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This presentation is on maturation ponds,
and these are the third type of pond that
we commonly use.

Waste Stabilization Ponds in Series

Why?
U Different ponds have different functions
— BOD removal poor in maturation ponds,
but faecal bacterial removal is high

0 Theory indicates that a series of small
ponds outperforms a single pond of same
overall size

—also observed in practice

We use ponds in series because different
pond types have different functions. BOD
removal is good in anaerobic and
facultative ponds, but poor in maturation
ponds, which tend to be used for the
removal of faecal bacteria and other
excreted pathogens.

We know from theory, and we can observe
this in practice as well, that a series of
small ponds outperforms a single pond of
the same overall size.

* So, either (a) — which is better

—ESHIG- - —
or (b):

—— - —

Size and number of maturation ponds
depend on final effluent quality required.

Q theory indicates that, for max.
performance, maturation ponds should
be the same size.

So we have either series (a) shown on the
slide or series (b), and there’s a preference
for series (@) as BOD removal in anaerobic
pondsis so good.

The size and number of maturation ponds
depends on the final effluent quality we
need to produce; and for maximal
performance the maturation ponds should
al be the same size. This may not, of
course, be possible, but at this, the process,
stage of the design we assumethat it is.




E. coli removal in WSP

Marais’ method:

U assumes first-order
kinetics in a completely
mixed reactor:

Ne = N/(1 + kg(r,8)

E. coli

O value of kg is strongly temp. dependent:

ke = 2.6(1.19)T-20

We normally design maturation ponds for
E. coli removal, athough of course we
might in any one case want to design them
for something else — nitrogen removal, for
instance.

We use the design method developed by
the late Professor Marais: the first equation
on the dide is the usua first-order
equation for, in this case, E. coli removal
in a completely mixed reactor; and the
second equation is Marais’ empirica
equation for the variation of the first-order
rate constant for E. coli removal, kg, with
temperature, and its value is strongly
temperature-dependent, changing by 19%
for every 1 degC change in temperature.

So, for a series of ponds:

N— S — - - i N.

N,
N, = L
® (1+ kBean)(1+ kBofac)(1+ kBemat)rf
Number of
= N; known, or can be measured; |mat. ponds

or take as 5 x 107 per 100 ml
= N, known (required effluent quality)

= 8,,&80, known, but 8, and n are both
unknown

So for a series of ponds, and remembering
that the effluent of one pond is the influent
to the next, we can derive the equation for
Ne shown on the dlide. This basically says
that Ne, the number of E. coli per 100 ml
of the final effluent equals Ni, the number
per 100 ml of the raw wastewater, divided
by a term for the anaerobic pond, by one
for the facultative pond, and by one for the
maturation ponds raised to the power n,
where n is the number of maturation
ponds.

Now N; is either known or taken as, for
example 5 x 10 per 100 ml; N is known
as it’s the final effluent quality we need;
and, at this stage in the design, we will
have already designed the anaerobic and
facultative ponds, so the retention timesin
these, 04, and s, are also known.

Ne = Nil [(1+ kBenn)(1+ kBefnc)(1+ kBemat)n]

so: one equation, two unknowns:

= either trial & error — for example, try
2 ponds @ 7 days, or 3 ponds @ 5 days,
and see if N, is < required effluent value
= or (and this is better) calculate the value
of 0,5, for n = 1, then for n = 2 etc. until

min
emat = 6mat

So we have one equation with two
unknowns. We can solve it either by tria
and error, or (and this is better) by
calculating the value of Oy for n =1, then
for n = 2, and so on until Omg is<0™", the

mat ?
minimum value of Onmg.




Q6™M": minimum value of 8, in range

A minimum value of 04 IS used in order

7 3-5 days. A min. value is assigned to
) Erzven:_algzl vr:as_hoqtt_and “Tduse to minimize hydraulic short-circuiting and
ydraulic short-circuiting. Marais - .
recommends 3 days in warm climates the ?HOW Sl'_lffICI ent time TOI’ the algae to
(~5 days in temperate climates) multiply. 6, hasavaluein the range 3-5
days: generally 3 days in hot climates and
5 daysin temperate climates.
Q6™M": minimum value of 8, in range .
8 3-5 days. A min. value is assigned to So when we solve the equation for n=1, n
) prevent algal washout and reduce = 2, and so on, we might get the following
hydraulic short-circuiting. Marais results:
recommends 3 days in warm climates '
(~5 days in temperate climates) Forn=1, 0 = 150 days; forn= 2, Opa =
Solution to equation might be, for example: 20 days; for n = 3, 6ma = 4.2 days; and for
n=1  @,,=150 n =4, 0y = 1.6 days. We would stop
N=2 - 20 here as the last calculated value of Oy is
N=d Bz 16, STOP! <M.
So how do we interpret these results?
9 (a) Ignore values of 8, > 8;,, and < 8" Well, we would ignore values of Oma > Otac
) o . (there’s no theoretical basis for this, just
{b) Choose the combination that requires h . . iud t d
least land (ie, the one for which the engineering  judgement’),  and  we
product of n and 8,,,, is smallest) ObVIOUS|y Iignore vaues of Omax < Gnmqi,; .
e dcimiSIcompaISenithe We then choose the combination of n and
combination of 6714 and value of n for 0. that requi res the least land — that is to
which @__, first goes below 8™ (n = 4 in mat h bination for which th duct
above example, for which 8,,,,= 1.6 d) say, _e Com 'In lontor whic e Pro uc
NOma 1S @ Minimum, and we would include
in this comparison the combination of
0 me @nd the value of n for which the value
of Omat first goes below 67 .
ThusOma can’t be greater than 04, Nor less
Therefore: 1. 6, * 0, min ]
10. than 0., . But we should also consider a

2. 6,,% 6, mn
But also:
3. BOD loading constraint:

AS(M1) + o‘TSAS(faC)

To calculate A, first determine L,
( = Lim)) from first-order equation for
unfiltered BOD removal with k, = 0.1 d™
(or 0.3 d-' if primary fac. pond)

BOD loading constraint: clearly the BOD
loading on the first maturation pond can’t
be greater than that on the preceding
facultative pond, and it’s better if it’s quite
a bit less than this; and | prefer to say that
the loading on M1 can’t be more than 75%
of the fac. pond loading.

To calculate Agm1) we first determine the
effluent BOD from the fac. pond by using
the first-order equation for unfiltered BOD
removal with k; = 0.1 day * (or, if it’s a
primary fac. pond, with k; = 0.3 day ).




In fact simplest to consider constraint # 3

11. P . . .
first: In fact it's bet to condider this loeding
_ codrart fird ad, uang the equetion an
Oy = TOLDID.7BA thedide detamrinethe mnimumvalle of
A, =10L.Q/A = 10L,QD/AD = 10L.D/6 eMl’ and then fO”OW the four-siep
[oagRRnEasiey s procedure which I’ now describe.
and follow the 4-step procedure —
12 Maturation Pond Design
Four-step procedure ‘
The fird gep is the cdaddion of 0y,
Step 1: using the loading equation we’ve just
Calculate: }y," = 10L,D/0.75A derived.
= Le(fac)
[unfiltered BOD]
Sep 2isto dadaetherdationtinein
13 Step 2: the ssood ad suosguat nmatudion
" Calculate retention time in second & m Lsrg tfe Mm we hsd tﬁcre
Eibseqlient, matnationFont=: but now, as shown on the dide, with a
B = {ININ(1+ kg8,)(1+ kgB)(1+ kgBy)] ¥ —1}kg term for M 1.
~ now the retention time in M2, M3 stc.
Sotver 23 ] We solve this equation for n = 1, then for n
olve forn=1, 2, 3 etc. an _ . . i
STOP when 6, <8\" (3-5 days) — assume this - 2’ and so on until emat IS <62|ar11 - Note that
happens when n = fi n is now the number of the second and
subsequent ponds; it does not include M 1.
14. Step 3:

Choose most appropriate combination*
of 8, and n, including 87" and fi

al

* je, the one for which their product is a
MINIMUM, as this gives the least land
area requirement

Sep 3 is the Hadion o the not
gorgxiate corbirgtion o 6y and n,
including 0w and i, where i is the value

of n for which Oy first goes below 07 .




15 Step 4:

Determine mat. pond areas taking net Sq) 4isthe (qualm of the I’THLI&IO"I

evaporation into account: pod aess teking Nt evgoordian into

T acoourt. With faoultative ponds we hed

8; = 2A.D/(2Q, — 0.001eA)) thefird G}Hlm donn onthe didg ad

Rearrange this for mat. ponds: fﬁ.- I'THLI’&I(TI m\l\gm t(f) rearange

A, = 2Q,8,/(2D + 0.001e8, ) thseqeionintans A infadt An, =S
shown in the second equation on the dlide.
Now award on desgn tarpaaues Far
16 Design Tem peratures anaerobic and facultative ponds we have to
) use the mean temperature of the coldest
» For anaerobic & facultative ponds: month, as the_ ponds have to function

Des. temp. = mean temp. of coldest month properly at this lowest mean monthly

temperature. With maturation ponds it’s
: ;°’ ':a‘“’a“m‘ P°":'s= SRR less straightforward. If we were designing
es. temp. = mean temp. or coolest mon H )

e im‘;aﬁon i them for nitrogen removal, then we’d have
to use the mean temperature of the coldest
month; but if we’re designing them to
produce an effluent suitable for
agricultural reuse, then we’d use the mean
temperature of the coldest month in the
irrigation season.

Gang beck to the desgn egtion far E.
17 Ne = Ni/ [(1+ kgB,)(1+ KeBp,c) (1+ kgBrmat)'] coli removal in a series of ponds: it has to
- But should same value of kg be used for be asked whether we should use the same
anaerobic, facultative and matlzlration ponds? value Of_ ks in &l three types of pond. The
answer is probably not, but we don’t have
Probably not, but not too much data too much data to say one way or the other,
a"?“:b'e“ . - - at least with any degree of confidence.
—=In racuitative ponds seems to e a H H
function of organic Igading as well as of But we do know that the_ equatlon IS
time and temperature: perfectly OK for a whole series of ponds,
rather than for individual anaerobic,
facultative or maturation ponds.
In fac. ponds the value of ks seemsto be a
function of the BOD loading on the pond,
aswell as of time and temperature, ...
Facultative ponds, Northeast Brazil, 25°C
18. =

FC removal rate constant (d")
©
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BOD loading rate (kg/ha d)

o

as shown in this dide for a primary
facultative pond in northeast Brazil, which
had a mean in-pond temperature of ~25°C.
The value of kg decreased fairly linearly
with BOD loading in the range 200-400
kg per ha per day; thereafter it remained
essentially constant.




19.

Performance of Five Ponds in Series
Northeast Brazil, 25 °C
June 1977 - May 1979
20 = 29.1 days

BOD" SS FC

Retention

time (d) (mg/l) (mg/l) (/100ml)
Raw w'w — 240 305 4.6x107
A1 6.8 63 56 2.9x106
F1 55 45 74 3.2x10°
M1 5.5 25 61 2.4x104
M2 55 19 43 450

M3 5.8 17 45 30

‘Unfiltered

“Seethe presentation on anaerobic ponds for
further details.

This dlide shows the performance of a
series of five ponds in northeast Brazil in
the late 1970s. The anaerobic pond had a
retention time of nearly a week, much too
long really,l") and the facultative and the
three maturation ponds had retention times
of ~5.5 days. Most of the BOD and SS
were removed, as would be expected in the
anaerobic pond, and the SS actualy
increased in the fac. pond — due to the
growth of the algae;, but the truly
remarkable performance of the seriesisthe
removal of faecal coliform bacteria, more
or less by an order of magnitude in each
pond, down to 30 per 100 ml in the fina
effluent — a better bacteriologica quality
than the water most people in developing
countries have to drink.

But the real point of results like these is
that you can design a pond system to do
more or less whatever you want. Pond
systems are flexible.
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