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Abstract

Waste stabilization ponds (WSP) are used extensively
to provide wastewater treatment throughout the world. A
review of the literature indicates that, understanding the
hydraulics of waste stabilization ponds is critical to their
optimization, the research in this area has been relatively
limited and that there is a poor mechanistic understanding
of the flow behavior that exists within these systems. This
explains why there is no generally acceptable model for
predicting its performance. The computational fluid
dynamics (CFD) model developed in this study was
extensively tested on the waste stabilization pond located
in the campus of the University of Nigeria, Nsukka which
was used as the field pond and also on a laboratory scale
waste stabilization pond obtained from literature.
Although the model may be solved by several methods, this
research was limited to computational method; numerical
solution using finite difference method was used in solving
the one- , two- and three-dimensional partial differential
equations at steady state conditions. In order to validate
the quality of the model, its results were compared with the
experimental data from the field and the lab-scale ponds.
The results obtained were encouraging, prediction of pond
performance with measured values shows that a
correlation coefficient of (0.92 — 0.95) was obtained,
representing an accuracy of 94% using the 3-D CFD
model, an ultimate result that demonstrates that actual
dispersion in the pond is three-dimensional. The 2-D
model gave an accuracy of 82%. The 1-D model gave an
accuracy of 73%, showing that truly dispersion in the pond
is not unidirectional. The 3-D model was then used in
series of investigation studies such as; effect of single inlet
and outlet structures at different positions in the pond,
effect of multiple inlet and outlets on the pond’s
performance, variation of pond performance with depth,
effect of short-circuiting on pond treatment efficiency,
effect of baffles on pond performance using laboratory-
scale pond data and comparison with tracer studies. In all,
the results agree with literature. While it was previously
concluded that a CFD model cannot always be expected to

precisely predict the performance of a field pond, this
work has validated its use.

Keywords: Stabilization pond, modeling, computational
fluid dynamics, optimization, hydraulics.

I. INTRODUCTION

Waste stabilization ponds (WSP) are cheap and
effective way to treat waste water in situation where the
cost of land is not a factor. Not only has it been found to be
one thousand times better in destroying pathogenic
bacteria and intestinal parasites than the conventional
treatment plants, [1], it is also more economical, [2]. It is
simple to construct, operate and maintain and it does not
require any input of external energy. Although a WSP
system usually requires large land area because of its long
detention time which is attributable to its complete
dependence on natural treatment process, it is still very
suitable in several African countries and communities
where land acquisition is not a problem. Besides, its
efficiency depends on the availability of sunlight and high
ambient temperature, which are the prevailing climatic
conditions in most cases of these communities.

A. WASTE STABILIZATION PONDS (WSP)

In recent years, a rising chorus of concern has developed
regarding the quality of the effluent discharged from WSPs.
The basis for the concern is the algae and coli form
organisms, which may be present in the effluent. The
parameters used in judging the performance of WSP are
bacteria rate of degradation, biochemical oxidation,
dispersion, bacteria die-off rate and thermal stratification,
which are influenced by temperature gradient. Many
models [3];[4].[5]; [6].[7]; [8] have been proposed to
describe the process of bacteria degradation. But none has
been found acceptable. [9] in terms of predicting the
practical performance of the WSPs. Hence, the call-in
recent times has been to develop more appropriate models
that will describe the process accurately [3];[5]; and [9];
[10]. Although WSP system is economical compared with
the conventional treatment, no model has yet been found to

EEml This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://www.internationaljournalssrg.org/IJCE/paper-details?Id=467
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Onosakponome, O.Ret al. / 1JCE, 8(6), 20-27, 2021

describe it accurately [5];[9];[3]. WSP are becoming
popular for treating wastewater, particularly in tropical and
sub-tropical regions where there is an abundance of
sunlight, and the ambient temperature is normally high.

B. Computational Fluid Dynamics Approach to WSPs
The term ‘computational fluid dynamics’, usually
abbreviated to °‘CFD’, encompasses computer-based
methods for solving the linked partial-differential equation
set that governs the conservation of energy, momentum
and mass in fluid flow. In order to understand the internal
processes and interaction in waste stabilization ponds, the
simulation of the hydrodynamics has become a tool worth
studying [5]. Pond design involves several physical,
hydrological, geometrical and dynamic variables to
provide high hydrodynamic efficiency and maximum
substrate utilization rates. Computational fluid dynamic
modeling (CFD) allows the combination of these factors to
predict the behavior of ponds by using different
configurations. The simulation of hydrodynamic in
bioreactors supported by modern computing technology is
an important tool to gain an improved understanding of the
process function and performance. [11]. [11] provided
detailed governing dynamic equations to solving the 2D-
depth integrated equations of fluid mass and momentum
conservation of an incompressible fluid in two horizontal
directions.

Il. RESEARCH METHODOLOGY
Mathematically, a model describes a system of
assumptions, equations and procedures intended to
describe the performance of a prototype system. Although
the model developed in this study may be solved by
several methods, this research was limited to
computational method; numerical solution using finite
difference method was used in solving the three-
dimensional partial differential equations at steady state
condition and applying the Danckwerts’ boundary
conditions [12] and other boundary conditions obtained
from the pond surface conditions.

A. Sources of data

The data requirement for the validation of the CFD model
developed were obtained from literature of a full-scale
field pond (WSP) located at the University of Nigeria,
Nsukka, Enugu State [13] and from a published work of a
laboratory-scale model [14]. The data analyzed for both
the field pond and LSWSP were: : temperature (T°C);
dissolved oxygen (DO); hydrogen ion concentration (PH);
detention time (©); dispersion number (d); suspended solid
(SS); algal concentration (Cs); organic loading rate (OL);
faecal coliform per 100ml, the pond settling velocity (V);
the maximum pond velocity under no wind (Um); the
mean velocity of flow in the pond (U); biochemical
oxygen demand (BOD) and chemical oxygen demand
(COD).

B. Software application
Since elaborate numerical computations are involved in
providing solution to the numerous partial differential
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equations generated, software application becomes
inevitable. One of the software applications used in this
study for solving the cumbersome equations generated is
the MATLAB. MATLAB is a software package for high-

performance numerical computation and visualization [15].

It provides an interactive environment with hundreds of
built-in functions for technical computation, graphics, and
animation. Best of all, it also provides easy extensibility
with its own high-level programming language.

I1l. MODEL DERIVATION
A. The principle of conservation of mass
A mass balance can be performed on a finite segment of
length Ax, as follows:
Accumulation = inflow — outflow — decay reaction

‘.i’,ﬂl:

ﬂc{x_])

( clx) —DA 3

Be(x) dcde(x)
Fﬁw+——ﬂ NPE'E??”'Wq
Where; V = volume (m®), Q = flow rate (m%d), C =
concentration (mg/L), A = tank cross-sectional area
(m?) and K = first-order decay coefficient (d*)
The dispersion terms are based on Fick’s first law;
Flux = —D - 4.02

It specifies that turbulent mlxmg tends to move mass from
regions of high to low concentration.
The parameter D, therefore, reflects the magnitude of
turbulent mixing.
By noting that; vV = ADX and U =Q/A
Equation (4.01) can be simplified, thus;
dc gc Udc
T
Equation (4.03) is a one-dimensional non-steady state
advection-dispersion  equation for  non-conservative
contaminants with a first-order decay rate.
At steady state, it reduces to a second — order ODE,
The material balance equatlon becomes;
d (DAde)
dx-Ked=10

de
mea——q&+m D%ﬂ+& =

By S|mpI|f|cat|on
d“c
—Qdc—D%d—dx Ke. Adx =10

dc  de
D ke U o Ke=0
Where; U = flow velocity
Since we are not only interested in what is happening
along the x — axis, we cannot ignore what may happen on
the transverse (across) axis, that is, y — axis. Similarly, we
can formulate a two-dimensional equation as;

de e #%c Ude Vic

PR TRl PR

At steady state, equation (4.07) becomes;
dec d“c Udc Vac

*ax? Fﬂy:_ﬂx_ﬂy_KE:U

Without ignoring what is taking place in the vertical axis,
since we have assumed that the pond is well-mixed
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vertically and laterally; we extend our model to a three-
dimensional one.

dc Dﬂ:c Dﬂ:c Dﬂ:c Ude Vic Wic "
ot et eyt el & oy & '
At steady state, equation (4.09) becomes;

DB:C DB:C DB:C Ude Vic Wde - "
gyl Chd gy by b - '
Where,

Dy, Dy and D, are the dispersion coefficient in the x, y and
z axis respectively. U, V and W are the velocity
components in the x, y and z Cartesian co-ordinate
respectively.

B. The principle of conservation of momentum

The second conservation equation that is used in CFD is
the momentum equation. The momentum equation is
developed based on the Newton’s second law of motion.
Simplification of the momentum equation involves the use
of the Navier-Stokes equation and is very useful for the
application of the finite volume.

According to Newton’s second law of motion;

ZF: M.a

Considering the forces only in the x — direction, equation
(4.11) may be written as
Ma, = Fgy + Fpp + Fie

Equation (4.12) is called the Navier — Stokes equation of

motion.

For complete derivation, it may be presented as:

au av AWy 6P [fu du B ‘ "
AP e ALl L '
A | S [ A A G "
Pﬂx+6y+ﬂz __Bvﬂlﬂx +ﬂy+ﬂz f '
au av oawy P [Fw d'w fw : "
APy Rl praw el L '

For incompressible flow, the number of unknowns is four
viz; u, v, wand p.

The Navier-Stokes equation plus incompressible continuity
equation are the sufficient conditions to determine the flow

characteristics.
fu dv  dw

=Tyt !

The general solution of Navier-Stokes equations has not
been found as it is second order non-linear differential
equation. However, the solutions have been obtained only
for flow situations wherein the boundary configuration is
simple and the fluid characteristics such as the density and
viscosity are almost constant.

By applying the boundary configuration, equations (4.13),
(4.14), (4.15) and (4.16) are solved simultaneously using
the finite difference method to determine the fluid
velocities in the X, Y and Z directions in the CFD model.

C. Finite difference solution of the 3-D equation
RV LV o UaC Vac wac

Do nl ax oy Gz

D D,—- -—
Ayl + ¥ ay. i
Writing the finite difference scheme,

x gy 2
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220 Cisajr=20ik+Ciza 220 _ Cijeake—2Cij+Cij-vk
ax? h? ’ ay: o '
2% _ Cijless=Cijk+Cijk—t

pzz 12
ﬂ _ Ei—i_j_k':ci_j_k"":i—i,j.k ﬂ _ I:i_j—1._].:':|:i_j_'l|:"'Ei_j—i_'lvs
ax zh ’ ay p ’
B0 _ Cijks1=2Cijk+Ciji—y

e 3l
D [':i+L]'.k - —'fli;j.k + ':i—L]'.k] +Dy [Ci.mk - 2':i;j.k + ':i.j—Lk] N

- p"
Cijresr — 2C 0 + Gjus Cirrjr — 2G + Gy

Dz 2 -U 2h a
v [ci_].+Lk — 220G+ Ci_]-_Lk] W [Ci_j_k+1 - 2Ci_j_k_+ Ci_j.k—l] — G =0
Rearranging the expression, it becomes;

Dx U Dx U Dy WV
(h} - EJ i+1jk T (h + 7h] i~k (F'__ 5) Cijerct

(Ey'l' p)cu Lk+(nz 1JII)C|]1<+1.'|'( +

B - (42 +2 THE)G =0

1
4.18

Boundary conditions;

411
uc = Uc, — D%, x =0 (Inlet) (Danckwert, 1957)
% = 0,x=L (Outlet) ends

L-pgy=08  HE2E_g op=z=d
2x - 2x 2z

At the inlet where x = 0, the term Cj_, ;; outside the
scheme was obtained

(Dx UJ (Dx UJ (Dv V)C (Dv V]C (Dz W)C
B \+L]k+ I +7h |1]k+ P |]+Lk+ P +P |]1,k+ 7 kel

Dz W) 7Dx Wy 2z )
‘I'(l_.‘l'i Cijk-l (h +p +_+KC
=0 419
For the boundary condition simplified as below, we
obtained that
Ciorjn ® Cijyer aNd G_ygjp ™ Cijxy
This simplifies the above equation to give;
(Dx U Dz W) (?Dx My 1z ) (Dx Dz 1 W)
AT L PR L s L

Dy V) by V
1 (p__ﬂ Ci,j+Lk+(p_:+Q%]-Lk

=0 420
By involving the boundary condition for the inlet;
uc, = UG, Dxa—

A finite divided difference can be substituted for the

derivative, where C, = concentration at x = 0. Thus
LisajkVi-1jk .
UGy = UG, — Dx (—_h ) which can be solved for

Ciosj = :hsf‘” B Ciosjx . Substitute in equation
(4.20) ”
M My Me ; U U Dl WhU) ?(Dx Dz]c (Dy V]C
h‘+p P i ) T e e
(Dy V]C 00 Ml WhU)C o1
s7 P b R R -
For the outlet, the slope must be zero, that is;
ac
= 0bx=L
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A finite divided difference can be written

':i—i.j.k;':i—i.jk — 0
It implies that

equation (4.18).
ac

as.

Ci+ILj_k = Ci—l_j_k’ SUbStItute th|$ result in

2C

Also, ax:E:U’ D=7Z=d
The finite divided difference can be written thus
Cis1i%—Ciog; Ciites1—Cij - ) ) .

1"'1:,]1 S — It —@ , This implies that

Cirrjx = Giogjx and Gijpey = Gy

Inspection of this equation leads us to conclude that

Cisrjk = Cijxer ANd Gy = Gijs

By multiplying the above expression with a coefficient as a
function of dispersion, velocity and mesh size in that
direction, an approximate value can be obtained. That is.
Cisrjk ® Cijrer AND Gy ® Cijpy

Substitute this result in equation (4.18) for 0 = Z =d
representing the upper and lower layers of the pond.
Therefore, at the pond outlet

Dx Dy V Dy V
2 (F) Ci—ij + (p_.. - EJ Ci.]'+L'k + (P_: + E) Ci,j—L'k +

Dx Dk 2Dy 2Dz
7(1JC' Rl (h TE +KJ fix =" .
By further simplification

Dx Dz Dv V Dy V
(?Dx 2y 7Dz

o
)

F+p+l

At the sides of the pond:

+1<]c|]k 0

&y
The divided difference is written as;

0, y=0.B
Cij+1=Cij-1k

p

=10
Hence, Gij.ix= Cij_1x

Substitute in equation (4.18), fory=0
(Dx U Dz W Dk U Dz W
-+

i 2h P :'_1] Ci+1~i-“+(§+%+l_=+:'_l) Gosit
Wy Dk My e B B
( Juuk'(ﬁ*'p_:ﬁ_ﬁ'ﬂci‘j,k

=0 4
Fory=B
(Dx U Dz W] (Dx U Dz W)
2t )Gkt F+E+l +57) Gosixt

2y 1Dx 7DV Dz

e P B
At the pond outlet, for which y = 0, the equation can be
written as
Dx Dz Dy Mx WMy 2Dz
2(h +IJCI L]k+(p ]cw (h +p T +KJC|,k 0
At the pond outlet, for which y = B, the equation is
Dx Dz Dy 2Dx 7Dv Dz
E(F-I-l_:]ci_i'j'k-l-(FJCi'j_i'k (h +P +— I +KJCi.j.k:U
The general equation may be written for each of the

system’s nodes within the pond as:
(Dx U Dz W Dx U
TR

(Dy VJC (Dy VJC (2Dx 2Dy 1Dz K)C 0
N jjetk T p:+2p -tk T\ 37 T 2 T T
Applying the boundary condition;

42
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Dz W

23

5] Ci+Lj.k+(h toptEt Jci—l.j.k+

ac

a =10, x=0, 0= Vo= B
Ciz1i%—Cioy;

The divided difference is written as; % =0

Hence CI+IL]k = CI -1,jk

Substituting in equation (4.18), yields

Dx Dz Dy W
2 (h: + 12 ] ':|+L]_k + (P‘ - Ep] ':l_]+Lk +
(Dy U] (?Dx 2Dy 2D=z ]
P_:+E Ci_j—Lk he +E}_+l_+K ': 'k_ﬂ

At the pond edge (x = 0) for whichy =0, Gj;.;x = Gj_sx
Substitute in equation (4.29)

Dx Dz 2Dy 2Dx 2Dy 2Dz
E(F-I-l_:]ciﬂj'k-l-(F]cin‘k (h +p_+l +K} Ci,j,k:[] 430
At the pond edge (x = 0) for whichy=b

Dx Dz 2Dy 2x 2Dy 2Dz
2(F+[_:Jci+j=j-k+(?)ci-j'j"k (h +P_+ 2 +KJCi.j.k:U 431
Equations (4.21), (4.23), (4.24), (4.25), (4.26), (4.27),
(4.28), (4.29), (4.30) and (4.31) are then applied at
corresponding nodes within the system; the numerous
equations generated are solved simultaneously to
determine the variation of concentrations within the pond.

D. Finite difference solution of the 2-D equation
Da‘c 5 il UBC Vac o .3

x6x3+ yﬂy:_ x oy o
Writing the finite difference scheme
220 e j—2Lij+Ciyg 23C _ Gijea—20i +Cij—1
axz h2 ' ay? - p? '
ac _ Gis 1j—'3i 1j ac _ Cij- 1—'3ij 1
. oy A 26500 -Gl (G

i+ = i1 [ |]+1_- ij- 1] [ i+1j 7 -] [ i+~ |] 1] .
o TR e e
Dx U Dx U Dv V Dv V 7Dx 2y

=0 4,33

Boundary conditions: UC,, = UC, _px ™ ,x = 0 (Inlets)
X0, x=0 0<y=B And ==0, x=L (Outlet
ox ac - ox
end), EZU’ y=0,B
At the inlet where x = 0, the term G; _, ; outside the scheme
was obtained

Dx U Dx U Dy WV
(F B EJ Civaj + (h" + ?h] Cigj + (p_ B ﬂ] Cijer ¥
Dy V 2Dx 2Dy
(_"+_Jcij—1 ( +_+K]CD:U 4,34

' P

pt Ip h?
By invoking the boundary condition for the inlet;
UGy = UG, — D5

4¢27A finite divide difference can be substituted for the

derivative, where Co = concentration at x = 0 at the inlet

- Lizgj—Li-gj .
position. Thus, UG, = UC, — Dx (—h) which can
be solved to give

hu Ihu
Go1j =5, Gin — 57 Go * Gy

-~ Substitute in equation
(434)
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My WU\ My Wy, [y v
iyt K121 '(_] Ci+t,j'(_~+_] Gt - (T‘—J Gt

K ho Dy " K Pl Pl
- U:)C 43
AT |
Cizqi—Ci—q;
-0 x=0 D<cy<B , —=TtH_g
2x - zh

implieS that, Ci+Lj = Ci—Lj
Substitute in equation (4.33)

2Dx by V Dy V Mx 2y
(_) Goyit (T'—) Gje t (—:+—J Gjesm (—+? 4 KJ G;=0 13

b’ Fh Pl b?
At the edge of the pond where x = 0, y = 0; %z o,
'-;i_j—in;'-;i_j—i -0
Hence G ;., = Gj;-, Substitute in equation (4.36)

2Dx 2y x My
(h_J Ci+Lj + (p_) Ci,j+1._ (h_ +P_+ K) CI] =0 4,37
At the edge of the pond where x=0,y=B

2Dy 2y x 2y
(FJ Ci+1.]' + (F) Ci,j-l_ (F +F+ KJ C|] = 438
For the outlet, the slope must be zero, that is;
]

T=0x=L 0<y<B

The finite divided difference will yield, G, ; = Ci_y;
Substitute in equation (4.33)

2Dx Dy V Dy V x My

e (ot (B oo (e =0 4
(h‘ 1-1) p‘ 9p 1+L p‘ 9p 1]-1 h‘ p‘ 1]

At the pond outlet ends, for which y = 0, the equation can
be written as

2Dx Ay Dx Wy

(h_J Ci-Lj + (p_J Ci,j+1 - (h_ +P_ + KJ CI] =10 440

At the pond outlet ends for which y = B, the equation
becomes

1Dx 2y Dx 2y

(h_) Ci-Lj + (p_) Ci,j-l - (h_ +P_ + KJ CI] =0 441

At the sides of the pond, %: 0, v=0,B. It implies as
befOI’e Ci_j+1 = Ci_j—l

Substitute in equation (4.33) fory =0

Ix 0 Dk U 1y Mz My

(F— EJ Ci+Lj + (h_ + ﬁ) Ci-Lj t (p_J Ci,j+1 = (h_+ P_+ KJ CI] =0 (‘H‘E]
Fory=B

Dx U Ix 1 2y x 1y

(h_‘_ﬁ] Ci+Lj + (E+%J Ci-i.j + (?J Ci.i-l - (F‘I‘F'I‘ KJ C|] =0 443
The general equation for the system’s nodes within the
pond may be written using equation (4.33) above.

E . difference solution of the 1-D equation
D d“C UdC KC = 0

o ax
The finite difference scheme can be written as
d*c Cisqi—2C;i+Ci—q; [
a ST Tt 2E Gisemfiss pence,

Dx(ui"'j_:::ﬂﬂi'”] —ﬂlj(':“izfi"] —KG =0
Rearranging the equation;

Dx U Dx U 2Dx
(F-I-EJCH-I-(F_EJ Cm—(F-I- K]Ci =0
Boundary  conditions:
(Inlet)

2C
UGy = UG, —DT,x =0

gc
T a0, x=1L {outlet))

At the inlet where x = 0, the term C;_; outside the scheme
was obtained

Dx U Dx U 2Dx
(5 t3)o (-5 ) G- (o #E) e =0

b Zh b Zh b’
By invoking the b%ugdary condition for the inlet;
Uiy = UC, — Dx

A finite difference scheme can be substituted for the
derivative, where C, = concentration at x = 0. Thus

Ciz4-Ci— .
UGy = UC, — Dx (%) This can be solved for

Ci_y = %Ciu - %CD + G-y Substitute in equation
4.46
2Dx . 20 U:)C (EDx]C 20 U:)C
N v N PR
At the outlet, the slope must be zero, that is; CL D.x=1L
- .. . . j21—Ci—
a finite divided difference can be written as: f =10

Hence, Gy = Gy

Substitute in equation (4.45)

2Dx 2Dx

(F)Ci_l_ (F‘l‘ K) Ci =0

The general equation for the system nodes along the pond
may be written using equation (4.45) above.

IV. RESULTS AND DISCUSSIONS
A. Comparisons of prediction of pond performance in 3-
D, 2-D and 1-D CFD model with measured values.
These comparisons were made at different depth of the
pond and at varying inlets and outlets positions. The
following figures (1 — 5) demonstrate it appropriately.

At the pond surface

{ Qutlet position 1)

1200.0
g
& 1000.0 —
£ Ty
g 3000 e——
% \\ —+—Measured
£ 6000 =
: oo — 3D
s 20
[=]
g 2000 1D
2

00
0 20 0 60 80 100 120 140

Longitudinal length of pond (m)

Fig. 1: Comparison between measured value and CFD
models using inlet position I.

At the depth of 0.10m
(Outlet Position 1)

12000
g
B 10000 —— v
E B
£ 8000 —
)
H \\ —+—Measured
a'é 600.0 =
g 3D
g 400
g 2.0
8§ 200 1D
a

00
0 20 20 50 80 100 120 140

Longitudinal length of pond (m)

445

Fig. 2: Comparison between measured value and CFD
models using inlet position I.
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At the depth of 0.20m

(Outlet Position 1)
14000

12000

800.0 !&\.—\ —8=3.D
2D

1D

H
8
S
°

—+—Measured Conc

600.0

400.0

BOD Concentration (mg/l}

200.0

0.0

0 20 40 60 80 100 120 140
Longitudinal length of pond (m)

Fig. 3: Comparison between measured value and CFD
models using inlet position 1.

At the depth of 0.20m
(Outlet Position 1)

1400.0

12000 |
—+—Measured
1000.0
—=—3D
800.0
2D
600.0

1-D
400.0

BOD Concentration (mg/1)

200.0

0.0
0 20 40 60 80 100 120 140
Longitudinal length of pond (m}

Fig. 4. Comparison between measured value and CFD
models using inlet position 1.

At the depth of 0.20m
(Outlet Position I11)

1400.0

1200.0 — —+—Measured
3 . —=-3p
E 10000 ~—
F "\_\ 2D
E 800.0 NG 10
g 6000 -\q\.
H
8
o 4000
Q
@

200.0

0.0
0 20 40 60 80 100 120 140

Longitudinal length of pond (m)

Fig. 5: Comparison between measured value and CFD
models using inlet position I.

3-D Model

1400.0

1200.0

S 1000.0
E
(f

E 800.0 =+=surface
5 —5-0.05m
o

g 600.0 4+-0.10m
- 0.15m
8 4000

a —=0.20m

g
g

0 20 40 60 80 100
Longitudinal length of pond (m)

Fig. 6: Variation of BOD Concentration with depth of
pond along longitudinal length of pond.
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B. Effect of single inlet and outlet positions on pond
performance

As demonstrated previously, position of the inlet and outlet
structures affects the pond’s treatment efficiency.
Simulation using the model was performed. The result

obtained shows variance with respect to inlet/outlet
positions used, and this prove the fact.
Inlet Position 11
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Fig. 8: Effect of single inlet/outlet position on WSP
performance.

C. Effect of multiple inlet and outlets on pond
performance

Multiple inlets and/or outlets also adversely affect the
pond’s performance. In most cases, it leads to short-
circuiting in the pond. A situation whereby the detention
time of fluid particle in the pond is shortened due to flow
conditions (in this case, due to excessive inflow and/or
outflow).

Multiple inlet and outlet Positions
(Inlet Pos. |, II, Il with Outlet Pos. |, II, 1)
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Fig. 9: Effect of multiple inlet/outlets on WSP
performance.
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Fig. 10: Effect of short-circuiting on pond performance

C. Prediction of short-circuiting from flow circulation.
Figure:10 above shows the effect of short-circuiting on the
treatment efficiency of WSP. The effluent values for single
inlet and outlet was smaller than that of the multiple
inlet/outlet and in agreement with measured values, this
indicates that flow circulation was normal. On the other
hand, effluent BOD concentration obtained from the
multiple case of inlet and outlet shows a wide variation
from the measured values, indicating that there is a
problem with flow circulation. This is nothing but the
presence of short-circuiting due to excessive inflow and
outflow.

D. Comparisons between tracer studies and CFD
predictions

Figll: Sequential plots of the simulated transient
tracer movement in pond. Colors at the top of the scale
indicate higher tracer concentration.

107 Normalized tracer response

s (F D) simulation

051 —4—8Experimental data

00

0 1 2 3
Time (days)
Fig. 12: Comparison of the RTD curves obtained from
the tracer experiment and the CFD model.
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Figure 12 shows a reasonable agreement between the RTD
curves from the tracer study and the CFD model
prediction. The CFD model was able to capture the
magnitude and timing of the first peak reasonably well, but
the subsequent peaks are less clear in the experimental
results even though there seems to be one between 0.25 d
and 0.50 d. The disagreement could be due to the
simplifying assumptions in the CFD model. Although the
match is not perfect over the entire RTD curves, the
validation results of the CFD model are fairly good.

V. CONCLUSIONS

Modeling waste stabilization pond is somewhat a daunting
course due to the complexity involve in understanding its
hydraulics. The results obtained were encouraging,
prediction of pond performance with measured values
shows that an accuracy of 94% was obtained using the 3-D
CFD model, an ultimate result that shows that actual
dispersion in the pond is three-dimensional. Although the
2-D model gave a reasonable results, as an average
accuracy of 82% was recorded, but did not give a true
picture of what the hydrodynamics is, in the pond. The 1-D
model gave an accuracy of 73%, showing that truly
dispersion in the pond is not unidirectional. The 3-D model
was then used in series of investigation studies such as;
effect of single inlet and outlet structures at different
positions in the pond, effect of multiple inlet and outlets,
variation of pond performance with depth, effect of short-
circuiting on pond treatment efficiency, effect of baffles on
pond performance using laboratory-scale pond data and
comparison with tracer studies. In all, the results were
satisfactory.
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