WASTE STABILIZATION PONDS 2
Introduction 2

Natural Wastewater
Treatment & Reuse

-
ﬂ

o
VERSITY OF

[EEDS
sn@rn  INTRODUCTION
to WSP Il

Professor Mara

This is the second introductory pres-
entation on waste stabilization ponds.

WASTE STABILIZATION PONDS

Shallow, generally rectangular lakes,
usually arranged in a series of:

Anaerobic,
Facultative, and
Maturation ponds

Ponds are shallow, generally rectangular,
‘lakes’ arranged in a series of anaerobic,
facultative and maturation ponds

WASTE STABILIZATION PONDS

Shallow, generally rectangular lakes,
usually arranged in a series of:

Anaerobic,
Facultative, and
Maturation ponds

< First two types mainly for BOD removal,
last two for excreted pathogen removal
4 Algae in last two types =

Anaerobic and facultative ponds are
mainly for BOD removal, and excreted
pathogen removal occurs mainly in
facultative and maturation ponds, although
some BOD removal occurs in maturation
ponds and some pathogen remova in
anaerobic ponds.

Algae occur in facultative and maturation
ponds, but hardly ever in anaerobic ponds.

Other types: Macrophyte ponds*
High-rate algal ponds*
Polishing ponds
{= maturation ponds)

* Not recommended!

There are afew other types of ponds, such
as macrophyte ponds and high-rate alga
ponds, but these cannot be recommended
for general use. There are also ‘polishing’
ponds, and these are essentially maturation
ponds used to improve the quality, and
commonly the microbiological quality, of
the effluent from a conventional, electro-
mechanical wastewater treatment plant.




Other types: Macrophyte ponds*
High-rate algal ponds*
Polishing ponds
(= maturation ponds)

* Not recommended!

RETENTION TIME in pond series: depends
on climate (temperature), but in general
~5-50 days

(in conventional WWTW =1 day)

The hydraulic retention time in a pond
system is anywhere between, very
typicaly anyway, 5 and 50 days. Thisis
much longer than in conventional works
where the retention time is generally well
under aday.

®| Advantages of WSP| &

1. Usually the CHEAPEST option
— both in terms of capital and O&M costs.

2. VERY HIGH removals of excreted
pathogens:

— up to 6 log,, unit reduction of
excreted bacteria

— up to 4 log,, unit reduction of
excreted viruses

— 100% removal of helminth eggs &
>90% of protozoan cysts

Ponds have many advantages. They are
usually the cheapest, both to construct and
to operate and maintain.

They can achieve very high removals of
excreted pathogens. For example, up to a
six logie unit reduction of excreted
bacteria (that’s a removal of 99.9999
percent, with each of these nines being a
significant figure); up to a four log unit
reduction of excreted viruses, and 100
percent removal of helminth eggs, and
generally over 90 percent remova of
protozoan cysts and oocysts.

Advantages of WSP (continued)

3. VERY simple O&M - only unskilled (but
supervised) labour needed.

4. Good resistance to shock hydraulic &
organic loads.

5. Good resistance to heavy metals.

Ponds are very simple to operate and
maintain, and only unskilled (but
supervised) labour is needed for this.

Because of their large size they have
very good resistance to shock loads, both
hydraulic and organic.

And they have excellent resistance to
heavy metals, up to at least a mixed heavy
metal content of 30 mg per litre.

Comparative Costs

Arthur (1983) World Bank Technical Paper #7
Case study: Sana’a, Yemen

Population: 250,000; flow:120 Icd; BOD: 40 gcd;
design temp: 20°C; FC: 2 x107 per 100 ml.
Effluent:

<25 mg/l BOD, <104 FC per 100 ml

Opportunity cost of capital (OCC): 12%

Land cost: US$ 5 per m?

Note: OCC & land cost were varied......

We’re now going to look at a case study
developed by Jm Arthur for the World
Bank in the early 1980s. He compared
four different wastewater treatment
processes to treat the wastewater from the
city of Sana’a in the Yemen Arab
Republic.

Arthur designed these systems for a pop-
ulation of 250,000, a wastewater flow of
120 litres per person per day and a BOD
contribution of 40 grams per person per
day. The fina effluent was to have no
more than 25 mg/I BOD and below 10,000
faecal coliforms per 100 ml.

Initially Arthur used a discount rate, or




opportunity cost of capital, of 12 percent
and aland price of 5 US dollars per m*.

Comparative Costs
9 . Arthur (1983) World Bank Technical Paper #7
_ SRRt [Actualy, if we were doing these
:::;':T:;:Z%OEOFE“;112:,':: e calculations now, rather than, as Arthur
Effluent: ¢ Now better to use 51000 FC/100 mi] did, in the 1980s, we’d most likely use a
£25 mg/l BOD, <104FC per 100 ml final faecal coliform count of 1000 per 100
Opportunity cost of capital (OCC): 12% m|’ and not 101000 per 100 ml ]
Land cost: US$ 5 per m?2
Note: OCC & land cost were varied......
Different systems designed to produce similar Aty CEg’E:I hs fClI %GTB to
10 . quality effluent (ie, to compare like with like): chjfm Sgl;lmlﬂtsaglld’] V\H;s: d(my
amila. aa agoon sydemwes
For 0GC = 12% et Land desgned with meturation pods, ad the
o pernt | 'USsmiion) tha) oddtion dtch ad hidiltas were
fdloned by dfluat dlairgdion, in ade
P o Sl o to gat the FC ocout the sare as thet
erated lagoon 7.53 50 .
Oxidation ditch 5.86 20 produoed by pods thet is to bdow
Biofiltration 8.20 25 10,000 per 100 ml.

What Arthur did next was to compare
the costs of the four systems, in net present
value (or net present worth) terms. Ponds
were the cheapest at an NPV of just over 5
million US dollars; the next cheapest was
the oxidation ditch at just under 6 million
dollars; and the other two were more
expensive. The figures in the table are for
a discount rate of 12 percent and a land
price of 5 dollars per m*.

11, e s He then dloned the dsoourt rate to vary

- for a land price of US$ 5 per m2

0.
Net *
present
value,
uss ’
mlillions®
s

WSP cheapest up to a discount rate of 15-16%
- for this land price of $5 per m2

| Repeated for land prices up to $15 per m2 |

whlekexag thelad picecodat & 5
ddlas pa nt. Hisfigure rgrocuoad in
thisdidg donsthat podswae degoest
uwp to a dsoout rae d sorenhae
betwean 15 ad 16 paoat; fa hge
rates, the oxidation ditch was cheapest.

He then repeated this for land prices up
to 15 dollars per m?,




Land price
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12 below which
T PO"C:IS Weretthe ad his realts are ddtad in this figure

o They adsis the lad price bdow which
<? (depends on pods ware the degpest gation, and the x
it oea axisis the discount rate.
Y ou can see that there’s an almost linear
relationship between these two parameters.
5% % Land price
o below which

13. : E ponds were the
ig g This shons the rage of lad pricss
eeen s between 5 ad 15 ddlars par nf, bdow
i =Trg which (depending on the discount rate)
w8 _$5—15 er m2 .
- ponds were the cheapest option. The next
cheapest option was aways oxidation
. ditches.
b E Land price .

14 % below which Now 5 to 15 ddlars pa nt is 50,000 to

| LA | 150000 ddlas par hg which ae vay
sl | high land prices — much higher then the
CSERIE | et ity egiadtud lad in Bgad,
L [ b far exanrpde Soland codtsare urlikdy to
mlitate eagad pods - provided, of
% ii.‘e., $510,000—1 5(?:000 per h? ?g?etz‘at Vt\rea:ml )gmirms
DISCOUNT RATE, *& dl d-
NPVs (US$m) with and without resale . . R
15 valsje of Iaznd at end of project Ths dide donas Athr's readts as

For OCC = 12%
and land cost

Without With

= $5 per m?2
WSP system 5.16 0.57
Aerated lagoon 7.53 2.55
Oxidation ditch 5.86 3.89
Biofiltration 8.20 5.73

bfag bu with ae vay inpatat
dfferave in the cdum on therigt we
have induded the rede (o ‘sAvege)
vaue d thelad & thead of the prget
life Adthisisredly whare pods soare
highy: thar NPV is now very much less
than those of the other three systems.




Land for WSP is an investment

16. SO lad bougt far pondsisaninvestnat,
Gongard, GA ad aredly good exanpde o thishesbean
rqpated far the dty o Goood in
1955: $50,000 per ha . . .
1975: $370,00 per ha ?ig‘%%&yﬁggdédm
1975, twaty yeas laa, it wes wath
370,000 dollars per ha
17 Land for WSP is an investment Irflation in the US during this paiod wes
) moreor less exactly 100 percent, so
SERS R flationinUS4 | | 50,000 dollars in 1955 was equal to
1955: $50,000 per ha | W25.100%, s0: 100,000 dollars in 1975; and thus the
1975: $370,00 perha | = 4100k 1n 75. profit in real terms was 370,000 dollars
~.‘real’ profit was minus 100,000 dollars, or 270,000 dollars
$270k per ha per ha.
»Easy to convert the land to other uses
And, of coursg, it’s very easy to convert
the land from ponds to some other use —
an industrial estate, for example.
Disadvantages of conventional In Cb/dcprg couniries  covatiae
18. * wastewater treatment processes V\E_SG/\HG’ trestnat proocesss auch _$
in developing countries adivaed gu:m hae svaid mgar
« COST - very high, both capital and O&M di sadvantages
- high foreign exchange requirement The fird is o, ad we can Sy thet
(including for spare parts) tmr oads ae dV\@/S \Hy hgl \Mth a
+ SKILLED LABOUR required for good O&M high requirement for foreign exchange.
Secondly, to operate and maintain them
e e e, | propery renuires skilled labour - lsbour
would be better employed in loca
manufacturing industries, for example.
And thirdly, they only achieve a 90-99
percent removal of excreted pathogens.
19. Raw wastewater: A 0D pgoat ravove o woud

107-108 faecal coliforms per 100 ml
= 90-99% removal means:
Final effluent:

105-107 faecal coliforms per 100 mi

be exadlat, bu far faecd adifansg far
exanrde it's adudly rathe poar. Why?
Because rav wedenetar contans between
10" and 10° FC per 100 ml, so a removal
of 90-99 percent means that the final
effluent  would contain somewhere
between 10° and 10" FC per 100 ml.




Raw wastewater:

20. _
107-10¢8 faecal coliforms per 100 ml
= 90-99% removal means:
Final effluent: S redly, a %99 paoat reavovd o
105-107 taecal coliforms per 100 ml excreted bacteriais pretty close to zero.
%S0 90-99% removal is
pretty close to zero!
. Oxidation Ditch, near Hanoi
21. —
Ths dide dons an addation ditch
sving a srdl tonn ner Haa in
Vidnam The axyogen required far
removal is supplied by four rotors,
But installed power only 2 kW,
22 and power not normally switched on
bu the inddled pona wes aly 2 KW,
and, to make matters worse, the power is
not normally switched on (this is actually
quite common as the local authority can’t
afford to pay the electricity hill).
e So was an oxidation ditch the best choice
23 for wastewater treatment in this case?

AT Y

SO we have to ask the quetiatr Wes an
adceion ditch the bet dace in ths
case?




e So was an oxidation ditch the best choice

2 4 for wastewater treatment in this case?

And the answer is aresounding No.

Whaen we ae oaonpaing retud
o5 wedenda trestnat, in poxdks far

++Basically a choice between
LAND and ELECTRICITY:

» Money spent on land is an
investment

* Money spent on electricity is 5
money gone for ever 5 5

exarde with ocowvatiod dedro
medancd trestmat such as adivaed
dudge the dace redly bals doan to a
dxace bawean lad ad dedriaty. Ard
we haveto reamarba thet noney oat an
lad is an investnmat, but the money you
spend on electricity is money gone forever
—you just don’t seeit again!
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