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1. INTRODUCTION AND PRELIMINARY CONCLUSIONS

1.1 Introduction

The year 1984 started well: the pilot plant was running

with a loading rate that was higher than was expected

one year before. In the period March to June 1984

however, many problems occurred again with the influent

pump and much time was needed for reconstruction of the

pilot plant in order to permit higher flow rates and"

for designing and supervising the construction of the

post-treatment systems. This resulted in much delay in

the performance of the research programme, so it is

inevitable now to reduce the programme.

The new Dutch assistant engineers, who arrived in Cali

mid 1984, proved to be well introduced in the matter of

anaerobic treatment).

The UASB-programme met much enthousiasm in Colombia on

the part of official bodies like waterboards and of

consultant engineers and industries having wastewater

problems. Making a start with meeting the need for

information about the UASB-system, a one-day course was

given to personnel of the University del Valle, the

regional water authority (AQUAVALLE) and the municipal

wastewater service (EMCALI) . In spite of this and in

spite of a more active participation of Colombian

students in the research, insufficient qualified

personnel is available to meet the growing need of

performing treatability studies and, in the near

future, constructing and starting-up anaerobic (pilot)

plants. Until now, some requests from the waterboards

or individual engineers for information about the

HLA.1

ü
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UASB-system could be handled by the Dutch team and by

the Colombian counterpart, however their first interest

is the implementation the research programme.

The pilot plant showed very good results so far, in

spite of the many problems with the influent pump. This

makes the UASB-design economically very competitive to
ò

the traditional wastewater treatment systems such as

stabilisation lagoons, oxidation ditches, and other

aerobic and anaerobic systems.

In July 1984 the post-treatment systems were put into

operation, some of them promising good results.

The UASB pilot plant probably can be operated at even

higher loading rates than applied so far. The need for

information can be satisfied for a great deal in the

October seminar. Within the project, both on Colombian

and Dutch side, a still growing enthousiasm exists,

which ensures a fruitful cooperation and which enables

solving the many unexpected problems that occur.

1.2 Preliminary conclusions

With respect to the technical research programme and

the socio-economic studies the following preliminary

conclusions can be drawn:

The results obtained over the passed six months

clearly proof the feasibility of the UASB-process

for treating low strength domestic waste at

temperatures in the range 24-30°C. Hydraulic loads

I - i * - l
« of 6m3m d are exceptionally accommodated, viz.

at COD-removal efficiencies (based on filtered or

settled effluent samples and raw influent
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samples) ranging from 75-8 5%. The BOD-treatment

efficiency even is in the range 75 - 93%.

The UASB-reactor performs satisfactorily with only

one feed inlet line per 4ma. On the other hand it

should be pursued to connect each separate feed

inlet line with its own feed supply box. For a

proper operation of the influent flow distribution

over the various boxes it is recommended to apply

a finer screen, mesh 1.5 - 2 cm.

Once the top of the sludge blanket reaches the

effluent weirs, sludge should be discharged from

the reactor in order to maintain a high SS-removal

efficiency.

Large scale introduction of (UASB) wastewater treatment

becomes technically and economical feasible in the

Valle Department, as is illustrated in the follwoing

chapters.

As the Valle Department is playing a "poineering" role

in the whole development of Colombia, the obtained

experience with pollution control in general (and

wastewater treatment more in specific) will be of

importance for the future of the rest of the country.

At the national level of government, a principal

willingness towards activities in the area of waste-

water treatment - as part of an overall anti-pollution

policy - is expressed in the formulation of more and
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better legislation*). Specific willingness is also made

clear in the shown interest of the Ministry of Health

(INAS), through its executives, for the development of

suitable wastewater treatment systems.

*raost important: 1974, Código Nacional de Recursos Naturales

Renovables y de Protección al Medio Ambiente

(Decreto 2811)

1979, Ley 09, Sanitaria Nacional.

On the regional level i.e. the Valle Department, the

organisation responsible for the conservation of

replaceable natural resources (CVC), made a step

further, already demanding that all disposals (indus-

trial and domestic) should be treated within the coming

years.

Thus, it can be said that in Colombia and especially in

the Valle Department, a strong institutional willing-

ness exists for treatment of wastewaters.

In general, the financial situation in many organiza-

tions responsible for water supply and sewerage, is

very bad. In the urban parts, the rapid growth of the

cities put a priority on the extension of water supply

and sewerage, whereas the quality of the drinking water

as well as of the existing distribution systems and

sewerage need much attention too.

Therefore at this moment no financial resources are

available to invest in new treatment plants.

At this moment actual implementation of wastewater

treatment in the Valle Department is possible in so

called "urbanicaziones" (urban extensions of about 500

to 5000 people). In these projects (private or institu-

tional) , treatment plants have to be included before a



I
I
I

building permission will be provided for the project.

I This type of "urban extension" is quite typical for

(whole) Colombia.

| A special extra budget has to be given for wastewater

H treatment, by the national or regional government.

™ In rural areas are in general less possibilities for

I wastewater treatment because many other priorities play

a role, like better foodf housing, drinking water and

excreta disposal. Thereby, great part of the rural

population lives in dispersed areas where collective

^^SÚ^ sewerage is impossible.

•*- ^J/'Y^V Thus, in spite of the institutional willingness, the

actual possibilities of introduction of wastewater

I
treatment i.e. the capability to pay investments, m

the public sector is rather low for existing urban

areas.

á In the industrial sector however more capability as

V'-c * well as willingness exists to build treatment systems.

v, vM*VvtA In this area most activities can be expected in the

coming years.

As a last point, the organizational and technical

I conditions for wastewater treatment should be consi-

dered.

| Domestic wastewater treatment could be implemented in

_ the existing organisational structure given by the

• public and private enterprises operating drinking

• , ^ water supply and sewerage.

I

In principle, these organizations are technically

/^ ^ capable of managing new treatment plants. Thereby, the

— study of sanitary engineering at the Valle university,

• provides a growing potential of young engineers in this

• ^J- ' field. Lower personnel is trained within the organiza-

e\ tions itself.

I
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Technical constraints like local construction capacity u

and available materials will not play a role in the M

implementation of (UASB) wastewater treatment, at least

not in most cities of Colombia and in the Valle Depart-

ment as a whole.

Though often in a bad condition, most urban parts (70%)

have connections to a sewerage system. In most cases

use can be made of gravity for transporting sewage.
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2. THE PILOT PLANT

2.1 The process research programme

The pilot plant was operated from November 1983 -

August 1984 as shown in Annex 1. It is obvious that

much delay occurred from the many problems with the

influent pump. Because of this, a new Flygt pump was

ordered for from Sweden on May 5 1984 and arrived in

Cali on August 14 1984. ^ H *

This means that the new goals, i.e. reaching the maximum

possible loading rate already in May 1984, operating

the plant under normal conditions and performing tests

on hydraulic and eventual organic shockloads, as well

as obtaining knowledge about the periodical maintenance

of the plant, could not be achieved so far.

Since results obtained at hydraulic retention times of

8 and 6 hours were far above expectations, it was

considered to be useful to operate the plant at lower

retention times. With the available submersible pump, a

retention time of 4 hours could be reached. For opera-

tion at lower retention times, a pump of higher capa-

city is needed. The results obtained with the pilot

plant in terms of removal of pollutants (COD, BOD) are

described in Chapter 5.

2.2 Influent pump

As described in the Progress Report no. 2 (page 7) two

small submersible pumps were bought to deliver water to

the pilot plant. Until April 1984 this situation was



more or less satisfactory^However, in April 1984 both

pumps got damaged and repair took much time. In fact

the locally fabricated pump forms the most vulnerable

part of the pilot plant.

For reasons described in Chapter 2.1, a new and more

powerful pump was ordered for.

2.3 Piping systems

Higher flows will result in higher friction losses in

the piping system from the submersible pump to the

reactor. In the piping system a grit chamber is incor-

porated, to remove sand from the wastewater. The higher

friction losses would result in a higher pressure on

the grit chamber, since this is a closed structure. To

prevent this higher pressure, that was calculated to be

approx. 8 m.w.c, the piping system was replaced by a

4" system. Friction losses will be reduced, the pres-

sure on the grit chamber will be not more than 3 m.w.c.

which is still more than the pressure on the old

chamber. The new pipes were installed during the recent

dispatch term of the HASKONING process engineer.

2.4 Grit chamber

The grit chamber, reinforced in August 1983, did not

resist the alternating suction and pressure that

occurred when the influent pump was switched off and

on. It started leaking, also due to corrosion. When it

started leaking, it was welded to close the leaks. This

happened twice and it became clear that his was not a

proper solution. A new grit chamber was designed.

This one is bigger and stronger than the old one, since

it is expected that the new pump not only will deliver
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a higher flow, but also more sand. The chamber is made

of stronger sheet and reinforced with steel ribs, since

a higher pressure is expected resulting from the higher

friction losses (see Chapter 2.3).

2.5 Flow control unit

The flow rate control unit was made of galvanised iron

sheet. The sheets were corroding severely and one sheet

was totally corroded. The adjustable weirs were fixed

with iron bolts and nuts. Due to corrosion it was not

possible to loosen them anymore, so changing the flow

rate was impossible. An other reason for renewing the

unit was the necessity for passing a much higher flow

than originally intended (Chapter 2.1). The new unit is

provided with stainless steel weirs, bolts and nuts.

The connections to the pipe from the pump and to the

pipe leading to the reactor have been enlarged to 4"

diameter. The new unit was installed on April 14, 1984.

2.6 Flow dividing weirbox

The weirbox dividing the flow over the two inletboxes

was corroding as well. New connections for the pipes

were made, a period of standstill of the pump was taken

benefit of to give the unit a new paint.

2.7 Inlet boxes

As described in the 2nd Progress Report (Chapter 2.2.4)

clogging of the inlet pipes occurred frequently. A

solution for this problem was found in designing an

inletsystem, in which each inlet pipe receives influent

over its own V-notch. The new inletboxes were installed
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on June 11 1984 and are working satisfactorily now. At

times, however, some of the V-notches get obstructed.

Daily inspection is necessary and, if needed, the boxes

and their V-notches are cleaned, using a waterjet.

2.8 Effluent gutters

As described in Progress Report no. 2 (paragraph 2.2.5)

the effluent gutters did not give satisfaction. Other

gutters were made, of stainless steel. A passage

through the reactor's wall needed to be enlarged. The

new gutters look much better and have, equally divided

over the length, 20 V-notches to ensure an equal flow

of the effluent. The new effluent system was put into

operation since February 18 1984, and functions satis-

factorily.

2.9 Gascollectors

Taking advantage of the occasion that the plant was not

running for reconstruction works on the effluent

system, on February 17 1984, a crane, kindly made

available by EMCALI, lifted one of the gascollectors

from the reactor. Inspection of the innerside showed

that the paint was worne almost totally, but that the

partly uncovered metal did not suffer any deteriora-

tion. This can be declared from the absence of oxygen,

the neutral pH and the fact that only iron was used, no

other metals.

On the outside, especially on the welding seam on top,

some corrosion takes place.
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2.10 Pressure experiments

The pressure experiments that were described in Pro-

gress Report No. 2 (page 41) appeared to be quite

impossible. A funnel, with a rubber stopper in the

outlet, was put on one of the inletpipes.

The funnel was filled, volume approx. 2 gals., and then

the stopper was pulled out so that the water could run

into the inletpipe. The time needed to empty the funnel

was measured. It turned out that no difference in time

could be noticed between open pipes and locked ones.
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3. LABORATORY AND EQUIPMENT

3.1 Chemical- and physical water analysis

The monitoring scheme, as described in the 2nd Progress

Report, has been executed strictly. One alteration was

made: since results of ammonium and total Kjeldahl

nitrogen were very constant, it was found sufficient to

analyse these compounds once per week, instead of three

times as was done before.

The analysis of CDO are performed by the Dutch person-

nel. Usually the HACH method is used, but when new

vials are not available, the analyses are executed

according to the Standard Methods.

The other analyses were performed by a labtechnician of

the Univalle. Results were not always satisfactorily,

but in general the situation is acceptable.

The analysis of the samples of the effluent of the

various post-treatment systems will be carried out in

the same way as the samples of the UASB reactor. This

means a higher workload for Dutch as well as for

Univalle1s personnel.

3.2 Microbiological analysis

The microbiological analysis of samples from the UASB

plant have been and will be carried out by a staff

member of the laboratory of microbiology of the Sección

de Saneamiento. Results are fully reliable and give

full satisfaction.
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The analysis of NMP (Número MSs Probable, Most Probable

Number) of Escherichia Coli will be replaced by the

analysis of Feacal. Coli, as soon as the growing media

for this test will arrive. It is found that the latter

test will give more useful information for a waste-

water treatment system than a non-specific E. Coli

method, since some non-feacal coliforms can originate

from other sources than human feaces or can grow

outside the human body.

Since June 1984 two Colombian students started to

analyse the parasites in the samples. For them this

will be part of their graduation thesis.

The analysis of the samples from the post-treatment

systems will be analysed on the same way as the samples

from the UASB pilot plant.

3.3 Gas analysis

For a description on this subject see paragraph 5.7.

3.4 Equipment

3.4.1 COD-analyses

Since November 1983 a COD testing method is used,

consisting of ready-for-use reagent vials, to which 2

ml of sample to be analysed must be added, a compact

reactor and a colorimeter (HACH). As reported in

Progress Report No. 2 (page 15) the equipment func-

tioned well. A major constraint, however, is that new

reagent vials have to be sent regularly from the

Netherlands. In February 1984 a load of vials, sent by
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airfreight, contained many tins with leaking vials. It

was not possible to determine with full reliability

leaking vials from good ones. Since new vials could not

be sent on short term, COD analyses were done for a

period of some weeks by the standard method, coinci-

dently sufficient reagents were available to meet the

consumption.

An adapter for reading the tubes on a Bausch-Lomb

Spectronic was bought. Since the wavelength for reading

was not known, some try-outs were performed. Until now

results are not perfect, so both the colorimeter and

the spectronic are used for reading the vials.

Mr. Heynekamp, the new assistant engineer, performed

some tests with COD standard solutions of potassium

phtalate, with samples analysed in duplo, as well as

blanks in duplo. Results show that differences up to 30

mg/1 for the blanks can occur, while differences of 10

mg/1 are quite frequent.

Assuming that the same differences occur in the reading

of the effluent smaples, (and also on the other sam-

ples) differences in reading of 20 mg/1 may occur and

sometimes even of 60 mg/1. This means that readings in

the range of 50 mg/1 are very unreliable. The same

differences occur with samples with a higher reading,

but then differences of 20 mg/1 have less impact.

I

Including the analyses to be performed for the post-

treatment systems, now approx. 65 vials per week are

required. For reasons of precesión it is desirable to

use the method with the vials, but instead of using new

vials for every sample, it is proposed to reuse the

vials with self prepared reagents.
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To be able to perform the analysis in this way, some

new equipment as dispensers and Finn pipettes are

ordered.

The costs of these are comparable, if not competitive, 0**- '

to the costs of new vials. Morteover, the Colombian

party will not depend on importation of vials in the

future.

3.4.2 Gaschromatograph

On February 13 1984 the gaschromatograph was started.

Results were very poor, injection of distilled water

produced many gost peaks. A column was refilled with

the so called stationary phase.

For several reasons, no nitrogen avaialble, a leaking

line of nitrogen supply (the leaks are very small but

the loss of gas is great in comparison to the consump-

tion of the chromatograph) and insufficient time, the

chroma tog raph was not used until May 7 1984. It then

became clear that the results from the newly filled

column were quite poor as well.

According to staffmembers of the Section of Chemical

Processes, the nitrogen gas contains traces of oxygen.

A slow combustion of the stationary phase is the

result. A filter removing oxygen from the nitrogen gas

would solve the problem. Information about these

filters and a quotation have been asked for.
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3.4.3 Kjeldahl distilling apparatus

A distilling apparatus, complement to the already

present destruction equipment was bought and installed

on March 31, 1984. It is functioning quite well.

3.4.4 Incubator

The incubator, now being used for the performance of

batch tests at the controlled temperature of 30°Cr had

a failure in January. It was repaired by the pur-

chaser's technician free of costs, since the term of

guarantee had not expired yet.
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4. POST TREATMENT

4.1 General

As mentioned in Progress Report No. 2 it was felt

desirable to study the possibilities of a post-treat-

ment of the anaerobic effluent. Depending on the

ultimate purpose of the wastewater effluent, a post-

treatment may be necessary.

When the receiving waterbody is stagnant, e.g. lakes,

canals, it is useful to remove plant nutrients such as

phosphorus and nitrogen to prevent algae bloom. On the

other hand, when the treated effluent is used for

irrigating purposes the nutrients should be remained in

the water, but the reduction of pathogens and parasites

is of great importance in this case.

The following post-treatment systems have been in-

stalled at a pilot-plant scale near the UASB-plant in

Cali:

a) anaerobic filter

b) trickling filter

c) intermittent sand filter

d) lagoon

e) duck weed lagoon.

Some of the systems need decanted water to avoid

clogging. For this purpose a settler has been in-

stalled. The settler can be studied as a seperate

treatment system. |c*Jli Volve (^i[

The other post-treatment systems mentioned in Progress

Report No. 2(micro aerophilic; activated sludge) will

be studied at laboratory scale.



- 22 -

In the following paragraphs a short description will be

given of each system. Table 4.1 summarizes the systems

including the operation programmes.

The post-treatment systems receive effluent of the UASB

plant via a piston pump. The piston pump is protected

against course materials by a 6 mm mesh filter. A

piston pump is chosen because it does not damage the

sludge particles. Other pumps may damage the particles,

resulting in a loss of their supreme settling characte-

ristics.

A piping system from the piston pump delivers the water

to all systems, including the settler. Decanted UASB-

effluent can be obtained from a piping system, which is

connected to the settler overflow. In this system the

water flows by gravity.

Each post-treatment system is provided with a tube pump

to ensure a constant flow. Only the settler-flow is

controlled by a valve.

The post-treatment systems are operated by Mr. Wild-

schut and Mr. Heynekamp, Mr. Sanchez a Colombian

student cooperates in studying the anaerobic filter.

The effluent of the various systems will be analysed

according to the scheme given in Table 4.2. The in-

fluent for the systems is either the UASB-plants's

effluent or the settler's effluent. Details about the

research programme are given in the paragraphs of each

individual system.
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4.2 Settler

4.2.1 Description

r

The settler consists of a square (1.10 m x 1.10 m)

metal vessel. The bottom part of the settler has

inclined walls to collect the solids. The depth,

measured from the water surface, is 45 cm. The volume

amounts to 780 liters.

The flow rate is controlled by a regulating valve in

the influent tube. In the effluent piping system a

facility has been made to enable measuring the flow

WJJ J rate.

The settler can be divided in two equal compartments.

By leading the flow through one compartment, a high

loading rate of the settler can be studied with a

relatively low effluent consumption.

The influent enters the settler in a compartment

separated from the rest of the tank by a baffle, placed

at 7 cm from one wall and reaching to 35 cm below the

water surface. In this compartment the velocity of the

incoming water is reduced and the dissolved gas (the

effluent from the UASB-reactor is oversaturated with

methane and carbondioxide) can escape.

The decanted water is discharged by means of an over-

flow system at the wall opposite to the inlet compart-

ment. The weir of the outlet gutter is provided with 8

V-nothes to ensure a uniform distribution of the flow

over the width of the settler. At 5 cm from the efflu-

ent weir a baffle has been placed that reaches 10 cm

below the water surface in order to avoid scum leaving

the settler.



TABLE 4.1

SYSTEM

PROGRAMME POSTTREATMENT
TIME SCHEDULE

TRICKLING FILTER

ANAEROBIC FILTER

INTERMITTENT
SAND FILTER 1

2

SETTLER

STARTING
DATE

19

10

16
16

6

12

16

July

July

July
July

July

July

July

START-UP
PERIOD
(weeks)

3

2

3
3

2

3

3

RESEARCH PERIOD
DURATION
(weeks)

5
5
5

4
4
4

1
1
1
1

6
6
6

6
6
6

LOADING RATE

10 m • m A.d
¿\j m-*.m ,,. Q
40 m3.m~ .d~

HRT 90
HRT 45
HRT 20

0.8 m3,
0.4 m3.

HRT 60
HRT 45
HRT 30
HRT 15

HRT 10
HRT 5
HRT 3

HRT 5
HRT 3
HRT 1

min
min
min

m"2 d
.m .d

min
min
min
min

d
d
d

d
d
d

SOURCE

LAGOON

DUCK WEED LAGOON

1 Sources: e: effluent from UASB-reactor
s: settled effluent UASB-reactor

2 persons in charge: CEH: Mr.Heynekamp
ASa: Mr.Sanchez
LRW: Mr.Wildschut

PERSON
IN CHARGE

LRW

AS a

s
s

CEH
CEH

LRW

LRW

LRW



TABLE 4.2 PROGRAMME POSTTREATMENT SCHEME OF ANALYSIS ON EFFLUENT

SYSTEM PARAMETER
NUMBER OF ANALYSIS PER WEEK

TRICKLING FILTER

ANAEROBIC FILTER

ITERM. SAND FILTERS

SETTLER

LAGOON

DUCK WEED LAGOON

IT

IT

I T

I T

I S

I S

2

2*

2

2

-

2

2

2

2

2

2

2

2

2

2

2

2

C
N

 
C

N

2

2

2

2

7

7

7

7

7

7

7

7

7

7

7

7

1

-

1

1

1

1

1

-

1

1

-

-

1

1

-

1

1

1

1

1

1

1

1

1
* *

1

1

1

1

7

7

7

7

7

7

7G

2SS

7 0

^A COD: plus one profile per month over the height of the filter
coliforms and parasites: plus one profile per week over the height of the filter.

G : gasproduction
S : soluble
SS : spill sludge total solids
T : total
0 : dissolved oxygen
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I
I

The effluent from the gutter flows into a tube which

leads the settler's effluent via a siphon system to the

other post-treatment systems.

4.2.2 Programme

Being a physical system a settler does not need adap-

tion. Yet, a start-up period of one week was introduced

for checking the technical performance. After that the

setiler is operated at four different loading rates,

each for a period of one week. The surface loading

rates are: 0.65, 0.87, 1.30 and 2.60 m/h (or HRT 60,

45, 30 and 15 minutes).

It has been noticed before that the sludge collected on

the bottom of the settler still produces gas. Inciden-

tally the gas production causes floating of the sludge;

which deteriorates the performance of the settler.

Therefore it is thought to be useful to install a gas

separator settler compartment. This will be done after

the research-programme has been executed.

The settler's effluent is analysed daily on pH and

temperature, weekly on ammonium, Kjeldahl nitrogen,

phosphate, parasites and coliforms, and twice a week on

COD (total and soluble) BOD, TSS and VSS. The flow rate

is checked daily.

The collected sludge is discharged daily. The volume of

the discharged sludge is measured and collected to

obtain a composed sample. Twice a week the composed

samples are analysed on total solids. In this way a

mass balance of the settler can be made.
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4.3 Trickling filter

4.3.1 Description

The trickling filter is made of a vertically placed,

concrete sewer pipe (diameter 50 cm, length 2 m) . The

pipe is placed on a brick base. Perforated PVC pipes at

the bottom of the filter ensure free entry of air. The

filling material of the filter consists of river stones

with a diameter between 10 and 15 cm. The porosity of

this filling material is 44%. At a height of 1 m a

sample point has been installed. Just below the samp-

ling port a concrete baffle has been placed to the

inner wall of the filter. The baffle is intended to

direct the water, which flows along the wall, back into

the filter.

At the top of the filter a little splash plate has been

made to distribute the water uniformly over the filter

surface.

At the bottom of the filter a 5 liter storage tank has

been installed. In the event of failure of any of the

feedpumps, the contents of this basin will be recircu-

lated automatically over the filter to avoid drying

out.

4.3.2 Programme

In temperate climates starting-up a trickling filter

takes two to three months. It might be expected that in

warmer climates, e.g. with an average water temperature

of 24°C, three weeks are sufficient to obtain a fair

amount of active bacterial material in the filter. The

system has been started at a loading rate of 10

m3.m .d . After start-up, the filter will be operated
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at three different loading rates, each for a period of

5 weeks. After three weeks operation at a certain

loading rate it is assumed that the filter has reached

a steady state. Two more weeks the steady state situa-

tion will be studied. The loading rates to be applied
-2 -1

are 10, 20 and 40 m3.m ,d

After this programme the filter will be operated for a

period of a nominal loading rate, derived from the

results obtained.

The filter is fed with settled effluent from the

UASB-reactor.

The analytical programme provides a daily measurement

of pH, temperature and flow rate. Twice a week COD

(total and soluble), TSS and VSS of the filter effluent

will be determined. Weekly analyses include nitrate,

nitrite, ammonium, Kjeldahl nitrogen, phosphorus, total

BOD as well as the presence of parasites and coliforms.

Incidently the oxygen concentration of the filter

effluent and halfway the filter will be measured.

4.4 Anaerobic filter

4.4.1 Description

The anaerobic filter consists of a iron tube with a

length of 2.10 m and a diameter of 28 cm. The tube is

supported in a metal frame. The inlet is situated in

the centre of the bottom plate, the outlet is at 2 m

height (or 10 cm from the top end) . Sampling ports

placed at 20 cm height intervals enable collection of

the filter's contents. The top end is sealed with a PVC

foil to the gas produced. The gas production is mea-

sured with a brine displacement system. The filter

material consists of river stones with a diameter of 2

to 4 cm. The porosity is approx. 38%.
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4.4.2 Programme

After two weeks of adaption the filter will be operated

at 4 loading rates, viz. at hydraulic loading rates of

0.25, 0.50, 1.14 and 2.28 m3.m .d respectively. Each

laoding rate will be studied for a period of 4 weeks.

Before altering the loading rate, the liquid phase in

the filter will be removed and analysed on total and

volatile solids.

The filter is fed with raw effluent from the UASB-reac-

tor.

The effluent of the anaerobic filter is analysed daily

on pH, temperature and flow rate, twice a week on COD

(total and soluble) , TSS and VSS and weekly on para-

sites and coliforms. The gas production is measured

daily.

Furthermore, weekly samples will be taken at different

heights of the column for analysing the presence of

parasites and coliforms.

4.5 Intermittent sandfilters

4.5.1 Description

The filters consist of a twin tank, made of brick

finished with impermeable cement (surface 0.65 x 0.65

m; total depth 1.40 m).

The bottom of the tank is covered with bricks up to 0.3

m height. At 0.30 m a perforated PVC pipe of 3" dia-

meter collects the water from the filter. Up to 5 cm

above the collection pipe a layer of river stones with

a diameter of 2 to 3 cm is applied, then a 5 cm layer

of stones of 10 mm and finally a 5 cm layer of grit of
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5 mm diameter. These layers serve as a support for the

actual filter material. The filter material is sand

with an effective diameter of 0.35 mm and a uniformity

coefficient of approx. 2. The height of the sand layer

is 0.60 m.

The filters are covered with wooden lids to avoid

leaves and bird droppings of a nearby tree from fouling

the filter. The filters are operated independently from

each other.

4.5.2 Programme

Originally the two sand filters were operated alterna-

tively. Later it was thought to be more useful to

operate them independently, i.e. at different loading

rates. The filters will be operated at hydraulic

loading rate of 0.8, and 0.4 m3.m .d respectively.

To avoid rapid clogging the filters are fed with

decanted effluent of the UASB-reactor.

The filters are operated in four daily cycles. Each

cycle includes feeding for one hour on top of the

filter and a rest-period of 5 hours. When the water has

not been infiltrated completely in the sand bed within

2 hours the filter is assumed to be clogged. In other

cases the upper 2 - 3 cm of sand will be removed and

replaced by clean sand.

The filters' effluent are analysed daily on pH and

temperature, twice a week on COD (total and soluble),

TSS and VSS and weekly on nitrate, BOD (total), phos-

phate, coliforms and parasites. The flow rate is

checked daily.
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4.6 Lagoon

4.6.1 Description

The lagoon consists of a iron sheet tank of 0.30 m

width, 1.20 m long and 1.5 m deep. For insulation

purposes the tank is placed 0.50 m into the ground. In

addition the upper part of the tank is insulated with

2.5 cm thick polystyrene, to prevent excessive heating

of the lagoon contents during day time.

The influent enters the lagoon at the bottom at one

third of the length of the lagoon. The effluent leaves

the lagoon at the opposite short end. A baffle reaching

to 0.50 m below water surface avoids short circuiting

when at night relatively warm influent enters the

lagoon.

An oxygen electrode has been installed at the centre of

the surface at approx. 10 cm depth. The oxygen concen-

tration can be measured and recovered continuously.

4.6.2 Programme

The biological processes in a lagoon occur relatively

slowly.

Therefore a start-up period of 3 weeks is considered to

be the absolute minimum for reaching a more or less

steady state.

After this period the lagoon will .be operated at
'"' ~H -1

loading rates of 0.1, 0.2 and^O.33 m3.m .d (HRT 10,

5 and 3 days respectively) . Each-loáding rate will be

continued for a period of 6 weefys. The lagoon is fed

'il • >••



- 30 -

with raw effluent from the UASB-reactor. The lagoon's

effluent is analysed weekly on Kjeldahl nitrogen,

ammonium, nitrate, nitrite, phosphate, soluble BOD,

coliforms and parasites; twice a week on COD (soluble),

TSS and VSS and daily on pH and temperature. The oxygen

concentration is measured and recorded continuously.

Daily the flow rate is checked.

At each loading rate the hydraulic characteristics of

the lagoon will determined by a trace-experiment

(lithium).

4.7 Duck weed lagoon

4.7.1 Description

A duck weed lagoon had not been included in the origi-

nal proposal for post-treatment systems. Based on his

promising experiences in Israel with this type of waste

water treatment systems, Mr. Wildschut proposed to add

a duck weed lagoon (Lemnaceae) . This has been done at

minimum additional costs.

The difference with traditional lagoon systems is that

the growth of biomass does not take place within the

water but at the surface. In this way the biomass can

be harvested easily. The harvested duck weed can be

used as a fodder for cattle and fish, because it is

rich in proteins and easy to dry and to process.

The lagoon consists of a iron sheet tank (surface 1.20

m by 0.4 m, depth 0.25 m) . The hydraulic retention

times to be investigated are 5, 3 and 1 day. The chosen

retention time will be maintained for 5 weeks.


