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Design Summaries
1. Anaerobic ponds

2. Facultative ponds

3. Maturation ponds

This presentation is a summary of the
design proceduresfor ...

anaerobic, facultative and maturation
ponds.

Design temperatures

1. Anaerobic & facultative ponds:
— mean air temperature of coldest month

2. Maturation ponds (to achieve required
E. coli removal):
— mean air temperature of coolest month
in irrigation season

But first, a reminder about design
temperatures:

For anaerobic and facultative ponds we
use the mean temperature of the coldest
month, and for maturation ponds we use
the mean temperature of the coolest month
in the irrigation season.

DESIGN OF ANAEROBIC PONDS

based on volumetric BOD loading, A,

A, =LON gimd

=L/, L; = influent BOD
L mg/l (= g/m?)
T‘. —> Q= flow, m%d

V = volume, m?

V/Q = 8 (retention time, days)

Now anaerobic ponds, and we design these
on the basis of volumetric BOD loading, A,
which is expressed in units of g/m° day.

So, if L is the influent BOD in mg/l
(which is the same as g/m®), Q is the flow
in m*day and V isthe volumein m?, then:

XV = LiQ/V
or, since V/IQ is the mean hydraulic
retention time 0,

M = Li/64
The value of 6, should not be less than 1
day.




DESIGN VALUES for A, & BOD removal

Design BOD, Percentage

temp. loading BOD

(°C) (g/m® day) removal
<10 100 40

10-20 20T - 100* 2T + 20*

20-25 10T + 100* 2T + 20*
>25 350 70

* Linear interpolation (T = temperature, °C)

This table gives the design values of A,.
They are: 100 g/m° day at 10°C and below;
200 at 15°C; 300 at 20°C; and 350 at 25°C,
with linear interpolation in between. The
BOD removas that we assume in our
design are 40% at 10°C and below; 50% at
15°C; 60% at 20°C; and 70% at 25°C,
again with linear interpolation in between.

Minimum retention time

+ Calculate 6,
* Min 6, =1 day
+ If calculated value of 9, is <1 day,
then take 8, = 1 day, and calculate
the area from:
A,=(Qx1)D,
+ Take D,=3 m

We must remember that the minimum
retention time in an anaerobic pond is 1
day. So if our calculated value of 0, is <1
day, we have to use a value of 1 day and
recalculate the area, as shown on the dlide,
assuming a depth of 3 m.

Minimum retention time

+ Calculate 6,
* Min 6, = 1 day
+ If calculated value of 8, is <1 day,

then take 8, = 1 day, and calculate
the area from:

A,=(Qx1)D,
» Take D,=3 m

Now
calculate
L.

Now we calculate the value of L, the BOD
of the effluent from the anaerobic pond.
We know the raw wastewater BOD and the
percentage BOD removal, so it’s a simple
matter to calculate Le.

FACULTATIVE PONDS

SURFACE BOD LOADING
A, - kg BOD/ha day

L; = influent BOD, mg/l *
Q = flow, m*/day
A = pond area, m?

NOTE UNITS! [*= g/m?]

With facultative ponds, it’s the surface
area that’s important as the light from the
sun (which the algae need to power their
photosynthetic activities) arrives at the
pond’s surface. So we design facultative
ponds on the basis of a surface BOD
loading, As expressed in kg of BOD per ha
per day.

If L’sin mg/l, i.e. g/m° Q’s in m*/day
and A, the area, isin m?, then:

As = 10L,Q/A

We end up with a“10’ in this equation as
thereare 10° g in akg and 10* m?in aha.




Design loading is a function of temperature:

The value of As that we use depends on the

> GLOBAL DESIGN EQN FOR | desion temperature, as given by this global
design equation. This is based on a value
FACULTATIVE PONDS: of 350 kg/ha day at 25°C (from our
experience in northeast Brazil), 80 kg/ha
A, = 350(1.107 - 0.002T)™25 day at 8°C and below (from experience in
winter in the UK, France and New
Zedland), and on an arbitrary value of 500
kg/ha day at 35°C.
- - This is the proocsdure we fdlowv when
10. Fac"“:;g::;s:: wean designing afacultative pond:
First, we caculate the area from the
. Calculate area from BOD loading [ = f(T)] equation for s (WhICh iS, as we have just
S BB Bk seen, afunction of the design temperature).
et s et Lkl e Second, we choose a depth, and this is
. Galculate unfiltered effluent BOD from first- usualy 1.5 m.
g’je'fctl“:_t::“e;s: T Next, we calculate the retention time,
" unfittered BOD) =0 taking net evaporation into account, and
I’ll come to thisin a moment.
Then we calculate the unfiltered effluent
BOD from afirst-order equation, and again
I’[I describe this in a moment.
Finally we calculate the filtered, that isto
say the non-algal, BOD of the effluent as
30% of the unfiltered value.
N evgoodion is evgoordion mins
11. EVAPORATION rairfajl, bath ege&ed .in micky. The
i equations on the slide basically say that the
_ ev:p:r:::nej’:'i’:::t::n']‘/day retention time, 6, is the volume divided by
[NE: Met, stsons report mrhionth] the flow, with the volume written as area x
Facultative ponds: depth But the flow is the mean flow, the
8= AD/Q,, wherem, mean of the inflow and the outflow; and
-'-(gf:gf'i’gga:eze)’zl inflow Q, the outflow is the inflow minus the losses
- 6, = 2ADI(2Q, - 0.001€A) el due to evaporation, and these are 0.001 x
e, the net evaporation in mm/day x the
facultative pond areain m.
12 Minimum retention time

* Min 6, = 4 days

« If calculated value of 8; is <4 days,
then take 6; = 4 days, and
recalculate the area from:

A =(Qx 4)/D,
* Take D;=1.5m

The mnnmum rdation tine in a
faoltaive podisdou 4 days Soif ar
calculated value of 6; is <4 days, we have
to use a value of 4 days and recalcul ate the
area, as shown on the dlide, assuming a
depth of 1.5 m.




13| [B] Lol vesmmm | Thsis how we cdadae the ufiltered
I 1+k(viQ) [fdraulcdme | By of the fenutative pord effluat. We
D - Lee the firg-ardar eguetion shoan in the
i L, = unfiltered BOD H H H
L= 1+ k0 Filtered BOD = 0.3L, ;ﬁm\;\‘th ke varyl nwth terparaure
F dary facultati ds k, for BOD .
reon::::r:ar?;s v?ﬁ: tenl1vpee'r°:t: res as fg:Iows: k]_(T) = kl(zo)(l.OS)T 20
Kyp, = 0.1(1.05)-2
The value of ki a 20°C is 0.1 day%in
secondary facultative ponds, and 0.3
day in primary facultative ponds.
14. Facultative ponds: S fa we've caadaed the ares, dosn
thedgath, ad cdadaad thergationtine
O So far we've calculated the area, and effluent BOD.
A What we should do next is to check if the
© retention time & effluent 50D facultative pond effluent can be used for
U Now check suitability of effluent restricted irrigation. For this we generally
for restricted irrigation: eed an effluent qualit Of'[*]
+ £105 E. coli per 100 ml, and n <104 E coli peqr 100ym| .and
* £1 egg per litre — . . - !
<1 human intestinal nematode egg per
litre.
[* See the presentations on Wastewater Reuse for details.]
15. 1. E. coliremoval This is the ganad egtion far E adi
* General equation is: rem/a in a $1$ d Mdjc'
N, = Ny I+ gy )1 + kaBuo)(1 + kel feodtative and meturation ponds But, &
thsgageinour desgn, wedon't e ay
« But as yet no maturation ponds, so: meurdion pods 0 we ue this andea
Netrac) = Ni/ [(1 + kg8, )(1 + kgBi,c)] vason which coveas jud the anegrdac
where k = 2.6(1.19)7-2 and facultative ponds.
The removd o hdninth eggs is by
2. Egg removal :
16. sdimaaion ad the paoatage ravovd

+ Design equation is:
R (%) = 100[1 - 0.41exp(-0.416 + 0.008567)],
but use: r = [1 - 0.41exp(-0.410 + 0.008562)]

= Apply first to anaerobic pond (8,), then to
facultative pond (6,); then:

U No. of eggs in fac. pond effluent =
[(No. in raw wastewater) % (1 -r,) x (1 -]

Ris afunction of the retention time in each
pond, as shown in the equation in black.
But it’s simpler to use r as given by the
equation in blue, so that the numbers of
eggs per litre of facultative pond effluent is
given by their number in the raw
wastewater x (1 — rg) x (1 — rf), where ry
and r are the r values for the anaerobic and
facultative ponds, respectively.




MATURATION PONDS

Now nmetudion pods  Weve dreedy
warked out the rurbe o E adi in the

17. .._ faadtdive pod efluat, owecan use a
« General equation is: . .
N, = N,/ [+ kgBy )1 + KeBie i1 + KBl simpler form of the general equation:
* But N, already calculated, so use: Nre = Negrag)/ (1 + Omat)"
Nee = Negragy/ (1+ kgBra)" | Ny, = no. of £ coli
P ™ | | where Nt is the number of E. coli per 100
ml of final effluent, Netac) their number per
100 ml of the fac. pond effluent, kg is the
first-order rate constant for E. coli removal
in day * given by:
ks = 2.6(1.19)" %
and 0,4 IS the retention time in each of the
n maturation ponds.
18 MATURATION PONDS
+ General equation is: A . A A
N = N/ 1+ keB )1 + ke d(1 + k81 | A DEtEr verdon of this eqeetion is now
domn a the batom o the dide it
* But Ny, already calculated, so use: indudkss a tam fa the fird nuaion
Nre = Nogracy/ (1 + KgBpae)" :::r=";)o;n<:f°l:'.f;:lli m-da-d EBV\IBV\A'” =ein jLH anomat,
+ or (and this is better): effluent thisis very impurta
Npe = Negracy/ [(1 + kgBp)(1 + kgBpppe)"]
19 Maturation Pond Design We ue a threedep proosdure far the
Three-step procedure design of maturation ponds.
OStep 1: Step 1 addresses the constraint that the
Caleulate: 6™ = 10L.D/0.75A BOD loading on the first maturation pond
S L L should be no more than 70% of that on the
S facultative pond. This version of the s
equation gives us the minimum retention
time in M1, the first maturation pond,
which ensures that the BOD loading
constraint on M1 is satisfied.
20 Maturation Pond Design

Three-step procedure

QO Step 1:
Calculate: 8" = 10L,D/ 0.75A roe)

O Step 1a: = Le(fac)

Detgrmlne no. of E. = Unfiltered BOD in
coliin M1 effluent fac. pond effluent

Adudly wewoud nowv nomrdly dedk to
e if the dfluat from M1 hes a low
enough E. coli count for restricted or even
unrestricted irrigation.




Q Step 2:

21. : .
Calculate retention time in second & Sq) 2istocdadaethergation tIn’E_ in
subsequent maturation ponds: the ssood ad subssguat netueaion
B = {[NogaeyNio(1 + KeBpy)IV" —1}/kg m ad we dve t_l"e a].ﬂlm m_tl"e

now the retention time in M2, M3 etc. didefirs of al fan=1 tenfan=2
5 _ ad so on util our cdadaed veue o 0,
olve forn=1, 2, 3 etc. and ) min -
STOP when em <er"':i" (= 3 days) - assume IS IS trH] em (I .e., <3 dws) and we ”
this happens when n = assume this happens when n = fi.
292 O Step 3: In Step 3 we choose the most appropriate
) SHoe=S MO=TAPPIBHTIALs ECIbINAIRNE combination of n and 6y, including i and
of 8, and n, including 8-, and i ; .. .. .
S e ] 6". This is the combination for which
* ie, the one for which their product is a m . .
MINIMUM, as this gives the least land their product (that is to say, n x 6p) is a
area requirement minimum as this gives us the smallest land
area requirement.
O Step 3:
23. . -
Choose most appropriate combination*
of 8, and n, including 6, and fi
* je, the one for which their product is a e mow cdadae the aess o the
MINIMUM, as this gives the least land rrauaim m td(l rﬂ e malm
area requirement into account 9
Now calculate the maturation pond areas
taking evaporation into account ....
And we do this by rearranging the equation
24 Fortacultative ponds we hads we had before for facultative ponds.
. = 8= AD/[(Q; + Q)/2]

= Q,=Q;- 0.001eA, ®
-8, = 2AD/(2Q, - 0.001eA) @

For maturation ponds, rearrange @:

A, =2Q8,/(2D,, + 0.001e6,)

< Q; = effluent flow
from preceding pond
(use @ above)

< Take
D,=1m

Basically we rearrange equation @ to
express it in terms of A, which is now A,
as shown in the yellow box on the slide.

The value of Q; that we use in this
equation is the outflow from the preceding
pond (i.e., from the fac. pond in the case of
M1, or from M1 in the case of M2, and so
on), and thisis given by equation @ on the
dide.

Normally we take the depth of the
maturation pondsas 1 m.
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