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ABSTRACT

This work presents an application to systemize the construction of ponds systems for treatment of domestic sewage.
It consisted of two anaerobic ponds operated in parallel during May/97 to April/99. These were connected in series
with a chicaned facultative pond. The treatment system was controlled with samples collected from the crude
sewage (compound sample), in the affluents and effluents of the ponds and along the flux of the anaerobic and
facultative ponds. The following parameters were analyzed: pH, Biochemical Oxygen Demand, Chemical Oxygen
Demand, Total Solids, Sedimentable Solids, Total Coliforms, Oxygen Consumed in Acid Medium (OCAM) and

temperature.
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INTRODUCTION

The dabilization ponds are modeled to keep
wastewater until the wished effluent is obtained by
the activity of microorganisms present in the
system. The treatment process is redlized by the
capacity of microorganisms to break complex
organic molecules into more smple inorganic
substances during the cellular synthesis processes
(Dorego & Leduc, 1996).

Stabilizetion ponds systems are quite old
techniques for waste treatment. These systems
have some advantages over the conventiona
treatments such as. low capital, operational and
maintenance costs and simplified operation. The
disadvantage is that it needs a big area. This article
presents models of capital costs (costs with land
area occupied by the ponds system and its
construction) and maintenance costs, in order to
optimize the system, objecting to minimize of the
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total cost with adequate fina effluent in terms of
organic mater.

METHODSAND MATERIALS

The wastewater trestment sysem belongs to
Servico Autbnomo Municipd de Agua e
Esgoto- SAMAE. This sygem is dtuaed in
the south zone of Ibipora city (state of Parand)
and conggts of a grating box, a parshdl gutter
pipe, two anaercbic ponds (APl) and (AP2),
and a chicaned facultative pond (FP). The two
anaerobic ponds are connected in paradle and
these ae connected in sries with the
facultative pond. Figure 1 shows a scheme of
this sysem and Table 1 presents the physca
and operationd characterigtics in the period of
the experiment.
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Figure 1- Wastewater treatment system of Ibipor&/Pr  South Zone

Table 1- Physical and operational characteristics of the ponds

DIMENSIONS P @) N D S
Anaerobicpond 1 | Anaerobicpond 2 | Facultative pond
Surface length (m) 154 154 210
Bottom length (m) 149 147 209
Surface width (m) 22 22 51
Bottom width (m) 19 19 48
Averagesurface  (mf) 3,106 3085 10,370
Depth (m) 2 19 15
Volume (n?) 6,211 5,862 15,555
Discharge (m*/d) 743 743 1486
Detention time (d) 83 79 105

Control and Physico — Chemical Analysis

The crude sewage control was realized every hour
from the 10" to 17" of June/1996 in an amount of
168 coallections as the samples were compound
type (point 1), while for the anaerobic ponds
effluents APL and AP2 (point 5) and the
facultative pond FP (point 10), the samples were
collected every 15 days between May/1997 and
April/1999. For the samples collected from ponds
APl (2, 3, 4) and FP (6, 7, 8, 9) the control was
redized between May/1998 and April/1999.
Figure 1 presents the points of sample collection.
Following parameters were andyzed: pH,
Biochemical Oxygen Demand (BOD), Chemica
Oxygen Demand (COD), Totd Solids (TS),
Sedimentable Solids (SS), Totd Coliforms (TC-
24h), Totd Coliforms (TC-48h), Oxygen
Consumed in Acid Medium (OCAM) and
temperature, according to Standard Methods for
Examination of Water and Wastewater, 1992).

RESULTSAND DISCUSSIONS

The average, minimum and maximum values
obtained from the domestic sewage treatment

system of SAMAE between May/1997 ad
April/1999 are presented in Table 2.

Operational Datas

It was observed that the average results obtained
along the flux of the anaerobic pond characterized
a system closer to the Complete Mixture than to
the Piston Flux, because it had not a high
concentration of organic mater (BOD) near the
pond entrance, where the rate of remova and the
sequential degradation aong it would be higher,
and enabled a dispersion of degects al over the
pond so that the concentration of the wastewater
when just entered was soon equaled to the effluent
concentration in spite  of the geometric
configuration of the ponds related to length/width
among them. Nevertheless, von Sperling (1996)
argued that the hydraulic regime of the pond had a
great influence over the treatment efficiency.
Vaues obtained along the facultative pond were
evidence of a system closer to the Piston Flux. It
was important to emphasize that the facultative
pond was chicaned. Yet, the Complete Mixture
were the ponds efficiency models used in the
system optimization.
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During the control of the anaerobic ponds AP1 and
AP2 and the facultative pond FP of SAMAE, the
tota BODs was reduced from 661.8 mg/l (crude
sewage) to 61.4mg/l in the effluent of FP pond
(Table?), which corresponded to a total remova of
91%. Was a good removd efficiency, being
according to the sandards established by

Secretaria de Estado do Meio Ambiente— Indituto
Ambiental do Parana (1AP), which is 60mg/l. The
BOD;s was greatly removed in the anaerobic ponds
APl and AP2, about 85%, for both ponds with
detention time of approximately 8 days, while the
removal in the FP pond was about 38%, with
detention time of 10.5 days (Table 2).

Table 2 - Results from the treatment system, based on the control of samples from the affluents and effluents of each

pond (total detention time = 18.6 days)

affluents and effluents of the ponds
Average, Minimum AP1 - AP2 FP
and Maximum of
BODs 6618 - 988 988 - 614
(mg/l) 6618 - 320 320 - 200
661.8 - 1800 180.0 - 1240
COD 12894 - 2319 2319 - 1492
(mg/l) 12894 - 470 470 - 370
1,2894 - 538.0 5380 - 3930
TS 10886 - 3359 3359 - 2672
(mg/l) 1,0886 - 1200 1200 - 800
10886 - 7300 7300 - 7200
SS 106 - 03 03 - 01
(mg/l) 106 - 001 001 - 001
106 - 13 13 - 05
A B C
oD - 01 10 19
(mg/) 0O 0 O
24 76 104
OCAM 1036 - 446 446 - 341
(mg/l) 1036 - 230 230 - 110
1036 - 800 800 - 830
pH 698 - 72 72 - 77
698 - 70 70 - 73
698 - 76 76 - 82
TC—24 hours 175E8 - 6.14E6 6.14E6 - 4.26E6
(nmp/100 mi) 1.75E8 - 0.03E6 0.03E6 - 0.04E6
1.75E8 - 35.00E6 35.00E6 - 92.00E6
TC— 48 hours 2.85E8 - 16.77E6 16.77E6 - 5.58E6
(nmp/100 mi) 285E8 - 0.33E6 0.33E6 - 0.09E6
2.85E8 - 92.00E6 92.00E6 - 92.00E6
Temperature 21 24
Co 165 170
270 280

The anaerobic ponds affluents were assemblage
samples, and the effluents were a common point
(facultative pond affluent). Average environmental
temperature during the control period was 20.4 °C,
with minimum of 13.5°C and maximum of 26.5°C.

Pond Efficiency

Considering the average concentration values of
the affluents and effluents in terms of BODs of
each pond, as well as their detention time, the
efficiency of mathematica models for them can be
presented by the equation:
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_ k.t
BT ®

where: E was the removal efficiency of pond i, and
were the detention time, in days.

Although the BOD removal kinetic was the same
for the anaerobic and facultative ponds (first order
kinetic), the higher was the medium concentration
the higher was the BOD remova rate. The
adjusted efficiency curves of the anaerobic ponds
(AP) and the facultative one (FP) are presented in
Figures 2 and 3.
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Figure 2 - Relation between the BOD efficiency
and detention timein the pond AP
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Figure 3 - Relation between the BOD efficiency
and detention timein the pond FP

Detention Time
The detention time of each sabilization pond is
expressed by:

t=— @

where:  is the volume the pond i, in n?, and Q is the
system capacity, in m/day.

Costs Models

In the economica analysis of the wastewater
treatment system, the total cost includes costs with
the land occupied by the system, construction and
maintenance. Therefore it is necessary to obtain
the costs moddls, so that:;

Cr=C + C + Cy 3

where: Cristhetotal cost of the system; C, isthe land
cost; C; is the construction cost and C, is the
mai ntenance cost.

The initid investment includes the following
costs: @) acquisition of the land occupied by the
system plus 50% for the traffic of vehicles and/or
people; b) ponds congtruction including the land
cleanse, mechanical excavation, transport of the
exceeding land and compaction.

Land Cost

The land cost is associated not only to the area
occupied by the ponds system, but adso to its
adjacent area. Thus, the mathematical model that
better represents this cost is expressed by the
equation:

C; =15 g Pl V; (4)

where: G; isthe cost of the land occupied by pond i and
its adjacent area, in US$; Pl is the land price, in
US$nt; g is the relation between the surface and the
volume of pond i, in m?/n¥.

Congtruction Cost

The adjusted mathematical model that better
describes the cost of the earth transport is given by
(Medri, 1997):

Cs=5914V,** (5)
where: C; isthe construction cost of pond i, in USS$.
M aintenance Cost
The maintenance cost results from a series of

monthly expenses, along a certain time. Yang et
(1997), working with ponds for the treatment of
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swine dgjects, recommended a period of 10 years.
Hess (1980), studying domestic sewage ponds
suggested a period of 20 years. In this case, the
maintenance of the ponds system was
characterized by the sum of the area reserved for
the traffic of wvehicles and/or people, which
represented 50% of the ponds area. Thus, the
month costs would be calculated in the date of the
present investment by the equation (Medri, 1997):

C. =f 01643 g V)*® ©)
where, -
@+n"-1
F=— - =
ra+r)" @

and C, is the total cost of the ponds system
maintenance, in US$; f is the factor of the present
value; r is the annual interest rate and n is the life time
of the ponds, in years.

From equation (4) to (6), it is possible to caculate
the ponds cost:

Ci=15gP V, +5.914 V,>® + Cy ©)

From equation (1) to (2), it is possible to have the
ponds volume:

Vi=QE [k (I E)I” ©)

Subdtituting equation (9) in equation (8), it gives
the cost ponds:

Ci=15gP QE [k (1-E)]" +

5914{QE [k (- E)]}** +Cu (10

where C; isthe cost the pond i, in US$.

System Optimization

The optimization in this case conssts of
minimizing the total costs of the treatment system,
making it as frugal as possble and with adequate
effluent in terms of organic matter (Meisheng et
a., 1992, Kezhao, 1994). Thus, the objective
function in the minimization of the tota codsts is
characterized by the sum of the total costs with
land, congtruction, maintenance, and the system
restriction condition is the wished find qudity of
the effluent, so that:

MinC, =4 C,
i=1

(11)
sto.: E5 3 E,

0L EE£1

where: Cr isthe system total cost, in USS$; E, isthe
obtained efficiency and E, is the wished
efficiency.

Thus, considering two anaerobic ponds in parallel
followed by a facultative one, as the studied
system, the problem can be formulated as
followed:

MinC, =0.5x15g PIQE [k (1- E)]'+ 5914{05QE [k (1- E)]"}°* +
05x15g, Pl QE, [k, - E,)I'*+ 5914{05QE, [k, (1- E,)] }°® +
1'5% P Q Es [k3 (1' Es)]_l + 5-914{Q E3 [ks (1' Es)]_l}o'gs"'

f.0.164{0.505Q(g E(k I- E)"+g, Ey(k(1- E) ) +Qg, E(k(1- E) '}

sto.: 1-[1- 05(E +E,)](1- E,)® E,

OEE£1,0£E £1;0£E,£1
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Practical Application

Making a study for 15 years and admitting interest
rate of 10% per year, the factor of the present f
vaue given by equation (7) would be dike 95.
Considering the average concentrations in the
entrace and exit of the anaerobic (APl) and
facultative (FP) ponds and their detention time, the
degradation constants k(BOD) were: 0.703 d* for
ponds AP1 and 0.058 d" for the FP. These values

were determined with average temperature around
22°C.

Land price in north Paran& region is approximately
R$ 2,500.00/ha. Considering two years (1998-
1999), the devaluation of Real comparing to
American dollar approximately 70%, and relation
between surface area and volume of each pond as
0.=055, @ = 058 e ¢ = 0.69 nf/n?, for ponds
AP, AP2 and FP respectively, and admitting only
the reduction of the organic matter (BOD), the
mathematica model of model minimization is.

MinC, =0.5xL5x055x0.250Q X,[0.703(1- X,)] " + 07x5.914[0.5Q X, (0.703(L- X,)) °* +
0.5X1L.5x0.58x0.250Q X,[0.703(1- X,)]™* +0.7x5.91405Q X, (0.703(L- X,))™]°* +
15x0.69%0.250Q X,[0.058(L- X,)]* + 0.7x5.914[Q X,(0.058(L- X,))]** +
0.7x95x0.164[0.5(05Q(0.55X, (07031~ X,))™ + 058X, (0.703(L- X,))™) +

Q0.69 X, (0.058(1- X)) M)]°*%}
S to.:

0E£X, X, X,£1

1- [1- 0.5(X, + X,)](1- X,)* 0.85

Table 3 - presents the physical characteristics of ponds and costs with land, construction and system maintenance,
supposing discharge of 1,500 m*/day and system efficiency of 85%.

Pond efficiency Detention time Pond volume Pond area
(days) (m’) ()
E, =0.851 t; =8.1 V., =6,070 A, =3338
E, =0.849 T, =80 V, =6,021 A, =3492
E3:O T3=O V3:0 A3:0
Land cost Congtruction cost Maintenance cost
(USy) (USH) (USH
Cu1=125190 Co = 16,255.41 Crar = 4,565.52
Ci, = 1,309.65 Crz = 16,132.04 Cr2 =4,776.10
Cs=0 Cnzs=0 Cns=0
Totd: 2,561.55 32,387.45 9,341.62

System total cost: R$ 44,290.62

As expected, the model excluded the secondary
facultative pond, because it presented a low
performance in the removal of the organic matter
(BOD).

CONCLUSIONS

The results obtained from the stabilization system,
consisting of two anaerobic ponds and a chicaned

facultative pond, treating the domestic sewage
enabled to conclude that:

- the remova efficiency of the carbonaceous
pollution (BOD and COD) was redlized specidly
in the anaerobic ponds, with remova of 85% of
BOD and 82% of COD with detention time of 8.1
days, while the facultative pond had 10.5 days of
detention time and removed only 38% of BOD and
36% of COD;

- the facultative pond presented alow performance
in the removal of the organic matter. Targetting a
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BOD around 85%-90%, removal efficiency this
pond could be excluded, because its incluson only
increased the costs of the process;

- the removd efficiency of the ponds system (APL,
AP2 and FP) was around 91% for BOD; 88% for
COD; 75% for TS; 99% for SS; 98% for TC-24h
and TC-48h, with tota detention time of 18.6
days,

- in series dabilization ponds system for the
treatment of domestic sewage, the degradation
constant value of BOD of the anaerobic pond was
highest than the facultative pond, because it was
biodegraded easlly, and the remained organic
meatter was more resistant to biodegradation.

The total cost (cost with land, construction and
maintenance) of the ponds system: two anaerobic
ponds in parale (APl and AP2), followed by a
facultative (FP) in series was US$ 42,290.62 for
an efficiency of 85% of BOD, discharge of 1,500
m’/day, and admitting interest rate off 10% per
year during 15 years.

RESUMO

Este trabaho apresenta uma aplicacdo para
Sistematizar a construgdo de sistemas de lagoas
para tratamento de esgoto doméstico. O sistema
consiste de duas lagoas anaerdbias operando em
paraelo durante o periodo de maio/97 até abril/99.
Estas lagoas eram conectadas em série com uma
lagoa facultativa chicaneada O sSistema de
tratamento foi monitorado com amostra coletadas
no esgoto bruto (amostra composta), nos afluentes
e efluentes das lagoas e ao longo dos fluxos das
lagoas anaerdbia e facultativa. Os seguintes
pardmetros foram andisados. pH, Demanda
Bioguimica de Oxigénio (DBO), Demanda

Quimica de Oxigénio (DQO), Solidos Totais (ST),
Solidos Sedimentavels (SS), Coliformes Totais
(CT), Oxigénio Consumido em Meio Acido
(OCMA) e Temperatura.
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