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Performance evaluation and spatial sludge distribution
at facultative and maturation ponds treating wastewater
from an international airport
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ABSTRACT
This paper presents a performance evaluation of facultative and maturation ponds in series treating
wastewater from a large and intensively used international airport in Brazil, based on 16 years of
regular monitoring. The wastewater from the airport showed similar or slightly lower concentrations
compared to typical domestic sewage for most of the quality parameters. The contribution of
efﬂuents with possible industrial features (aircraft toilets and hangar efﬂuent) did not seem to have
adversely affected the characteristics of the inﬂuent in terms of aptitude to biological treatment.
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Overall, the ponds operated under very underloaded conditions (mean loading rate of 44 kg
biochemical oxygen demand/ha.d in the facultative pond) and presented a satisfactory quality in
terms of efﬂuent concentrations for most parameters. A bathymetric survey of the ponds was done
manually by a low-cost measurer constructed speciﬁcally for this purpose. After 27 years of
operation, only 25% and 18% of the volumes of the facultative and maturation ponds were occupied
by sludge. Speciﬁc sludge accumulation rates were 0.0071 m³/passenger.year for the facultative
pond and 0.00017 m³/passenger.year for the maturation pond.
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INTRODUCTION
Knowledge about the quality of the inﬂuent to any wastewater treatment plant (WWTP) is essential for designing
and operating the system. This is especially the case when
the inﬂuent is considered as non-domestic, such as in an airport. In a typical airport complex, the efﬂuent originates
from bathrooms, airplanes, washing vehicles, aircraft toilets,
aircraft and vehicle trafﬁc, airplane fuelling, load transportation, cleaning of work areas, maintenance of green
spaces, rubber removing from the runway, among others
(Gnecco et al. ; SDCRAA ; Calijuri et al. ).
Possible industrial features can be observed in aircraft toilets
and hangar efﬂuents. Literature is sparse regarding characterization of efﬂuent from airports as well as regarding
performance of stabilization ponds treating such type of
efﬂuent.
The performance of stabilization ponds may be related
to several factors, such as weather conditions, inﬂuent
quality, sludge accumulation, geometric conﬁguration,
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positioning of inlet and outlet devices and the presence or
absence of bafﬂes. Regarding sludge, there may be a relationship between efﬂuent quality and sludge accumulation in the
units, due to the possible loss of settled solids with the efﬂuent. Other factors associated with the accumulated sludge
can be the loss of useful pond volume, with decreased
hydraulic retention time (HRT) and possible short circuits
(Schneiter et al. ; Abis & Mara ). However, it is
observed that there are large gaps in quantifying the generation of sludge in ponds that receive airport efﬂuents.
Literature reports that sludge accumulation in ponds is
not evenly distributed throughout the pond area and, in general, varies with the geometry of the unit, positioning of the
inlet and outlet devices and ﬂow conditions. Peña et al.
() observed the strong inﬂuence of the geometry and
the relative positioning of the inlets and outlets in the
sludge deposition patterns in two experimental anaerobic
ponds in Colombia. Nelson et al. () studied three
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full-scale facultative ponds in Mexico, and found that the
maximum sludge accumulation occurred near the single
inlet and in some of the corners (dead zones). Abis &
Mara () and Picot et al. () reported a similar behaviour of sludge accumulation around the inlet area in three
pilot-scale ponds in the UK and in 19 primary facultative
ponds in France, respectively. Sludge accumulation patterns
in ponds, therefore, are mainly inﬂuenced by the pond
geometry and consequently by the hydrodynamic proﬁle
(Alvarado et al. ). In the same way, knowledge of such
conditions is fundamental for evaluating a possible interference of accumulated sludge in the treatment efﬁciency, or as
an aid in the deﬁnition of strategies to desludging
operations.
As a case study for the evaluation of a pond system using
monitoring data and a bathymetric survey, this paper presents a performance evaluation from facultative and
maturation ponds in series treating wastewater from a large
and intensively used international airport in Brazil, based
on 27 years of operation and 16 years of regular monitoring.
The WWTP treats wastewater for the entire airport complex,
including administrative and operational areas, hangars and
aircraft wastewater (with non-domestic components). The
plant started operation in 1985 and the sludge has never
been removed. The airport started operating with around
1,000,000 passengers per year, and is currently in the
region of 10,000,000 passengers per year.

METHODS
WWTP under study
The WWTP serving the Tancredo Neves International Airport, in Conﬁns, near Belo Horizonte, Brazil, consists of
preliminary treatment (coarse screen, without grit removal),
ﬂow measurement (Parshall ﬂume) and a pond system composed of a facultative pond followed by a maturation pond.
The average ﬂow during the period was 8.0 L/s, well below
the system’s design capacity, which led to an average theoretical HRT of 193 days in the facultative pond and 18 days
in the maturation pond. The side dimensions of the facultative pond are 190, 118, 145 and 126 m (trapezoidal shaped)
with internal slopes of 1.0:2.5 and liquid depth of 2.90 m.
The inlet is divided into two pipes that advance into the
pond. The pipes have a 90 curve directed to the bottom,
through which the inﬂuent is released into the pond. The
side dimensions of the maturation pond are 118, 118, 48
and 20 m (trapezoidal shaped) with internal slopes of
W
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1.0:2.5 and liquid depth of 2.90 m. The maturation pond
inlet is a single pipe, also with a 90 curve directed to the
bottom.
In addition to the efﬂuent coming from the passenger
terminal, cargo terminal and administrative ofﬁces (from
the toilets and kitchens), the WWTP receives occasional
contributions of wastewater with predominantly nondomestic characteristics: waste from aircraft toilets and
efﬂuent from a hangar, where maintenance activities of
painting and aircraft repair take place. The hangar has
an industrial WWTP (consisting of an oil and water
separator, coagulation units, mixing and sludge dewatering) for efﬂuent pre-treatment before discharge into the
airport sewerage system.
W

Monitoring data
The monitoring data of the ponds were provided by the sanitation company that operates the system (COPASA).
Statistical analyses were performed for physical, chemical
and microbiological parameters in the ponds, from 1994 to
2010. Three sampling points were used: raw wastewater
(inﬂuent), efﬂuent from facultative pond and efﬂuent from
maturation pond (ﬁnal efﬂuent). The monitoring programme (parameters and frequency) varied over the years
but, in general, comprised weekly samples for air and
liquid temperature, pH and dissolved oxygen (DO) (grab
samples) and monthly or biweekly samples for the other parameters, such as biochemical oxygen demand (BOD),
chemical oxygen demand (COD), total solids (TS), total suspended solids (TSS), ﬁxed suspended solids, volatile
suspended solids (VSS), settleable solids, Escherichia coli,
chloride, ammonia, total nitrogen, total phosphorus, oil
and grease, detergents, alkalinity (composite sampling) and
phytoplankton, resulting in a total of approximately 9,000
data values. Flow measurement was always continuous,
and the records were presented as mean monthly averages.
The inﬂuence of the wastewater from aircraft toilets was veriﬁed by comparing monthly volumes released in a manhole.
Bathymetric survey of the sludge
The points for sludge level measurement were homogeneously distributed within the ponds, covering parallel
transects that uniformly covered the surface water in both
ponds. In total, 109 measurement points were used, including 72 points for the facultative pond and 37 for the
maturation pond. The sections were marked and covered
with a boat for the measurements. Measurements were
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made using a device comprising a PVC rod connected to a
disc-shaped acrylic base (with small holes equally distributed) and a metal rod of smaller gauge with metric scale.
(Gonçalves et al. ). The ﬁrst rod (outer rod) was used
to determine the depth of the solids–liquid interface, by
touching the sediments without penetrating the sludge
layer owing to the existence of the circular acrylic plate at
its base. After determination of the depth of the liquid
layer, the second rod (smaller gauge) was introduced
inside the ﬁrst one in order to pierce the sludge layer, stopping when reaching the bottom of the pond. The difference
between the measurements performed with the two graded
rods provided the sludge layer thickness.
A GPS (global positioning system) navigator, Garmin
model 76, was used for recording the points. The bathymetric maps were prepared with the software ArcGIS 9.3®
(ESRI Inc.), with the spatial interpolator Natural Neighbour
tool, using Thyessen polygon interpolation method. With
the ArcGIS 9.3 software, the useful volume and volume of
the sludge layer in the ponds were determined, which
allowed calculation of the average generation of sludge per
passenger. The cumulative number of passengers was
obtained from the records of the company that operates
the airport (Infraero).

RESULTS AND DISCUSSION
Analysis of monitoring data
Table 1(a) summarizes concentration values in the raw
wastewater, facultative pond efﬂuent and maturation pond
efﬂuent. Table 1(b) shows the average removal efﬁciency
for each pond and for the system as a whole. Because of
the large number of data obtained, it is difﬁcult to interpret
and discuss all of them in a single paper. Only major comments will be made here.
Generally, the efﬂuent from the airport (inﬂuent to the
treatment plant) showed similar or slightly lower concentrations compared with diluted domestic sewage for most
of the quality parameters. The average concentrations of
BOD, COD, TSS, VSS, total phosphorus, oil and grease,
detergents and chloride were below those reported in
the literature for typical domestic wastewater (Metcalf &
Eddy, Inc. ; Von Sperling & Chernicharo ). However, nitrogen and alkalinity exceeded typical values.
Probably, the highest ammonia concentrations were due
to the high proportion of urinals (urine) at the airport
when compared to residences, since these toilets are
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probably used more to urinate than to defecate. Alkalinity
can be explained by the greater water hardness in the airport area (karstic region), since the supplied water comes
from an underground water source. VSS/TSS and BOD/
COD ratios were within commonly seen values in domestic sewage, suggesting good biodegradability.
Liu et al. (), in a study at the airport of Qingdao,
China, obtained similar ﬁndings: concentrations of physical
and chemical parameters were below those found in domestic wastewater, except for pH and total nitrogen (within
range) and ammonia (slightly above).
In general, the overall pond system showed typical
removal efﬁciencies for BOD, but somewhat lower than
expected efﬁciencies for COD. It should be noted that
mean negative efﬁciencies have been found in the maturation pond with respect to organic matter and solids.
Although BOD and COD analyses have not included
their composition in terms of soluble and particulate fractions, it is strongly believed that the increase in the
efﬂuent concentration was due to the presence of algae
(particulate organic matter). The large values of the standard deviations of the removal efﬁciencies of the major
constituents in the maturation pond reﬂect this instability
associated with episodes of large solids loss in the pond
efﬂuent. The large presence of solids in the ﬁnal efﬂuent
indicates that improvements in the performance of the
system in terms of organic matter should concentrate on
the particulate fraction, and not on the soluble one.
Removal of suspended solids from pond efﬂuents can be
undertaken by several processes, ranging from simple
ones, such as coarse rock ﬁltration (Von Sperling et al.
), to more sophisticated ones, such as dissolved air ﬂotation (Barros et al. ).
E. coli removal efﬁciency was high (4.7 log units),
mainly due to the high reduction that occurred in the facultative pond. Nutrients were also reasonably well removed,
especially in the facultative pond (good removal of total
nitrogen, ammonia nitrogen and total phosphorus). In the
maturation pond there was a small removal of ammonia
and no substantial removal of total nitrogen and total
phosphorus.
The calculated daily average of volumetric wastewater
generation per passenger (pax) was 26 L/pax.d, higher
than the typical range quoted by Metcalf & Eddy, Inc.
(), of 11–19 L/pax.d. Similarly, the daily averages of
BOD and COD generation rates per passenger were,
respectively, 7 and 17 g/pax.d.
Regarding BOD surface loading rate, Figure 1 shows the
historical time series in both ponds, with moving average of
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(a) Mean, median and standard deviation of the concentrations along the system; (b) average removal efﬁciency of selected constituents in each pond and in the system

Raw wastewater

Facultative pond
Standard

Maturation pond
Standard

Standard

(a) Concentration

Mean

Median

deviation

Mean

Median

deviation

Mean

Median

deviation

BOD

235

201

148

41

32

35

45

36

35

COD

472

417

288

152

133

97

188

157

119

TSS

201

163

147

52

39

46

46

37

39

VSS

174

146

132

46

36

43

40

31

36

Total solids

713

718

252

391

382

112

444

402

170

Total N

57

51

28

17

14

12

14

12

11

Ammonia-N

49

41

28

11

9

9

9

7

7

Phosphorus

4.9

4.4

3.0

1.9

1.7

1.1

1.8

1.5

1.3

Oil/grease

48

40

40

20

14

23

27

20

34

Detergents

2.4

2.2

1.5

0.6

0.6

0.3

0.2

0.1

0.2

Acidity

51

46

34

11

7

16

2

0

4

Alkalinity

318

310

130

141

140

64

127

122

48

Chloride

40

39

16

38

40

12

58

48

27

pH

7.6

7.6

0.4

8.8

8.8

0.6

9.6

9.6

0.7

DO

–

–

–

5.3

4.9

2.3

9.1

9.4

2.7

Settleable solids

8.7

8.8

3.7

0.0

0.0

0.0

0.0

0.0

0.0

E. coli

1.94 × 107a

1.80 × 107

6.60 × 108

5.96 × 103a

1.10 × 104

1.19 × 106

3.06 × 102a

3.30 × 102

3.57 × 104

Facultative pond

Maturation pond

System

(b) Removal efﬁciency

Mean

Standard deviation

Mean

Standard deviation

Mean

Standard deviation

BOD

77

17

 22

55

77

17

COD

52

30

 16

55

52

27

TSS

59

38

 31

95

62

48

VSS

56

41

 32

117

57

73

Total solids

28

42

4

33

35

27

Total N

59

29

1

44

67

29

Ammonia-N

63

31

16

38

73

24

Phosphorus

43

27

18

29

53

30

Oils/greases

48

50

1

69

50

55

Chloride

1

27

8

28

9

39

Settleable solids

100

0

100

0

100

0

E. coli

3.5

1.4

1.4

1.0

4.7

1.4

Part (a): unit is mg/L, except for pH (unitless), settleable solids (mL/L) and E. coli (MPN/100 mL).
a

Geometric mean.

Part (b): efﬁciency in %, except for E. coli – log units removal.

12 terms representing annual averages. It is evident that the
ponds always operated in underloaded conditions. The average BOD load in the facultative pond, 44 kgBOD/ha.d, was
well below the usual range (100–350 kgBOD/ha.d)
adopted in designs in tropical countries (Von Sperling &
Chernicharo ). Mara () presents an equation
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(Equation (1)) that uses the average air temperature in
the coldest month (T, in C) to estimate the BOD surface
loading rate (Ls, in kgBOD/ha.d) to be considered in the
design of facultative ponds
W

LS ¼ 350x(1:107  0:002xT )(T 25)

(1)
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Time series of BOD surface loading rate (kgBOD/ha.d) in the facultative pond and maturation pond with moving average of 12 terms.

W

Based on the average air temperature in July (21.7 C), it
can be estimated that the design organic surface loading rate
in the facultative pond would be 285 kgBOD/ha.d, which is
much higher than even the maximum value of the operating
BOD surface loading rate in the pond (157 kgBOD/ha.d)
found throughout the monitoring period. Despite the observed
low surface loading rates, it can be observed that there is an
increasing trend in recent years, due to the rise in the
number of passengers using the airport. Expected increase in
the number of ﬂights in the near future will cause further
elevation of the loading rate, but it can be seen that the treatment system is still able to accommodate higher loads.
Although not a direct design parameter, the HRT in the
pond must be sufﬁcient to allow for the required organic
matter oxidation. According to Von Sperling & Chernicharo
(), the HRT required in facultative ponds depends on climatic factors. A usual range cited by the authors is 15–45
days for primary facultative ponds. In the studied facultative
pond, the HRT varied substantially (minimum of 75 days
and average of 193 days), with values systematically much
higher than the typical design ones. For maturation ponds,
there is a generic recommendation to maintain a minimum
of 3 days in each unit, to avoid algae wash-out (Mara ).
The minimum HRT presented by the maturation pond was 7
days and the average HRT was 18 days, thus indicating that
the unit was always underloaded from the hydraulic point of
view, since it operated for 100% of the time above the recommended minimum. Because of these underloading
conditions, the ﬁnal efﬂuent from the system presented
high pH and DO values (Table 1), resulting from a high
photosynthetic activity associated with algae.
Over the years of monitoring, the efﬁciency of the facultative pond in BOD removal varied, with the vast majority of
data within the range 60–95%. The median and mean values
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(respectively 77% and 80%) are within the range reported by
Von Sperling & Chernicharo () for domestic sewage (75
to 85%). The mean and median COD removal efﬁciencies in
the facultative pond, respectively 52% and 60%, are below
the lower limit of the range mentioned by the same authors
(65 to 80%). Analysing the performance of the overall
system comprising the facultative and maturation ponds
(Figure 2), it can be seen that the maturation pond did not
lead to an increase in the BOD removal efﬁciency. In fact,
COD removal even decreased, because of the presence of
algae in the ﬁnal efﬂuent, resulting from the underloading
conditions in the maturation pond.
No perceptible relationship between wastewater volume
from the aircrafts and inﬂuent biodegradability (in terms of
BOD/COD ratio) or pond efﬁciency (in terms of BOD or
COD removal efﬁciency) were noted. Mean values of the
COD/BOD ratio in the inﬂuent were 2.3, which is within
the typical range for domestic sewage.
Bathymetric survey
The facultative pond bathymetric maps presented in
Figures 3(a) and 3(b) show the space distribution of the
sludge. Figure 3(a) illustrates the spatial distribution in
terms of the sludge layer thickness, with values ranging
from 0.15 to 1.78 m. In Figure 3(b), the values indicate the
percentage of the pond depth that is occupied by the
sludge layer, ranging from 7.3 to 86.6%. On average, 25%
of the net volume of the facultative pond was taken up by
the sludge. Most studies on the spatial distribution of
sludge layers in facultative ponds indicate accumulations
near the ponds’ inlets and outlets (Peña et al. ;
Nelson et al. ; Abis & Mara ; Picot et al. ;
Alvarado et al. ). This is also observed here, with the
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Figure 2

|

Time series of the system removal efﬁciency of BOD and COD, with moving average of 12 terms.

Figure 3

|

Spatial distribution of the sludge accumulated in the facultative and maturation ponds. (a) and (c) Sludge height (m) in the facultative and maturation pond, respectively; (b) and
(d) percentage of total depth occupied by the sludge in the facultative and maturation pond, respectively.

additional fact of higher accumulations in the left side, a
situation caused by unequal ﬂow distribution between the
two pipes entering the pond (instead of having half of the
ﬂow from each of the two inlet pipes, it was observed that
the north one received 80% of the ﬂow). There was also a
large zone of accumulation throughout the inlet face, constituted mainly by sand (there are no grit chambers in the
system). Bathymetric maps of the maturation pond are
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shown in Figures 3(c) and 3(d). Figure 3(c) illustrates the
spatial distribution in terms of the sludge layer thickness,
with values ranging between 0.05 and 0.65 m. In Figure 3(d),
the percentage of the pond depth occupied by the sludge
ranged between 4.2 and 69.7%. On average, 18% of the net
volume of the maturation pond was taken up by the sludge.
Most of the sludge is accumulated at the edges near the
outlet device.
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The average rate of sludge accumulation in the facultative pond, calculated as a function of the annual average
of passengers in the years 1989 to 2010, was 0.0071 m³/
pax.year, and, in terms of annual depth, 2.2 cm/year.
Regarding the maturation pond, the sludge accumulation
rate was in the order of 0.00017 m³/pax.year or 3.2 cm/year.
The values obtained for the sludge accumulation rate
per passenger were lower than those reported in the literature for ponds treating domestic sewage, expressed by
inhabitant, generally, varying between 0.021 and 0.12 m³/
pax.year (Arceivala ; Gonçalves et al. ; Nelson
et al. ; Picot et al. ; Alvarado et al. ). This can
be explained by the underloading conditions of the studied
ponds and the dynamics of passengers, which is very different from the population dynamics of a city. Similar data for
comparison with ponds treating efﬂuents from other airports, expressed in m³/pax.year, were not found in the
literature.

CONCLUSIONS
The wastewater from the airport showed similar or slightly
lower concentrations compared to typical domestic sewage
for most of the quality parameters. The contribution of efﬂuents with possible industrial features (aircraft toilets and
hangar efﬂuent) did not seem to have adversely affected
the characteristics of the inﬂuent in terms of suitability for
biological treatment.
Overall, the ponds operated in underloaded conditions
and presented a satisfactory quality in terms of efﬂuent concentrations for most parameters. However, the presence of
algae in the efﬂuent from the ponds deteriorated the efﬂuent
quality in terms of organic matter and suspended solids.
The bathymetric survey of the ponds was done manually
by means of a low-cost device, which proved to be satisfactory in measuring the thickness of the sludge layer. After
27 years of operation, only 25% of the facultative pond
and 18% of the maturation pond volumes were occupied
by sludge. Speciﬁc sludge accumulation rates were
0.0071 m³/pax.year for the facultative pond and
0.00017 m³/pax.year for the maturation pond. Both values
are lower than typical per capita values based on domestic
sewage.
The map of spatial distribution of the sludge, showing
uneven distribution, highlights the need for a careful hydraulic design of the system. Poor ﬂow splitting caused most of
the inﬂuent wastewater to be distributed in one side of the
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facultative pond, therefore causing a higher sludge accumulation in this side.
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