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This presentation is on facultative waste
stabilization ponds.

Facultative ponds

Terminology:

= Primary fac. ponds: receive raw
wastewater (after screening and grit
removal)

= Secondary fac. ponds: receive effluent
from anaerobic ponds (or septic tanks,
UASBSs; or from settled sewerage
networks)

#g chlorophyll a/l) .
SoJ’acuItatlve ponds are (or should
= ... be) dark green

We use the term ‘primary’ facultative
pond for fac. ponds that receive raw
wastewater, and ‘secondary’ facultative
pond for those receiving the effluent from
an anaerobic pond or other settling device
such as septic tanks, or the solids
interceptor tanks used in settled sewerage.

Facultative ponds should be dark green in
colour asthere is a profuse growth in them
of mainly motile micro-algae. In a well
performing facultative pond the agd
concentration, expressed in terms of the
main algal photosynthetic pigment, is
arouPc]I 500-2000 pg of chlorophyll a per
litre.*

[x1The slide says ~500-1000 ug/l, which is more usual;
but it can be as high as 2000 pg/l.

0 algal-bacterial mutualism: algae
produce O,, used by heterotrophic
bacteria which produce CO, which is
used by the algae.

U thin sludge layer in facultative ponds
that receive raw wastewater (intense
anaerobic digestion & CH, production).

O effluent BOD mainly due to algae (70—
90%). This “algal” BOD is very different
from “wastewater” BOD.

In facultative ponds there is a mutualistic
relationship between the algae and the
heterotrophic bacteria: the algae produce
oxygen which is used by the bacteria, and
the bacteria produce carbon dioxide which
isused by the algae.

There’s a dudge layer in primary fac.
ponds and there’s intense anaerobic
digestion in this layer with copious biogas
production.

The BOD of a fac. pond effluent is
mainly due to the algae in it, and this algal




BOD is very different from ‘normal’
wastewater BOD, and we’ll come back to
this shortly.

Algae typically found in facultative ponds:
(a) Chlamydomonas; (b) Chlorella; (c) Euglena; (d) Scenedesmus.

These photomicrographs show some of the
algae commonly found in fac. ponds:
Chlamydomonas, Chlorella, Euglena and
Scenedesmus.

Algae produce O,, but only during daylight hours
.. diurnal variation in DO levels in pond:
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DO CONCENTRATION, ma/!
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o ~10cm
* ~80cm
below
surface

Algae produce oxygen but only during
daylight hours. This means there is a
diurnal variation in the dissolved oxygen
levels in the pond, and the figure on the
slide shows this for two depths, 10 and 80
cm below the pond surface, and you can
see that the diurnal variation is much
greater at 10 cm than at 80 cm.

Diurnal variation of pH as well:
* Algal photosynthesis consumes CO,

« If CO, consumption faster than CO, supply
by bacterial metabolism or from
atmosphere, then bicarbonate and
carbonate ions dissociate:

2HCO,~ — CO,2 + H,0 + CO,
CO,2 + H,0 — CO,+ 20H"

CO, used by algae, OH- accumulates,
so pH rises

As aresult of algal photosynthesis there is
a diurna variation of pH, as well as of
dissolved oxygen. This is because when
the algae are photosynthesizing rapidly
their CO, demand exceeds its supply from
bacterial metabolism and from the
atmosphere, so carbonate and bicarbonate
ions in the pond water dissociate to
provide more CO,, but also hydroxyl ions
[OH ], as shown by the equations on the
dide. The CO; is used by the algae and
the hydroxyl ions accumulate, so the pH
rises.

* pH can rise above 9, even 10.
» Important for die-off of faecal bacteria:

pH >9.4 is rapidly lethal to faecal
bacteria, including E. coli - main
exception is Vibrio cholerae (which is
killed off by sulphides in anaerobic
ponds)

As a result the in-pond pH can rise to
above 9 or even above 10, and thisis very
important for the die-off of faecal bacteria.
An in-pond pH of 9.4 and above is rapidly
lethal to faecal bacteria, with the exception
of Vibrio cholerae which easily tolerates
these high pH’s, but fortunately it’s
quickly killed by the sulphides in
anaerobic ponds.




Depth of facultative ponds

The wastewater depth in fac. ponds is

9. * Ustially -2m {commanly 1.5 m) somewhere between 1 and 2 m, with 1.5 m
* If <0.9 m, then problem of emergent bei ot Deoths | th 1
plants and consequent mosquito €eing most common. €ptns less than
breeding: m aren’t recommended because there’s the
| : problem of rooted plants growing up
T <0.9m | through the pond, and they then provide a
T a—. shaded habitat for mosqguito breeding —
for mosquito which we certainly don’t want.
breeding
10 Length-to-breadth ratio of fac. ponds Thel aght o-breadth ratio of pri mary fac.
) Q 2-3 to 1 if pond receives raw wastewater pondsis 2 or 3to 1, certainly no more than
[if more than this, sludge accumulates 3to 1 as there would be s gnificant 9 udge
near inlet (rather than being reasonably accumulation near the inlet, and these
well distributed across pond bottom) and sludge mounds can eventuall’y block the
can — emergent sludge mounds which inlet
block the inlet ' ,
ey oiee e'f‘e] . . For secondary fac. ponds the L:B ratio
O can be >3 to 1 if pond receives anaerobic . R
R —— gzr:etggr::ﬁ\tgrt;hfn 3to 1, but it shouldn’t
11. Design of Facultative Ponds
So how do we design facultative ponds?
Many methods — mostly bad!
'IYh —— - ) There are quite a few design methods, but
R few of them are any good. The best is
Surface BOD loading rate based on surface BOD loading,
which is the amount of BOD applied to the
12 SURFACE BOD LOADING fac. pond surface area per day, and its

A, kg BOD/ha day

Important
equation!

L; = influent BOD, mg/I*
Q = flow, m*day

A = pond area, m?
NOTE UNITS!! *=g/m?

O Design loading is a fn of temperature:

units are kg BOD per ha per day, and it is
denoted by the symbol As.

So, if the influent BOD (L) is in mg/l,
i.e. g/m®, the flow (Q) in m*day and the
area (A), in m?, then:

As= 10LiQ/A
We end up with a ‘10’ in this equation as
there are 10° gin akg and 10* m? in aha

The value we use for As depends on
temperature, the design temperature we’re
using.




The McGary ad Resood equetion far the

13 . * McGarry and Pescod equation for W BOD |Oad| ng rate on fac ponds
maximum loading rate (ie, envelope of IS.
failure): s = 10(1.054)"
A, =10(1.054)" where s is in the rather unhelpful units of
where A_ is in Ib/acre day and T in °F pounds.of BOD per acre_ per day al'_ld Tis
the design temperature in °F. Using Sl
In Sl units: A, = 60(1.099)" units their equation becomes:
where A_ is in kg/ha day and T in °C As= 60(1.099)1—
where the units are now kg per ha per day
and °C.
‘ / - McGarry & Pescod’s
Bl envelope of failure
14. 1] The McGary ad Resood equetion is
‘ redly anavdgoe of falure Thefigure
1 1] on the dide dons the deta parts on
i [T which ther egLetion wes besadt the dlack
”’ / ) das rgresmt fec. pods thet wae
] waoking OK, ad the goen drdes
T L 0 = failed pond represent failed ponds, ponds that had
become anaerobic.
McGarry & Pescod’s
envelope of failure
15. 0 = falled pond Honeve, the shgpe o the McGary ad
HOWEVER: Resood egtion is influeced vay
oot grogdy by the gap o falue pans
[ ( )inﬂuencefdfb_slf: aaud °C ad the goyp o rgoatedy
pointgs atp~0 °C, and 9]g:ai(]’y FUCB qHa”’Q a vay h@h
th) grous of Dk BCD lceding rates aoove about 550 kg
pglnts at atyplgally
high BOD loadings per ha per day.
(>>500 kg/ha d)
16. But ponds should not be designed to Bu we don't CEQ’] m to qwae a

operate a their point of failure!

* Therefore various design equations
have been introduced

Best is Mara’s global design equation:

thar pant of falue sowe cal't use the
McGary and Resood egugtion far desgn,
bu we can u=e it a8 a badmak fa a
desgn equetion, ad the bet desgn
egueion to ueisthe Maradadod desgn
equation.




MARA’S GLOBAL DESIGN EQUATION

This daes thet the desgn vdue o As is
given by:

17. 25
[ A, = 350(1.107 - 0.002T)™-% | ~ 350 (1.107 - 0.002T) o
In this equation the term raised to, in this
[ Another important equation | [ Note: case, the power T-25 is not a simple
. Arrhenius constant, but alinear function of
(@T=8°C, -AS =80 kg/ha day [experience in Europe & NZ] T i Thl S was done to make the equatl on
(b) T=25°C, A, = 350 kg/ha day [experience in NE Brazil] valid over a wide range of temper ature,
(c) T = 35 °C, A, = 500 kg/ha day [arbitrary upper limit] from 8°C to over 30°C' although there are
few, if any, places in the world where we
would use a design temperature of over
30°C.
18 - § Q ;_::(3;221(‘1‘1::’7’-0.0027)’“ . .
Ths figore dons the McGary ad
Re=ood eguetion ad the Mara egugtion
ad you cen ssethaesaaffidat fadar
: of ety inthreMaraegqetiona dl desgn
temperatures.
l McGarry & Pescod (A) and Mara {B) equations |
19 Minimum retention time: The nean I'Vd'a_hc rdation tine
) it & o dHined as V/Q in fac. pods doud nat
IR A belestten 4 days S if its cdadaed
« If calculated value of 8; is <4 days, valueis<4 days, we have to use a value of
then take 6, = 4 days, and 4 days and recalculate the area, as shown
GE£ [EUlatEItIEarEdiOi: on the dide, assuming a depth of 1.5 m.
A= Qo/D;
* Take D;=1.5m
[Presentation #7 sets out in detail the fac. pond
design procedure.]
BOD removal in facultative ponds
20. McGary and Resood dso lodked & BOD

A=aA +b
A, = BOD removal, kg/ha day
=10(L, - L. )Q/A

* McGarry & Pescod’s equation:
A, =0.725 A, +10.75
close to zero

renrovd in faodtaive pods ad they
foud thet BOD rarovd eqaressed in kg
pa hapa day wesalinesr fudiond the
BOD lceding rate as doan by the
eguations on the slide.
Their equation is:
Ar=0.725)s + 10.75

and it’s worth noting that the constant
10.75isin fact close to zero.




McGarry & Pescod’s data:

21. . /{: This figure shows the plot of McGarry and
§ ol ] Pescod’s data. BOD removal in kg per ha
] .,v}.;"f’ per day is on the y axis, and BOD loading
: s {/’ in the same units is on the x axis, and you
L :;§< oy can see that the linear relationship is a
;;g,-‘?/-' very good one.
We now uaEly daan a rdaiodip o
22 A=ah, the form:
where a = 0.7-0.8 (usually) XR = 60\,3
ie, BOD removal is some 70-80%
where a is somewhere between 0.7 and 0.8
< McGarry & Pescod’s data were — that is to say, the BOD removal is
for unfiltered effluent samples around 70-80%.
— ie, they included the BOD of the
Zlgaein the event The effluent BOD data that McGarry and
Pescod used were obtained from unfiltered
samples — i.e, they included the BOD of
the algae in the effluents.

23 . For WSP e-ffluents: Ths rasss the qﬂl(]’t doudd we ue=

- Filtered or unfiltered BOD? fitaed o ufiltaed for md
U ‘Unfiltered’ includes algal BOD effluerts? Uflltqaj induoes tl_"E
A algal BOD and filtered BOD excludes it.
=Rl sl BCh We filter the effluent sample using the
# Filter through GFIC paper (this also removes same f”ter paper as we use fOf meaSU"ing
BOD due to the small amount of non-algal SS SUSpended S)'IdS Th|S W|||’ of course,
- algae contribute 70-90% of effluent BOD) remove any non-al gal SUSpended SOlidS,
but this introduces only a small error as
the algae contribute 70-90% of the BOD
in pond effluents.

: In the Borgoeen Union the qudity o

European Union: .

24, Urbag Waste Water :* * *’; trested wedtenete's is govered by the
Treatment Directive LI Urben W\edte V\ater Treetment Diredtive,
(91/271/EEC) ad ths las domm a ggad BCD

requiraTat o no norethen 25 nyl, but
s%%n far pord effluarts this is filter edBOD.
and €150 mg SS/1 Compliance with the Directive’s require-

ment for suspended solids per litre is
optional, except for ponds: pond effluents
have to have no more than 150 mg
suspended solids per litre.




European Union: .

25. Urban Waste Water : L . e oL
Treatment Directive N S, we have to ek the quedtian if ths_ls
(91/271/EEC) XK in the Burgoeen Union, why nt in

devdgong coutries? This is dways
For WSP effluents: something that should be discussed with
40y Silered SO0 the local environmental regul ator
and 150 mg SS/I €9 :
If OK in the EU, why not in
developing countries ?7?
Facultative Pond Performance in Northeast
Brazil, 25°C (June 1977- December 1981):
2 6 R BOD removal percentages: variation with A, ) )
This tdde gves the paoatage BOD
BOD loading Unfiltered BOD re'rn/as (ﬂarﬂj a Va'laB mg
tohad) _ removal (%) | cedi f oud 160 to nearly 600
162 84 nos rama A 1o y €
255 79 kg par hapa day, on prinery faoutdive
o i pocks in notheest Bradl, & an inpond
529 74 temperature of around 25°C.
577 74
F: Pond Perf in Northeast
Brazil, 25°C (June 1977- December 1981):
2 7 BOD removal percentages: variation with A,
) BOD loading Unfiltered BOD
bl ) Now, these percentage BOD removals are
- - al pretty good, so why was a design
- = loading of 350 kg per ha per day chosen
i ik for 25°C, and not a higher one?
All seemingly good removals.
So why choose a design loading of
350 kg/ha day, and not higher?
28 We dose 350 kg par ha par day as the

350 kg/ha day chosen as design loading
because of stability of algal population

Q Algal biomass conc. (as chlorophyll a)
becomes very low at A, >400 kg/ha day

[25 °C]
l—‘> See Figure .....

desgnlcedgfar 25°Caonthebedasd the
dablity of the dgd popddion in the
pod, asswefoud thet & thistenpaaue
thedgd bhaoress conoatraion, mesared
as dlagiyll a becare vay low when
the BCD lceding wes above ~400 kg par
ha per day,
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29. \51200-
g oo ... & doan in these reslts fram our
s primary facultative ponds in northeast
& 400 .
& Brazil,
00 2(‘]0 ‘ 41‘10 ' 600
BOD loading rate (kg/ha d)
1600
30- 1200

hlorophyll a (pg/l)
©
S

2

S

S
T

ad they tdl us thet whet hggpasin the
pond is at least as important as its effluent
quality.

BOD loading rate (kg/ha d)

important as the quality of the effluent

So what happens IN the pond is as

© Duncan Mara 2006




