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ARSTRACT

Ability o determine appropriate desludging intervals will £O - long way in maintaining septic tank
effluent standandse A velationship botween decline in detention time and sludge level was derived and then
combined with an already existing empitieal sludge aeeumulation equation, Next, the decline in
suril\umlc\‘l solids omoval efficioney was equated to the decline in detention time. Henee an expression
was obtained which relates shudge depth 1o septie: tank efMuent suspended solids. Using data from
literatre, charts wore produced which can aid a designer in seleeting appropriate detention time and
dostuditing wtervals for septie tanks, Rosults obtined show that o septic tank does not necessarily have to
be destudged when sludge reaches one thivd of the tank’s depth, The depth at which desludging should be
done may be less or more depending on the required effluent suspended solids coneentration,
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1, INTRODUCTION

The septic tank is an enclosed receptacle designed to colleet wastewater, segregate settleable and tloatable
solids (sludge and seum), accunmlate, consolidate and store solids, digest organic matter and discharge
treated eMuent (Bounds, 1997), The structural requirement of the septic tank is that: the septic tank
fneluding all extensions to the surfhee shall be watertight to prevent leakage into or out of the tank, It shall
be structueally sound and made of materials resistant o corrosion from soil and acids produced from
sepic tank pases (Kanaas State Department of Health and Eavivonment, 1997). A cursory inspection of
the septic tanks in Nigeria will reveal that most of them do not meet this requirement as contractors use
inferior waterials in g bid o maximize profit, Bven in the United States, Bounds (1997) reported that
although most rogulatory authorities require water tightness, entorcement is almost non-existent.

The design volume of a septic tank is usually based on the liquid retention period and the desludging
intorval, which usuatly varies from three to five years (Seablom, 2003). Because of the absence of
enforvement of septie tank efthwent standards in Nigeria, most people wait until their septic tanks are
overflowing with sludge or until sewage begin to back up to their water eloset before they think of
destdping, This practice results in the fhtlure of the soil absorption system, Retention time is the time
provaded for soluds o separate trom the wastewater and thus to be retained in the septic tank, Inadequate
retention time tesults in g higher level of suspended solids in the septic wastewater being seat to the drain
fleld or soak away system. Stiadies have showa that the overall efficiency of septic tanks is a function of
detention time, Rahman ot al (1999) reeommended detention time as high as five days for septic tanks
receiving only sewage fom the toilet, Overuse of the system ean lower retention time in the tank, and
causing unelarified sewage to leave the tank, Overflow of sludge and scum into the absorption field can
divectly clog the soils ov can lead to the over stimulation of the biomat, leading to a reduction in
wansmission of the etlient into the soils (Canter and Knox 1983). A problem oceurs when the sludge in
the tank builds up over time and the seum kyer nets thicker until llu" two meet in the middle, \\'hc:n this
happeus there s no capaciy et o allow the mininm M llnm.‘s ol rctcnlguy n.mc and no room tor the
clet effluent to be produced, The treatment quality of the tank 18 _v.n\:\tl:\' dm}nushv.d and the .slmigc-nnd
Mo seum start 1o wet into the second ehamber and then wto the leaching pipes. Excess sold particles

' leaching pipes and then there is no adequate distribution of the effluent

loaving the septic tank plug up the :
and o proper treatment of the waste in the deay field. Wilhelm et al, (199-h) noted that the septic tank
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Where @ is the detention time, 1 ix the volume of the tank, I wastewater Now, 7 I the length of' the
tank, & i the breadth of' the tank, 4 is the helght of the tank and w y the low volovity in the tank

wf=la e (1)
"

@ and v change s sludgo aceumulates while { remidng contant, Thus dilferentinting, equation (1) above
wo have

Qi A nd) =)

()
¢ @
But = > =
nu A bh )
Substitating (3) into (2), we have
(’J () . _ ¢ [ I ] ()
Al b d@) =) 0 | )= ()
(M ' p ) !
I I A
Henco = (A Fdf =0 e { [ ? e (
onee (/’ ] ,’( (hJ ] " dl) = ()
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Integrating, we obtain In@ = In /4 ¢!

AL the start of operation, the weptie tank haw w o
(he denign depth,

Nigerian Inatinition OF Apeienttnnal Haginees© WWW, e, el “

etention tme O, nnd n elony depth A which fn the wame o

Scanned with CamScanner



Journal of Agricultural Engineering and Technology (JAET). Volume 17 (No. 1) June, 2009

= O ln(—)‘
h,
So that @ = hgi
h. &)

¥

Where 4 = clear space above slud ; i i i
ar space ¢ sludge level at any time. It is the difference between the origi
tank and the depth of accumulated sludge. Thatis h=/h; - D S

= ﬁ(h‘. -D)
h,

—g<g-pl
=6=6,-D-" ©)

Equation (6) is the equation of decay of detention time with sludge accumulation in the septic tank.
2.2 Decay of Detention Time
1t is necessary to know the value of detention time at any given time after the commencement of operation

of the sept.ic tank. This can be done by combining equation (6) with the equation (equation 7) of sludge
accumulation obtained by Bounds (1995):

r _ AT7.067s
A =47t (7

sces!

Where N . g = volume of sludge and scum in US gallons/capita, = time in years.
If we assume uniform sludge accumulation over the plan area of the tank, we can re-write Bound’s

equation in terms of sludge depth D.

AD = N = 471*%% .

= T = %7_:0.(\75 (9)

A = plan area of the tank.

Substituting equation (9) into equation (6). we have
47 oeis
g= Q|:I ——ro‘ﬁ"'jl (10)

Since A; is the design depth of tank, Ah; is equal to the volume of tank, thus equation (10) becomes:

0= 9,.[1 —ﬂ:"-ﬁ’-‘] an

n time decreases until it becomes zero at the point where the tank is

Theoretically speaking. the detentio
p with sludge by equating the right hand side

full. We can estimate the time it will take a tank to be filled u
of equation (11) to zero.
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Fig 13 Graph of Decay of Detention Time Versus Time for Fig 2: Graph of Decay of Detention Time Versus Time for
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Fquition (16) can e inore nppregiately dsed i septic tnnk design 1o obtain the level of studges gt which
desludying iy reaired. Chis dmgilies i thee designer st iy the maximmm suspended  golids
concention it will be disebined into e sl kst gtion system, Civen n desiced limit of suspended
iy dischinrge (45) it e ol it plions Gl e knaveing e influent and ef fluent suspended solids
e st of apesntion, w e ealishic desludging, level can be computed for iy septic ik of 4 glven
depth B dnsteisd of s etz one i of e b s velume, "This his the sdvantage of ensuring sirict
camtiol aver the quantity of suspended solids ischinggd und nlso it the soil absorption field i protected
from clogging resulting from the dischnrge of excossive solids from the bk, ‘Table | shows the average
pettormmnes of septic tanks ns studied by varions reisnrehiers,

bl 1 Averngs performmes of septic ke studied by various resenrehers

bouree Biflaent 54 (img/l) Flient S5 (mg/l) | % 55 Remaoval
Hounds (199) (XYY 1A (unfiltered) 14

founids (1997) Ky W (filtered)™ 0]

Thatmnaral 040 195.6 71

epple (1991) 74

Lttt from septto tank withont effituent filter ** Liftluent with Dofilter attached 1o effluent pipe,

e dutn from ounds (1997) wie olbtained a5 (e mean vithie for n collection of some extenslve
experiments earviod out on the performanee of seplie tunks by different resenrchers and will herefore b
adopted I this study, Substiating the sdopted duta from mble | (o cquntion 16, we hinve

[ J '
2 - ,M for unfiltered effluent and L - '(" 2 for filtered elfMient, Vigures 7 and # show thit
i, 3 [/ 1
“lfluont sispended solids is not only inflienced hy sludges aceumulntion but wlso the presence of filters,
Vigtres 7 and # ahow that if n desige apeciies n muxkdmum of 1 50my/l (Ronnyne of al, 1982 recorded
1A6m/l) suspendud solida in e septic tank offhient, then w septic tank with outlet filter will require
destiudging vhen shidgo necumuolintion reachies 0,30 of the ik depth while that without outlet filter will
raculre destdging when slodge ncoumulition renehies 0,2 of the tank depth,

Alternatively a designer iy decide o fix (he destudging Interval when the dotontion time of’ the tnnk
renchs i partlentar mindmom valoe, 1 s is the cose (e desludging interval e directly be obtained

freun any of figures | o 6 depending on the volume of (s tank and numbor of users, Interpolnting where
nevesspry, He iy also uge equation (1) 1o (his effeer,

Migstinn tnstiation of Agrielora) ngineers@ www,niie el

Scanned with CamScanner



ournal of Agricultural Engineerin ;
: = e abeell logy (JAET), Volume 17 (No. 1) June, 2009

4. CONCLUSION

. h . ‘

::i z:;; tanksfouo ‘: tgt;lg I:xeotth t;:dd::lfsglﬁor a dletudcnuon time of 24 hours and desludging must not always
' . me sludge accumulatio ificati :

able tod:;m“;':shether ’hlls cho_sen detention time will maintai; ;Tcéfgs%?;méfg:iem&Siinhc; shoucgarkcil e

_su5pe'nl onsg ! r";’:g" :(‘) I%smcmncy and fox_' how long. It is therefore more practical to base d;slud' rf?

interva’ on STBPENCEC solds removal efficiency. If a tank is filled with shidge up 1o one third of is

volume but still performing within the min g¢ up to one third of its

imu i : 2 :
yet. This approach will ensure that the drain m efliciency specified, then there is no need for desludging

span of the entire system. field is protected from clogging thereby extending the life
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