value of kb or k at each value of t before

the valur of s can be cooputed makes the npplication of equations
. : 1 '

A
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54 and 5,11 difficult.
Lk in Figs,

o wptq BRI f (5.12) "

'; ' .
- Bquation (5.13 15 a

holes but to unlined holes as well,

N3

62and63:lndicatethat s and t arerelated
in the mthmatical rrbdei R

'
; L CoE

W3 . DR
¢ . LT T
[

“merepandqareconstants

log s logp+q]_ogt

straight line with g:radient q hr"x”i ah -
interdept of log P onthe ¥ axis,” Both p'and q canbe

determined graphically, more accurately by i:he mathod of linear L

regression. An electronic calculator made the metho_d xeasonably N
quick in the present work, v ‘ . A
o - ,

An additional advantage of the model in eq'uat.ion i2

it was discovered, was its applicability not only to lined

Results of the application o

of this equation gave values Qf s invariably within 5% of the
actual measured values. - '

An- inspectmn of the cl.lr\res of s against ﬁ

.;“ ; ..";.”. - {5, 13) '

o e cde
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‘QHAPTER vt

PPRCOLATION TFSTS IN SOFF LAGOS SOILS

at whlch Water percolated through Some Lagos

flcatlons that mlght be, necessary 1n the method
for deummdnnm;the percolatlon rate developed
at‘gﬁe Senator Taft's Sanltary Bnglneerlng f‘
Center mentloned in- the iast Chapter. The tests

Were performed. in- holes in natural 8011 .as well

TESTS IN NATURAL SOIL

, 90118, and to obtaln some 1ndleatlon of modl--.r

et
& -‘*

e Lt
5’_ N .
A ; 1S ‘,«,‘ ]

L ,A:

-'*F, T {g ,‘34_ el LT

6.2.1, MATERIALS AND METHOD

il +"

'i

‘§
L F

Three, and sometlmes four holes were

\.

dug in ra- row at 1m centres.at each looatlon

.o .
‘ Low ‘-'.».—.y . T

Each hole was dug wlth e 10 2cm (u 1ns)

e

auger to a depth of u8cm (18 i Sy Sampleo

__rsv?.

of the SOll were taken from thls depth for

¢

"

qaubsequent 51eve ana1y81s for graln 51?e

n.ﬁdetermlnatlon A llght smght rall,

",l

.

"i

con81st1ng of as. icm X 2. Sem. (2"x1")
tlmber hor17onta1 nalled acrossia palr of
tlmber uprlghto 7.6em x 5. 1cm (3“x2") was‘
erected at a helcht of 1. 07m above ground
1evel ag shown in Fig. 6: ;:; A 7 60m layer
Of‘ZCm dia. size clean.gravel was placed

carefully Jn “each hole to preVent erosion

at the bottom of the 5011 whlle the hole e

' was be:ng flljed w1th water

4-.& 3 } i “.'_h|‘-";- he e b ""’-“6

as in made 3011 .,g

St

6 1 Theaebjeot of . thesw tests Was tb study the ra¢e7hfkﬂ

A day before the teets;described in both

+ Zan B

Noa e

A e —ar e - >
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EIELD ARR

ANGEMENT

F_%_

PERCOLATION TESTS N NATURAL_SOIL
(UNILAG SHE A - -

Siemx2-Bem  sight rail

2 meter Boxwood
. measuring stick -

1-07m

o
%cm layer of

M

{-—!.Gcm

v Y]

2¢in size  gravel

e Sirel W BN S ST W N
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o~y ]

CELEVATION A-A

= _Untined hole
B .

B SE B

1 stemxsiem 1|
timber. upright

P.C

Concrete surround
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- i
I
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Lmed hol
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OF HOLES.

__l_ Gf.lnuned hote & .' _“i
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.. hole was kept contlnuoubly wet for aj:‘

. period of" u nours by refllllng each tlme

" to the level of the layer of gravel at.

" attain. under ‘a. functlonlng soakaway.‘; o

6.2:2° and ' 6.2.3 .edch . I .y

iy

-4

' that the IQVel of the Water had drOpped

¢ =

" the bottom.} Thls ensured that the swelllng fr

4

o characterlstlc of solls w1th clay

v L‘t . I

. occurred before the test was started and

.. that the, 5011 approached the state 1t would

Ed

The test after the prellmlnary wettlng

h"( v e A

' consisted in measurlng the dlstanee of the

. lF'
water level in eaeh’ hole below the upper

alge of the horlzontal ra11 at 1ntervals of
5 mlnutes 1n Tests 6.2, 2 and 6 2.3, and
3 mlnutes in Tests 6 2 5

RN

TESTS AT A BUTILDING CONSTRUCTION SITE AT
IGBOBT: Y

The first set of tests werewﬁerformed

in 3 holes of dimensions and spacing as

!

.described,above and as_ehown3in Fig. 6.1

at the site ofﬂthe propceed scakaway-for
a pair of duplex honees then under cons-
truction at Igbobl on’ the Lagoo Malnland.
Thc soll was sandy-clay, and EEeare
sultable for a soakaway. In addition to
the preliminary wettlng of the. holeu a
day before the Lests on Pebruary 25th and
27th 1976, there was heavy rain on the
nlpht of “25th - 26th Pebruary BO tbat the

i _‘,s

|11 was thoroughly wet for the»flrwt dav



3

%

B ]

r .

LF%
i

K ‘

“6.

2.3

L4
[

- 93 ~ .

oﬁ,testing.

e

It was observed in these tests on both

days that whlle the layer of gravel at
".n'l‘
the bottom of each hole prevented er051on
- ‘." [
at the bottom there was eroslon at sthe

.*-—‘ i

sides as . shown by ‘a layer offflne material
dep051ted on t0p of the gravel layer. The

results are shown 1n Table 6 1 ~and Flg

t
;X

FIRST TESTS AT UNIVERSITY OF LAGOS SITE A

In the flPSt of the set of tests at

the Unlver51tv of Lagos q1te 8 holes,.H

,J.—

in each of 2 TOWS spaced lm apart were
dug, prepared and tested 1n the manner
already descrlbed The layout of the

holes and arranpement for measurlng are’

4 +

as shown in Flg 6 1.

- It was observed in these tests that the

..

_ water level in all elght holes dropped

faster than,had been.antlclpated, all the

water disabﬁearing”in'a]question of
minites in three of the‘hdlesf It was
also observed'that as inﬁthe_tests at
Igbobi there was efosidn.of.the sides as
seen from a layer of fine haterial on top
of thelgravel layef after eaeh.test. It
was thetefore decided to line the sides
of the holes which would preveht erosion ,
This might also reduce the rate at which
the water escaped from thc hole since the

+

sldes would be sealed of f and water egcanpas
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FIG.6-2 PROFILE OF PROGRESSIVE

. DROP_S IN_ 3 ADJACENT UNLINED HOLES
' AT_A BUILDING_CONSTRUCTION
SITE AT IGBOBI ON 2 CONSECUTIVE DAYS.

Holei.day t / ,./"

Hole 2.day 1
Hole 3. dayy

/. ) ’ + . . . .
& . . )
/ // \Hole i.day 2
. 'f/ , Hote 2.day 2

= Vv Hole 3.day 2 -
/AS : .
; / i . . ‘

/&/ o

Vel /4
/ .
¥ P
+ ‘ *—Iim—e—im —@
KEY
A L | I L. - - 1
0 10 20 30 40 S0 SOmins.!
Time t
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llmlted “to. the. bottom..h 1:' 7{ g}

Fion :chmh’“

.
4w

p.npose‘a@

lyl

o=

i
Bls 0‘1

i )
'N

it
fT-.

f1n31de,xhefarea enclosed by

! ! . o
the’ plpe as'such concrete on hardenlng

-..-' 4
v ﬁ““ﬁﬁﬁ ‘ Lt et .qi.ﬁ‘.q.;.

A . LA ,-'!‘i' AJ"L 1"* 'fl-’l'l"n.r . i ' .
i ‘ __.uwould seal off par% of the, ottom soll o

- : \'.
,{ . \i\q‘w’f " 1_?(\.‘

L area: dvallable”for sﬁeplng'awgymrﬁg quér.J‘

~::Thz foupth hole.th;%.h;g.ieftauniinéd‘inl

N éa;h Ease was the eneolnbwglgﬁ'?ﬁgkgeeplng
aﬁé; of khn water had beénlslﬁwegt durlng

syt n .. 1]

the flPot two tests.: B
PR o

S

v
T '

Iﬁing appeared

It was obaerved ’chal't::ﬁM

to 1ncrease the rate af escape of water - which

L

ueep@d deY W1th1n mlnutes 1n all the lined
' ' 'k
r« i |J,

b

a

5holef. Fhl° observatlon was ﬂnflrmcd

all the three times the tests were donp

i,

]

when the water in Lhe lined holes dis s appea~

+

red toe fdst for measurcments to bL tdkﬁn
’ R :
o y in them. ,It Was therefove dec1ded to

conilne sub equent tests‘fb thé”tWO;unlined

! o ',mholes, one_ in, each’ oW, whlch were ‘sub-

aequently deéipnated A and B. ’”'yn

) ‘ i
The-pe sults are ahOWﬂ in Flg 6.5.

a- e f.'

6.2.4 MORE TESTS AT LAGDS nmvwo_‘rw SITE A: .

€1

\1 l'

. o b
. R R
These tests were performed tc otudy

¢ i""

the effect of repefltién hf teqiqoln a

r . I.;" .y

i

hﬁieyand:tp compare Lhe raTu Jfﬁﬂaf

’ J - - - LI -
Yo R A R L TV e, LA ‘ : 3
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FIG. 63 PROFILE OF PROGRESSIVE

DROP S

IN 2 ADJACENT UNLINED

HOLES IN

NATURAL SOIL AT UNILAG

SITE A ON

3 CONSECUTIVE DAYS

A (13-3-76)

o A (12-3-78)
T A(M-3-786)

+—B{11-3-786)

Original head H [cm)

Date
12/3/76 (1373776 |18/3/76

Hole
. A 24-2 257 1240

B 223 22-6 22:6

__._.’-—"_'--' -3"15)
. ._.___‘_,._.——-—"-—.‘—_ -_‘._____4-9-!1-3"'—0
— . i e e ——
— »»— _.____-.____.._.—o.-— .
.-—-—"*_—-“" 0:-—""‘. "
e
L —

| 1 1 1 ] 1 L i J . 1. :
5 10 15 20 - 25 30 a5 40 5 50 55 60 (mins)

—_ LG -



agg

&

5

K5

..98_

— '
.

percolatlon through the sides with the
rate through the’ bottom.

The tests were performed 1n anothep_
'three holes agaln spaced 1m apart in a =

row 1m from the row contalnlng hole B

in Flg. G 1} ‘All three holes were dug

* 2

to the ‘same’ dlmen51ons and prepared in
the same manner as the holes 1n Test

6.2. 3. The two end holes 1 and 3 were,

'i +

llned wlth 7. 6cm dla.'everlte plpes
while the mlddle hole 2 was left unllned.
After the usual prellmlnary wettlng of
the holes$2 31xty mlnutes runs were done
1n each’ hole on 4 consecutlve days 20th
2lst, 22nd and 23rd Aprll 1976 the depth
of the water below ‘the reference level
being measured at R minutes intervals in
each case.” It is noted that the water 1n_
these'tests'lasfed the full 60 minutes
of each teSt,>

At the:beéinnihg of each test the level
of the water was-adjusted to an origihal
fixed distance below the reference point
at the upper edge of the horizontal rail.
This arrangement ensured that in all the
G-tests in a.particular hole the orig}nal
head was the same. This offered a good
basis for comparison of the percolation
rate from fest to test’ in each hole.

On the #th day of the test four an? not

 two runs were made in the unlined hole 2.

Cr

- R
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' Whlle the flrst and the thlrd of the
tests were done in the normal way, a .,
3"‘ ) 'l '\-f‘“ 'f" % ‘~."r‘-!”¥"'

7.6cm . dla. everlte plpe 30cm 1ong was
S R

v .

1nserted in the hole for the second‘i'
. H S LIREE R
and the. fourth tests, thus oonvertlng o
. )i .
thls 1nto a lined hole for thosge two
1 Jx R S o T
tests. o
1 s . ? g K .
" The. resuits in;respect of the unlined
‘ N P S 1 . .
hole 2'are 'sHown: 1n Table 6.2.
} fu;%” [1 "i '

"6.2.5 'rr:s'rs AT LAGOS: UNVERSI‘I‘Y STTE. Bs :

v

ot l}.."'

f, . The results of the tests in 5 2 4. showhr

!.) ’«I

1n Table B, 2 and dlsoussed later ih thlB

E:f

Chapter appéared to 1nd1cate that the s
. E( v 1 -.‘[.‘.-

llned hole was slower than the unllned'

STt DO PRy

hole 1n natural soil, contrary to the
. i‘_ R I . !~ : .

observatlon already reported in 6. 2 3.

It'was therefore declded to do more tests

£

in. naturﬂl 5011 at another site in the
‘H

Un1ver31ty to resolve these confllctlng

. < ._,..'
.observatlons.__ =

[ 3

.The new 51te was 1n the foreground of

llJ ¥

' the Unlver51ty Power House,'0pp051te the

VR S ';»
T

Bookshop Here two, sets of three holes

-

roay

were prepared exactly as descrlbed in
:t'r, ) et
6 2. 1., The prellmlnary wettlng of the
¥ . .f ;: s
holes was not done in these ‘tests to

F ..:‘,r

LI i . '
R 1y Wi le
;H y

%revent premature clogglng at- the bottom

H oEJtre roles. | VT_:l _jq B

o Eléht tests eaoh Of 12 dlrdtes dura—
'tlon were . done-lr each of the three holes
R T R T

. in the first series of tests; The}
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drop 1ﬁ-w§ter lévél'in“ﬁjqinu;eé;
_progressive drop in water level:

_;ASj

oD

.B. =

B

22.7cm

Original head H o
In runs 2 and 4 on 23/4/76 hole was lined.
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i

o

T
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' J. . ,)7 ,'.r‘f
;thé.peﬁcplatlon of watpr in the hoie was

b

cf 0 - 101 -

[

measurements were taken at 3 mmn@feﬁg,'

,

.i-lu

gave,

,elghtntests

en
.-"—-‘f‘_ s Ha

confanOHS.- Tﬁe startlng head of wétéf a

was” kept’cénstant fOﬁ gll elght fe miﬁiﬁ

_@ .'"ll-””.' . ®

47..| _.,__ < . ) LN
each hole. 4 ,ﬁ_f';_.,_',:' ?'g' , A"

Another modlflcatlen 1ntroduced hebe

was the*llnlng of each hoie ih two out of

the elght testb““ffﬁi§§W§§ dbhe by cdres

fuily pldClng in; the h&le.a cyjlndrlcal

-hhell made fﬁOm a 22 gaUge Palvanised iron
|a.$ N

sheets It has ?5 10cm lohg ' ‘Tts external

dlameter of 86cm jUSt fltfeﬂ 1nto the

-J

10 1ﬁcm dldmeter hole wlthout the, she Jl

damaglng the sndes of thé hole dur:ng

o
plaC1hg and w1fhdrawal It was prov1dvd

l""'n

jdltﬂﬁhandies‘ rjvetted to a 7 Gcm wlde

flange.of 1he game materiai Wthh fdc1]1~

‘ far

_taféd Such pldrlnp and’ W1thdvé$§l bpforv
.o ; ’

and*after each te ' f "\fypw

,i

The leSt hole was llnﬁd 1h,ihe fhlPﬂ

n

and °1xih tests, the s cond h&ie 1n<whe
’ s \;xi,, .
fourth and seventh fpﬁfﬁi"ana %he third

4

EY .

- B
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802.

' mlnutes each 1nstead of the 12 mlnutes

6,3 -~ 616,

A

%

MU = VO
I A R 57.‘:‘

fwe%e done 3 days after and 1asted only 9 h jﬁ

in the flrst serles."The holes.were located
some'iﬂm-from the"holes'in the first

serieg.% The results are shown in Tableq

i

.4 RN T

RESULTS AND DISCUSSION OF TESTS IN NATURAL S0TL:

&

Fig. 6.2 shows 31gn1f1cant differences
in the rate 'at which.water dlsappeared in

holes™ that were spaced only 1m apért,

‘While the performance of hole 1 in Fig.
S ‘ |

6.2 wasEpradticallylthé same on both
occasions of the test, hole 2 was about
twice *as 'fast' on the first day tasn on
the second. _ |

Fig. 6.3 shows the results of tests in
holes <A and B on 1273/76, 13/3/76 and
18/3/f6 at University site-A. ”it also
shows as%inset the original head H of the
water in each ﬁole on each of the:tﬁ;ée;

occasgions.
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TABLE_6.3;: RESULTS OF PERCOLATION TESTS®IN NATURAL SOIL AT UNIVERSITY -

' Ce s SITE B-1 . - o

A e y
Hole | Test Prog;essive fall s :‘::!EBE: ‘ - .I
No.| No. [ 3min 6min Smin | 12min | fall lem .| Remarks
: , S : | in 12-min .| | .
M ) . " test DY
Cm n . o "E imin
1, [4.8 |83 )10 | 12.8 0.94
2 2.4 4.8 8.5 7.9 1.52 -
3+ 2.7 .| 4.8 "6.7f 8.1 1.48 .. | * indicaten
41' 1.5 3.1 . 4.5 5.7 2.11 tests in
5 1.8 2.9 4.3 5.6 2.14 which hole
1 8* 2.0 3,5 4.81 6.0 2.00 -, wes lined
7 1.5 | 2.8 3.9 4.8 2.50
.8 1.4 | 2.5 3.7 4.8 2.50
1 7.6 12.1 15.0 16,9 0.71
2 | 4.3 7.4 9.9 11.8 1.02
3 3.1 5.3 7.3 | 8.9 1.35
2 4% 4.4 7.0 8.4 9.7 1.24
5 2.7 4.8 6.4" 7.3 1.65 , ;
IS 6 2.4 4.1 5.5 | 6.6 1.82 .
T 2.2 4.1 5.7 7.7 1.56 '
8 2.0 3.8 5.2 6.4 1.88 .. .
1 ? - -7 T iR Hole 3 wes =
2 14.1 - - - - : p
3 13.7 . _ i Ctw 0| too fast fod
: ' h | measurements :
3 4 14.6 - B B ~ 2 &7 L to be taken i
5* 13.2 ) - - o= PR A T agt 2 mi .
6 8.1 12.2 16.7 < | et er 2 minsg
7 | 6.8 (111 13.8 | 15.1 0.80 [ 1in fost of *
8* | 4.8 7.9 10.2 | 12,1 -f' ogg " | the tests.' ). ¥
. . . : Powany ooty i

Lasyy
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| TABLE 6.4: CALCULATIONS FOR RATIO OF PERCOLATION RATEB IN

LINED AKD UNLINED HOLES AT UHIVERSITY SITE B-1

_Hole [ Test

Averag_

time t to fall

lcm

- No. “No. |

Mgasured

Calcuiatedlh differqncé; -

. (miny

Remarks ; | .° .

. S
VA

4. ..

.82

copidr

v

0,94

T

“2i0.

T e
it

;.i-OQOQ'
oo
lirosl -
RECR TR BN
SRR
.5585

2.570 |

C'2in42

R XD

TR E

Clezion |

o M. .
ST T

, .M indicates { . -
Ctest n | oo
| which nole| . ..
~| was lined.|

.._._‘ i. 56‘ L

1.88

2.045

BEEEY-3S N R

L 2,91 .

-
7

- -8.78.

Q;ﬁjﬂé‘ .

T

Ty .ﬂzm B R

NOTES:

T (@)

@

1

For hole 1, t

For hole 2 t

= 0.711n

. 508

t1 in column 4 1s calculated trom.tho model

t = pn deveioped iggm regresaion ot lag t 09 log #n, ., .

Ratio t/t in col. 6 ig obtained by gividing measured
time t in lined hole by calculated t~ in unlined hole,
e.g. tegt 4 in which hole 2 was lined t # 1.24 min,
for unlined hole is calculated to be 1 438
1,438 =

‘while t
min,

Ratio =

1.24 r

.68,
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" TABLE @.5: RESULTS OF PERCOLATION TESTB IN NATURAL BOIL AT UNIVERBITY
SITE B-2.

™ 3

' "‘_ AR 4_:. D e e CaLm ik ",.._V'.“:‘_ “‘ I Ll

SRR ‘Progressive - fall ﬁy A;Sfaéé iimb": L IO [
Hole ffest‘:f 3 min - )8 min B min |ito 2all lem- _'~;=L.1j_- L
1 No. { No. | . : cem L p i S ELE 9=min” tont % Remarks| ..

comdn

Y
F-N
o | o
-
©
L

f’: _-‘0.47. ! L R R
: O Yy 1ndica O

| téas testi" .

I An which} .

1 -hole was| .
“.1ined, |-
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= 1ds -

1. 4im apart (Flg. 6 1) there are. signi-
| A .

flcant,dlfferences'between the&proflles‘

B - 3. %'%'
' the-threedogca318ﬁsa

: ‘:7 H\ : "«..' .r‘-.—:;-" ; M
é?h:le theawater 1naB asted 0

Vg o
[ 30 S g*

L]

lminutes‘ v d

g L

L

ﬂgie r'an0 e
} ; . !B:‘iﬁ 1. 'v o, 1 P
":B'fell‘wlth a Unlformly small.

:l- g \‘:,‘:.5|" g

te ‘;F

the p01nt where ‘the:,

Mar

L3 “_5,41,

theﬁoverail rate ofbdrop‘ofr‘

ENENT 2 ey w s T e

Watér 1ncreaoed sllghtly wlthieach test °

1n A 1f decreased w1th eqch test 1n B o

Thejéiiéht dlfference ﬁp H. shown in “the
PR AR A ‘ v~f"
1hsef téble in Flg‘ 63* cannot accouﬁt

e

P
for these substantlal dlfferehces 1n thp.

behaV1our of the water in the two hoies.

1

Tébhe b.z whlch shows thp results of

t 8 2.0 1n uhllned ho]e 2 also shOWﬂ_ o

]

that whlie S VaPled appre01ab1y from febt

to test and from day to day at the b@gln~.

’
1 I

nlng of’ each. test the dr)p 1n the ]abt "f
30 minutés of eaqh test vafled llttle 1n

8 sl '_!':? - i
.

the first three days, giv:ng peroclailon

rate values befweon 20.1 and 21 '8 mlnufnﬁ

per 2.54cm.
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. 3011 whlch are descrlbed 1ater in this T

1 of hole 2 was nearly oompletely 1mpervaous

1 It 15 also contrary to the observatlon _'—':1*~

| days however mostaprobably‘resulted-1n
,cloggihg at the bottom of thé’ holes due. ‘ o

‘to the erosion of fine material from both

by =107

The more 81gn1f1cant revelatlon in

Table 6. 2 however was that the bottom .

.} ,'4‘4 . . v .-,‘_ L

\,o t
hole was llnedi

— 5 v :
‘?'u"— ,_,_“\,,.. ""’2""

“ “that; day éppear to ehow therefore that rfﬂ'

The vesults of the teste i

the water escaped\veryomuch‘faster 1n;'}:w
the uniined hole than 1n the 1ened holelf“oﬁ%f
1n the naturél soll. Thls 1s Jeffepent

frgm’the observatlon made in the unllned

holes 1n Test 6 2 3 whloh became faster '"i:;“ﬁ ' i

after belng converted 1nto 11ned holes.

- made 1n Tests 6. 3 2 and 6 3 h 1n ‘made ﬁffg

v .'_'

Chapter. The repetltlon of tests in the

&

three "Holes in 652*H 1n the preV1ous three

.

=L - .

“the 51des and the upper 1ayer at - the
bottom of the hole, and the subsequeht
dep051t1ng of these in the pores in the
gsoil at. the bottom of the hole.f This
could reduce substantlally the percolatlon
oap301ty of the soil at the bottom of the
holeﬂ' } ' ' ' )
Tableews 3v-26'6'howeVer show that. the
water escaped faster in the 11ned hole than

in the "gnlined’ hole, as already establlshed



ﬂfMeasured %}culated
| (min[ i

]

"; "-‘indiéa-' --’_
tes tests
*in which,

wasf
Q’\?l‘a

.

.0.864

0.94 0.935
0.98 " | 0.988
.99 1.032
1.06 1.969
1,10 { 1.i02’
1.13 1131

*-0 87

"0.15

See i'ootnote under Table 6 4 for expianation of column E
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‘ same heie. en’{”
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.. ' . - i"l"'

the assumptlcn that the contrary obsep-ﬁﬁﬁ

?afioﬁ ih Téble_ E
}ﬁ.

ﬂat thé ﬁo%tom of the hale due to the-];'
ﬁ* e .‘_, kb ,'-"!-..‘ S

seygrai répé it ohi oF the test in the -

s?

[ — LU T
. DT MY

.
‘l“n,.

&

.‘In hoth Tables 5, Mlaﬂd & % the ratio”
- . if; ‘i a fu

DR
t/t was calculated to flnd how rubh

b

faster the lined hole Was than the ‘

K\
unllned hoié. !In Tablé 6 3 %he Values

o d

of t. 1n column é are fnund to be related.

s R

to the values of n 1h column 2 1ns*ﬁe
S 7 _Q._ ‘ ‘_‘ . \l[

equatlon."" - “; A L

e ; . o ot o\
"‘k' ) t = an ‘ .'il&ia- (6 1)

3

Both the constant p and the slope m hdve

Qdue To clogging';fr.

been hlaculated by the regr3831on of log 1 on

log nz TheeqUatlohs for the two holes

.that fuhctloned at Slte B 1 and the three
‘holes at- Slte B 2 are shown in Tables

6 L} and g Ba . r“--‘...‘ “."k ‘ ';:'_ ‘_ "'A &f

L , .
v

The Value i ua for t 1n column 3 of
S
Table 6 Y4 1n Test 3 was exeluded £rom”

ES

the- Vaiues of 53 used 1n calculatlng

eqdatlon 8 i for hole 1 1n the ‘tests at
Unlver91ty Slte B- 1,/as thls 0a1ue was

i '=E
known : to be smqller than what 1t would

have been 1f the hole had néﬁrbeen Tined.

Rather, the value 1. TUh 1n column u:bhowsw.

cs-‘, ®

the caléulated value of the tlme ti if

o

.the hole had not been 11ned.; The ratlo

LI R

W Yo 1.70u {87 given in: column 6.

" in test'5.2:3. They also strengthen: BRI

8
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i
-3

than the unlined hole;in?Test 3.

—_— -
e a

shows how much the lined hole 1 is faster

v

. 4 SRR

In Table B'H'the r&fio t/t1 varies.from‘f“

'0 82 to 0. 87, w1th ‘an average of 0. 85

Slmllarly 1n Table 6 6 the ratlo varies d}l

L # e ot

from 0., 95 to 1.00 w1th an average of 0.97.

The range is small in each case, which

.'-L'

1nd1cates a reasonable degree of con81s-

.1

tency 1n;the work. The dlffenence,of 14%

(.97-.85) in the aveﬁage'gf;thiéiratio

within a‘short distance of 10 metres is

consistent with the known: variation in

soil properties within short diat;ncés;
and from day to day. o

It has begen noted earller that the best

sults for lined holes in Test 6. 2 5
were obtalned'when the lower edge of the
lining shell'did not nenetrate the soil
at the bottem of the hole, but remained
about 5mm above. In this position it
cannot be said that the shell truly seals
of f the sides and that fhe escape of water
was limited tolthe bottom_only since some
water under pressure could go round the
lower edge of theshell and flow upward to
£i11 the little space between the cuter _
surface: of the shell and the sides of the
hole. Such water would then escape into ‘
the soill through the eides.' It is consi- S
dered therefore that resuits obtained from

tests in holes lined this way cannot be

5. =130 =~ . T
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~;ﬁﬂ8éd for calculating ks in equation 5.8.

o The main ad&antgges of lining should be

seen as the prevention of erosion of

material from the sides and thelpfovision
of support for the sides.
CALCULATIONS FOR PERCOLATION RATES IN

NATURAL SOTL:

"7 o=e-. Tn the tests at Igbobi éﬁd'ét the

Unlver31ty of Lagos Site A, most of Jthe -
- ‘f

water qeeped away in the holes 1n Just A

60 minutes. Fherefore~calcu1atlons for
-
percolation rates should be made in .
(AN - #; h
respect of the drop 1n,leve1 in. the last

s

10 minutes of each test accordlng to the

definitioh in Sectlon 5 W .'F(" wj@;‘

1GBOBI SITE, HOLE 1 (26 2.76, LINED):

Drop inawgter.lével in.iaét'iniﬁinéﬁﬁ'ﬂ.s
, C e

cm- (Table 6.1), *

Percolation Rate = time to drobi2f5¢cm
S | 2.5
5

1

10 x

= 50.80 mins.

" -

Percolation Rates similarly obtained

for all 3 holes on.both days are as in

W
\

towr

table below:!

S | Drop in | Percolation
Date ~ |[Hole 8 in last Rate .
No. 10 mins, (min/2.54¢m)
{(em) o
- 1 0.5 . 550.80
26.:..76 2 1.6 15.88
- 3 2.0 12.70
‘ s o
i . -
1 0.3 s 84,67
27 2. 76 2 0.8 .. 42.33° !
.}r_ﬂTq 3 1.0 wﬁ%47ﬂ_

N '?\fﬁ- 5 ) 1=- k.

—
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'.Percolatlon Rate =

-‘l]2 il ™

" UNIVERSITY 'SITE &, (20.4.76, UNLFNED, HOLE 2):

-Drop in water level in last 10 minswiiin Run 4.7

= 1. 1odlwem, o LD

-—~“"“”“"1945f£f§3 L= 23 09 mins.

i Percolatlon Rates in this hole on the 4 days’

of Test 6.2.3"are as follows:

] Drop in Last { Percolation Rate
Day Run 10 ¥Minutes (Min/2.54¢cm) B
o i (cm) .
{ : _
1 1 1.1 . 23.09
-2 1.2 - 21,17
2 1 1.0 25.40
2 1.2 21.17]
3 1 0.7 36.29
2 1.0 25.40
l - : :
4 1 1.0 25.40 | Resuits |
3 '8 '31.75 | 9F Tums 4,
‘ 4 1gnoreﬂ.

6.2.8 CALCULATIONS FOR FORMULA s = pt® IN
RESPECT OF TEST 6.7.%:

From equatlon 5.13 (Chapter V),

g iog s.= logp+q logt.
The constants p and q. can be found by
the linear regression of-log 8 upon- log
t, using the values of s against the
appropriate valueg of f-in a test. The
equation for the test in hole 1 day 2
at the Igbobi building construction site

was found to be:
L1472

s = 1.6u4t erssense (6.2}

using the values of s in Table 6.1. The

equation for the test in unlined hole

£

.2 at the University site A on.20.4.76 is:

i
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b= 113 -

. . . * 4
i I o £ ¢ ' v

SO 111uf'55 e (8.3)
_.u51ng tHe values of 5 1n Table. 6 2, Table 6.7

r 5 ‘ ..z-‘r .i‘.\.' Lo

-ufeompared wxih the measured vaers of s in both the

Igbobi site hole and “the Unlverolty blte hole
under consideration. The % dlffer%ﬁéég,ln tte

measured values and the calvu1ated'vélue 5. are

hat

'yéry small, in all cases under 5% showing that the

mathematical model 1s‘good To caloulate the

Py,

?pereolatlon rate from {he formula 8- '- ptq for tH

Igbobi 51te hole 1 on day 2 “ﬁcé )
| L5 e Lyt 2 Ry R
N T g . :
C o 8gg. = 1.8 x 60°42 e 9.i6
i@ ¢y = V?'?“ x $0° ”2. R

© Percolation Rate = lg_x 7é5” i
) : o o B .= R
37.35 minutes . _‘jftfu

" Similarly for: the Uan@rSlty 31te A hole,
& .

S s £' 1.14¢" - 56 _.;,' L; "
Csgp = 1.iw x 80 55_-a;11 29
R ;\ ss' :

-

e syt s50 = 11 29 F 10 ?gJ 14 10
L ‘7%:'f' :Peﬁcolatioh Rate =ﬁ'f 7 =
. A '23 .09 minutes f§

The flgurc of 37.35 m:nutes obfalned for the

d

'f I8

_;perOOTatlon rate in the TPbObl hole 1 aaf 2 by

e

.caleulating Sgg = Sy from the relatlon%htp ] =

is smaller than the figure of 8& 67 minutes
' 4

:calculated from the uron in ihe watep Levexv

..3&

actually obaerved in themiaﬂt 10 mlnutes of the .

S0 = Sgo = .9.16 -;8.48 = Bgcm

o

‘",'ﬁshows the values of' § calculated from the formula‘u
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TABLE 6,7: COMPARISON OF VALUES OF S ACTUALLY MEASURED with-

VALUES CALCULATED FROM FORMULA s = pt~ IN TESTS 6.2.2 & 8.2.3,

3

t

t

TEST 6.2.2 (IGBOBI)

[
TEST 6.2.3 (UNIVERSITY: A)

t - - e
8 _ 8 % 8 8 %
Measured |Calculated Differenceg] Measured [Calculated [Differ- -
(m) © (m) T (m) (m) encegy,

] 3.10 3.23 ~4.19 2.80 2,81 -0.386
10 4.40 4.33 | . 1.82 4.10 4.14 | -~0.98
15 5.20 5.13 1.35 5.20 .19 0.19
20 5.90 5.79 1.86 6.10 6.10 0.00°
23 6.40 6.36 0.63 6.90 6,91 -0.14
30 7.00 6.87 " 1.86 7.60 7.66 -0.79
.35 7.50 7.33 2.27 8.20 8.35 | -1.83
10 7.80 7.50 ‘ 3.85 . 8.80 é.oo -2_27'
a5 8.20 815 1.83 9.40 9.61 -2.23
50 8.50 8.52 ~0.24 10.00 " 10.19 -1,90
55 8.70 8.87 -1.95 10.60 10.75 -1,42
60 8.80 9.20 -4.55 11.10 11.29 -1.71

Results fit' well into mathematical ‘models

(1)
(2)

8 = 1.64t'42
56

s = 1.14¢t°

for the Igbobi hole

.. for thé University
site A hole
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test. The latter drop was only 0, 30m.whereas

the drop as calculated from the formula was 0 68

em., It is con51dered that the flgure obtalned. rf
frof the formula 1s 11ke1y to be ‘more rellable'ff
than the other one as probable erro;s in the last,
two readlngs of the test have been dlstrlbuted

- through all the 12 readlngs in developlng the-'

bt . R
) A

The célculatidns_in'éection 6.2.7 for the

_percolation rates in the three holes at Igbobi:.

”‘HC}) I$ greater than 30 minutes Loy

. 8how ‘that on the first day the rates varied between

. 12, 70 minutes (hole 3) and 50.80 mlnutes (hole 1)

an average pf 26.46 minutes fopr the three,
h&mavﬂidlng to I-%LSL%SG”:’I% d(aid%?’)ﬂ':of’l: 93!'?'»“"88
with percolatlng rates above 30 minutes are not
suitable for seepage pits and those with percola*.
tion rates above 60 minutes not. suitable for any
kind of 1each1ng system. According to this
criterion, the‘Soil unéer coneiderafion is not
sultable for a seepage pit since the. -average .
percolatlon rate for the two days of the test was ¥ é;mm”/es

1

Applying equation 5.3 (Chapfer V) to these

figures, the allowalbe rate of application of

gsewage effluent to the soil is obtained thus:
q = 204t 2 1ifres/m2/d cessaea. (5.3)
As average t for the first day is 26.46 minutes,

204 x (2s.u5)'%

q
39.66 1itres/m2/d.

On the second day when the three Koles were

slower still -the average figure for t was 50.80
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mlnutes, yleldlnp an allowable sewage effluent rate

'-q ot 28.62 11tres/m /d. ' ;" 2 “:ﬁ '

- e
i
L Ya

A .

The bulldlng under construetlon -is d’palr of duplex’
oy .

houses in Whlch two famllnes of 8 persons each, produ-':L

c1ng 1ﬂ0 lltres of sewage per caplta could be expected

to llve vizu B ' : h“§
Total sewage = 16 x 140 = 2240 litres/d.
2240 -{_{ ' 2
Area of soakaway requlred = FET 1u =, 65 6im”.

N o
The,actual area prov1ded by the developer is known to .

~ I i . .

be leee than this. - - *}9 T

'ir

The average percolatloh rate caloulated Sfrom the

+

results of the SlX runs ip unllned hole 2, at the Unnver-_

.!N'

51ty 81te A from 20. L.76 to 22, N 76 was.25 HQ mlnutes,.

for whlch q was calculated to be #1 lltres/m /d ﬂf

~J£

The sma*lest of the three rates of sewage appllca11on

o

q provided for in Table &’ 3. 15 98 lltres/m fd (2 gal/ft /

d).

This is’ 2 g tlmes and 2 u tlmes the values of Q

ealcu]ated above for the: Igbobl 31te and the Un1vers¢ty

3 1

of Lagos 31te A respeotlvely Thle shows that by the 1ong

not su1tab]e for ooawaway 1nstallat10ns

l

used P.W. D Standard Speelflcatlons these two sites are

= "-«i- .

6.3 TESTS IN MADE SOTL: | S

«:3:71.:.1"' ¥ l

aThe results'of tes ts 1n natural solllcould ‘be ‘subject-

:--w.. I

to the adverse effects of external faotors llke raln,

evaporatton and the movement of the water table It was

i

i'

“therefore de01ded To! perform the next serles of tests. in

TN

made .s0il in the laboratory to ellmlnate these adverse

"effects

6

.3

;1

1

oo
e .

]

v .

VARTﬁ?TON OF THE TTMF FOR WATER LFVEL TO FAlL
THROUGH FIXED DTSTANCE WITH NUMBER. OF TES1S:

P
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el B ‘ . The tests in natural 5011 show that the

'?ﬂ rate of 1ncrease of s (Flg 5.3 1n equal
A tlme;lntervals (5 mlnutes in, tests 6 2 2 -

6 2 4) decreases w1th tlme.; It appears
‘\r 'y * s ta . * \
¥:reasonable to assume from thls that the

't N _ —

trme taken for all the water, startlng each"

=D

‘;,5 tlme from the same level to completely

4 L

dlsappear 1n a hole w111 1ncrease w1th the

number of trmes the test 1s performed in -

B

that hole. Th1s assumptlon was’ verlfled 1n

Ky,

thls test 1n the bellef that 1t could be ;

useful in establlshlng a relatlonshlp

t

between the rates of escape of water 1n a

+

llned hole and the rate 1n an unlined hole,.

as was done in the tests in natural soil.
| The 5011 was selected from a § ton - lorry
f‘ load obtalned-from.a brldge construetlon site
| at Hile 9, Tkorodu Road. Tt was a laterite

soil with a grain size distribution shown

K

in Fig. 6.4. Tt was flPSt dried in the sun,
then loaded in three layers into a timber

box k6em square sectlon, 6lcm deep and open

w’g

at both ends. Each layer was consolldated
with a poker v1brator before the addltlon

of the next layer.

ks

A.hole 6.5cm dia. and 30em deep was dug
centrally in the consolldated soil Into
thls hole was placed a cyllndrlcal shell

6.35cm dia. and 30cm deep made of light

g

expanded metal 12mm pd Bmm X 22gauge iThe L KR

purpose of this shell was to reduce the ) X
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FIG.6-4_PARTICLE SIZE DISTRIBUTION OF SOIL AT BRIDGE

CONSTRUCTION SITE. MILE § LAGOS~IKORODU ROAD

B. 5 Sieve Numbers

log settling velocity in cm/second . Apertare Siize in  inches.
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appear from thc hole was noted f,;q“

a perlod of 17 daye The peuults are :

nahown in ~Fig, 6.5. S

- 119 -

amount of EPOSlOH as wellt aa aupport the

_-51de of the ~hole durlng each test. To

" L L

enoure that the ‘501l was’ properly packed

ﬂ round the ehell further consclldatlng of

the last 1ayer of the 3011 was done, thls

N
e e

tlme w1th a ahort plece cf 1 25cm square

,_—

o tlmbcr. Care was taken to see that 11tt1e

5011 got inte the hole through the meshes
of ‘the ehell As 1n the tests 1n the fleld

.a 5. 1cm thlck 1ayer of graeel was placed
'@ .

‘at the bottom of the hole f;",} *?'

'g' - ! ‘4 r‘r‘ "- S
2]
As somg. flne materlal was eroded from

'

the sides and dep031ted‘at the botton ‘of

cr o

.the hcle durlnp each test there was a sllght

:jdecrease 1n ‘H (Fig. 5 3) each time the“test

L

_ was _Trepeated even though the water level was

"i

Ssadjusted to start from the same p01nt at the

3”beg1nn1ng of the test,. °To take aceount of

4

‘1th18 therefore it was necessary to measure

 “the depth of the bottom below the water

i

‘”level before and after each teat.‘h

.:The hole was carefully fllled w1th

 water at the beglnnlng of a test A stop-
:watch<wa started at the 1nstant the water

leyel reached the ‘top of the hole. The

o

time it took the water to completcly dns_]u

L

g

The te t was: periormed once, a day for

&

4 Lo
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Time

FIG.65 VARIATION OF TIME TO SEEP THROUGH 1CM .
" WITH NUMBER _OF -RUNS IN SAME HOLE IN MADE SOL..

in minutes

"o | 1 ‘ ) 7 L
: 5 10 : 5 20

Number of runs (1 run/day)

LRk o\ {4 .“ - e di L
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TESTS FOR COMPARING PERCOLATiON RATES .IN. LINED
AND UNLINED HOLES:

‘This is a variation of the last series of

tests in another batch of the same laterlte

- 5011 sample prepared loaded and consolldated

£

1nto the timber box as before. The expanded

: metal eyllndrlcal shell was also placed in

' p051t10n as before.

The tests were vun for flve consecutlve days.
There were three ‘tests on each of the flrst

four days and six on the’ flfth day."Thus there
.
were elghteen tests in all.- The tests on each

E

- . T

day were run 1mmed1ate1y after each other. A

prellmlnary observatlon of the results obtained

‘in the first-three days tests 'showed that the

v
[

" time taken for the water to-compietely disappear

in the hole increased at a decreasing rate during.

the'three %ests each day (Fig '6.6). This
observatlon was agaln confirmed 1n the three

tests on the fourth day. It was opserved also that
the time recorded at the first test each day

was lower than the tlmekreoorded in the last test.
the day before, 1ndlcat1ng some recovery in the
percolatlon eapa01ty of the 8011 durlng the rest

hours.r

4

Before the second of the six tests on the fifth

day an 1nner cyllndrlcal shell of galvanised
1ron, 6 25¢cm ‘dia: and 30cm deep was slipped into

the'existing hole with XPM lining. This;

just fitted into the hole and

. ;£:L
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FIG66 VARIATION OF TIME FOR WATER LEVEL °

-
O -
l

TO FALL THROUGH FIXED DISTANCE -

WITH NUMBER OF TESTS IN SAME HOLE
. IN_MADE SOIL_EACH _ DAY (1)

‘_{":)"‘_'; T

- (a) '_ Numbars in brﬁacrkct S
indicate order of day of test
(b) *  Arrowed path indicatds true.
- profie on day 5 while
" dotted path throughC and D
indicates assumed profite if .
.~ hole was unlined in all -
"+ “the taests. '

1 S Y S S .

1 2 - 3 -4 8 -

No of. Test:. each test day -
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_thus’ formed a'éolid lining forrthis test.
‘The hele. was fllled W1th water as usual and

' the time for the water to completely

T - 3 ; _,3,",&.!'.' "a 8

dlsappear noted. | ST e e

For the third test theﬂinnéf,sﬁell was
removed. Thislénd-tﬁe fouftﬁ téé%s‘were
performed with:only the outef'éhell,df
expanded metal in positioﬂ. Fbr”tﬁé f£ifth

test however the inner shell was again

-inserted, but for the sixth and'iast test

it was vemoved. The hole therefore was

lined for the second and fifth.fests but
‘unlined for the first, third, fourth and
sixth tests on the last day of the tests.

The results are shown in Fig. 6.6.

6.3.3 TESTS TO STUDY PERCOLATION RATES IN 3

EQUIDISTANT HOLES IN A TLST PIT:

This is a variation of each of the last
two sets of tests. The soil used this time
was from another batch from the bridge

construction site at Mile 9 on Lagos
*
(]

 Ikorodu Road.

The tests here were performed in a
relatively large expanse of soil contained

in a test pit with sides 22.9%m thick sand-

]

crete block walls arranged to form an

equilateral triangle in section as shown
in Fig. 6.7. The natural pground below the

pit was prepared by removing the top 7.6cnm
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- FIG.67 DETAILS . OF PERCOLATION
0 IEST-PIT_IN MADE SOIL .
+Ar- :
- 23m sand- | -
-crete block :
& ; walling
,' 3_3_ Test hote : I
' Compacled lalente . 0:f1m
',.sotl-_--‘-“- I _
* O PP 1‘4!-;,:; (| 030m
¥, ot ) ,._ 7.6cm
J0mx -15m ".~.'.:;--'°:
6-3.1conc. 1":aund/'J
SECTION X-Y .
X e
1-22m
»? A
80°
T F
. %
‘60m
e
PLAN
g j )
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.-of surface 5011 and levelllng off. ‘ A 0 30m

,'f‘

| . layér, of 2cm 51ze gravel was then spread

P 3 h .:n . ‘r o

'Iover thls to aid- dralnage 1nto the natural

l‘m T T a

.”fSOlI._ After thls the laterlte Wa31loaded
.1nto the plt and consolldated manually
AWlth us Tom x 22. 9cm x 22, 9cm (19" 9"'

;"9") hollow sandcrete blocks 1n fouv layers“

fE‘a flnlshed thlckness of 0. gim above‘

the gravel layer. . The 31de walls'ere

|

,bullt up to an aVerage helght of 2.4m above'

the test 5011 surface and completed Wlth a
S :

1ean~to roof There were two lduvre‘

wlndows, a door, arnd a o;nk tOgether with
L2}

electrlclty and water ThlS was thus a

little laboratory in which the test soil

was completely protected from bain'andrs&n,

and.the'movement of grdund wa%er.'

Three. holes, edch of“the same dlmen81ons
and prepared in the same way as the hole in
the last teqt were dug, at the apexes of an

.} ,‘(AF"
equilateral trlangle of 31des 1.83m and’

centrally arranged as shown in Fig. §17. By

this arfangement the three holes Qere
equldlstant from each other and the Pffect
of the’ percolatlon of water in any of them
on the other ;wo, 1f any, would be the Bame.
Furthermore each hole wag 1. O7m from the
walls of the pit as comapred w1th the 0. ?Om_ :
distéﬁce.bétweeh'the hole and the‘81des‘of -

the timbergbox'in the tests in‘b«Q.Zdt'

aby e
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The oreseht arrangement was aimed at elimi- L

natlng any boundary effects on the percola-'

“ting. Water. The’ tests were performed for

i i

ten consecutlve days at- a rate of one test‘
per hole per’day. The tlme taken for a11
the water to dlsappear 1n each hole each
day was noted and the tlme per em of depth

computed » The results are shown in Table
. i3

6 8 and I"J.g1 5. 8.

TESTS TOR COMPARING PERCOLATION RATES IN
NED AND UNLINED HOLES N_MADE SO Ly

4

The tests were, practlcally the same as

those in 6.3, 2 They.were howevep carr;ed

out in the test-pit used_for the tests in

6.3.3, Here a fourth hole was dug at the
centre- of—area of theequ11atera1 triangle
to the usual dlmen31ons and preparedfin-the
csual way. )

The tests-were performed in this central
hole on four consecutive days. There were
eight on the first day, . flve on the second,
five on the third and four on the fourth day.
The first five tests on the flrst day were
perforﬁed with only the expanded metal outer
shell in position in the hole. For the sixth
test the inner shell of the galvanised iron
was piaced in the hole thus providihg'a:soiid_
lining for this test. The seventh and eight
tests that day were done Wlth only the outer

shell, of the expanded metal in position. On

the second day the outer shell only was used
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‘-_for a11 the flve tests exoept the thlrd in

. R

.-ﬁhlch the 1nner shell Was used,? Slmllarly :

r-b

the 1nner shell was used 1n the thlrd teat

1’. . g fr

-'_m_on the thlrd day ds well as ln the second

t "‘-r—*"

'P; test S fhe fourth day, whlie the outer

.fﬁshell only was used in a11 the other tests.

Plgo 8 gn...l;" '
50365.

”G 5,conf1rm the assumptlon that the tlme

‘\y C‘ Jf‘ ' -L
‘The results are shown 1n Table B 9 nd

-

. . + . '
. ) E Lo
r . v ] e

RESULTS AND DISCUSSION OF TFSTS IN WADE SOIL'L

The results of Test 6 3.1 shown 1h Fig.

bt

taken by the ﬁater level %o, fall through

a, fixed dlstance 1n a hole 1ﬁbreases with
LA
the number of tlmes the test 1s performed

i

in the hole.

8 R
From the way t 1ncreased at a decreasing
rate wz*h the order of test n in the.first

‘* L .
b curves in Flg 6.6 it, wag assumed that

“the curve of t agalnst n on the fifth day

would have followed a 51m11ar pattern if
211 the 6. fests performed that day had beécn
done in an unlined holé. On this asgump-

tion, a smooth curve has been drawn passing

, through the 1gt, 3rd, 4tk and Sth points.

'These Y points were the-aotual time meagure-

.ments made during each of the tests It is

assumed That C and D on the curve, vertlcaliy
above A and B res peo11ve1y, wéﬁld have been
the measurements of t 1f the 2nd and the 5fh

tests had been done in an unllned hole as

(2]

1n the other tests that ‘day. -However, thel
& S +

V"‘,‘fk

#”
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TABLE '6.9: DETERMINATZON OF RATIO OF PERCOLATION

RATES IN REPEATED TESTS IN MADE SOIL

TEST' L o _ . Nature of
NO. 1- 2 3. 4 «5 6 7 8 Hole Ratio
Day T 1 m e to percola%e lcm in hole (mins) *
1 0.12 1o0.25 0.38 ]0.44 J]o0.s53 0.77% | 0.89 |1.12 Unlined
' 7 0.81
0.62 | . . . Lined
v
2 0.89 | 1,26 1.44* 1 1.49 1.52 Unlined
0.88
1.27 Lined
3 1.29 1.76 ;| 2,05%} 2,20 2.76 Unlined -
i 0.85
1.75 -Lined
4 2.85 | 3.44¢ 3.81 | 4,13 - |- ‘Unlined
0.84
- 2,90 .Lined

fiﬁ

All measurements each test day were made in unlined holes

exceot one, e.g. test 3 on day 3,
in a linejhole when actual measurem

That test was performed
ent was 1.75 minutes,

Asterisked figure 2,05 (mins) was corresponding time (read
off curve 3, Fig. 6.11) for percolation if test had been

performed in unlined hole.
last column of this table.

9%

e
s

Ratio

1.75
2.05

-

o

is 0.85, shown in

.
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'FIG6'9 DETERMINATION - OF RATIO OF PERCOLATION
RATES IN LINED AND UNLINED HOLES IN -
MADE SOIL ON 4 CONSECUTIVE. DAYS

‘ Duy.'r | 1 B I N S
Test No | &6 [ 3 | 3 | 2
Line(medsured) 0-62 | 127 175 " 290
Unlinedinterpolated) | 0:77 Vae | 205 | 344 .

Ratio - - 08 [ 088 | 085 | 0:84 |

t

_ '® Measured ‘vnlueo_-"of.f ]

. tin lined hole .

o

G

1" .

cm

1

to ﬁc rc'ol‘a_ig-e

t

Time

{1 N

e e -lnid.ifﬁolnto'&l-ivdluc |
(4)

of tin unlined hote -2 .

7.'_9’ L

2 3

4

5

- No ‘of - tasts gach: ._day‘
% ". . " vl .._"' |"‘
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11ned hole to in the unllned hole 1n5

' Ihe~2nd'test on~day=5 is %g—%gle; 0. 88. *h,--_

9T ) . *

hole ‘was llned for the two tests durlng

- whlch the actual t recorded was at A (20 00

mlns) for the 2nd test and B*(?? 40 mlns)

'for the 5th test nboth below the curve.éniilq

‘ From curve (5)’C is 22 8 mlnutes and'f'

-\?

oDy 31 .8 mlnutes. The ratio of t in, the '.hgfi“?

"

_<:

i

The correspondlng ratlo in' the. Sth test is.

q.-..-.,,-.-. I‘. ,,_'
;s

g{"g“-or;0-37- These two flgures are

®°

51gn1flcantly the same even though the teste

v o

dld not follow 1mmed1ate1y after each other

.They conflrm the earller observat;on made

S

in Test 6.2. 3 in. natural bOll at the Unlver-

l
L

°1ty 51tes A and B that 11n1ng made water

dlsappear faster in-a hole. They also

quantlfy the ratlo of the rates of dlscharge

ETIRE
1h llned and unlined holes. '-fﬁg.r_
.iﬁofh‘?ig; 6.8 ‘and Tahie é Sishdh"that the
time taken for the water to completely dis~
appear in each of the three equldlstant
holes 1n Test 6.3.3 1ncreased w1th the order
of the test in each hole. , ThlS conflrms
the observation in Test 6 3.2 mentloned in -

the 1mmed1ate1y preceedlng test"*The fall

in the observed value of t 1n hole C from

day 5 to day 6 in Fig. 6,8 is Q1fflcult to

fexplain.' It is not considered an'error as t .

subseguently traced a new and uniform..curve

after day 6. If this new trace is continued

back as shown 1n the dotted curve from day b

- e oy
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Fig. 6.9) confirm the obseﬁﬁéfion ih”thé previous

i - ]
W ‘-In-' N : . t
e -

It 1s‘obserVed thatuln sﬁlte ef althhev

' 1 Y tJ Xt . -y
. L A R St ‘_
:* P ! Bt

R

, '_.. 1, : y i . s l» ™ A
test 5011 and 1n Splte bf the short ¢1atance of
. n . ‘:';:-

each hole from the other two (1 Bam)'tﬂé rate of

perQOIatién of“@ater;in”each hole”éachfﬁéY'was
dlfferent from the*rate of percclatlon in the other
two holes. N Q9?5,V34L‘é

] - ] R

#he results of Test 6.3.4 (Table b.9Vand" -

Ty

2
)

4

tests that the tnme taken by the Water level to

fall a fixed distance 1ncreASeq wlth the numhnv of

times. the test is'performed ih ‘a hole.- Each curve

-in Fig. 6.9 shows the'réiétiopship between the time

: 1
"

taken by the water' to: completely dlsappear in

. . S e

the hole'with‘the ordef:bfuthé teét'IQf}'Fig 6.6)

"It is seen both in'fipaﬁs.éﬁ:énd Table'éég that

Lot ;b § : o
each tlme the hole wao lined by Placing the 1nner
| q£e11 in pO;ltJOh éhe obséé&éd t?@é ; féf'theh; e
Waten‘tqrgomp%etgiy_dl appear é;aé‘néf fall on the
;Ppg§sfiafe éurvél. Rdther on egch éf thel v:. ; 1
e _ e i T -
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durlng the test in the llned hole fell

below the approPrlate ourve.)_On,day 3 for

[ 3 " ;,,"'1;1"

:1nstance the observed tlme in* the thlrd‘ .

S C il ’*«f«' "{' A L
test when thefhole was 1xned Was 1575 mlns.,hf

. Q .“ f-xJ b .

;,'-.

plotted at A (Flg 5 9) It 1s assumed f'

..._...... -

that 1f the thlrd test had been performed
l} T l' A 71
1n an unllned hole as’ 1n the 1mmed1ate1y

. f

preceedlng two tests and the 1mmed1ate1y
follow1ng test the observed tlme wouldr}f_

have been at A1 whlch is, on the curve and

vertlcally “above A._‘Ai is 2. 05 mlns/cm'F

from the graph By 51m11ar reasonlng B1
(2. 90 mlns/cm) is the position on, the ‘curve
for: day N where the actually*observed tlme
B (3. uu mlns/cm) would have fallen 1n the
second test that day if the test héd been
performed 1n an unllned hole as in the
1mmed1ate1y preoeedlng test and the 1mmed1a—.
tely . follow1ng test .
1,75
2.05
means that the time taken by the water level

The ratlo or 0.85,- Tnis

.‘DIZD

1_' ig-

to fall a fixed‘distanoe of lcm in tne'
1inedAhole~on_day 3'Wes'0.85 of .the time

it would have taken to fall the same
dlstance 1f the hole had been unlined.
Agaln the ratio _Bl‘ls %ng or 0.84.

Thls means by 81m11ar1y reasonlng, that the
time actually observed for the.water level
to fall lem in the lined hole in the second

~test . on day 4 was 0.8u4 of the t1me it would

have taken if the test had been performed
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. in an- unllned hole. The cdrﬁespondlng

ratlo on the flrst two

Lo
S

idays are 0 Bi and 0 88 They are all .

o shown in the 1nsef table in Flg. 6 8.

sﬁ-' R

%”JThe rafloavaried llttleg with an average

 of 0 85, whlch 1s oniy 4.7% hlgher than

the 1owest value and 3 5% 1ower than the

'Ahlghest Vaiue.

i ' S =

It is recalled that the values obtained

for this fatio it the second and fifth og-

the tests in 6.3.2 on the fifth day were

0.88 and 0.87,

¥ These are practically the

same as the ratioc now eatab]lshed on each

day of thm tests in 6. 3 4 now under consi-

deration. This

is significant because even

though the two test samplev wepre obfalned

fvom the game construvtlon site thev came

from dlfferent batches sand were taken on

-different days.

CONCLUSTONS :

The results of the teste reported. in this

Chapter lead to the following conclusions:

(a)

("

That the rate of perco]ation'éf'water varies

apprehlab]y in holes spaced only :short

dlctanceq apart both in natural 50il and in

N

made soil;

that fhe'rate'bf_

same hole varies
. k)

natural and made

at.an increasing

definite pattern

pprgolatlon of watPr 1n the
from day 1o ddy in both
SOLi,, the rdte deoreawlng

r31o in mado 301] whlle no

was obesepved 1n¢theivar1a-
: : N E
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S
b

that, repetition of tests in an unlined

-hole leadsto er031on:rof the 51des and

| the clogglng of thé SOll pores at the..

v Ay IL_‘_‘%
aj‘_‘.,‘gt,(," g o

.bottom, ,_; e T’v:'i--gegle :,'1

that in the partieular'leterite soilhqeed

in the made soil ih these tests the rate

"ét which the water percblated in a lined

-hole was - 0 85 of the rate at Whlch the

“‘water percolated in an unllned hole,

(e)

the correspondlng ratlo 1n a sandy-

laterlte natural 5011 was 0 85 and O 97

for 2 51tes 10m apart ;

that the results flt into the mathemqtlcél
model . s = ptq which is 51mp1er'to

operate than the equations 5.8 -“S;li'in

Chapter 5.

PR
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- The diSposal of the septic tank effluent is usually
accanplished by leaching into the soil in the soakage trenches !
‘or, more carmonly in Nigeria, in a soakaway The effluent ‘

% - elther percolates’ through the soil pores to the water table, o
"YU or in the case vhere the water table is at a considerable Coa

- depth below the soakage trench or the so-akaway, it is just .

" held in the soil pores. However where the water table is
close to the bottom of the soakage pit, or t_rench the water
table affects adversely the performance of the pit. This is
because mmediately above the groundwater 1eve1 there is a zone
of capillary water. Water from the groundwater reservolr is -
sucked into this zone and held by surface tension in the pores

 between the soil particles. This zone is sub-divided into a

lower sdb.mne of closed capillary water in which all the pores
v are filled with water and are all- connected to the. groundwater,

‘ ~ and an upper Sub-zone of open capillary water immediately | . '”,.

v . above this in which the pores are partially filled with water
and partially with air. P

LN
Y

o,

kg

i A_.y.
. i

. In general, the capillaxy height or the thic:kness of the
‘ zone of capillar.y water depends on many physical and chevnical ‘
+ : ~ properties of the grmndwater and the soil particles. Other '
o | things being equal this height varies inversely with the size
~of the voids or pores in soil, which itself is a function of
the particles size and the density of the soil (JUMIKIS A.R. 1962)
- -  In fine gravel the particles are so' large that the soil
' - possesses little capillary properties and there is hardly any
capillaxy zone above the groundwater level, 'Ihe thickness
~ of the capilla.ry zone could however be oonsiderable in fine sands, '
silts and clays.' 'I‘able 7. 1 shows the dependenoe of capillaxy

'*-'." ) R

i
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TABLE 7.1

- RELATION BEIWEEN CAPILIARY HEIGHT AND GRAIN

. SIZE OF SOILS
‘-."-‘;--»; l.
SOIL (mm) HEIGHT o
......... ‘ S
Fine Gravel 2=1 _ 2-10
Coarse Sard 1-0.5 1 10-15
Medium Sand | 0.5-0.25 - 15-30
Fine Sand . 0.25-0.05 - 30-100
Silts " 0.05-0.005 - 100-1000
Clay - 0.005-0.0005 | - 1000-3000
Colloids - under (.0005 5_ above 3000
(adapted from JUMIKIS, A.R. 1962) |
E
5 'ﬁ
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'height on the particle size in soils. The values. are. for
* a closed capillary fringe and are average for average - %,
conditions o ' oo o _ A Lot

. The significance of the acistenoe of the capillary

\ fringe on top of the water table liés in the fact that the _

movement of the leaching water from the soakaway towards the R
water table is affected during its passage through the -
capillary fringe where a substantial mumber of the: pores are
already filled with water. ‘For this reason, it is always recom-
mended that the depth of the water table below the bottom of
a soakage pit or trench should not be under 1.22m (WAG\IER, E.G. .~
and IANOIX J N. 1958; SALVA'IO, J.A, 1971) ‘

'l‘.! 1
rk

I

. Fig. 7.1 "is anOutlinemapofpartof theLagosArea

with a number of spot heights shown. There are many parts of
Lagos Islard, Ikoyi and Victoria Island, where the ground level
is under 10 ft. .05m) above the ord,fnance datum. Since the
groundwater eventually flows into the ‘Lagoon (and thence to the .
sea) the groundwater level in these areas must be higher than

~ the ordnance datum. Therefore, the depth of the water table
below the ground surface 1s nowhere up to 3. 05m in the areas
under consideration. T

S

1

Again, the water table is 's.ubject to diurnal variation
~ ' due to tidal movements, the depth below ground level decreasing
' at high tide. It is also subject to variations due to
precipitation leading to a J:echarge of groundwater throagh
infiltration into the ground. Finally, it is subject to

- seasonal variations reflecting the seasonal variation in the
e
. - quantity of infiltration and the level of the receiv:lng water
in the Harbour into which the groundwater flows
72TEs'rsmmEWATERTAm.EAT0NIKAN_ |
_ o A falrly detailed study of the daily vertical movement.

of the water table at one spot on Lagos Island and another on
the Lagos Mainland over a period of six years has been made. .
, The point selected on the Island was in the Lagos City Council's
, ~ King George V Memorial Park ‘Onikan, 32.0fn South of the Park
- .~ Superintendent's Lodge. The ground level is 1. 62m above OD and’
_ the soil for scme depth is made up of very soft- medium grained
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:: .sami. A 22,9cm diameter everite pi‘pe was buried vertically-
in a predug hole to a depth of 0.6lm below the water table.

The pipe was held vertically by a short length of 6.3.1 . S

‘ | Portland Cement concrete surround carefully laid dry in view .
" of the considerable amount of groundwater encountered in the

hole. Great care was taken to see that no cement got inside . e
the pipe itself which, on curing, might block the ingress of .
groundwater into the well.' ‘The pipe was made 15cm proud of the L

LI

R ground to prevent storm water entering the well during heavy

7.3

rains, when the site was subject to flooding. Next was :
erected a sight rail: consisting of two uprights of 7.6cm x 5.lam
timber some 0.76M apart to which a 5.lam x 2.5am timber .
horizontal rail was nailed at a height of 1.52m above ground
level (Fig. 7.2). . ...

A graduated measuring stick 3.05m long was used for
measuring the water table.  The stick was lowered into the well.
When it pierced the water surface ripples were cbserved. The |
stick was thén lifted about a centimetre till the ripples
disappeared. The stick was again lowered slowly and gently
till the surface of the water was again pierced as evidenced
by the reappearance of ripples. The marking on the graduated
stick against the upper edge of ‘the horizontal rail both at
the appearance and the disappearance of the ripples was noted
and the mean was recorded Fram the known height of the rail
above ground 1evel and the known reduced level of the latter
the reduced level of the water table was calculated. The
readings were taken about the same time every day usually about
9,00 a.m. ReadingswerehmevernottakenonSundaysarﬂ
Public holidays. Table 7.2 shows the field form for recording .

daily readings. R '
TESI‘SONTHEVRTERTABLEATIAGDSUNIVERSITY

The site selected for the test on ,the Lagos Mainlaxxi waa
at the University of Lagos Campus, Yaba, a few meters . south
of the Faculty of Engiheering buildings and between the
temporary buildings - formerly used as the Health Oentre and the
Department of African and Asian Studies.

oA
a1
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IABEE 7 2.

o REDUCED LEVEL OF WATER TABLE Am ONIKAN, JUNE 1972

.\‘ A

(to be read together with Fig '7 2)

1 .......................

. :Da_{-_e', .

Depthofwatertable_h2
(h -h1+0305) P

geaacéa levellof.!"
o water table =

1 616-—h2
M - m !
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£ 0.369 - | -

' 0.369
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S 0.314
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7 0.305
1 0,308
' 0.254
10.257°
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00,8300
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R 931__J
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CTARIE 7.3 ‘ .

MAXTMUY, MINIMUM AND ANNUAL HEAN ELEVATIONS OF WATHR TABLE AT ONINKAN . - .

ARD LAG0S ULLJARSIZY FHCH, 1965 10 197k . .. ; .

ONIKAN

. Ground Level = 5.30 f_eet_. s ’ Sround  Level =1"23.00: festl - v T U
LZAR - T aximm T intom Smnel vaximm inimum <. - o fw Anouel
oa * Hesn . . : ¥aom
‘ Date 75, Date Ft. - t. - Date Pt Date * | - . Ft. et
| 196569 19-6-58 45

1969-70
1970-71
1371-72
1972-73

28-2-59
Incomplete
13-4-70
14~5-T1
-21=3-73

2-7-59
17-7-70 -
12-7-74
3-7-72

FEOERN

IR b ok vl |

2.46
Records
T 210
2.62 =~
1.48

-10-9-68 .
3 7 10-7-69 -
B .

-
IR =l e |

25-9-71

13,73,
- 43,25 -
10,06 7
0.2y

1-3-62 ;-1 367 |
(31370 0| TU3037 |
- 13-4-70 = FU L3030
-T2

2.21- - . - keasurersnts discontinuzd - -
1673=74 E~7-73° . 5=5=173 1.82 2.62.. b - Keasurcments discontinued & o
: - i - 1 i )

Depth of water table below G.L.
Meximum = 5,30 - 1.38

Minimum "= 5.30 - 5,45 ==0.15 faet

= 3.82 feet -

Depth of water table belew {:,L
| Haximm

= 25.00 - 3,34 = 19.66 fest's,

. kinimum = 23,00 -13.73 =7 9.27 feet :

‘i.e. 0.15 £t. flood depth. L e CUE i
" : " .
. i
b
.
] _In.-
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lhe well at’ this site was constructed in Angust 1961, -
- at the end of an unusyally long Period of drought.- The depth -

. below graund level was 6.71m, which wag about 0.61m beyond the
" water table at the time of construction, A pad 0.91m squave

-5

s

o in plan 0.30m thick, with a 0.30m dia hole in the centre wasg :
. £lrst cast 1h 1:3:6 Portland cement concrete at the bottdm: .
| Of the excavation. This served as foundation es well as * *

oy _‘ seating for the first of the séven precast concrete culvert
S r:l.ngs, each 0.61m dia, 0,91m high and Sem thick, which were -

N

tmed in the construction of the well.

... Here also the concrete foundation was laid dry to allw S
for the congiderable Quantity of ground water - encountered in 0
the well.. Again care was taken to see that cement did hot get -

" inside the bottanring The topmost of the rings was constructed '

A ' Sem proud of a 7.6¢m concrete slab which was constructed rrmrﬂ
.7 the well, ‘This formed the seating for & 0.78m dia, 2.5am’ thick

L ,of the water table.

timber cover, which prevented Yizards ete. .+ from getting into "f. i
' the well. a shed of cement asbestos walls and roof 7.32m by

" 5.49m interval floor dimensions and average height of 2,10m was
Cobudlt over the well, :

Measuremﬁt of the depth of the water table was done by -

means of a battery operated electric contact gauge.. It oonsisted ‘
#oftmelectrodesMedjnaZmdiaandn‘mlongmpper .
cylinder at the end of a 30m lony metallic tape winding round o
_an Bc:ndmnnmmtadma table about 0. 7mVertica11yabctrethe
top of the well, . murminding the tapetheelectrodeswem B
Adowered 'into the well. When they made oontact with the surfaoa

" of the water the electrical cirouit was completed and a gmall .
- Csram 1amp (5v 0.15 amp) was 1it. The depth of the water table
below ground level was the difference between the reading on © .
the tope and the height of the gawge drum above ground level. A
Fig. 7.3 ehows uwweuammedeme forlreamring ‘the depth

R
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o inaooeesible for neasuremnt of the water-table on the 31st. day. :

L o* 'Ih:l.s part of the work was done béfore 1972 when' the tryv » et
. went n'etric, and the me coun
- und

-r [

- =y

'I‘h resultsg are shown in 'I'ables 7 2 - l7 6 and Figs ‘-"
- ‘? '7.\. Ta.ble '.’ 3_ ehouvs that the miniminn depth of water
: table belcw grourxi level at’ the Lagos University site was

L ,.2 B3m, which occurred on 10/9/68 that 15 in the. wettest of

: ‘ the eix yea:rs,.under study. A the minimum depth’ of' water
ta.ble below ground level for a soakaway to be effectixre ig i a.,- ,;5
La VRN

lmonm to be'l, 83m, it is. obvioue ‘that the depth of ‘the water':
table, below ground, level 3t the’ Lagos University site would K

always be adequate for a septic tank soakaway. installatio ‘
r -f : It wag the.refore decided ‘to discontinue observations on th

R water table in thig well in October 1972 that is after over 2
E 4_ years of daily observations. ) SRy .‘-‘ A S ;;-. ' "i.'_'.’;"('

n’\ "
J.w R

r

W e ,‘i___. R
Ko ar \'.q B .

A
-1i-f*:'

: aFig. 7. 4 shcws the monthly average of the daily level
of the water table for the six years under ¢onsideration. It
o shows a general trend of - the Water table rising fram April th

beginning of the rainy season to a peak .in July, and then falling K

-; ‘to a minium in March, .vhich is the end of the dry season. ..* ‘"

Fig, 7.4. shows two maxind, the normal one that oceurs in July GV

D . iR
' and a- less pronounoed one occurring in October, g S el

"_'.-,‘\z t

. F‘ig.

g
, .

L4

7 5 shows the actual daily level of the water table i
fmn May to August in 1968 together with the. actval daily .
f rainfall at Tafawa Balewa Square for the same period,. The - L
highest recorded level of the water table in the six yeai-s ﬁnde;- '
consideration occurred in this particular period of 1968, the . .
water-table actually rising above ground level on three - .
occasions, that is, 1.357m on June 19th,, 1.646m on July 9th 7:?-."' g
and an un.reoorﬂed height known to be above 1. 662m which oCCurred T
-after the very heavy rainfall of 8.85 inches* on a single day,.. .- ‘ ' “ .
July 30th which left the site so severely flooded that it was .. S

PR
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asurements were taken in Imperial
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The year 1968/69 was ai.c:.o‘ the wettestq year, with a ‘

. total of 135.00 inches of rain {343am, Table 7.4). RAgain

Table 7.4 shows that 19_72/73 was the driest year with a total

- of 52.39 inches (133am) while Fig. 7.4 shows that the lowest

level of the water-table generally occurred that year. As
would be expected, there is thus great correlation between the
rainfall and the level of the water table. The daily level
of the water table generally rises with increasing rainfall,

- with sharp rises occuring after, but 1agging' same 24 to 48 hours

behind; heavy precipitations: (Fig. 7.5). From Table 7.5 it is
seen that the maximum elevation of the water table varied from
0.988m on 6/7/73 to 1.662 on 19/6/68, a variation of 0.674m.
The minimum elevation varied from 0.45lm on 21/3/73 to 0.799m
on 14/5/71, a variation of 0.348m. The highest variation of
0.912m in the water table in one year occurred in-the wettest
year 1968/69 while the lowest variation of 0.527m occurred in.
1972/73. The highest mean elevation in one year was 1.113m

‘which again occurred in the wettest year 1968/69 while the

lowest mean elevation of 0.674m occurred in the 1972/73. vear.:

P.W.D. Drawing No. 21040 referred to earlier in Chapter III

specifies a 2ft. (0.6lm) minimm depth of the bottom of a
soakaway pit below ground level. WAGNER, E.G. and LANOIX, J.N.
(1958) and others recommend a minimim depth of 1.22m for the
water table below the bottam of the soakaway. Therefore, a
minimum of 6ft. (1.83m) depth of water table below gr'ound level
is required for a soakaway installation to be effective. In
the six years under study, at no time was the depth of the
water table below ground level up to this figure, the

greatest depth being 1.16m on 21/3/73 when the water table
elevation was 0.45m.

Where sub-surface trenches are used in place of soakaway,
the need for earth backfill on top of the gravel surround of
the drain pipe (Fig. 3.3) still requires that the trench bottam
should be a minimm of .46ém below ground level. This is .15m

LI Y
N
Y
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records. -

4 v {F fi;b} -
TABLE 7.4 7
MONTHLY RAINFALL RECORD AT TAFAWA BALEWA SQUARE. LAGOS
- APRIL 1968 — MARCH 1973
{inches)
1968/69 1969/70 1970/71 L 1971/72 T 1972/73 1973/74

Cumu- Cumu—- Cumu— . Cumu-— Cumu— Cumu~

Mzg;hiy lative Mzgtgiy lative Mznz:iy lative Mi:i:iy | lative Minihiy lative Mzg;ﬁiy lative

at Total .. | Total Ot Total. | .. — ° Total | ~OF3 Total Total

April - 7.16 7:16 - 6.40 | 6.40 4.00 4,00 2:27 | z.27 6.19 6.79 3.54 | 3.54

May 6.77 | 13.93 14.51 | 20.91 11.87 |'15.87 8.4t |10.68 { 7.75 | 13.94 8.68 | 12.22
" June 23.51 | 47.44 20.75% | 41.66 23.12*% | 38.99 14.04% | 24.72 18.44% | 32,38 10.68 | 22.90 \
July 36.47% | 73.91 11.14 | 52.80 18.76 | 57.75. 14,00 | 38.72 : 3.59 | 35.97 3.06 | 25.96 |%
August 20.75 | 94.66 '5.29 { 58.09 1.37  |'59.12 1.08:- | 39.80 0.35 | 36.32 | 10.73% | 36.69 :

September | 21.06 |.115.72 2.66 | 60.75 " 12.91 72.03 8.64 | 48.44 4.59 | 40.91. 9.40 | 46.09

October 7.47 | 123.19 8.70 | 69.45 - 12.04 | 84.07 . 2.32 | 50.76 2.93 (| 43.84 7.65 | 53.74

_November | 1.23 | 124.42 2,05 | 71.50° 2.66 | 86.73 ©1.87 .| 52.63 0.79 | 44.63 1.60 | 55.34

December 0.71 ;125.L3 ‘ 7"0.17+ 71.67 0.00+ | 86.73 0.70+ | 53.33 ‘ "0.61+ | 45.24 2,70 58.04

January 1,23 | 126.36 4.99 | 76.66 0.33 | 87.06 3.35 56.68 | 1,40 | 46.64 . |. 3.12 | 61.16

February 0.08+| 126.44 0.30 | 76.96 3.75 | 90.81 1.02 |'s7.70 | 1.47 | 48.11 1.01+ | 62,17

March 8.56- | 135.00 .| " T1.36 - | 78.32 1.03 | 91.84 0.93 |.58.63. | . 4.28 | 52.39 4.41 .| 66.58

TOTAL| 135,00 | 135.00 78.32 | 78.32. | .91.84. | 91,84 | . 58.63 | 58.63 | .52.39 |.52.39° | 66.58. | 66.58

*Wettest month in year -
+Driest month in year
‘NOTE: Figures are inches because the country had not gone metric when the meteorological Pepartment compiled
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short of the slm/ required below the soakaway pit, .and a
reduces the required nﬂ.nim.lm depth of the water table below
o ground level from 1.83m in case. of/soakaway 0 1.68m in case

} : i of trenches. Even then the greatest water table depth of

1 16m in the On:l.kan well is still 0.52m short of this. -

7SSIMPSONS'I'REETANDOBALENDEWE[IS'

It was next decided to i.nvestigate how far the Tovement
- of the water table in the COnikan well could predict the -
movement of the water table in other parts of Lagos Island
which are reasonably near enough -to‘Onikan. _to‘a,ssmne that they
are affected by the same rainfall. It was decided to study
the movement of the water table in wells at two Other locations,
the first in the premises of the Lagos City C_ounoil offices at
Simpson Street, and the other in the premises of the Nigeria
Police Barracks at Obalende (Fig.7.1}. The two wells in
\ . Simpson Street, and Obalende were 1.098km and '1.037km distant
' respectively fram the Onikan well. In addition ;th_e Obalende
well was separated from the Onikan well by Mac(;fegor Canal
Construction details and arrangeme.nt for neasurement in both
wells were identical with those of Om.kan. -

Measurements on the Simpson Street well started in April,
1972 and continued till March 1974. Measurements on the
Cbhalende well started effectively only in October 1972 and were
reliable ti11 orily March 1973 after which there were problems
with the accuracy of measurement. Measurements were taken on
-all three wells everyday,. the Onikan'wjell being taken as control
on the other two. Ground level at the Simpson Street and the
Obalende wells were 1.10m and 1.80m above OD respectively.

Fig. 7.6 shows the daily elevation of the water table

in all thrée wells in October 1972 together with the actual
rainfall in that month, which was scanty. While a correlation
between rainfall and water table elevation in both the Simpson
Street and Obalende wells is noticeable, there seems to be no

- such correlation at the Onikan well. Nor was there any striking
similarity between the water table profile at Onikan and those

- of the other two wells. ‘
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' samples were taken
(0 911_11) fmm each of 3 holes Vlocated‘
"";},_ imately equal distances _,f Oﬂ,l'm '-"fr‘un;j,e'achfwé

W

- : 7 analysed for particle size
-distribution.\ 'I'able 7 '7 shms the results for the three ole

armrxi‘the Onikan Well._ J\s would be eXpected there was sone ,.':,._;

variation in the particle size distribution in the three holes,:
As the va.riation in most - cases is, however, under 2% it is,- ..
considered reasonable to assume that the rrean distri.bution ahown
e very closely to the. actual _
partj.cle gize distributim in the soil in the well. 'I'able 7 '8

and Fig, 7.7 drawn from it therefore show the apprcx,trrate
'p;-mucle size distribution: of the'soil in the three
Oml.kan, Sirlpson Street, and Obale.nde
mdium sand in each case.” For

capillazy height ranges fmm 15

wells at

‘The soil 18 predminatly
801l of this grain size t.he ,_
a to 30en accoxﬂi.ng to I_'x_'ablg_' 700

. YA
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idky {19 1.622.1,07 = 0.55m, 5 The periods in which the water ‘table |4
, at Onikan was not "above this figure during the’six years '

x’?f : z
- Fig. 3, 4 shwaamininmeoakawaydepﬂuof 0. Glmtha requ.ired

R
cl e e

‘. for design pmea‘a capma:y height bf 30m u.

,e..
; minmim depth of the water' table below ground level becares 1
o_ ‘46 + o 61°a"1.0m. - This new figure of 1. .07m is midarabm

less then the 1.83m minimum depth established eamer m/ Tl

: Chapter III an well as in thia Chapter

W

A 'At Onikan where the qtcund 1eve1 was 1,62m abcve OD” the it \»}"i
highest acceptable level[water table to satisfy the new critericn*

.r“\

study were the 16 days from 1/4/72 to. 16/4/72 the 71 days frcm ‘
22/12/72 to 2/3/73 the 21 days frcm 4/3/73 to 25/3/73 and the

. 1 3: 31 days fmm 30/3/73 to 30/4773. This amounts bo 139 days 123 W

. 'N',l‘
"W

."|
BERtL

R period of .Uwestigation._ S T

-‘..

- ox

’ .

..‘ (, t.he water table at the two places are 0. 77m and 0. 80m resPectively.

- of which were in the unusually dry, dry seagor of 1972/73 ;
. The water ‘table being under 0.55m OD in 139 days in the period
of six years means that the water table was low enough to. .}
satisfy this new and less rigorous critericn only 6. 4% of the O

[«

- The lowest water table recorded at Onikan was 0 45m OD on ‘ .
21/3/73 if it is assumed that the lowekt water table at Sinpson
Street and Obalende also occurred on that day, equations (7.1)

-and (7. .2) can be used to calculate the water table at -the two - LJ
places on that date in spite of the midgiving already noted :Ln

" the application of equation (7. 2) The calculated values: of

considering that the ground level at the two locations is ‘
1 10m and. 1, 80m abcve o respectively, ‘the highest levels of
"Vter able to satisfy the criterion of a minimum depth of 1,07’ ‘
; below ground level are 0.03m and 0. 73m respectively. " As these .-
" latter are lower than ‘the values calculated ahove, ites

concluded that if there had. been soakage pits at Simpson Street,
and Gbalende, t.hey would not have ftmctioned pmperly at any
5 t.ime during the six years i.nvestigation. ; l PR

o

Ty
‘ !JI



FIG. 77_PARTICLE SIZE DISTRIBUTION OF SOit —o—0== Onikan st
AT ONIKAN, SIMPSON STREET & OBALENDE. .
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‘ ; TABLE 7.7

SIEVE ANALYSIS TEST ON SOIL SAMPLES AT ONIKAN SRR VO A

(Total Wt. of dry sample used in each case = 100.00gm) - L : V-}E';f T

SPECIMEN NO. 1. ... S .. .. .SPECIMEN NO. 2 ...... . onF .t SPECIMEN NO. 3, . .

. Weight- . e ‘?};_.' T . Mean
ret'd |° X .| Cum. X |45 X - 4
(gm) - | passing| ,ret'd | passing |passing}

Weight b4 - | Weight
ret'd | ret'd

Ly

7 fwso | owas fours | o9s2s | 19.00 | . .90 | 1,900 | 98.10 [.20.00 [:52.00 [ 2.00 {3 98.00 |- 98.12]

MU 171.0 | 7.10 | 8.85 | 91.15| 87.50 | 875 |10.65 . | 89.35( .63.00-[7.6:30 |7 '8.30..f:% 91.70 | 90.73

25 - B30.0..[33.00. [41.85 | '58.15(354.00 | . .35:40 [46.05. | .53.95 |-304.00 [ 30.40:| 38.70. |:.7 61.30 |- s58.11f

36 |173.0. [ 17.30 |59.15 | “40.85|180.00 | 8.0 |66.05 | .35.95|181.00 ] 18.10 | 56.80° | 43.20 |+ 40.00}

52 [148.0 |[14.80 173.95 | 26.05]136.00 | 13.60 |77.65 22.35 | 160.0. | 16.00 |-72.90 | .. 27010 | - 25.28}

s

72 f107.0 | 10.70 |84.65 | 15.35] 95.00 | 9.5 |87.15° | ,12.85] 99.0 | 9.90 | 82.80- [#f17.20 | 15.13]

1000 | 70.0 7.00 |91.65 8.35] 65.00 6.5 [93.65. | . 6.15| 88.00-|./ 8.80 | 91.60 |:%. 8.40 | .. 7:55

200 . | 60.0 6.00 |96.65 2.35| 48.00| 4.8 |98.45[. 1.55| 66.0 | . 6:60| 98.20° | = 1.80 |- 1.90

Receiver | 9.0 0.90 | - : _ 7.00{ . 0.7 -

X

Total
W,

" B75.5 gm - . - 991.5 gm -

. .',v‘ T Ty
.
4
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APPROXIMATE SOIL PARTICLE SIZE DIWCN ‘
KAN, SIMP '
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E

' STEVE

% Wt.

‘passing |

|52

1200 -

14"
25
36
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%77CONCLUSION v '

, The conclusion fran this study ia that the wate.r s
’i % '_ table in the three parts of Lagos investigated 4s too W
‘4 npear grcund level to make. any soakaway constructed in o
: t = them: function’ effectively. ‘This disadvantage applies

notonlyinﬂlemtseasonmtinthedryaeasonas _
_ - : - well. By, irrplication all areas- in Lagos that are ot -
. SRR mich higher than the areds inveatigated rust necessarily
2 S " ifi .~ suffer fram the ‘saine: disadvantage. 'Ihe.refore the septic
L o L tank - soakaway system iB an unsuitable n'lethod of ;
: . o sewage disposal in t.he low lying a:eaa of Lagos Islarﬂ,
I S Victoria Island, Apapa and the Mainland R S
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CHAPTER VIITI

- -J:Q.'ﬁ

THE BIODISC PROCESS FOR WASTE TREATMENT !

8.1 ' INTRODUCTION

It was shown in Chapter I 'that the network of

v
LY

sewers for collecting and transporting sewage
. { '

is the most expensive component of a municipal

waterborne sanitation system and that it is

largely due to ‘this that the system will remain

W

an unrealisable idedl for some time yet in’
Nigeria. While the cost of treatment.plant is
not high relative to the cost'of sewers, the cost

of the conventional waste treatment systems like

’ .

r;!u'.

. the Activated Sluage and the'Trickliﬁg Filter is
however high enough ip itself to make these
established conventional systems prohibitiye.in
the circumstances of a developing coﬁntry. Tﬂe.
biodisc process is a low-cost form of Qaste

treatment for which a number of advantages are

e
b

claimed by -several authors and équipment manufac-
turers. The process is discussed in the present
Chapter in the hope that it may be introduced to
Nigeria for the treatment of .wastes from suitable
areas in existing towns as advocated in Chapter

I, and from villages and other small communities.

8.2 EVOLUTION OF THE BIODISC PROCESS o

Like the trickling filter and the activated

sludgs process the biodisé is bascialiy*a biolo~
gicgl process of waste treatment. Commén to all
three processes is a biological reactor in which

the process of biological decomposition takes

4
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N,

LN

oy ¥

Y

.'i.,{e foaof

reactor is
-. & . fa ‘.-_ -'d :

»eludée procese

o ¥

Lok e e e Ak g S -4 N
(JOOST, R.H. 1969).&;The reactor here'conelate ‘of

. . o
Cowle O a- ffl.vl

“one’ or-more batterles of dlSCE rotatiné iﬁ‘;:tenk

Y N .3 s;.. ,... gt ot ol

of‘waste-water a8’ compabed with thei?{ologicelfe
support medie of‘the triokling filtep opdthe ifoqﬁ"
: aeration tank o% the aotlvated eludge ;rooeee. T
T1g. 8.1 showe the basic difference. betwee; the

RN

biodise on the one hand and the trickling fllter

-

v and the activated eiudge procees on the other.;

GLOYNA et ai C1952) descrlbed an experimental
trickllng filter:* consisting of rotating tubes in

each of’ Whlch a fllm of mlcro~organieme on the

' -ulb

inneﬁ surface is alternately submerged in a flowing
waete etream in the’ 1oWer segment of the, tube N
eection, and alternately exposed to the aip above
the waste ifi: the upper Segment. Gioyna'e tube
Was' rotated at a speed of 16 TP, and wag claimed
to have among others the advantage of permitting

a mobe rational ana1y81s of filter function.
HARTMAN, g (1960 and- 1981) described diece which

. when botatlng elowly in a eewage basin were eoon

U covered with blologlcal growthe which could absorb

organic compounde from the waste durlng immevelon

and bh emerglng from the waste, could take up and
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Recirculated Eftluent

™ Toccasmonalyl ~ }
{ ]
—1 |
R aw Primary L Biological Secondary | Effluent

Sewage |Clarifier " |Reactor "1 Clarifier: (for disposal)

L]
-
' Sludge,

{further treatment)

la) The Trickling Filter: Part of the effluent trom the secondary
claritiar is occasionally recirculated through the biological reactor

i

Raw Primary .| Biological . o_|Secondary| Effluent
Sewage [Claritier Reactor Claritier |lfor disposal)

| _Returned _sw_dse_._,l

' {always) _
Sludge.

{further treut_mentl

(b) The Activated Sludge Process: Part or all of the Sludge from the
Secondary Claritier s recirculated through the biological recctor.

Raw _ |Primary . Biologicat Secondary|Etfluen
Sewage [Clarifier Reactor Claritier {{for disposal)
Sludge

{further tredtment)

{¢) The Biodisc Process: No recirculation of gither effluent
or Siudge through the Biological  réactor

FIG.81  BIODISC _ PROCESS _COMPARED _WITH
ACTIVATED SLUDGE PROCESS AND_TRICKLING FILTER
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;of the organlc compounds. Hartman s;dlpplng'

= 166 -

store up the oxygen necessary for- the ox1dat10n"

!

< Lol
¥ . .

LT L

e

D AP 0 N

revolv1ng on a. common shaft held silghtly above'

[ 'l
the water line. SIMPSON Jd. R (1963) evolved a o

‘ e

fllters‘ con81sted of a serles bf*such dlSCS R
: ! |

Y

i

model comprlslng of twenty\vertlcal perspex dlSQB .

\

o
~carried on a common shaft ahdqdlpplng ﬁnto a 1;-f_ ‘}

1 e

rectangular tank dlvided 1nto flVe compartments '

ment of Slmpson‘s laboratory model the perspex

by round~the- end baffles “infa subsequgnt deVelop-

discs were replaced flrst with netlon mesh and

. later with perforated I.C I* daV1c 1 QmA thlck

.

K
discs with 6.35mm openingSs_ The rougher surface
e

"of the new matepial allowed & flrmer att?chment

of the mloro orgapisms and algae film, Which‘

'1mproveq the efficiency of oxygen transfer.

One ‘of the factors responsable for the hlgh
efflclency and depehdablllty of the blodiSc process f
is the environment prov1ded by the oxygen-riohk
waste flim on the disc which supports High densities
of aeroblc bacterla, reported in the Literature

to be in the order of is 000" +o 30 OOUmgflltpe‘ 'ta."

Thig results in low food mlcr0~organism ratio of

some o 02 - 0. 05 as compared Wlfh 0. 3 for the

[

conventlonal actlvated sludge prscess CJOOST R.H.

1969) hese high bidmass dengities enable the

3 _‘l‘*,

prccess to absorbtnganﬂ; shock loads &hd make 1t
1dea11y sulted to the- treatment of hlgh conéeR= - A
tratloh wastes. b e “ o o

DBSCRIPTION AND OPERATION or LABORATORY QCALF

MODEL BIODISC
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“1ab0ratoby nlt'used 1n fhe BtudlEB embodied

Sr‘" . " AN - .' - P‘ i) ’
the 7mm dle;ehaft Wthh rotates iSmm above-the

through a gearlng System fo the motor (Type‘CK
frcm Nessrs.,tdgecumbe Pecbles Ltd. of Glasgow,

: [‘11"

tWQ mlnutes

:_Thls re3u1ts in’ the f11m of.mlcro

J‘-.‘ a

organlsms on each of the two faces of each d1sc'{
.'. l‘e’ ,,‘r i : Y . '!
belng flrst 1mmer3ed in the waste f1u1d 1n “the "
¢ - '.:.;1

aeroblc chambér and next exposed to the atmosphere it

"w.A.f-

for aeraflo; fonce every two mioutes.i Sore of Y
“the organlsos'oh the dlSCB draw uooo‘e;mosphericl:}ﬁci}
oxygen on emergence from the waStelfiuld whlle '.,gefu
others draw upon the oxygen dlesoived in the L 'ij?;-

Aeroblc decomp031~“ho_
) Lot

waste fluld on 1mmer51on in it.

atzon of the organ1c compounds results in- the

Ty , L T . A B

oxldatlon of some . of “the eompounds 1nto carbon;g_d
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the ‘others 1nto new" organ1sms whleh grow 1n the -
S ' K M ,L ,‘J . ; o

EESIC LI s]1me on the rotatlng dlscs. “As n%w organlsms U,

[ J‘u_l e "‘}‘ 3 ‘ " v -0 "‘—_'l" .

F grcw some of the older ones. fall off the dlSCS Teen o 0
+ . = J .. 0 ‘.

and settle to the bottom of the ‘waste, 1n the‘f-

t “goin the sludge already

' accumulated there and underg01ng anaeroblc dlges-t

G

tlon by faculatlve and anaeroblc organlsms.‘

R A Vh\‘ L

i

As the fllm of. mlcro organlsms{grows thlcker
. . f : ISR
L Y PR :
ge s e, on each dlSC atmospherlc oxygen flnds 1t more and

- et * : N
- L . oA ‘ .
1

.1-"

A T mor~ dlfflcult to penetrate the_thlckness to reach

P

4

B J" .J&"{“_ ;

E_Q;ﬂﬁ ._. fh? Tayer nearest to "the dlsc surface.u This lack

-.‘.':' L ! 1..'-:- J("»‘,‘l‘ _" i"‘i

of oxygun leads to anaeroblc decompos;tlon reeultlng L f'{ -
. . -4 . D .

kY

s ‘"' 1n the ]roductlon of organlc ac1ds and alcohols

¥ -

”if - '.,1‘, . at tlte IJLSC mlcro-organlsms 1nterface, a. process gi»
. e whlch de troys the attachment of the Il'llCl"O organlsms ‘

l [ J'

K to the Jiser surface. The whole mass of mlcro-“?if 3
. ' organlsns then sloughs off the disc and drops 1nto ’
the wﬂSﬁe.fluld to join the accumulated sludge at’

. the. boﬁ#onh “The bulld up of . sludge 1s faster ln

the slouahlng perlod. The sloughlng perlod lastedl

from. fouﬂ To six days in the tests done for thls 5-__:.f13

M
! theSlS . R e . - ) o * . Lo ".tr«.:,‘:- Z_ A e e

o The tbtal wetted' area exposed by«the fotty p.*f

surfaces oP the discs in this model 13161000m?

x

The area of the alr—water interface above the-'
< aeroblc chamher in the tank is 633cm2‘ The twenty

L 14';‘ dlscs havg therefore 1ncreased the ava1lab1e oxygen .

: . P
-1 it ' -

A . dlffuB.‘LOn area 9 5 times. ‘ ",,
SRR .-{@ In the unit just desarlbed .the- rctatlon of - {

e ¥ ii‘l «,.‘ '

the dlSCS ls qt rlght angles to the dlrectlon of'cldg .

Pk
i

I . G

,of the waste ‘Huld- There 1s also relatlvely large

' ' " . s Twr - ~— . L - -
1 . . . . A N - . T s oo e, .o

¢ T . . Vo e

1 T % . v .

. £ ep = vy s o v - - J-..u.iu 3 L, "

: v ]

' 42 HE
%oy tA
ey ! ]
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: _tank storage for. anaeroblc dlgeetion of eloUghed

-.-,ise- B

" . . Sy

"materlal from the biomaes on the dlece._ In theiﬂif

’q!xunlts desorlbed by JOOST,,R H.FC1ssg) and TORPBY;

‘“'5Jof waete water flow; whlle there is no etorege

5;ifepace for’ sludge digestlon at the bottom. Indeed1
. the bottom of the'} tank deeeribed by BORCHARDT, ffwfhl

TWUNL et al’ (1971) the dlscs rotate parallel with,

”v:and 1n the oppoeite directlon to the d1rection ;;Q}

e
B

'i '1‘,"

””_”J A (1971) juet eleare the eubmerged edgee of ';-f?

':; the dlECS to Whlch it clceely approximates in

1.

‘ ’.dlmen51ons.: Th1e cauees hlgh ehough local veloei* M*”a

{tles to carry a11 sloughed solids out of the tank
'1nto the flnal clarlfler whlch 1s an eesentlal

'component of the unlt where prov151on for sedimen*:A'

tatlcn ~and anaeroblc dlgestion is not made 1n the ;

bottom storey of an Imhoff Tank ‘ In elther case

the overall removal 1n the unlt is ‘a- combination
of more than one s1ng1e operatlon: eedlmentatlon,
blologlcal flocculatlon, aerob1c decomp051t10n

and, in the case of the unlt wlth the Imhoff Tank

‘anaeroblc decomp051tlon

'MODIFICATIONS IN TIELD UNITS AND PILOT PLANTS

Tleld unlts and pllot plants dlffer from labora- ;

" tory scale models in respect of materlal, 51ze,

number and ‘arrangement of dlscs, the speed of

rotation, - retentlon time and other de91gn and ;.

-constructlonal detalls dlctated by the type of :{ﬂ

waete, loading and the degree of treatment de31red

&0 o

e T
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A

,SIDDIQI'S at 3 a ». p m.ﬁand TORPEY'S at 10 ¥.p. m;

f‘fb's

*ﬂdescrlbed by JOOST), alumlnlum (TORPEY et aﬁ _
e i .

'aebestos oement(ﬁIDDIQI R H. 1971)’and expanded‘4
- metai (bownxne A Ll 1971).

" were. rotated at 1 rhp m.,HARTMAN'S at 2 3 r.p m.,

is a 91ng1e ehaft h stage unlt as the disce gb

; ADVANTAGES OF THE BIODISC PROCESS

lff,21m=f%f'

.:Some of the dlSC materlals reported 1n the :,E"fﬁ”‘

.11terature are plastlc- (low denslty polysterene i;i

‘“ C [ IR 4 ‘*,r\ [

PR ) ]
TORPEY'S discs were

ok

]
]

g The laboratory ecale model shown in Pig.'a 2

¥ 4

rotate on a 51ng1e shaft but in four compartmente

r e

connected in serles. DlSCS on f1e1d unlte are 'f )
' s '~3'7 '?."-
normally mounted on 2, 3 or h shafts rotating -

t
parallel wlthmone another 1n one" plane v

. for the dipping fllter process:

HARTMAN €1960) olalms the follow1ng advantages

-

(a) extreme 1nsen51t1veness to fluctuatlons o

H

of the hydraullc loadlng and of Sewage

concentrationy = -

(b) organic wastés are fransforned;intowfjulf

remoraole solid subsfancea ‘and can tﬁere-

-fore ‘be removed from ‘the sewage,- if%‘?ﬂ7'

(c) the prooess works practlcally w1thoutk _

| malntenance and 1s operatlonally absolu-"
tely rellable,_ B ‘;‘_;ju'iJn.[ﬂ ; f?jf

(d) any degree of purlflcatlon 1s.attainab1e;_7f“

(partlal or total)
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(e) the OVer-loadlng capa01ty of the dlSCB ,fx_j
is unllmlted i.e. eVen when the hydraulic .

load is 1noreaeed 11m1t1essly there : ;'

S '-occurs no ohange~oVer 1nto anaeroblc

.

condltlone., Only the percentage reductlon

: efflcienoy deereasee elowly and contlnuou-':

R S - o
-’-L

SIYO AR :L ..' . ‘H. :“‘.., ) o ..,-_ . ' ‘-

¥

R

Ltf5 the pOWer and energy requlred are reduced ;“r
: to a mlnimum sinoe the aewage flows through

,the 1nsta11atlon almost W1thout loes of '
head and ho energy is requmred for the
aeration of the Sewage., To drlve ‘the -
dlscs only the bearlng frlctlon of the
shaft has to be OVercome, therefore the
operatlng costs are below those of any
other of the known biologlcal purlflca-'
tion processes" c

. (g} the cost of construction is cohsiéefablyr
below that for a comparable low’ rate ' )
trlckllng fllter and even below that for 5;
.a high rate trlekllng fllter where a pump
is requlred to llft ‘the sewage on top of
the fllter. ' s

Hartman's claim of the non~ex1stence of anaerohlc

eonditions is probably an exaggeratlon as suoh

\

conditions w111 ex1st when the sllme becomes thlck

~and diffusion of oxygen from the atmosphere does

not reach the leYer next to'the'disc faceil
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The advantages mentloned by BULUSU K R (1967)

: i
St

;'. . - o R . VTN A RENE
s 1nc1ude. R ft'";" ':'Q :{:1"”vn€'g,

T ‘fi

(a) achleVement of a contlnuoua solld contaot L~f‘ﬂ

3

":surfaoe at which the physlologlcal actIVltlEB

) .
of mlcro“organisms growlng both at %he Burfaoe

:and in the feed SOlUthh 13 furthered"ﬂ
_:the actlve suﬁface flim on- fhe dlSOS helps in:

j,concentrating ‘and - llftlng the colloidal matter

out of the waste f1u1d ln Wh1Ch 1t would haVe

) remalned 4n a fluld statef

T

{ay

(e)

the. blologloal fllm sloughs off the dlsc ‘when

the thlckness becomes exce531Ve"

. 1
[

the use of many dises to obtaln a total large

surface area g1v1ng opportunlty for a large

number of micno- organlsma to dome into oontact

‘with ‘the organlc compounds in the llquld

the exposure of a known area of the dlSC

. surface for a known time makea the oondition

(£)

(g)

'before sloughing ‘takes - place

approach the. Fick's Law of lefu51on,

ow1ng to grav1ty effects the. wetted band of
sllme is floWlng and S0 prOV1des a moblle
surface during the. perlod of exposure Whlch

should be more effectlve than a statlonary

_surface"

as it is grav1ty that is predomlnant at the.
1ow speed of rotatlon, the fllm gets thlcker '

towards the axls glVlng opportunlty for new

growth to take place in 1ayers over the f11m

T‘

*In addition to the above advantages the laboratory

Sy
A3
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! . model is a useful_déviée in defebmining the
| o treatability,of'%asfesg as the'model is ttle
| :
b dlfferent in design and operatlon from -an actual
| - fleld plant, \; _
) In the rext Chapter are descrlbed a number of
tests done with the laboratory scale model des«
- crlbed earller in thls chapter and shown in’ Fig‘
42 : :
” 8, 2 i
N
¢
\ f'
g
& .t' | F
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. L
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influent
90 I'— 350 - |
& | 3
r I s
o |
mator a-g F I
A .‘_:|_g Effluent .
g:axr LHIU 10mm dic. stainfless stleel iR =
7 | fotating shaft o
| |
Umber o ohislc|s p|r]s|cls
base IE :
P _ . " .
| t o
] ! : 4
i o A AT A v—— ———f——- - -
PLAN | |
All dir‘nensjons i mm
fe— Aluminium
Im hoff Tank i
= S S 6mm perforations
/ ’
s

\aerobic -
digesTion

Perforated PVC davic dise

Q
-
Ana erobic
digestion
? e = =0

SECTION

FIG. 8.2 LABORATORY SCALE MODEL _OF BIODISC

|
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C ;?.%kfg? shortcoﬁlngs of both of_them wefe desarlbed in 'i

Cataal, s

R ‘,1; *’% 4% CHAPTER 1% L

o -H‘x:r

} It as”shownglnjehapter iIi that the nlghtsoll

'1sposa1 uaed most extensla
6 f"§|"*

;ﬁ;:‘ﬁ, f-fv‘i Vely-an Lagos and other fowns of ngerxa. Jhe_{?
' v . ;o Y,

R L

“|In Chapfer VII it was shOWH that

e Sl
. F e : t s . . ot s .
,Vﬁ'h;qfhe Water table in theHIOngylng areds: of Lagos- bt
. T - t S IR Yat o Sope : .
"'n";*ﬂ.. ‘ ‘3‘ . ‘rd 6’ J v - '.%'.-\,l o "‘- HES Y

Yis too near ground 1eve1 to’ make the septic tank

“'«‘. . ;}-y. : ‘\Jle"

soakaway effect1Ve in those areés. In Chapteﬂ‘ s

VIII the blodlac process was" dlscussed fogether with

S iy SR
1ts merlts over the more establlshed methods_

;g“ of eewage treatment. The exPerlments reported
. B .,'{.-. . 1

_— .in the present Chap10r were de81gned to verify
thé eff1c1ency of the bJOdlSC process in ‘che_~
A freatment of mlik domestlc sewage, nlghtsoii

and 1nduetr1a1 waetes all of which were obtained

¥ a

in the Metropolltan Lagos Area. ; The resulte

7./ indieate whether_ ot .not, the pfOLEBB cogl
could/be 1ntroduced in Lagos to overcome some o

1
' the shortcomlngs of the nlght5011 conservancy

'system and the Septlo tank mentloned earller.

More 01 these teets were done with m11k than '

3

-w1th the other wastes for the- following reasons
e B!
; : whlch the author adduced in an earller work“‘with
. _ . !
" the blodlsc"mllk is a balanced 9ubstrate tﬁ

.respect to the essential nutrlents in. it; it can

be reproduced to a relatlvely high degree of

-

con31stency in its chem1ca1 comp081tlon, its
. B ll-l.*q -
. -y f _\{. v . i\

preparatlon requ1res a relatlvely ehort tlme”
i - afF

Y
l’—-l =

N . . - o -
vt . . M e
O . - . NN H

-
— e P
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ﬁfthe best result beoause 1t d1d not clot Table 9 1

*

i

T,

* LR A -
j-“{176 SR
i e PO } \‘J""

‘(AkUKo; T M 1969) Marvel Peak and Pussel'sfe=
}‘ e VL . k ; ) Sl V ;e i
oomdensedLmllk were all trled at the beglnnlng of the p

.{$ C A [ L

]

'y n
shows the ehemlcal Composltlon of Ersqel'q mllk

I
o

(TURNB?LL A g 1969) . Data on the\chemlcal compoil-j
o B I Y
tlon of the other brands of mmlk was not conalderédifégf

Nl ‘!

'1nvest1gatlon . 0f these, Fussel e condensed mllk gave _

fore not .used, in these tests | id yf‘_“f;}'I.
_W.'.} T . y
ﬂ . ='I‘he fFirst three of. the teets were conducted to ff
[ - . f 1] . \‘ " ; . P
determlne some essentlal parameters for the maln tests. !
¢ o RN

!‘.

with Standard Methods (APHA AWA, WPCF 1971)

Fr -1 ot
w1th the laboratory scale model blOdlSC unit. u‘They LA

.'-" T * -&‘é‘ﬁ . .

1nvolved the effectlve rate at Whlch the waste flowed
i,
through the unlt and the quallty oontrolnof theofeed o

> ",\ .'

L}

1n the tests w1th milk. S [

Il
+

Alllthe .COD, BOD and, suspehded sollds tests done

in the tests reported in thls Phapter were 1n accordance

"
L

! L =
9 i 1 DETERMINATION OF THE PLOWING THROUGH PERIOD OF

THE _LABORATORY SCALE MODEL BIODISC

et
(a) ~Aim: Comparlson of the theoretlcal Retentlon'

‘ " Time 'with the Flowlng Through Period. " . 7 -
o {b). Theorv': The vetention time of a treatmenf .

wo
.

i

{

-
ST P

’ : dev1ce is . the time 1n whlch a glven volume; kS

, 0f the wastells re51dent Ain the dev1ce._,It;‘§L

is equal to the Volume of the*deV1ce lelded ETP

R T ' . ’f N ﬁ " :
. -

by the flow. There is usually short—01rcu1-'”

* o e,
tlng 1n the flow: between the 1nf1uent p01nt

B

and the effluent p01nt whlch reqults 1n the

k] t AR

' B » ‘ I’
. a - P . * . 1

A

ni g P

i actual flowing through?perlod belng usually %;'

shorter than the theoretlca] reten+1on tlmehf'i

-
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TABLE 9.1 |

[
i

[

T

CHEMICAL COMPOSITION OF .FUSSELS CONDENSED MILK

* CONSTITUENT

. "% BY WEIGHT

(Compiled from figures obtained from
A.J. Turhbull in personal communicatioi, July 1969)

v i v et

'PROTEIQ .' ' 10.2.{,|
éUCROSg 4k, 0 }.f
.LACTOSEf 4.8 .

| MINEﬁALé- 2.3

~ FAT 0.2":
MOISTURE 28.5
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‘There is in this case a device which has

oyt

;ﬁoth,an aérqbié éhambér;ahd aanmﬁoff tank.
-”While a substantial amount of tﬁe flow would
" be expectedﬂtb be confined to thé'aerobic

" Chamber in ﬁhicﬁ'bbfhithe iﬁfiuegt and the _ 

':éffluéntlpoints are situated some of the Flow

i

would go through the Imhoff ténk:j‘Most'bf

the water in the tank however would be expected

to be dead water. The test would indicate how

-much of the flow goes through the aerobic

L
¥

chamber.

COX, C.R. (1964) deseribed a method of

determining the flowing-through period of a

basin which consisted in the rapiﬁ applica=-

tion for ohe minute of a concentrated sodium

chloride solution to the influent' and the

determination of the concentration of sodium:

.'chloride in the effigent at ffeQﬁént intervals.

The sodium chloride concentrétiqntwas ﬁ]oftcd
against time and the centre of area determined.
The distance of the centre of areasfrom the
y~axis represented the flowing-thrbugh period
aé shown in Fig. 9.1

The specific gravity of a.1% 50lution of
sodium chloride is about 1.,0071, wﬁich is
higher than that of water. If such a solutioﬁ
was used in the flowing-through test some of
the sodium cﬁloride solution wou]d ?end to
sink to the boftom of the tank -nét?ad.of

flowing-through normally., This could have an
. . I :

) . i .

adverse effect on the test. It wasitherefor



B
*Centre of area

i
Flowing through I

period.
I

Time {mins) h

Chloride (mg/l ¥

'End o_f test

- 378 <

b

anG.Qﬂ SODIUM _CHLORIDE _SOLUTION METHOD_ FOR DETERM!NATION OF
FLOWING THROUGH PERIOD IN SEDIMENTATION TANK.

. LTA L . -
FE. ¥ g ol - -

X
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(c)

- BO

decided to ‘use ammonium chlofideg'which is
a lighter salt with a'sﬁecjfic gﬁabity_of
1.0031. It was aiso known g Qngar
dlssolved in. water has a s]Jghtly hlgher
opec1flc gravlty “than water. A solution'of
26mg/11tre of sugar in the tagk énd another

of 25mg/litre of ‘ammonium chlorlde in the,

. influent had approx1mately the same SPECIfLO

graV1ty of 1. OD If therefore a 25mg/11tre

solutlon of ammonlum chlorlde was run into a

o

QGmgilltre solutloq of sugar in the tank the

.tendéncy for the chloride_solution to sink

in the solution in the tank woulé'be.eliminated.
Finally it was decided to measuré fhe éﬁecific
conductance of the effluent samples instead

of the concentratlon as it was found that this
was a much more rapld and convenient way of
determining the salt content sinée the concen-
tration and the specific conductance are knoun
to have linear relationship Qver;the shont
range of concentrations involved,

Method: The 25mg/litre solution of ammoninm

chloride was run from a 10 litre aspirator

" into the 26mg/litre solution of sugar in the

biodisc at a controlled speed of 120ml/min.

. After 1 minute the chloride solution was cut

off and was simultaneously replaced wi%h the
26mg/litre sugar solution rdnnink at the same
controlled speed of 120ml/min, ﬁfom a 25 litre
aspirator. Effluent Samples‘wefeltaken every

5 minutes and the specifie condJctance deter-

t
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conduct1V1ty

a'i'nzl.ned with thea%eter, ccrrectlcn being made'
. -r--,l.h._ ‘

Wi

fcr temperatﬂre at each readlng.. The test

1asted MSO mlnutes at the end'of wnlch the

L,

i ' .
kS Bpelelc conductance had fallen from a maximumn -

5

of - 370 mhos to the orlginal base value of .

161’ mhos 1n the,sugar solutlcn (Flg‘ 9 2)

The dlstance from the vebtlcal axis cf the-//

centre of area of the area between the curvg

.1 -

' and the horlzontal llne shOW1ng the base

B

speclflc conductance cf the sugar aolutlon

gave the flow1ng through perlod ‘r';f'

PLON

1
r

" (d) Results.. The results dre shown 1n Table 9.2
 and Plg. 9 :2. The flow1ng through perlod for

this flow of 120m1/m1n as.determlned from

the gpaph in Flga.gangas 80 minutes. The

theorétical_retenticn}pericd is obtained as

; follows.
,Grcss volume cf;aerobic chamber. = 10,10€cm3

(a)'

:

Case 1, Test without dises:

(b)

Volume of chamber = 101050m3.-
Volume of U baffles = 260cm® -  °
Net volume of chamber = ssuscma

° 5 - . - 98'45 - " - . ] [Y
Retention Time = 155 * 82,1 mins,

Case 2, Teat with clean discs:

Volume of chamber = 101060m3

Volume of 20 clean dises and Lbaffles

- 4790cm®
Net'volume of chamber = 83160m3
Retention Time = %%%E = £9.3 mins..
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TABLE 9.2

L
i

P

VARIATION OF SPECIFIC CONDUCTANCE WITH TIME IN- 1% NH Cl

SOLUTION IN DETLRMINATION Ccr FLOWING THROUGH PERIOD

RN

*.-.

L

S ' Y S Specific
Time Meter | Temp Temp. . Corredted| Conductance
(mins) | - Reading (°0) Factor| - Reading (pmhos) .

117 26 0.98 115’ 11 7
117 » 26 0.98 115 161
418 26 0.98 11y 160
10 1939 '26 0.98 197 * 276
15 257 26 0.98 252 353
20 - . 270 26 0.98 266 : 372
22 260 26 0.98 255 357
25 260 26 0.98 255 357 |
30 - 256 26 0.98 251 351
35 ' 256 26 0.98 251 - 351
45 1235 26 0.98 230 322
50 - 225 26 0.98 220 . 308
55 218 26, 0.98 214 300
60 - 215 26 0.98 210 294
65 207 26 0.98 203 284
70 203 26 0.98 199 278.6
75 195 25,5 0.99 193 270.2
80 192 25.5 0.99 190 266
85 . 190 25.5 0.9¢ 188 263.2
90 . 188 25,5 r 186 260.4
95 - . v 185 25.5 i 183" 256, 2
100 18y 25.5 0.99 182 254 .8
105 -~ 180 25.5 0.99 178 ., 249.2
110 L1177 25.5 0.99 175 245
115 177 25.5 1 0.99 178 245
120 172 25.5 0.99 170 1 238
125" 170 25.5 0.99 168 2352
130 168 25.5 0.99 166 . 232.4
135 - 166 25.5 0.39 164 2296
140 165 25.5 0.99 163 . 228.2
145 164 25.5 0.99 162 E 226.8
150 . 162 - 25.5 0.99 160 224, 0
155 160 25.5 0.99 159 222.6
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- TABLE 9.2 CONTD. '

i

!

‘.;.

Time

| (mins)

E T

" Meter. |
- Reading

" Femp.
. factor

- T

Corﬁeéted-
,Reading

S B

Specifiﬁ .

Conductance

|+ ..(ymhos)

| 180,

170
180
10
200

210

220

230

250

270

290

1310

1330

350

370

-390

410
430
45

[}

L rassy
152
180 )
LY,
el Ay

PR LI O

140

138 |

136
1133

129 |

Y127

123
. 120

419}

117
117
117 °

'”ﬂ_125 .

- 0.99

Y 0.99
S 0.99"
He 0,99

o 0,99
*i 0,99
0,99

“0.99
0.99
20497
- 0.99
0.99

NEEN R

1.0 .
1.0,
Ti0.9§_',i-

n - 0.98 .-
170,990
""‘-" 0 . g‘g a

. 155
152, L
L1500
T

duzen
o139
sy

a

4

-: ."135 “: ¢

"432
B L
oo LB28e
. 513.26 g j..
Sorem
o122

o3 o119

1118

116

416 f
116

46’ |
S 115 R

17000,

212.8
204 .4
Fd

198.8

. 184,68,
wot1e1,8
189.0 .

- 184.8
2792

Civo 178,40
L 173.6

170, 8
166,56
185.2
162.4
162.4
162 .4

200,74
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(c) Case 3,-Testjwith discs covered with

Jn&fqufo 15cm thlck growth elther side:

fE, Voldme of chamber ? 101060m3

S,

.Volume of . 20 ooVered dises and u baff1esi,

= 3320cm3 o f}_ f"%
. -Net volume of chamber‘_z 67Bﬁcm c
St Retentlon Tlme S E%%%~ = 156 b ming: ;}

Case 1 retentlon tlme of 82.1 mlnutes is very
p : close -to the experimentally determined flowing-
through period of 80 minutes for this flow
of 120m1/min. The fact rhat the flowing -
;through period is slightly Smaller than the
! ' _retentlon time is accouhted for by dead
pockets of water in the aerobic chamberalTois
case applies only to Test 9.2.7 in which discs
_ were removed from model B to observo the
effect of the plant running w1thout discs l
No plant would be run without dlSCS in prac-

v
1

. tice.ﬂ

gy - -

Case 2 represents the 51tuat10n at the
beginning of each test in which the discs are
c¢lean while Case 3 represents the 51tuatlon
“ ' when the discs are already covered with growth;

The tésts were run in all cases but one at

a flow of 1tml/min. . At this flow retention
’ ! : times for Cases 1, 2 and 3 were 11.73 hours;,
9.90 and 8.09 hours respectively. fThe
average retention time for a test. startlng
'with.c;ean discs and finishing w1tp discs
. ' o foi%y.oovered with growth is thelayérage
(.betWéenAthe laot 2 figures, i.e.'géo hours.

\.T‘L
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9 2; 1 DETERMINATION OF THE QUANTITY OF SODIUM?

BICARBONATE REQUIRED FOR pH: CONTROL IN s

. THE MILK SUBSTRATE AT DIFFERENT CONCEN- o
‘iTRATIONS AR L .‘:‘_h-:}vg

,r W

.,‘-‘.'1

REVN Object‘§ It was: observed early in Eﬁei

L

';Tftes{s wlth mllk that even, though the pH of

o bj‘

; the*mllk solutlon varled betheen ? ? and

J

5- _c..

':? 6 at preparatloh the pH dropped to vaers‘:
_whlch sometlmes were as low as u B after o
' three or’ four daye.f The effluent also showed
L 51m11ar dr0p 1n pH TheeL observatlons are
con51stent with the formatlon of organlc o

. ac1ds durlng the deoomp051t10n of the m11k

- As these PH values were conslderably ‘below

the 0pt1mum of 7. 0 D 5 at whloh mlcro- 

Q_organlsmb were most e?fectlve in the meta-

ou bollsm of organlc wastes: (OGINSKY E L. and

iUMBREIT W.W. 1959) it was decaﬂed to use

sodlum blcarbonate to compensate for’ the

lowerlng observed 1n therpH. The object of

_thls tesi Therefore was to find the quantl—

: tles of sodlum blcarbonate requlred to add

to a 25 litre asplrator of m11k substrate

at dlfferent concentrailons 50 that the flnal
1

‘pH of the 1nfluent remalned close to neutral

even after a few days storage.'

U*

(b) Method A standard+stock soiution of

.di tln of mllk made up w1th , tap water to 2

1ltrés,was made’aS descrlbed‘logTest 9.2.3.

w



-

P

of eaoh flask were made uP w1th tap water

v
L R K ', rd 4;

to the 250ml mark The dlluted soluflon

tox . {

was next transferred in each case into a
'.3

' 500m1 b&mkEP. ‘It was, then tltratpd with

0 1N sodium blcarbonate solutlon Yun in,

LIS

_slowly from a SDml'burette while the

| splution was kept constantly stirred by a
h magnetic.stirrer. Pheﬁclpghéleiﬁ indicator
was used to detérmingvfhe end fﬁini.jn each
.  titration. :
: ] y |
Flask TTzT35Ta s [ [7 7% Jo o it

| Vol. of stock |
solution from p2 (4} 2 4 ] 8 10¢ 12| 14 16} 18 20
litre jar {ml) '

Add tap water to make volume, 250 ml.

Vol. of 0,1N _
sodium bicarbo- . o
nate added (ml) '

o v o

(¢} Results: Table 8.2 and Fig. 9.3 show

the quantities of the 0.1N sodium

bicarbonate solution " for the eleven

v o p - diffsrent milkiconcentratibns. They
.also show the weight of sodium bicar-
v .bondte required for different‘volumeﬂ
o _ .  of the standard ;tooka solution in the

feed in a 25 litre aspirator.

BESES



4 TABLE 9.3

QUANTITY OF NaHCO, BUFFER REQUIRED FOR *

. A

' J.;

'-“,.“z-_‘-m

5
)

DIFFERENT GONCENTRATIONS OF MILK FEED

A

i
#

.. 'If.n'i,, T . i . e ¥

Initial
opi

“Mtration .
with 1N
| Naroor

(ml) -

:Fihal ,'l

Adjﬁsfea"

TLtration

)

Pt
T hL

[
N

Wt. ‘of bkﬁth

~in 25 iitre ;"ﬁ:

B s DO

‘107 .

-12
‘14
116

{18

‘20

' 7.40
[ 7:40
{ 7.40
v 7.40
S 7,40
740
L 7.35
- 1.35
" 7.35
71,35
1730

" 3.50

7.10-

10.50. -
112.00

16.40
23.50 -
26.30
32.70

42,00

43.30

44.35

8.00
‘8.00
8,00
'8.00
'8.05
'8.00
8,00
8.00
'8.00
'8.00
8,00

3;59 '
6.40
79,80 .

1360 ¢ |
1522 W

18.00

22.90 :
27.80
32.70

S 37.20 .

41.00 b,

© 44,35

2. 940
-5, 377
8 233
11. 426

'19.238

23.355.

©27.471

L 3L2520 -
{34 444;Lf-f
'f37 258

i

{a) Column 5 is cbtained frcnrgraph in.fig, 9T3

(b) Colum 6 is obtained by multiplying.
column 3 byo 8401 (. mNaﬂoo, = 8.401 gm/n.
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FIG.9:3 QUANTITY OF NgHCO, REQUIRED FOR

DIFFERENT __CONCENTRATIONS OF MILK FEED
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' 9. 2.2 QpALITy CONTROL TEST INVESTIGATIGN or VARIATIONVH
7 ,aor-con AND_ pH WITH LENGTH OF TIME.

.‘f\...i” ' ‘1 i
torwfor sometlmee as'long

m";refi

Heagpira
kL P Pl

. : T PR ..“ e
: : CE LA 'znar G
xof sodlum blcarbonate reqﬁlred to ‘e
T [P T LI R
;' o ' H . x-' " ; I

feed at thls partlcular concentratlonkwas‘z ugm

§ : AR S LY )

ﬂ.bas determlned from Flg. 9. 3 ;Thls quanfity of

‘1 J\

blcarbonate in solutmon was added The contenta

:!V ~". ,;~ . ;_.

of the asplrator were then stlrred whxle tap

. water was run in to ‘bring the whole to the 10
Y Sy |
11tre mark.¢ The dsplrator ‘wag kept on the bench

~in the laboratory for nlne days. 100mY samples
of thls solutlon were w1thdrawn by plpette at

fl L

1ntervals of 0 i,,s, 10 y 24 hours; 2, 3,

..-.—\.»"

14, 5,

.

f'eB, 7 ‘8 and S’days. The COD Test was performed on
. a 2m1 portlon of each of these samples whlle the

g
pH of the remalnlng portlon of each sample was

determined on the Pye Unlcam pH meter (model 292}

B - g ) 'ﬂfﬁ_ |  .:__ o .? K
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il

“'u =g

L

“3The subsequ nt'rlse

’ \r.a““‘,‘.;

-dePed dueyto the cessaﬁlon

ﬂ.‘gt

developedr

i ﬁ-.%

'he COD became steady‘after
L ARR

4

.

[
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Feed COD-

- 192 -

hours ‘ ‘days
Time : ‘ ' '
V13|82 3ie)5| 8|7 88
e(sng,% 1200 ?Bngzo 3020 2l.,.u_::s'zo 2240122822280 2540320 2% 2180
pH -[8-4 |84 84 (83 {63 |84 (6:5 (72 [72 |7.6]79 |81 |84
mg/l ' :
4000 9
3000 48
n oy
[= %
2000 -7
1000} 46"
. | i I 1 d b
0 2 6 10 days

FIG. 9-4 VARIATION OF FEED QUALITY

WITH _STORAGE



TN Fa. ""\.\ g
nto“é clean plastlc:igllfre Tap water under
. ey ' ) o .

by

'ffhe.beeker aii mlik//

#r)

& :

They wepk thenﬁfransferred 1nto AT

et i.,.;s
c 'i-,‘v.

s —l, s = . R
SR 0}' - a-"{‘ W "ag\h

‘ahd the stlrrer were rlnsed once.."Ali thls ensured
'g\( . N _"",..H‘. “1 :v .
{hat the entlre mllk contents of the tin were trans-
RTINS
ferred 1nto the measurlng cyllnder.n The solutlon 1n,

a

the cylinder was then ‘male up to the 2 lltre graduatlon ff

- gt- mark w1th tap water and. agaln thoroughly ﬁixed From

thls stock 501ut10n of 1 tln of m11k 1n a 2 lltre

vav

ﬁ _;f"soiutlon WOuld be drawn, at each feed preparatlon, the'
RE pre determlned volume whlch would be made up to 10 litres
‘r'Ft in Test 9‘2 2 or to 25 11tres 1h tests 9. 2 4 - 9.2.8

described 1mmed1ate1y below.

""ta....-

RIS In each of the follow1ng tests the feed was

1
WAT

prepared by plac1ng in a 25 litre asplrator the pre~

determined quantlty of thls stock solutlon requ1red to

S .'1

glve the de51red concentratlon of substrate. The

det I(
ril'; .

u

* approprlate quantlty of .sodium blcarbonate .as determlned
from Flg. 9 3. was added to thlS. Tap water was run. in
to bring the solutlon to the 25 11tre mark the contentc :

"“ti belng stlrred ‘with a clean stlck 1 ?m long to ensure

good m1x1ng.” The solutlon was, then Jmade. to drlp through

a bmm bore p]astlc tube about 2m 1ong on to the flrst

ot |
L o

e e Tarhd
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I)‘s':l’ .

a flow dlagram 1n thls and” the'%ther tests wlth the

tvx. .‘n

ﬁﬂ iaboratory scale model of,

V. . “ 33

i -f..
i "‘b

£;%\” COD tests were ﬁerformed on; 1nf1uent and- ffluent

- " 1-,_ ) PP -

.

Suepended

. o .
three 1ntermed1ate p01nts ShOWn 1n Fig. 9 6

AR . Tt

in which susPended SOlldS 1n appre01ab1e quantltleS"

R

ﬁ“‘-.. . .~ ‘;_._; P ;'_.;._" a4 [T

TF could'not be expected as compared‘w1th the other wastes

Vo dealt W1th 1ater 1n th1s chapter. _ _??fd iﬁ*_;“
ekt“f'y In v1ew of the result of Test 9 2 2 whlch showed

,‘ that the feed was not stable 1n the flrst 2h hours

after preparatlon only samples from solutlons that had .

@} stayed in storage up to 2 but not 1onger than h'days‘ﬁ

B were used 1n these tests.-.;_”' - -

Bl
J'

The flow was kept constant at 1Nm1lm1n.‘ The_foom

o
-

F
F )

temperature was most of the t1me between 190 and'QDOC
' For each test lnfluent and effluent samples were
taken at the game, tlme. The dlfference in the COD of
the samples was assumed to be 4 measure of the amount
of treatment that had taken place in the solutlon in
its passage from the" 1nf1uent to the effluent p01nt

Thie aseumptlon is, not qulte correct as each effluent
sample orlglnated from another 1nf1uent sample older

-

than the one then under cons1deratlon by the reténtion

f time of the deV1oe. The more correct procedure ‘would -

SR

be to take an effluent sample at a. tlme equal to the‘

| retentlon tlme after the tlme the 1nf1uent sample was

r"‘; ' .- AT
LR S 1

L



PERISTALTIC BIODISC

- p MP MODEL .
\ _lll_b“' :
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’ ‘ - ; Eftivent -

t

FI695 LABORATORY _ARRANGEMENT
~ OF BIODISC___PROCESS
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FIG96 SAMPLE POINTS FOR
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TL;bETERMINATION of THE TREATMEN EFFICIENCY AND TRBATMﬁﬁ B

';.\ TRy ru,_“r‘ i *-? |z‘

‘fést/ 44 to: determlne'both e,

:':.U“ : : PR
.J?Lpassage of a mllk substratethrough fhe 1

¢

9;;3emade up to .25 lltres.as deecribed'eariier in 9 ? g Af”
. .Was ueed in thls fes} ' Aft;r the blodlsc has been %:f?;;
ﬂ{Lﬁ@runnlng for 7 dayeland the d;scs covered w1th growth,v,Ag
y .cop. tests Were performed on ; influenf and effluehi ji';;ﬂ?
_:‘J'.‘samples as well ag on’ addltlonal sarples ‘taken froﬁ ‘?;:;
if{oﬁﬁ! p01nts 2,,3 and M 1n F gr 5.6}3_?hejreeu1ts are shoth}
L “in Teble 3. e and Flg 8. 7 [ Lol an
oot
L . o=l : P
- ; o The procedure in thls test was exactly as in .?
r;Zfﬁfﬁ‘ Tesf 9 2 H desorlbed eariler. COD tests were howevcr
;ffi‘” performed on rwo different sets of samp]ea taken from
. :;.'ETV: the same “feed at 24 hotirs 1nterval - The flrst testa :
g éfiiﬁ,.V?”? QOne after the biodlsc;had been runnlng for 9 -
i??i'wliqeye-aoé.%oe second after f ' had been runnlng for 10'
" iu .:Idays. Tﬁe reeults are shown 1n Table 9 5 and P1g Q.é;“:
12 6 THE PERFORMANCB OF THE BIODISC ON RECIRCULATED EPFLUENT
; ﬁ“i - J.The object of thls test was to find out if the. L ’
.y ;Bioéise:oould treat: further 1a waste that has been fﬁﬁffiw
SN o f ot T
"=_&”@”f,‘ é 25 lltre quantlty of;effluent from a flrst
s 2 pae;;gelof the. feed through the device was transferred .
g ,Qintogfﬁe'zs.lltre 1nfluent asPlrator‘anoJ;ae used as"'{§
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9.2.

- 202 - -

the new feed in the BlOdlSC« Ttiwas necessaby to

T

store in the first 1nstance suff1c1ent quantltles of

?

the effluent to ensure that quantltles for topping up

‘the-new feed came from the same stock and were there-

-

fore of the same éharacteristicéi

COD tests were performed on fhe folloﬁing four
different dates:i?u/é/70; 29/8/70, 2479770 and 13/1/711"
The‘fest on QU/S/TD Wwas perfermed both on samples
taken from the three 1ntermed1ate points as descrlbed

in Test 9 2 4 as well as on 1nf1uent and effluent

) samples.‘ The test on each of thé other three occasions

was limited to influent and effluent samples. All.the
tests were done with the biodise that‘had been running
for several days and the discsfcovered with growth.
The results of the tests are shown in Tables 9.6 and
9.7, B | o

ASSESSMENT OF THE PERCENTAGE TREATMENT ATTRIBUTABLE
TO THE ORGANISMS ON THE DISCS:

The object of this test was to obtain an idea of
what percentage of the overall treatment was attribu-

table to the organisms on the revolving diges in the

.

Biodisec,

Two Biodisc models A and B of identical cons-
truction were used in this test which ran for 32 days.
Bbtb A énd'S received at the same rate feed from the
same 25 litre aspirator. The‘concentration of the |
feed was 600 ml. of the stock molution in 25 litre.
Both A'and B were started the same time Qith ciean'
discs rotating at the normal speed of } revolution
per m&nute. On day U diSCS-ﬁePe removed from B wﬂich

. J
tontinued for 16 days without them.
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' TABLE 9'5”;wf

PERFORMANCE OF BIODISC ON RECIRCULATED MILK

e EFFLUENT ON u DIFFERENT DAYS

j'

. TEST"NO.

'9.3.1.1

9.3.1.2

19.3.1.3

. 9,3.1.4

DATE ,. . ...

24/8/70.

2978770 .

241870

.13[1/?1.

Influent COD#*-(mg/1l)

1B ¥

ICOD Reduction in Final
effluent (mg/l)

% COD Redﬁ&flon in
Flnal effluent

Final effluent COD(mg/1)

1450
850
600

41.5%

"

(770

glis0

i7o

820

':'suo

280

430
250
180 -

42,0%

& Influent in'these tests was recirculated effluent.
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Cumulative
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- Reduction 
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1 kEEfivent)s |

|cngavents |

rTable shows a progressive decrease in cOD and correspondwn
progressive increase 1n coD reductlon along length of blodlsc
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9.2.9. CoD = BOD CORRELATION TESTS: ' 'f

A S Do
i e T L 2 208 .

FI - . e ‘.'.. o .
0 _,_7.s~'_._i‘.._j I o ' * - LR . f i!t

COD tests were performed oh 1nf1uent and effluent

)

samples from each blodlsc about tw1ce a week. Onz”

} - ) ‘

i 1
v E) o 5 kg
g 1'_ -y i A

day 20 clean dlSCS Were restored in B so that for the

R
anth dlscs. The results are shown 1n Table 9 8 ‘and

1 , L
. . ._‘..A; " i A

. oai o - N , ..f..-: -

Flgb g 9 U ;.;,;“‘._-{‘ . | ":‘X e '. "' T 0o R .““ e '_*-"-_ .“.:-"

+ i e et PR - . . . - Ca ey rE

9&2 B VARIATTON IN THE PERFORMANCE OF THE B;ODISC WITH TIME

.1“"

=“sg}-; The object of thls test was to study the varia-:}

;, thﬂ of treatment efflclency W1th tlme 1n the blOdiSC

The blOdlSc was . started wlth clean dlSCS and run for‘?f

L v [

S 3
v several weeks on the same’ waste and at the same concen—=

1 LS

tratlon ti11 sloughlng occurred in the blomass on

the dlSCS _ COD tests were done approxlmately ever3
q R

other day throughout the run.f~ : s ﬂf f

"
A

e

In the first run sloughlng started on most of the

’ dlSCS con’ the LOth day and was’ complete on the uSth day,

N when the test was dlscontlnued. . After a 4 months' gap
. the second pun was started, greater attentlon belng
pald to pH control this tlme Whlle sloughlng started
';non ‘some of the dlscs on the SSth day and was complete
11 :cn 18 of them by “the GOth day there was no sloughlng
at all on the last two discs tlll the test :was discon-
- tlnued on the 72nd day At thls tlme new growths had
v appeared ori. most of the other dlSCS. The results are ..
shown in Tables 9. 9 and 9,10 as well as 1n Flgs. 9 10

f;.‘and 9. 11 o = “ T

it},‘z It is known that there is a 51mp1e relatlonshlp

. .‘_,. i Lo F f

"a"__ between the COD and the BOD of most wastes. ' The COD{:?

‘1.,_. ]

T (Dichrcmate Value) Test is verny much qulckerband ":ﬂsif

L possesses a hlgher degree of accuracy than the standard

. : ‘ B L . :,.
AN L - ' ‘ A " - 3

; rfﬁ' *’last 13 days of the test both blOdlSCS ranlnormaliy }[

A
b

'l

J i
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‘j“- ASSESSMENT OF PERCENTAGE TREATMENT ATRIBUTABLE fu
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' TABLE q. 8

T

- vate: [,

Days

LI

COD INA. ..

Inflt.
?(mg/i)

.tfflt.
Q(mg/i)

fInfif.
Amg/1)| .

EBfflt.
(mg/1)

© jSept.

5800

k500

P

fuzoo
fééoo
:'%iﬁgoo
55800-
5100
“3s00

., 3400

850
4200
';100df
? 700
750
21100_'
300

650

1200

BY.6

15900
fﬂusqq
4500

£ 13900

5700

56007 .

12350
ri;??ﬁﬁ
‘5'2550
2900
'.220ﬁ

1000

1150

1300

1800 |

34,6
©40.7-

'Gl_uﬁf

80.4
71.2

60.5

®

P

Discs. in Biodisc B were removed on Day 6.

DiscS;’wefejreplaced in Biodisc B on Day 20,




_ Some slime chapod of f
% " Discs 3-5 in Aerobic Filter A -
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gvA PER OD OF 45 DAYS -

.h(mg/i)

Influent

U
3

EUE
15
47
19
71
2U
; 252
28
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. Datem
‘V;'T' (1971) |

from.r

‘iﬁflﬁéht

Reductlonn

(mg/i

e 1%_v:

r.

s
E
L N
5, -
o i
. e
R,
e
Lk
T
"wer
¥ .
, e
|__ .-“M"\
. Dee,
"
+o
s
[
® 0
T PR P
. B
v
=

Nov.

w10
12
&y
_is
17
18]

11

. 2uf -
25|
27}
29

.-

F ¥
D

Jan.

(1972)

A

31

2.
C
8

-

16 .
18

-f"sdf‘

2750

.. 2600

At

£ 3uu0
. 2960

2840”

3120
} 2880

2880

3080
<1960

ER

3008
19800 :
2640 |
" 2510
3220
2595

2600

1l

1400
1780

2&00.

‘)'r‘-',{

1930

'i_*1370,

b1250

!'.L!

1280‘
f2278 |

1885 |
3505

2180

2265

2130

‘2950

v2520
2550

72?50

2585
12440
2260
2680
1660 |
13060

2205

56 51”

70 1

6951

|"" |

72 1
75‘8

RS

88 '3

. 86. 7i
ussuj

51 s,“

78 2

4,73.9"

86,8
Vg8,

~.90" 9
83,5

.89.6
£92.0
,89.5
S 87!s,

91,86,
aausl
- gglal
" 89.8|"
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gy, 7] i

86 9
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88,9 "
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_'.:. etock vsolutlons prepared on three dlfferent dates are *

-ath', ’Shown 1n Fig. 9.12,

S ; _ 0
fortthls reason 1t 1s usual to
&{}__!,—-:; : ""-}"..-- PR L s ;f_,‘-:"' ‘\. s 3{44 ‘*'_,‘.‘_H. + “{'-

?establlshwthls relatlonshlp at the beglnnlng of a

L

rfresearch programme by performlng both CODrand BOD tests
"":“X":';k et "y "‘_“' vt " '\ . "" ;‘J

on dlfferent portlons of samples of a waste at dlffere

CLam : - pny o , .fff
3.correepond1ng COD values. After thlS relatlonshxp has w
ﬁ."‘eobaf . - [ . .,.,‘_“{ P . R -

T‘Sbeen eStablished theffeSt‘of«thefprogramme.can“be{’
"~'§~_.= ,.i' . . - tor . ,

Tyl ' FRNY
_" the equatlon already establlshed n,~r

bediln Test 9.2.3, 11 quantltles of 0 a;-e}al;};;”

16 18 and 20 mls were placed each ina- 250m1 conlcal;f

f-""-' §¢ q-.“ -m“.t‘ ;l:._

flask.. The’ contents of each flask were made up w1th

- -

o

‘ ;tap Water to the 250m1 mark after the approprlate 4”:“:“M

:fquantlty of NaHCO as determlned from Flg 9 3 had been Lf
wff_hadded.‘ After stlrrlng, a 25m1 sample was taken from
.-,-.' . i ;J :

. the contents of each flask The COD test was performed

on one portlon of this quantlty and the BOD test on
another.. ¥

D ‘t' I P i

The | results of tests performed on samples from

;""‘ : ) 3 - . ) .

. 9. 2, 1&: DISCUSSION . S R

The results of the tests with the blOdlSC in the

.

treatment of milk are dlscussed in this sectlon.. Table
9 Yy and Fig. 9.7 show that a final effluent concentra-:f

tion of 587mg/1 COD was achieved after .a waste of an'“{-

inltlal concentratlon of . 3380mg/1 COD had passed through ¥

the bhodlsc.. Applying equatlon'e 3 developed later RN

W T e

ey

to these flgures, the correspondlng BOD flgures become :L'h’

+*
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FIG. 912 COL-B0D CORRELATION FOR MIL K

BOD: 0:-68 COD (13-7-7

REER R W-8—-7N 15— 9 —7
Concentration (myn'§
cob |Bop [cop |BoD |cob |soD
1500 | 1275 | 1450 | 1250 | 1800 | 1200
2900 | 1950 | 3100 | 2150 | 3000 | 1800
4400 | 2900 | 4900 | 2900 | 4400 | 3100
6500 | 4400 | 6000 |3800 | 8000 | 4100
7700 | 5000 | 6400 | 4500 | 7600 | 5200
8400 | 5600 | 9000 | 6000 | 9400 | 5600
10000 | 7000 | 7800 | 5300 |10400 | 400
H500 | 8000 | 11200 | 7900 | 12000 | 7700
12300 | 8700 | 13800 | 2300 | 13600 | 8400
14400 | 9900 {15600 | 9800 |

d 4
/\aonaj 0'64 COD (15-9-71}

B0D=z0-85 COD {30-8-7}

i

!
2000

1
4000

i
6000

CoOn

1 I L
8000 10000 12000 14000 . 200 ma



‘*}

CoRE

¢

-

: - treatment taklng place in the flrst compartment 1sla

.y ‘. ~ l " 'l
E il H b

and éS?mg/l for the 1nf1uent and{effluent“‘ ok

’ 4‘1; -'-?'_" ""‘-- LI S \' B ”" I' 8
atment efflclency figures have been recorded.
h other teste W1th mllk at the same concentratlon,

’;J A "“.__\.,-nj . f \: . LT ‘I e .. r H‘_”“:

’ . ol i ! Ea T
' et \H.@, g P T a tv

weeks.:«InxTabie 9 10 a COD reductlbn of 92% was ;
| ~t . .'"‘_,u,; w ';:‘_, R L ‘ ‘L. : lrj 5 .
. achieved on Day 42 _w-¢,4:,‘“eﬁ"ﬂ?£;;f‘f‘fw«?§"

;r"" ERRATR 'd
Both Table 9. u and Flg :9 7 show that some 80%~of’”

p!' l. , M
the total treatment had been achleved before the waste
§ . P . ) h s
RN S o _;'1 .
entered the second compartment and that only an"
»i r '5""\"-. B
addltlonal 20% treatment -took place 1n the rema1n1 g

"three;compartments.- Thls phenomeéon of most of the

S
. Al } ‘q a
feature which the blodlso shares w1th other aeroblc

oy

~g_,treatment dev1ces. Thls 1e ~due to the fact that the:rg

1
Te-, o .

organlce in the waste reach the blomaSS on the dlSCS o

mn the flrst compartment flret Here the organlsme _

;f »remove moet of the ‘more ea51ly removable componerts of |

X '

the waste and pass oh only the 1eft-overs to the
.o

organleme in the remaining three compartments downstream.

e =

The need for compartmentatlon beyond twe or three is

open to doubt in v;ew of this feature of the'biodiscl

_ Both Table 9.5 and Flg 9. 8 show that the treatment
‘{ . R - . ’

eff1c1ency of the biodise on the same waste ofh two

coneecutlve days dropped - from 67.6% on the flrst day i

r

to 61 9% on the second. The 1nf1uent COD 1ncreased : :F

from SGSOmg/l to 8053mg!1 a rise of 6, 5% dn’ Tan hours.;'ﬁ?
The drop in. efflclency of 5.7% was probably due in ﬁ\: M

cond \'_,
;‘ e

part torth;e rise in 1nfluent concentratlon:“ Tt is

", .v~1- "-A_“ .

however thOUghf to be due mere %argely to some. changeo*{

llke lose “in. the volume of the biomass caused posalbly
. . w g R . 1 ) ot e : o ,,l‘:
' i Coer R i ) "‘ wTT o 2 . L 3 wto- - -

B

b ‘ut. L
1
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] most treatment taklng place 1n the flrst compartment‘

Toa : .ot T 4

whlch has been noted earller 1n dlSQUSSlng Tests 9.2. 5

E]

‘,,'

further the organlcs remalnlng in the effluent of a :

‘4'
S

treatment eff1c1ency 1n thls second pass of the waste

;.‘A. 1

COD reductlon 1n Table 9 7 shows the same feature of**

|.,,’-

RS
ER T

’n +

.

»
4.

) 1ated effluent would be dlfferent from the chemlcal “‘

-

reclrculated effluent as hlgh as that achleved on raw‘

Waste.

("

that the moit ea511y degradable components of the waste,,f

o

b10d13c., Also the chemlcal comp081tlon of the re01rcu-“=

2

-,

i

R

-

3

l

.nce ofuthe blOdlSC on the(second day"

,'l'

J‘waste that had once passed through the dev1ce.

-.>

B §

f.

B would st111 be common to both.

5 -

comp061tlon probably resulted in a new waste more

dlfflcult to treat than the original waste..

AT

It 1s con31dered that th1s 1s

‘-,x

we au sy,

ot

i" o

5

FE
i

,t‘,...& .

'k L

1 .

- + 3

.'t

'..5'

f ranged from 32% to HZ% ? The cumulatlve percentage

r

:‘Tables 9 .6 and 9 7 show that the}blodlsc reduced

= Ther‘

r

" At no tlme Was treatment efflclency achleved on

due to the fact

‘

W}{ had been decfmposed 1n 1ts flrst passage through the\-f

I3
;

br

Thls change in chemical

.

Agaln the

'mlcroorganlsms that had been adapted to the treatment

of the orlglnal waste probably needed more tlme than.-

1

had ‘been allowed in these tests to accllmatlseL

"u.

before the blOdlSC could treat the re01rcu1ated

e

effluent w;th reasonable efficiency. « :

n

R

-~ .

L

Descrlblng this as a test on recireulated effluent'

SR ¥ operi to cr1t1c1sm becuase during collectlon and

%)

' certain amount of decomp051tlon.

v

subsequent storage the effluent would have undergone a’

* f

Rec1rcu1atlon

_L
4

.:comp091t10n of the orlglnal waste though -a few components
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L]

A‘ ', t}"e test-. . * B b l

;~ normaily 1mplies pumplng an effluent back to the )

hat™

:‘1nf1Uen% p01nt 1mmed1ate1y 1t discharges at the effluent

SR,
e

end “’The arrangement used 1n these{tests was used to
C

ensure that sufflclent quantltles of effluent were at"

s 4 .* "'FP." f
4 hand before the start of each run wlth the blodlsc l-d;;,:u
}f‘L Both Table g. 8 and Flg 9 9 show that even though

? - -"f._a ‘ T
» the two blodlSCS were of 1dent1ca1 constructlon and’

. TR & Ty . N “?:‘a.
were started on the same feed at the same tlme Blodlsc/r

. G -

A had achleved 85, 3% COD reductlon whlle B had achleved

“

; only 67 8% reductlon six days after the test began ' ]&ﬁﬁ'

N ‘i’ N e i
This agaln is attrlbutable to some dlfference in the AR
L0 . - . .. .
blomass on the dlscs in’ each biodisc whlch made A ;,“rﬁf

©

P

perform better than B. More 1mportantly howeVer bo ch .;;f
- Table 968 and Fig. 9.9 show that three days after dises:
‘were removed from B the COD reduction had dropped by ..;ﬁ;
exactly 20%, and that it contlnued to drop for another. |
10 days when it reached 40.7%. The 1owest COD reductlon
flgure of 3u 6% on’ day 15 is probably an error 1n view
+ 0of the fac‘t that the rlse from 34.6% to 4o, 7% in 4 da VB
fln a cont1nu1ng condltlon of anhaerobic dlgestlon was 4
‘ most unllkely in the blodlsc A line from b to c in
Flg 9.9 appears to fit in better in the curve of falling
COD reductlon in B. Two days after discs .were restored
.in B, the COD reductlon rose dramatlcally by 20. ?% from
‘MO 7% to 51 4% and rose yet by another 19% in the next

four days to 80 b, which was the highest reached during

-

o The 1n1t1a1 dr0p from 85 3% to 73. R% 1n the COD

W reductlon 1n A from day B.to 9 is probably due to some -

'I

i . ) " s
change 1n the condltlon of the biomass. adversely

-

affectlng 1ts performance in those 3 days. The treat-;"

. L]
! . Al
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ment efficiency however, rose steadily'from day 9 to 256

. when the highest flgure of 9“ 1% occurred on the same

‘ day as the hlghest flgure of 80.4% in B."ja;:f

It is 11ke1y that 1f B had been allowed to contl-ﬂ

" nue to run W1thout dlSCS beyond day 20 the treatment

‘efficiency would have contlnued to fa11 If the 4o, 7% -

v;_figure obtalned on day 19 1s however accepted as the S
Vfi} mlnlmum treatment eff1c1ency obtalned under anaeroblc
j -;condltlons and the 80 u% obtalned on day 26 after the

1blodlsc began ta run aerobically as the hlghest then

it could be COncluded that approxlmately 50% of the

treatment. waa due to the organlsms -on the revolv1ng

'disce and the remaining 50% to all the other treatment :

processes 11ke sedlmentatlon, bio- flocculatlon and
S

. anaerobic decomp051tlon.' : . "-‘J;}3 Q_{~r~

Tables 9 9 and 9, 10 as well as Flgs. 9 10 .and 9. 11 :
show that waste reductlon 1ncreased through each of
the two tests for treatment efflclency through the

perlcd'of the'test The jerky nature of the graph in

- Fig. 9.10 is con51dered due to 1nadequate pH control
" which was made good in the latter and 1onger of the two

" tests. Table 9.10 shows that ~while- the 1nf1uent pH

varled from about 7. 5 on the day of a new’ feed m1x tc _
an average of about 6.0 after about H days storage,

the effluent pH averaged 8 ,6 most of the tlme.d The fall

~in the pH of the ‘feed- durlng storage which is: respon31b1e
- for the regular troughs and crests in the pH curve ‘in

- Fig. 9.10 is due’ to some degree of blologlcal decomposi-f.'f

1

~tion of orgahlc compounds taklng place 1n the stored

E feed wlth.the formatlon of ammonia Whlch together f'

wlth carbon ledeE forms NHu and HCOalone which '}

i
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P r

..'V‘V 1 - Cet
o adversely R o . ! o ‘.“aeﬂ

5, * - NHHCO, f.(bﬁf‘fem -

e L,
'~. 3

N

S
Y

.”L a mlnlmum of u S to 5 0 to a max1mum of 8 0 to 8 S‘ﬂ

- .
L3 _‘. o

wlth an optlmum of, 7. 0 0 5 (OGINSKY ‘E. L - and !
‘s E |

UMBREIT W W 1959) Sy Table 9 10 and Flg. 9, 11 show :

: that’ the effluent pH 1n the 72 days test was most lf'

of the t1me above 8 5 whlch 13 gettlng out51de thet‘fa{;

‘

the COD and the BOD reductlon were above 80% and 90% o

reapectlvely most of the tlme 1t 1s concluded that

operatlng the blodlsc at the frlnge of the maximum pH ’

) 0

doe51not appear to have affected 1ts treatment eff1c1ency

g N 7 | _ T
u[;‘“ . The 1nfluent pH 1nadvertently fell below 4.5 o
from day 15 to day. 19 (Table 9. 10) It was in fact

’

' only 3 .8 on day 15 and day 17 The unacceptably low

pH 1n thls N day period depleted the NH, HCO, buffer

4 3
in’ the waste ans caused. the depre551on 1n the effluent

whlch fell to 7.3 on day 19. The rather steep fall.

-‘“-1n the percentage COD reduction from 88.7 on day 23

[}

to 61 G only 3 days later is due to the delayed
P !
adverse effect of the fall in both the 1nf1uent and the

effluent pH on days 15 and 18 respectively. Soon after

P

R £

- effluent pH and the percentage CoD reductlon regalned

For mOSt baCterla the PH fOP growth ranges from pe

ufupper 11m1t of the range of max1mum pH values. 'As'ffﬁij;

‘;_ v ’

.

the 1nfluent pH rose to. the normal level both ‘the j__ﬁ .

‘ thelr normal values. It is clearly_demonstrated—ln f VQ:“

this that_low_lnfluent pH had an adverse effect on CODT,~r

i
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or il

-

Lk "5 -

i Aig‘}* i
ﬂﬂ*reduct10n~¢‘

"“..‘l KPP R
“'v-,, "! "r v &

days between the fallf}n 1nflﬁent.pH and the conse—‘ﬂn'

e

R PN :- . . . w 7 Sa
. . ;"_‘ t..‘,_-,-"l -t -

ofsthe p01nts from whloh the COD_reductlon curve was snf?

'."a\-- 3 W _A,,*

drawn in Flg 9 7 shows that whlle the treatment

. _’, . ." "
ktru!.‘ --.‘.‘ . t..‘

?eff1c1ency dropped*rather steeply on day 26. due to the
. T ‘g e .‘-'1 N v

;@Wfall 1n the 1nfluent pH 11 days earller a new treat-~

_.' . .,, e o .-‘1 ~ - i- Ce -.' - ‘!
g xment eff1c1ency curve falfly qulckly re- establlsh'd*“,

_‘”?ﬂ‘ .

r

ot

ﬂfwltself and by day 37 had attalned the flgure of 90. 91%,

' " Whlch was sllghtly hlgher than the flgure of 88. 75%

PR
e

;{, from whlch the orlglnal ourve fell 18 days earller.-ﬁt

f ) ’ ‘5« 3 . - . 5

{ ThlS 1s cons1dered ev1dence of the capac1ty of the"?i' 1

e

blOdLSC for qu1ck recovery from adverse condltlons R

" B

_after the restoratlon of a sultable env1ronment :.l

! T ' e -

" The discs started sloughlng about four ‘at a tlme
about day y2- even though the last 1%w*é dld not slough
before the test was. dlscontlnued on day ?2 It 1sl"

con81dered that the. fall off in the reductlon curve

' Ffrom day 42 was due to the sloughlng on the discs.

s ° .
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R mance of the deVloe-on domestlo sewage whlch 1s

'l_\.:l, !‘ -u 1 '!.f t' 'T. 5 1 yr—‘- -

L

“7,,,the1r Size were llkely to block the tube from the'

'QEF‘.,; retentlon perlod of 18 hours COD BOD and ‘_'1?-*

. aftergthe change . of substrate Sioughlng of the

Hav1ng establlshed that the blOdlSC has a hlgh

e Lt

¥ '.'. -7
F & l- »

5 ey xn )
L efflolenoy 1n the treatment of a}mllk substrate :

- T A .
i *‘ -t;;r-; - ")-r~v.‘-¢-7' o ,‘; anrg i

s

»1nf1uent ‘sewer, of the 22 EOUgd (102 Mm /d) capaoity1

r.;,, b e

20327 Oxlgest Ifeatment plant serving the staffﬂ“
quarters at the Unlver51ty of Lagos and descrlbed
in Chapter 2 Samples weve taken from the plant at‘

Jﬁé aim. each test. day. Th1s procedure of taklng -AF;%;

e

éémples at the same tlme of dayoon each test day uas

h;f almed at reduolng the varlatlon 1n the oonoentratlon

,g,and oon51stenoy of the sewage f Partloles whlch by

feed asplrator to the blodlSC were removed by runnlng:'
the sample through a No. 85 BSS sieve.f COD 'BOD and

B suspended SOlldS tests were done arid the amount of

O treatment taken as the difference between the organlo'

o

ioadlng i the 1nf1uent and theqeffluent samples “
I/

9304 PRELIMINARY RUN ON DOMESTIE:SEWAGE* .

2;5 rIn a prellmlnary run the blodlsc was first made

PR 4
to treat i milk substrate for 2Q days The mllk

L [ i
'sxwas then replaoed with domestlo _sewage and w1th-

out cleanlnp the dlSCS the run was contlnued for

another 19 days. The flow was 7m1/m1n. giving a
£
13 and 19 days_r-

\. b3

T S W i
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-

m

- It was dlscovered flve days after the change

.;from m11k to domestlc sewage that no blcarbonate

addltlon was requ1red to keep the 1nf1uent pH

'ir -
i L
con31dered due to the absence of organlc a01ds oy
R ‘ﬁ
1n the decomp051t10n of the components of the | R
' :

domestlc sewage, which might: depress the pH to -

- -

from falllng to unde51rab1y low levels . Thls 1s¢ _

r.
.

dangerous levels as occurred 1n the decomposmtlon

Y
e

formed. x : - e

.. figures obtained in the preliminary run (Table

A A DI

[

7 8.11) indicated that the flow rate of the sewage

© e
.

‘through the bicdise could be 1ncreased without

W - the treatment efflclency falllng to unacceptable

levels

3 2 MAIN TESTS WITH DOMESTIC SEWAGE :

The tank and the dlaCS were cleaned out for

the full run on domestlc sewage which lasted U439
-

-l‘ddays - The tank was initially fllled with sewage

|
of one quarter the strength of the feed sewage.

The flow was 1ncreased to 1Um1/m1n (9 hours

.‘retentton time). Twice a week COD and $uspended-
isolids tests were'done on twe portions.of the
‘infiuent sample-es well as on two portions of;
‘the effluent sample:~ f

B Once a week BOD tests were done on yet a thlrd
portlon of the influent sample as’ well as on a_

e

‘ thlrd portion of the effluent sample,‘“These ;

i

of_the"mllk;waste where suchiorganic acids were3f-

e .The'relatively_high treatment efficiency . ©
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L

-|sewage . .. .

- 0

-
| TABLE 9.11 . -
© PRELIMINARY RUN .0F BIODISC o

]
v

i,
13

N DOMESTIC

»f“‘ ‘- ’

.:-. SEWAGE_ON 3 OCCASIONS IN JUNE 1971 .

[4

”suNoz‘of days . from change

from milk to domestic

1776771

376771 | 11/6/771|

-;15 .

;.13 .

-19 7

jTréatmentLEfficiéncy :

Influent (mg/iff:;.'
. Effernt (mg[i)j'.f, o

i78.us

430
19§

480
93" -
80.6%

o

. 590.

68

'j:sa.s%

. |Effluent (mg/1)

-IIhfluent_(mgli)“

.Tbgatment Efficieney . ...

I 2w

250

-

;90,48

200

~10 .

99%

175,

7

..96% .

Lgﬁsp

enbed

I@fluent {mg/1)

. .528

fTest"

- 248

SOLdS T Efrluent (mg/1) {133 | not 14
o [fteatment Efficiency - | 7u.8%| ‘done - | . 9u, 3%
. . _ - , - ' - T
NOTES: . (1) - Milk substrate was replaced with domestic sewage
. ' on 29/5/71, : L .
‘ (2) Influént pH was constant at 7.3 while effluent pH
i - varied .between 8.1 and 8.5.after the change in sub-
. ~ strate. ’ .
d (3)  Addition of .sodium bicarbonate to influent was
: - .distontinued 5 days after change of substrate in
o view of high influent and effluent pH. . .
3 *, ;
. ;
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“.g 8 w. i r‘ o

rhn 8 BOD valuesifor 1nfluent samples for whlch ‘

- S omA
. .b D . --_'
£ “ S '1’ v o \ R

%he COD values are known and B BOﬁ values;for

et
'."“.

T ’«\:‘ ™ e
ReH

'also known.‘lThe BOD valuestrubmpabedfwrﬁﬁafnst

»
oo .
,) pEe "" ) .--%_"

’the COD valuesara shown in Table 9 13

.!!
-{,

Well as in Flgs 9 13 -9 15 "V}?;D]*fﬁ;;“
S ,‘3' b LI S ‘_' ' - v
;? 9.3.3 DISCUSSION ;'1 I

L

P
o
L i

Flgs. 9.13 - 9.15 show that'fnereﬁis a widez

1 T.i,x.;‘!

"T 1nf1uent through the hg days of the full run on

. domestlc sewage in splte of ‘the fact. that th*Vﬁ:,
- '&l
samples were taken from the same plant and at the

N same tlme of the day '_ . -_ _a'JfB,:?:EZ‘EM'*'

Ve -&x .
PO
-

‘e

[ '5:5'

the minimum, 50mg/11tre W1th an, average value of

H

: ﬁf 166mg/11tre ‘ The BOD of domestlc sewage is known”

'g'f

. to vary over a wide range 1 McKINNEY, R. E. (1862)

3+
1ndlcated that the organic components of domestic

ar "

. "i from 100 to 500mg/litre.. BABBIT, H.E. and

‘ BAUMANN, E.R. (1965) gave an average -of 262 with
f.~a range from 121 to u?amgflltre obtalned from a
-\Asurvey of 22 sewage treatment works in the U S. A
It would appear that the organlc loadlng of thé
test samples was low in the llght of these 1atter
, flgures It is observed further in, Flgs 9 13 -
. ig 15 that the COD, BOD and suspended solids fell

substantlally in the latter half of the test -

'perlod. This is probably due to ‘the fact that -

Ch P “-
. [ - .

varlatlon 1n both the COD ~BOD and SS of theeﬁi;'ﬂ

v

The max1mum BOD recorded was 355mg/11tre and fiﬁ

e

*Trj‘sewage avearage approx1mate1y 300mg/]1tre, with arange

s
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e R A U 1. A £33 o " - = -
, TABLE 9.13 N
COD_and BOD REDUCTION IN DOMESTIC SEWAGE IN - i T
49 DAYS RUN : 3
L - o S - o
. . ‘ : . Pae b
e - C0D*. BO.D * .. | pH .°7C
‘ Da.te Dé'y Influent |Effluent |Reduction ‘Rédﬁct‘ionﬂ ']T‘flu'ent Effluent 1jReduction| % - Influent |[Efflu=
{4971) -] {mg/1) (mg/1) . {mg/1Y) (mg/1) (mg/1) "~ | (mg/1) Reduc-| :
o R A - : T N CI T Rkt
June 23 - 400 400 - - 18073 | 160 - =T 7020 4 7,20
26 | 3 490 118 372 76.1 o RE% .| 7.207| 7.6d
.30 7 {. uso0- 87 63- .1 80.8 |- 200 |00 f 7190 i e5.0 | s.80. | 7.70-
July: 3 10 520 75 bu5. | - 85.u o o N R 1Y ©7.90
o7 | am 430 9y 336 . 78.0° | 138 - | 12 126 | 91.5 | 7.300 | 7.50
10 17 500 74 426 . 85.2 .ol ea7a | 7.80
o1y 21 | 400 7U 326 81.5 167 5 162 - | 96.8 | 7.60 - 7.80
19 7 f 26, | w00 92 308 77.0. | . e AL R E
21 |28 | s90- 88 502 85.2 | 355 15 ] 3uo . {95.6 | 6.90 {760
2ue farrUoswe T 78 T s 4.5 - o | -t ] .s.90-| 7.0,
28 . | 35 402 79 323 _80.4 g UT 16 124 | 88.8 | 8. +90: | 7607
Aug. 4 %2 | 265 96 159 63.8 120 - 4 116, | 96.7 | 5,00 | 7. 60
o s Loar3 62 111 4.2 | . | SR .’:,_7.00; 7..00"
R S S B S ST AR S ) as1 . 69.8 . 50 .. 3. W W70 e [ -7v000 7. 00_
* The COD-BOD correlatlon 1s computed by tno method OF linear regression of BOD on CcoD, w11:h the followlng
- results: Influent: BOD = 0.71C3D-i12. Correlation coefficient r = 0.9156. . o
. BOD = 0.16CGCD-%. Correlation coefficient r = 0.3173" (weak) ' o

Effluent:




Y

LAl

TABLE 3. 1&

P,
1

- SS REDUCTION’IN DOMESTIC SEWAGE N ug DAYQ RUN*

‘Date

1971y [

PR Suépeﬁded;Solids..,gju:; fpi*

Influent

(mg/1)

Efflueﬁt

Reduction

:%-%‘,.

Reduction”

:iqfiuént;ﬂf

e -

o —J‘ _..L
B T ‘ - AE .

Effluent J

-June 23_\

.26
- 30

'July-'SS:"
. _..7:.._ |

BT
19

21
I

; ;1;728‘7

- 215

7126

230
134
148

T.au7

-

173
176
267

136
18y

T

.. (mg/1) .

126
20.
24,
.5
- A5
12 -
,78‘
16
29
.25
B R S
13t

{- (mg/1) . 1.

TR
7207
.- 6.80.

6. 70

w720
ZETL305

L b
Sewl L
Lt A
-
-:- -

. !.j‘
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F ana1y51s of the growth on the dlSCS 1n a runhon m11k

i “sewage, whleh explalns why adaptatlpn from a m11k

k treatment-plant
A T e ,&4‘..&

A u;

LR

shows‘that a substantlal treatﬂ*

was on1y4
~sxhwvu

'ng that the mlcroorganlsms that orlglnallyJ

TG . gt
}" "'"‘.j*“_’."‘—.' ‘-‘h 4‘, e o X

sewage andjstlll?give good pertormanee

Sy ke o ey A2

. ',4".

D

. SN - - N > -
" f‘ B ,‘_,‘ C A e ‘..-_4__ LI :‘\-

in February 1971mwhen the organlsms 1dent1f1ed ;

s iy ‘;,."", p .- *r - I

were mostly those usually found in domestlc*”

; . ';t‘

L TRl

substrate to domestlc sewage had not been dlfflcult
’ for ‘them. N ?'f . .. r :H “I{ . . IR “"1'\'4 y
:ﬁ;}‘ Table 9, 11 shows that the treatment efflotency
_Ilnereased through the 19 days of the prellmlnapy ;3{?

. un w1th the blodlso in whlch mllk substrate was h{h¥
replaced wlth domestlo sewage. ThlS ig attrlbuta-

ble to . the organlsms gettlng more and more adapted

. ;,‘.--.‘i

f to thelr new env1ronment.3 Flgs._g 13 ; 9 15 show r{i

“

that the treatment efflclenoy was hlgh 1n COD BOD

and .88 throughout the perlod of the test and that

o N

these hlgh value;were attalned early © The effi-jﬁ;A'

.,' e : Sre vy

f c1ency however, drOpped in the SS and CoD after f:h;f
Dol el W EPRE O
_’-;;‘.i ‘,: vt g TR .. R 1 o,




b
' - R T &Th; ﬁ;ghest egiluent BOD.was 15mg/11tre'wh1§pdﬁ
) : : s - '

.

- ; ﬁ“}fétandapqé ofxmeg/iitreq 

X | TI;~'tIn"%hese testslandﬁinlthe tgsfé hlth the othér

¥ éi_? %téé reP?rFed in tﬂis q?apﬁ??‘thsgd{sc%;ﬁsrehf: i;i
i'fotaggd éf ﬁ constant speeq‘of { fpﬁ;*;épreéentlngr‘f

a_ ".{ . ! 4_ . .}

' > veloc1ty used in. these tests was prcbably 1ow.’-
? E%éeSSl;é v51001t§ however‘would caﬁéé.hlgh centri;:
‘ fué&l férces‘wﬂ:ch:could makgrsllme éllde off .

£ ;;,the dlscs. It coﬁla’alsolresulf‘}q an excessively"m
‘“ ﬂlgh perlpheral veloc1ty whefe 6155 d;;meteré ar; :‘

,; large Whlch could caﬁse the er031on'of the sllme .
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a .

off the dlSCS when the dlscs are 1mmersed in ‘l,;%‘

the waste. AUTOTROL CORPORATION (1972), suggest .

.an optlmum flgure of 18 3m/min. for. the perlphe-.ek

A’ral ve1001ty whlch 1s nearly 60 times the speed

- )

ueed ‘in these tests w1th dlSCS of small dlameter.f;
", The treatment eff1c1ency could therefore be e
expected to be hlgher Ain’ a fleld plant in Whlch
*l'the dlSCS are rotated at a hlgher speed"
ANTONIE R L apd others (1970) reported
favourably on the performance of a 0. SMGD Blodlscé

Munlolpal Wastewater Treatment Plant at Pewaukee.%
Wlsccn51n; U.S.A. At.a hydrau11C'1oad1ng'of~ =
2. ngd/ft (81.3 lltres/d/m )BOD; removal from

' a 100mg/11tre average BODg wastewater was 83%
Iresultlng in a 17mg/11tre B_OD5 effluent.. At a"?

2 (40.6 lltres/d/m 3

: hydraulic loading of 1. ngd/ft
the BOD; removal increased to 92% and the effluent-
BOD5 decreased to 8mg/litre. Wastewater tempera-l |

" tures above 55°F (12.8°C) were reported to have. ;
no'effec‘ on treatment efficiency but below this-
temperature lower hydraullc loadlngs were necessary

-: to achieve the same degree of treatment. Sludge

productlon was reported to be 0. u?b/fb (. ukg/kg)m!"

f of BOD; removed. o . s

'9 4 TESTS WITH NIGHTSOIL: N

: The study of the blOdlSC was next extended 'to 1ts—'.

performance on nlght5011 This waste has been-
. * *
. chosen because it is a much more concentrated
[ 5. d

type of domestic sewage and because its treatment S

b
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2

mIn a prellmlnary test to determlne theﬁ_"

ﬁ ﬁ,., - . . "' r"

n p ,_.—l--g‘,',. i ¥ - R ..r -

ﬂﬂ,wlltre sample was obtalned from a tanker dls

= .
' a, ” 'H-; .

charglng 1nto the Lagoon at the Lagos Cltj

'1 T e

Qouﬁoil‘Jetty ‘at Ebute Ero on 11/5/7u

r--,n A

-t "\. it

,ml of thls quantlty was flrst dliuted and

~iﬁ made ‘up .to i lltre. The dlluted quantlty was

£ v

jjw run through a flne mesh raffla basket to

Y i
.\‘,.

N :
remOVe trash 11ke paper and leaves.' After

R Y ‘ o

a thorough m1x1ng 100ml of the flltrate was

R w i '& B :

Yo made up to 1. litre, now glVlng a resultant C e

roles

if;‘concontratlon of 1 in NU in the nlght501l .'f T
"sample. . COD and SS tests were then performed

i o L

; lon samples ofi this. . " i :

JURE AU

4?; * The results of this prellmlnary test '. f'.ww

1ndlcated that for thls mmple dlluted 4o, tlmes

1; the COD was, apprOX1mately 3 300mg/11tre and A

. i

“ithe 88 was 2,000mg/litre, - L B F{ S

‘}3 iAbout tw1ce a week after thls prellmlnary

o test a composmte sample made up of quantltles
[N I

f§“°of approx1mate1y i litre from each of 12 'A;i.

tankeps dlscharglng at the Jetty at Ebute ~Ero .

. ¥ ' ?""'

* . y- . vm.»h Cpaeeoev . Sy

- L

Z
ey



rougﬁﬁtextur:'raffla s

At e

he prellmlnary’test‘that

,a\

,, .'.r":"

.-="
P e

-\‘rx

'.resdltlng from the decomp051tlon of the organle.»
'zsrcomeeuegsicertlnously.%aﬁlng ﬁieee‘in the samplek
; :iihe s%me precautlon was necessary 1n the storage o
dof nlghts011 1n the laboratory ‘:_. -‘ - 7?]; ;f
9,42 MAIN TESTS WITH NIGHTSOIL: . -+ F T S

There were three main tests.‘ In the flrst by
.i = ‘.n

“‘test whlch ran for 17 days the nlght5011

'samples were diluted with tap water...The‘ “J.h

;idllutlon was approximately U0 tlmes at flrst

&

”ﬂ’ft{but this was gradually reduced to about»iQ{

'}“tlmes, towards the end. of the test. . The

: ' .
substrate entered at . the 1nfluent end of the kb"

* -

:Q'settllng chamber and therefore underwent<=x

'prlmary sedlmentatlon before enterlng the-'

. { -: .. j'— .
¥ . L . -
. . s X B . o ey . ‘



.GOD tests.wero Perfdé&é& about
» ig; influeot and the effluent c-SS tests.ﬁere oer: ‘.
: P e 4
Ay . . :?w,& RS - : SE L
f:}' In the seooni toot wplﬁh ran*for 16 days_[f;ﬁnhﬁ
_ lagoon water Was used for dllutlng the nlght5011 Mf
L -w- ....~ i : :
- ; s raw 1nf1uent was led stralght into the aeroblc f;fﬁ:
%s chamber in thls test. COD tests‘aboot thrloe a'r,¥;
o . : T : I
i{oeék.and.ss tests once a week were_performed oﬁf‘fif
o bo'th- the infloeht and the effluent. While the: . -’
i ' tank was cleaned out at the change over, the .'t?; 3
,t;g olscs were not ‘The new run was therefore started
‘ | 4-&'_" w1th discs ‘carrying biomass which had formed in .- ‘l-,--.
- . _ . the flPSt test - _ ‘ 'lr S ='r?
hhj In the thlrd test, effluent resulting fromlffk
the second test was made to recirculate through ?:1‘
'ff; the biodisc, and COD and SS tests.were pérformed.‘
‘5:¢ on thls 5 tlmes .in the 19 days in whlch the test 1':'
q-' lasted. . - OFhif thlrdwﬁﬁé f was started with
_ clean dlsos.df-,ﬁ._ - . _753?IE,WI'“‘ e
-ﬁatﬁ\“ﬂ The flow was 14ml/min. (Qhodro'retéﬁtion'timéf'
':_q in all the ‘three tests. As in the tests with . L
k. ?omestlc sewage it was not found necess?ry to ';};;
-{_..buffer op_the feed for pH oontrol.ii.ﬂgl y L;_. :
2?}- .iilix -‘ S iéi?* QEQ! not &TFL
e _
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S

fThere was a supplementary test to determlne

¢

;the COD-BOD correlatlon for nlght5011 The “”“'bé'

At

-procedure Was as descrlbed for determlnlng the B

—— "1 " . PO ‘ . o

;ff{fsame relatlonshlp 1n domestlc sewage deecrlbed :

Jl"

‘,fearller. The results of the teets are shown 1n‘;?'

Tables 9 15 - 9 20 and Flgs 9 16 - 9 20

o
A ML P

:f 9, u 3. DISCUSSION 'g‘a s ‘5.-{‘+Aqeg-,%-j\'.i;1§V+;

Table 12 1 shows that the tests W1th nlght5011

' U; dlffered from the tests with the othes wastes_;"”t'
I already 1nvest1gated as regards concentratlon

",whlch ranged w1dely in these and whlch were on .

¥

”‘the whole much higher than those 1n the other -

T teets. A wide range was selected dellberately '

‘to study how treatment efficiency varled with

‘eoncentratlon. The mean COncentPatlon of raw . .

"1nfluent samples obtained from Table 9.15 wais -

" 12,630mg/1itre COD and & ,350mg/11tre SS. The

eorrespondlng figures for effluent samples were .

1578mg/11tre and 41img/1itre respectlvely.

Table 9.16 shows substantlal COD settled 1n

- tHe settllng chamber, ranging from 43y .7% on day

15 to 83.7% on day 25, Aoplylng equatlon 9.7

A

"developed later in this Chapter gives ‘the corres-"

'pondlng BOD values for both the raw 1nf1uent and "’

T

’ the settled influent. The settled % EOD values

EO obtained are sllghtly higher varylng from ug. 7%

on. day 15 to 85. 5% on day: 25 Further the COD'.

. settled 1n the settllng chamber 1ncreaeed with

'faw 1nf1uent concentration as seen in Fig. 9.16.

L ! -
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 ‘Date |
L(iQTQ)iH

'Influéhtﬁ‘

Influent

{ Effluent |.-
o (mg/1)

Influent

Effluent
- (mg/1)- .
D 2

-

',..-"-I

'(mglilﬁa

- {mg/l). -
T .

 _(m§f;)

# .

.27
.29
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W

“ithe MSth day.‘ Flnally, 1n the tﬁé runs.wlth the

m-l - ‘m we’

- blodlsc‘on milk mass sloughlng atarted on the uoth'
and 55th day respectlvely,_.‘ ' '-rﬂ‘iﬁ
a.,‘ﬁ“.a~ < LR

The rate of growth of the blomass on - the dch
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f ;whlch itself depends on the coneentratlon °f,theiLh
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_ waste must be an 1mportant factor in sloughlng
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Even though 1n1t1a11y all the dlBCS have - equai‘
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of growth of biomass, mass 510ugh1ng 1n cyclestifw?f
W Ta N ‘ 8.,
;cannot a]way be expected. gj:'

9 I con BOD CORRELATION | ”5}.;

Fig. 9 12 shows that the relatlonshlp between thé

1 -
Vo ;x. e

‘COD and the BOD in mllk at dlfferent concentratlona

j;f pln, wlth a slope of 0 68, 0 Sbvandfoxsu for 3
h”;f(:ft'tbe;s%héles tested on the 3 dates 13/7/71 - R
;,r;€:r$I30/8/71 abol15/9/71 respectlyely. These slopes :'.
.;:{ifﬁ’ere yery close, w1th an average of 0. 66 From-

jFTiTthze‘the relatlonshlp between COD and BOD can be
,f,:A e#ﬁressed mathematlcally thusir__i:‘ i B S
E BOD = 0.66 COD- :, A.(g 3)
‘%{Thts combares reasonably well w1tb the follow1ng |
3 ”quetion establlshed by the autho; in an earller; .
7 work wlth thls brand of milk in 1959 (ALUKO TUML
xfuf,.f f',:ff' BOD = 0.71 con ;..f;;}..g'(é'ﬁ)' f‘,‘

Plottlng BOD agalnst COD from the ‘figures in

i

Tahle 9, 13 in the tests with domestlc sewage*'
‘resulted- -in too W1de a scatter of p01nts for both

the 1nf1uent and effluent samples for an accurate'

determlnatlon of the sPopes of the two llnes. . The
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follow1ng equatlons were therefore obtalned for

both from the method of the linear regre351on of

BOD on CoD: . .
BOD = 0.71 COD ~ 112 (influemt) ....(9.5)
BOD. = 0.16 COD - 4  (effluent) .... (9.6)

.The correlation COEfflClent r for equatlon (9 ﬁ)

. i8-0.9156 while the correspondlng r for (9. 6) is

™o

- 0. 3173 __The latter of these two values of n 13'

‘undcceptably small and eqUatlon (9. 6) must be
" considered unrellable._ ﬁ
.+ The COD-BOD correlation equétioné for nightsoil
also developed by the method of linear regressioﬁ
rfroﬁ the figures in Table 9.20 are:

BOD-

0.29 COD + 501 (Influent) ..... (9.7)

13

BOD = 0.36 COD - 176 (Effluent) ..... (9.8)
The correlation coefficient r is 0.9350 and
0;9361 respectively for thesé two equations.
' Finally the correlation equations for the
'industrial wastes tested calculated from the
figures in Table 9.22 are:
j

BOD

a

]

0.45 COD - 245 (Influent) ..... (9.9)

BOD 0.43 COD - 171 (Effiuent) cee. (9.10)

The correlation coefficient r is 0.9304 and

0.8986 respectively for the two equations.

Equatlons (9.5) - (3.10) obtained by the

: mefhod of linear regression show various inter-

cepts on, the BOD axis instead of passlng through

the orlgln .as in (9 3) and (9.%). :Mhlle a

'negatlvg intercept on the BOD axis ‘could indicate

the possibility that a substrate wﬁich does mot ‘-
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CHAPTER X

SEPTIC TANK ~ BICDISC PLANT DESIGN

IOIINTRODUCTION

The efficiency of the biodisc pmceas in ﬁm t:neat:tent of
.wasteshasbeendmmstratedbytheperfozmweof the laboratory
.scale model in the treatment of thefourwastasreportedmthe

fast chapter. Ehisctxapberisdevotedbot}adesignofaaaall :
bicdisc plant to £it into an existing septic tank, This . -
.. upgrading of & septic tank into-a biodisc plant is offered ag
" a solutien to the problem of high water table which has been shown.
':torerﬂerSOakaWaysandsoakagetrenchesineffectiveinthe _
lcm-lying areas of Lagos, particularly chxring t.he wet: seascm. o :

'Ihis design exercise differs from the noxmal in that t.he
shape and capacity of the.tank here is already- fixed What' m:lns
'tobedetenninedisthedianeterofthediscthatwillfitinto T

this shape, themmbe.rofdiscs thatwillgiveﬂ:emquiredarea .

for the daily flow, and the length of the space that will be
occupled by this nunber of discs: Tank size Vuhich igthe = =

' - largest size in Nigerian building practi.ce 1s-used in: this '
exercise. 'Ihedﬂnens:l.onsamtakenfrun!‘ahleS ZindmapterIII.

10 2 DESICN DA'I‘A

‘Length © = .3.08m SR
Width - = “0.76m - - I

. Depth. =" '1.2m (thisiawat:erdepthl

Population . = 40 persom (soil wasi:ee oniy)

Organic I.oad:lng -

BD, - = GSgnV}ﬂ/day' '(ﬁptai,._'as;sai:_:‘fed)
s = 75grin/rna/day ' (eotai.'aéém:)
"Flos: ) . : ‘-z-

Assume (i) eac:h user visiﬁs toi}.et 6 tjnea.ﬁaily, ;
(11) - capacity of W cistem 18 9 litres,
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110.2.1 Organic Ioadin;

Assm’ne

(i1)

BD contribution per pexson per day =65x% 2/3
BOD loading on discs
Total BOD on discs

" Total SS on discs

. 2/3 of total 65911/hd/day goes ttn'wgh wc system
while 1/3 goes through’ bath, kitchen etc, _ '
30% BOD and 603 85, > settled in sept.ic tank.

65 % 2/3 x .7 = 30.5gm/hd/day -
30.5 x 40 x .001 = 1,22kg/day .. (10 1)
5x2/3%x . 4x40x.000 - .-
0.80kg/day . W'l (1_0.2)

Flow per person = 9% 6 = .54 litres. _' .

Total flow =54x 40 x mgo = 2.06m ... (10.3)

BOD concentration =-§—-%§ x 100 = 565mg/1 ..._7_'(~10.4)
80 '

58S concentration

'10.3 bESIQN ‘OF BIODISC

- 57g ¥ 1000 = 370mg/1 -vs (10.5)

10 3.1 'Disc Design  {BOD)

(1L

{ - (d4)

(111)

'

Average loading on plant of cmparable disc size,
fram Table 10.2 = 10, dmg/m? /day . (this is in a’
temperate: .- climate) ‘
Loading at 20°C anbient temperature could be greater
than 20gm/n? /day (ELLIS, K V. & BANACA, B.5. 1976).
Loading su;geste& for warm climate of Nigeria

= 15 - 20gny/m? /day (S]'MPSOINI, J.R. 1976).
A loading of 15gm BOD/? /day will be used,

Total disc area required = —%Z2- x 1000 = 82n

Tank width = 0.76m" L
Use a disc diameter 0. 69m rotatihg Scm above waterline, -
This gives a clearance of 3.5cm between tank wall and-
disc edge. '
Disc area

n

e _
.785 (.69% - .17) = 0.366m -
0.732m (2 faces)
No. of discs required

n

i

e e
Co= ".—7—37 = 112 ‘ G o
Provide 114 discs in 3 compartments ... .. (10.6)
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103 2 Length of Biodisc Chamber | B
Space discs at 2.5cm along shaft, allowing Scm at

“elther end.

I.engthofeachccirparl:nent-37x25+2x5 102, 5cm
= 1,03m, ‘

'-I.engﬂ10f3ctxrpartrrents = 3,09m,

. 1 conpartment will be provided at the effleunt énd of the |
existingseptictankarﬂthereainingzmanextensim
to the tank, C -

10.3.3 Retention Tife in Biodisc ‘Chamber
From Fig. 10.1, cross-sectional area of blodisc
chanber = 76 (22.0 + 12.5) - 2x k x 22 x 22
= 2138af = .214n
L = 3x1,03=3.09m , _ _
Vol. = 3.09 x .214 = 0.66lm .. U ()
Assume that at thickest grd-rth each disc is 7.5mm thick
Area of immersed disc = 1 x .69 x k - .69 x .05

4

= 1524

1524 x 114 % .0075
0.130m® |
0.132, allowing for 2 baffles.

Net volume of chamber = .661 - .132 = 0.520m .. {10.8)
. Plow = 2.16m® in 24 hours

Retention Time =-—222 x 24 = 5.88 4.e. 6 hours..(10.9)

f

Volume of 114 discs

H

i

2.16
10.3.4 Sludge ‘Production in Biodisc :
. Assure (i) biological solids = 0.4 BOD, (m.xs & BANAGA)
(11) 2% sludge concentration
h . Sludge weight = .4 x 1.22 = .488kg/day.

Volume at 2% concentration = .488 x 120 24.4 litre/day
. veseassnsaas(10.10)

£
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10.4 DESIGN OF SECONDARY SETTLING TANK

Design for 4% hours detention in rectanqular tank.
Volume of tank required = 2518 x 4.5 = ,405m
Dauble this to allow for sludge storage = 0.8Im* ... {10.11)

No. of sludge storage days assuming 30% ‘sludge
.81 1000

digested in storage = “o~ x —-3- - = 26.64 (amall)
Use cross-gection 0.76 % 1.22; (m}, S
Area = 0,93m’ - N
.91 ‘

Length' 793" say lm. . " .
Use 1.6m length, which gives a bet’cer 1ength -
width ratio (2.1), and provides more storage for
sludga. o ‘ '
10.5 DESIGN OF POWER 'UNIT :
Hydraulic loading on discs
= Tae x 1000 = 51.8 litres/&n’ o
HP consumed per MGD plant capacity at 52 litres/m’
hydraulic loading = 48.0 (Autotrol Corporation)
Add 331/3% to make up for occasional load imbalances
and starting up operation.
Instailed hp = 48 x 1.33 = 64 M:D
Total flow = 2.l6m
= 568 U.S. gallons

HP required = 84 % 568
108

= .036
Instal a |} hp plant.

10.6 DISCUSSION

The plant is most pmbably over—designed as regaxds borth
the hydraulic and organic loading. It is certain that a11the 40
ocaupants of. a building will not stay home all 24 hours of a day.
The use of tollet facilities by adults at work and children at
school will reduce significantly the average sewage flow to the
home treatment plant, with a corresponding reduction in the
loading on the discs. ‘This will also increase the a.lready genettms
allowance made for sludge storage in the secondary settling tank.
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The decision to design for soil wastes only in the upgraded
septic tank might be criticised on the grounds that relatively
‘highly polluting discharges fram kitchen sinks etc., wm]d go
directly into the public drains, which is undesirable frem public .
health considerations, Unfortunately the present position in
Nigerian building practice is to exclude kitchen discharges from
septic tanks. The origin of the practice is not clear. Health
‘authorities at the present. stage of develcpment have reconciled
themselves to this practice. o '

A defect in this design is the absence of a gas vent at each
gide of the biodisc campartment in cross-section: ‘These vents
are a usual feature of the Inhoff Tank and it is through them that
gases from the digesting sludge at the bottom of the tank escape
into the atméphere. In the present design such gases will
~ lubble through' the sewage undergoing biological oxidation in the
- biodisc compartment with a possible lowering of treatment '

efficiency. To make provision for even an 8em vent at either{" _
side of the biodisc would reduce the diameter of the disc .,
fran 0.69m to 0.53m, which is a reduction of 41% in the disc
area, with a corresponding increase in the number of discs and
the lehgth of the bicdisc compartment. In the circumstances of -
 the rather small width of the existing tank gas vents cannot be
provided. '

One problem of the upgraded tank is the disposal of the
effluent fram the secondary settling tark. Effluent disposal
fram the normal septic tank takes place in the soil and, while
posing the dual problem of subsoil and groundwater pollution, it
does not constitute a nuisance. In the upgraded plant however,
the effluent will have to be discharged into a water-course where
one is near and is of sufficlent capacity to accept the effluent,
or into the usual open drain along the street. It is believed that
the design will produce an effluent of sufficient quality to '
make it accaptable into these drains which are knewn’to carry
heavily polluted water now anyway. There will have to be good
liaison with the health authorities in this regard. .
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CHAPTER XI N

DISCUSSION, AND CONCLUSIONS

INTRODUCTION .
This thesis has highlighted in the introductory chapter
the sericus difficulties which will make the central sewerage.

* system remain an unrealisable ideal in towns in Nigeria for a '

1.2

long time to come (1.1 -'1.4). It has also made a case for
an interim programme of limited waterborne sanitation
facilities in certain areas of towns which meet a number of
criteria which are defined in the thesis (1.5). However such
facilities in the Lagos Area are shown to cater for only 1.2%
of the population while the remaining 98.8% depend on either
the nightsoil conservancy system or the septic tank for their
sewage disposal (3.1).. The thesis discusses the serious
shortoomings which are inhereht in the nightsoil conservancy
system and make it the least satisfactory method of sewage
disposal. Much of the work however is devoted to a stiwdy of
the septic tank leaching system in Nigerian building practice
particuleirly in the peculiar circumstances of the high water
-table in the Lagos Area. '

"PERCCLATTON “TESTS ‘IN SOILLS 'FOR SEPTIC ‘TANK LEACHING 'SYSTEM

The treatment of sewage is only partial in the septic
tank and is not camplete till the sewage has gone through the
leaching system., For this reason the leaching system is an
integral part of the septic tank installation.

The method of performing percolation tests for the
determination of the percolation rate of water in solls was
developed by researchers at the Robert A. Taft's Sanitary
Engineering Center at CinCinnati, U.S.A. in holes in which
water discharged into the soil from both the sides and the
bottom. Such holes were found early in this study to suffer
from a'r}mibér of disadvantages: they could not be dug to
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the required depth in the sandy - laterite soll in Lagos
without the sides caving in; they could not be.dug to true
and uniform cross-sectional dimensions, the erosion of
material from the sides of the hole tended to cause early
clogging of thé soll at the bottam. A new method of
percolation tests in lined holes was developed in this study
to eliminate or minimise these disadvantages (6.2.3).

Since the percolation rate of water determined from an
unlined hole in a soil has been linked by the Cincinnati
researchers with the rate of sewage application in an empirical
formula, it was necessary to establish in this study a
relationship between the percolation rate in a lined hole and

-the percolation rate in an unlined hole before the empirical
" formala can be used to evaluate percolation test results from

ldned holes. Tests in both natural and made soil in this study
indicated that water percolated faster in a lined hole than in
an unlined hole, (6.2.3, 6.2.6, 6.3.5), In a made soil of |
laterite the rate in an unlined hole was found to be 0.85 of
the rate in a lined hole. The corresponding rates in a sandy-
laterite natural soil was found to be 0.85 at one point and
0.97 at another point located only 10m away. This is a
variation of 14% in this ratio in the same soil in the short
distance of only 10m, and is a relatively mild example of the
great variability in the percolation characteristics within short
distances in the solls tested in this study.

A mathematical formulation for percolation tests was
made in Chapter V of the Thesis, The expression for s in
terms of H and t (defined at page 84 ) was found to be
umwieldly, and depends on a constant of permeability which
itself varles with time t(5.4.3). ‘

The results of the percolation tests done both in lined
and unlined holes however indicated that the obse:cved values
of s fitted into the mathematical model:
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s - ptq - . . . ) L]
where 8 = progressive drop in the level
' of water in the hole fram the
beginning of the test (am)

t = time from the beginning of the
. - test (mins), |
' p, g = constants which varied from hole to -
hole. ' '

.‘I'hiswasfwnd to be correct within 5% of the measured value of

11.3

5 most of the time, and was found to be more reliable in the
calculation of the percolation rate in the last 10 minutes of
a 60 mimites test as any error made in the measurement of

g8 either at t = 50 or t = 60 is distributed through the whole
range of readings from t = 0'to t = 60. This contrasts with
the orlginal Senator Taft's Sanitary Engineering Center's
method in which the measurement of s at t =.50 is just
subtracted from the measurement of s at t = 60, which would
give a result that would absorb all the error in s either
at t = 50 or t = 60, (5.4.3)

Erpirical ‘Formula for Sewage Application Rate

The: empirical formila developed by Senator Robert A Taft's
Sanitary Engineering Center, Cincinnati, U.S.A., linking the
percolation rate of water in a soil with the rate of application
of sewage on the soil 1s: - . ' "

g = St"l“
where ¢

1l

rate of sewage application,in U.S.
gallons per sq. ft. '

L t percolation rate of water,in mimtes. per
a _ inch (time for level of water to drop’
1 inch in last 10 mimutes of a 60 minutes

test).
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This formila- is criticised in this thesis for the
following reasons. Fjrstiy the researchers did not appear
t0 have given su.f;‘.icient consideration to the non-hamogenous
nature of solls which results in considerable variation in
the water absorption properties of soils as cbserved in holes
spaced only short distances apart (5.4.2). Secondly the
researchers appeared to have put much reliance on the evidence
of householders in evaluating leaching field efficiency (5.4.2).
Finally it is difficult to justify the use of a formula
developed in cone part of one country for universal application
in other countries several thousand miles away and comprising
a wide range of climates (5.4.2).

A suggested test for developi.ti; a fonmla_ would be to
make sewage effluent and water percolate sinqltaneously in a
number of holes spaced same 3m apart in the same soil.
Percolation tests would be mdde in each hole twice or thrice .
a day and the tests conducted over a period of 3 months.  In
that period, the microorganisms in the holes in which sewage
effluent was percolating would have been subjected to a nunber
of growth and decay cycles which would give sufficient indication
of the worst effluent percolation rate to be expected in an
operational leaching field in that soil. This information
could be used in designing the leaching system in that soil.
Camparison of the sewage percolation rate so obtained with the
percolation rate of water from the tests in the holes in which
water was percolating would lead to the desired link between
the two rates of percolation. :

“THE P.W.D. STANDARD SQ?-\KAWAY DESIGN

The P.W.D. Standard designs for both the septic tank and
itssoakawayandsockagetrencheshavebeenusedinmgerian
building practice for same four decades. The basis for the
designs is now cbscure. The shape and size of the soakaway has
been criticised in this study. '
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o Thie results.of. tests done on a laboratofy:scale model
soakaway lead to the conclusion that the effluent issuing
fram the saw-cuts spaced along the invert of. the sewer
penetrating the diameter of a soakaway wets -only a narrow strip
at the bottan of the soakaway. The area of this strip amounts
to only a small fraction of the total area at the bottam. 2s
it is only this strip that is being effectively used,
theoretically only this amount of area need have been provided
in the first instance. 'I‘he existing p. W D. design is
‘therefore considered unecommic

i
Assuming however that the empirical formmla linking the
percolation rate and the rate of sewage application on a soil

‘already described above is applicable to soils in Nigeria, the

three alternative sewage effluent loading rates of 98, 196 and
294 litres/n’ used in the P.W.D. Standard design correspond
to a percolation rate range of 0.49 - 4.39 minute"sﬁ;* which
represents only 7% of the 60 minutes range in which the authors
of the empirical formila consider soils can be used for
leaching systems. The vast majority of soils in which these
standard designs are used in Migeria are known to have
percolation rates far in excess of 4.39 minutes. They must
therefore be considered overloaded in terms of the empirical
formula. Such overloading most probably takes place on the
narrow central strip mentioned above, leading to the excess
effluent which the central strip cannot absorb flowing éideways
into the area now considered ineffectively used both sides of
the strip, from where it leaches away. These two shortoomings,
that is the uneconamic use of area and the overloading of the
central strip, would tend to cancel cut. In these circmrstaﬁces
it appears reasonable to continue using the existing P.W.D.
design area pending further work cn the rate of sewage application
on soils. The foregoing however applies only to the ‘drea

and not the shape of the soakaway. The rectanqular shape,
preferably long and narrow is decidely more effective than the
existing circular shape (4.4).

*definition at page 274,
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11.5 THE WATER ‘TABLE IN LAGOS -

Varicus authorities recomend that the depth of the water
table below the bottom of the soakage trench or the soakaway
should be at least 1.22m (7.1). Also the P.W.D. standard
design for the soakaway specifies a minimm depth of 0.6lm.
misneansﬂlatforasoakawaynottobeaffectedbytlm.
water table, the minimm depth to the water table should be
1.83m. (7.2). The results of six years daily ochservation on
the water table at a point at Onikan on Lagos Island reported
in this thesis show that not once during the study was the
depth of th? water table below ground level up to this minimum,

Fram a consideration of the capillary water held in the
soil at the Onikan location obtained from a determination of
the grain size distribution a smaller figure of 1.07m was
calculated for the minimum depth of the water table required
below ground level. The results .of this study show that the
water table was low enough to satisfy this less rigorous
criterion only 6.4% of the period of investigation and that
this short period occurred mostly during the exceptionally dry,
dry season of 1972-73 (7.6).

A method was evolved in this part of the study of
predicting fram measurements of the water table at Onikan the
depth of the water table at two points about 1 km away giving
results that were most of the time within 10% pf actual
measurements at the new sites (7.5). The results seem to
indicate that the two new locations at Simpson Street and
Ohalende were affected by the same rainfall.

It was concluded from the study on the water table at
the points selected on Lagos Island that the shallow depth of
the water table in the low-lying areas of Lagos Island, Victoria’
Island, Apapa and the Mainland makes the septic tank soakaway
system an unsuitable method of sewage disposal in these areas
(7.5).
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The efficiency of .the biodisc process in the treatttent '
of liquid wastes already established by various' authors was
| demonstrated 1n this study in the treatment of milk, domestic
sewage, nightsoil and industrial wastes with the laboratory
scale model. The distinguishing feature of the process is the \
use of many discs rotating on a horizontal axis to obtain a
total large stirface area giving opportunity for a large
number of micro-organisms to came inhto contact with the-
organic compounds in a waste (8.4). In addition the laboratory
scale model is a useful device for determining the treatability
of a waste as the model is little different in design and
operation from an actual field plant (8.4). Among the
advantages claimed by several authors and plant manufactures
are low initial and operational cost, uniform performance

irrespective of variation in loading, simplicity in operation
and suitability for the treatment of wastes from small '

' populations (8.4).

In the tests with each waste a COD - BOD correlation
was established which facilitated the work in view of the much
greater speed at which COD tests can be done relative to the
standard 5-day BOD Test. The equation determined gra;mically
in the tests with milk (BOD = 0.66 QOD) agrees reasonably well
with an earlier equation (BOD = 0,71 COD) established by the
author in an earlier work with the same brand of milk.
Qorrelation equations for the other wasi‘:es developed by the
method of linear regression in view of the wide scatter of
the points when BOD and Q0D were plotted against each other
indicated in all cases small intercepts on the BOD axis. While
a small negative intercept could be associated with a substance

* exerting a Q0D while not exerting a BOD, vwhich some substances -

do, a positive intercept would represent a rare situation in .
which a substance would be exerting a BOD without exerting a
COD, For this reason the equations would not. be applicable
to 1ow oconcentrations.
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In ail the tests treatment efficiency figures above 90%

-in ‘terms of BOD and SS reduction were obtained. The tests
‘were rn at a flow of 14 ml/min corresponding to a. retention
. time of 9 hours in the aercbic chamber. “The laboratory scale
.model was operated at a low speed of ¥ r pm corresponding
to a peripheral velocity of 0.30m/min. This is well below
the 18.3m/min optimum peripheral velocity recammended by
Autotrol Corporation of U.S.A. who have had wide experience
li.n the development and marketing of biodisc equipment.
Increasing the speed from the low fiqure of 0.30m/Anin would
ost probably increase the efficiency.

Most of the treatment was observed to have occurred in
‘the first compartment in all the tests. This makes the need
‘for having more than two or three camartments questionable
‘except for the marginal advantage of additional sedimentation
“that occurs in a mlti—ocmparhnental device in which the waste

" flows through in a tortuous path,

The tests with the milk confirm the need for proper pH
control in the biodisc process. Addition of pre—determined
quantities of 0.1N sodium bicarbonate kept the influent pH at
the desired level of approximately 6.5. ‘The effluent pPH was

~ however most of time about 8. 8, which was outside the range of

8.0 - 8. 5whichOgmskyandL&1bre1tstatetobetheupperlimit
for bacteria growth,

The suggestion made in the last Chapter for converting
the septic tank into a small biodisc plant upgrades the tank
generally. It also overcomes the particular problem of the
ineffectiveness of the soakaway in the low lying areas of Lagos.
The need to fit the disc into the width of the existing tank
is a severe constraint which makes the disc diameter amall and
uneconamic, resulting in a larger rumber of discs and a greater
le.ngth of plant than would normally be necessary (10.5).

'l'h:I.s design follows the existing Nigerian building practice
which excludes kitchen wastes and bath water fram the septic
tank.” This practice results in a relatively high level of
pollution in the discharges into the public drains. Health
authorities in Nigeria have already reconciled themselves to
this undesirable situation.

»
* v i

-
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2 'The recent installaticn of a nightscil treatment

| p]_ant is adind ssion by the authorities in Lagos that - this o - .
s ,msatisfacbory method of collection and treat:rent of sewage

will continue 'for same time yet. The very good results -

K4

,obtained in the treatment of nightsoil with the biocdisc: procas
. ‘wculd indicate that the process could be used as an alte 'natiVe
B} to the aerated lagocns which are yet to be proved in Lagos -
| 'Iheseverygoodresultsarehmeverqualifiedbytherealisation e
that high concentration of JBOD and SS in the sludge in the -
' settling tank will still be encountered during sludge ,

) treatnent.

The features of particular significance in the pe.rfor ance
of the bilodisc in the treatment of nightsoil are firstly’ the -

- high efficiency of the process in the treatment of recirculated
, effluent,/ /secondly, ‘the fact that salinity in the dilution . ."

water has no adverse effect ¢n the treatment efficiency 'Ihe

' ',significance of the first lies in the fact that as a. single-pass .

treatment of nightsoil is: most unlikely to result in" a

_ satisfactory effluent such effluent could be passed on fcr

further txeatment in a second treatment unit dwnstream 'ihe
importance _of salinity having no adverse effect on _the Ereatien
mces _lies in the fact that lagoon water could be used'»'as

. The need for dilution before nighmoil can be t:eated

-in the biodisc process is considered a shcrtcanjng of the

process in the treatment of this waste. Plluticn is the reverse
of sedimentation which aims at concentrating the sclids ina- '
waste before fu.rther treatment in a digester,’ Dilut.ing nightsoil
increases the volume of the waste handled, with a correspmding
increase in plant capacity and cost. Anaercbic treatment in
axidation lagoons and digesters will be more satisfactory than
any aerobic process in this regard. The widely used method of
trenching is economical, simple and effective. There is however
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_the nead to recognise the danger of ground water poliﬁtion' ,
,»,}_fjin this method and to ensure that wells are not sited near: o
e downstream of a nightsoil trenching graund. '
S VY 'smG!-sTIm FOR FURTHER WORK :

R | ' The following suggestions are rnade for further work in

L ;areas related to same of the topics covered in this 'I‘hesis- '

aadr
s
I

(a) Investigation into the average BOD produced per

:.L oo © .., person per day in Nigeria; . '
o }"(b) A full scale sutvey of existing vater-borne sanitation' |
..vs . . facilities in Nigerla, with particular attention. .
": " .. " to capital and operational costs, the. capital -
: ' costs distinquishing between sewerage costs and ' ,
o ) : 'equiptent costs wherever possible, ‘

' ‘(c) Determination of relationship between the peroolatton K
- rate of water and the percolation rate of sewage '
.effluent in tHe same soil,

, - . @ Investigation into the use of locally Produced :
s - - 7., ..  materlals for discs in full scale biodisc plants‘ i

" {e) A study of the effect of humddity, high tenperature
and insect breeding on full scale operating' ¢
biodise plants. : o * -

o
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