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1. EXISTING SITUATION OF SEWERAGE AND SANITARY FACILITIES
1.1 Introduction

The construction of sewerage facilitics in the RMR was started at the old center ol Recife in
the beginning of the 1900s. Most of current sewerage facilities were constructed between
the 1950s and the 1980s and managed by COMPESA since the beginning of the 1980s, along
with the inauguration of the national sewerage and sanitation policy in Brazil.

Although the Statc Government and the municipal governments had prepared a number of
sewerage development plans up to now, large-scale investments have not been made in the
RMR since the middle of 1980s, except for a limited number of smali-scalc systems. Thus,
most populations are forced to rely on individual and precarious sanitary facilities at present.
The findings on the current status of sewerage facilities and sanitation in the RMR are
described betow. '

1.2 Present Sewerage Facilities

Sewerage facilities are defined as an integrated system, which arc équipped with sewers and
treatment plants. The present situation on sewerage facilities has been learnt as follows:

12.1 Four Major Systems

The sewerage system in RMR features an extremely dispersed or decentralized allocation of

small service areas with a small treatment plant.

In terms of sewhge collection type, the sewerage systems in the RMR were originally
designed as completely separated systems so as to collect only wastewater excluding
rainwater. Wastewater, however, diverts into the rainwater networks in many places, in
reality, because a large portion of pﬁmp stations and sewage pipes are broken due to mainly
aging, ' | |

COMPESA manages almost all of the existing sewerage system in the RMR, dividing them
into four major Systéms: the Janga System, the Peixinhos System, the Cabanga System and
the Southern System. Besides these, other small systems arc managed by COMPESA as
| well. ' '
Each four (4) major systems is comprised of numbers of sewerage units. These are the
principal ones in the RMR in terms of sewage treatment capacity and are totaled as follows:
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* Serviced population: 933,000 people including the converted population

cquivalent to the sewage from the business and

institutional,
* Treatment station: 44 places with total capacity 223,000 m’/day,
* Scwage networks: 900 km, and
+ Pumping stations: 96 plaées with rclay' pumps of 167 sets.

Fig. B.1-1 and Fig. B.1-2 shows the locations of existing scwerage systems.

)] Janga system

The Janga System scrves the arcas with some 23 housing estate in Olinda and districts in the
Municipa'lity of Paulista, Igarassu and Abreu ¢ Lima located to the north of Refice. The
areas covered belong to the northern part of the Beberibe River Basin and other small basins

of coastal rivers.

This system serves a total some 266,000 pcoplc with total seven sewage treatment stations
whose total treatment capacity reaches near 55,000 m' */day, as shown below. Of seven
treatment stations, the Janga Treatment Station (ETEJ-Ol) located in Eng. Maranguape is the
fargest capacity of some 34,000 m’/day, accounting for 62 % of the total capacity in the entire
System. '

General Characteristics of Janga System

DN Location T - Capacity P(Sel;rac,;cil
o Municipalities Site reatment Process (m*/day) - (;)pe.rson()m
~ETEJ-01 | Paulista ~|Janga Oxidation Ditch 34214 | 175,152
~ETEJ-02 | Paulista Arthur Lundgrcn 7Acrated Lagoon 6,750 30, 900
ETEJ-03 | Abren led Caetes [l Acrated Lagoon 8,900 . 26,530
| ETEJ-04 | Paulista o VJardlm Paullsla | Aerated Lagoon | 3 ,085 20,850
~ ETEJ-0S | Igarassu | lgarassu Stabilization Poad | 270 1,035
ETEJ-06 |Paulista Mutirao . _Stablluallon Pond 1,700 11,250
ETEJ-07 |Abreuc Lima | Abreu ¢ Lima Imhoft Tank ‘unknown vnknown
- Total 54,919 265,717
Source: Updated based on “Diagnosis of the Sewerage Systems Operated by COMPESA in the RMR”

(1995).

Note: The served population in the table mcludcs the converlt.d people number equivalent to lhc sewage
from busincsses and ipslitutions.

The Janga Treatment Station, which is the latest large-scale one in the RMR was built in
1981. The incoming scwage is purificd into the secondary water level with over 90 % of
BOD removal in the principle of oxidation ditch process.  Discharged sewage is led into the
Timbo River through the dual embedded pipes. The disinfection of treated water is not
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incorporated into the treatment system. Most of sludge gencrated in scwage treatment is
disposed of within the treatment site after dried naturally in drying beds. A small portion of
sludge is used for gardening on a private basis.

The main figures of the Janga Treatment Station are delineated as follows:

- Grit chamber: 2 units, rectangular type
7.25 m wide x 7.25 m long
Accessories: Parshall flume

- Oxidation ditch: 2 units, horserace track type,
37 m wide x 97 m long x 4.5 m-Water Depth
Accessories: Acratdr, 125 HP x 6 units

- Sedimentation tank: 2.units, circular type
' 38 m dia. x 2.9 m deep
Accessories: Sludge return pump, 10 HP x 2 units

- Other facilities: Treated water discharge well, 1 unit
' _ Sludge storage pond, 2 units
Sewage inlet box, 1 unit

Other treatment statlons besxdes the Janga Statlon rely on an acrated lagoon and primitive
purification methods like a septlc tank and a facultative pond. Of these, the Arthur Lundgren
Station (ETEJ-02) and the Mutirao Station (ETEJ-06) are out of service due to aging, at
present.

The total pipe leng'th- of existing sewers is some 440 km with the diameters between 50 mm
and"?UO mm, as shown below. The sewers, theoretically, collect only wastewater, designed
as a scparatcd system from the ramwatcr drainage. However, some sewers receive the
intrusion  of ramwatcr through broken plpelmes Mcanwhllc due to imperfect house
connections, a 31gn1f1cant amou_nt of wastewater flows into rainwater channels.

In the Janga System therc are 50 sets of relay pumps in lotal as shown in the table below
'Thls large number of pump umts is explamed by relatlvely shal]ow sewers, which are mostly
less than 3 or 3.5 m of earth covenng Of all pump stations in the System, as many as 46 %
units are not funcuomng due 1o brcakdowns and/or aging. Thus, wastewater is diverted into
rivers and channels in many places, without being connected 1o treatment stations.
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Extension of Existing Sewers in Janga System

Pipe Diameter Pipe Length Pipe Diameter |- Pipe Length
(mm) (m) (mm) (m)
50 27,158 300 1,110
75 ) L 815 400 1,470
100 3082 500 121
150 - 58,660 600 257
200 5,159 700 739
250 : ' 2,114 | Not Identified 331,843
Totat Length (km) - - 441

Source: Updated based on “Diagnosis of the Sewerage Systems Operaied
by COMPESA in the RMR” (1995).

Existihg Pumping Stati;u_l in Janga Syst_em

Diameter of Delivery Pipe Quantities of Pumps (set)
(mm) ' Total Broken
100 4 1
150 4 . 3
200 6 3
250 8 5
300 3 2
400 -3 1
450 3 0
500 3 1
700 - -4 2
Not Identified 127 5
Total (unit) - 50 23

Sources: Compiled based on “Diagnosis of the Sewerage Systems
Operated by COMPESA in the RMR” (1995). :

2) Peixinhos system

The Peixinhos System serves the districts in the Municipality of Olinda and Re01fe These
served areas bclong to the basins of the Beberibe River and the Caplbarlbe River.

This system covers total 330,000 people and accommodates total ninc sewage treatment
stations with a total treatment capacity of ncar 38,000 m’/day, as shown in the table below
Of nine treatment stations, the Peixinhos Treatment Slauon (ETEJ-Ol) has the largest capacny
of some 36,000 m*/day, accoummg for 95 % of the total capacity.

The Peixinhos Treatment Station, which is the oldest one in the RMR, was built in 1967. It
meioys the low-grade secondary water level wnh about 70 % BOD removal i in the pnncxple
of aerobic biological filtration process and then dlscharges treated sewage into thc Bebcnbc
River. The disinfection for treated water is not lncorporalcd mto the trcalmem systcm '
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General Characteristics of Peixinhos Sysiem

Location Capacity Served
ID Ne. T . Treatment Process 3 Population
Municipalities Site (m’/day) (person)
; - Biological
PTRXOL | Olinda Pebinbos Fiwstion | 0%0) 3140
. . Macaxeira —Buriti | Septic Tank +
PIRR2 |Reake Village Averobickiter | TR B0
. Macaxeira — Buriti | Septic Tank +
FIBX | Reaile Village Awserobic Eiter | ) 1O
. . Macaxeira — Buriti | Septic Tank +
ETEX-04 | Recife Village Anaerobic Filter 200 2,000
. Macaxeira - Buriti | Septic Tank +
ETEX-05 Rec‘fi_.__ Village Anaerobic Filter 389 1,500
ETEX-06 | Recife Canaa Community RAFA 346 5,000
. Passarinho Housing - ,
ETEXO‘?V f)lmda Estate (1) Septic Tank + Filter 314 1,900
. Passarinho Housin . ’
ETEX-08 |Olinda Estate (2) & | Septic Tank + Filte 238 1,385
ETEX-09 | Refice Esperanca Village Septic Tank + Filter unknown unknown
' Total =~ 38,148 330,285
Source: Updated based on “Diagnosis of the Sewerage Systems Operated by COMPESA in the RMR”
(1995). .

Note:  The served population in the tabie inciudes the converted people number equivalent to the
sewage from businesses and institutions.

While the Station is equipped with studge digestion facilities, these are not operated long time
without any particular reason. Sludge generated in sewage treatment is disposed in the site
of the Janga Treatment Station, after bcing dried naturally in drying beds and transported. A
small portion of sludge is used for gardening on the private basis.

The main figures of the Peixinhos Station are described as follows:

- Bar screens: 2 units, screen openiﬁg 25 mm,
- Grit chambers: 2 units, rectangular type,

6.5 m dia.. x 0.6 m-Water Depth,
- Primary sedimentation tank: 2 units, rectangular type,

| 27 m dia. x 2.7 m deep,

- Bio-Filters: : 2 units, cy]indricél type,

39 m dia. x 2.0 m high,
- Secondary sedimentation tank: 2 units, cylindrical type,

27 m dia. x 3.3 m high,

- Sludge digester: _- 2 units, cylindrical type,
' 15.1 m dia. x 6.9 m high,
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- Sludge drying bed: 25 units, rectangular type,

9.0 m wide x 22 m long.

Other treatment stations besides the Peixinhos Station rely on primitive methods such as a
septic tank. The RAFA process is applied to the Canaa Community Treatment Station. ‘
The total length of sewers is some 185 km with diameters between 100 mm and 600 mm, as

shown below.

Extension of Existing Sewers in Peixinhos System

Pipe Diameter Pipe Length Pipe Diameter Pipe Length
(mm) (m) (mnm) - (m)
100 82 400 9,686
150 33,495 500 825
200 45,427 600 6,132
250 16,116 | Not Identified 66,749
300 6944 | T -
Total Length (km) ' 185

Source: Updated based on “Diagnosis of the S_ewerage Syslems Operated
by COMPESA in the RMR” (1995).

In the Peixinhos System, there are 43 relay pumps in total as 'shown below. * Of all pump
stations in the system, as many as 47 % units are forced to interrupt the operation due to

breakdowns and aging.

'Exis'ting Pumpihg Station 'ip" Peixinhbs Syétém

Diameter of Delivery Quantities of Pumps (set)
Pipe (mm) Total Broken
100 2 0
150 8 4
200 2 2
250 2 1
400 19 8
450 0 2
500 3 0
Not 1dentified 7 3
Total (unit) 43 20

Source: Updated based on “Diagnosis of lhe Sewerage Systems
Operated by COMPESA in the RMR” (1995).

Cabanga system

&)

The Cabanga System occupies the central zone of the RMR where is located in the basins of
the Capibaribe River and Tejipio River. The System serves districts in the Municipality of
Recife: Santo Antonio, Recife, Sao Jose, Boa Vista, Madalena, Torre, Santo Amaro, Afogados

and Boa Viagem.
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The Cabanga System covers total about 233,000 people and is constituted by total 11 sewage
treatment stations with a total treatment capacity of near 107,000 m*/day, as shown below.
Of 11 treatment stations, the Cabanga Treatment Station (ETEC-01) has the largest capacity
of some 80,000 m*/day, accounting for 75 % of the total capacity in the cntire system.

General Characteristics of Cabanga System

Location Caeacity Served
ID No. . . Treatment Process 3 Population
Municipalities Site (m’*/day) (person)
. Primary
ETEC-01 |Recife Cabanga Sedimentation 80,000 130,000
ETEC-02 |Jaboatao Jardim Piedade Aerated Lagoon 1,625 7,402
ETEC03 |Jaboatao Barra de Jangada | Origi#ation 1,833 8,000
- Marcos Freire -
ETEC-04 |Jaboatao housing estate Aecrated Lagoon 5,846 ,. 23,360
ETEC-05 |Jaboalao gs’:‘a?e"e"a Bousing |1 hoff Taak 1,439 8,000
. Activaled Sludge -
ETEC-06 |Recife Varzea- Caxanga I1I prolonged Aeration 247 720
ETEC-07 |Recife Vilia Roda de Fogo | Septic Tank + Filter 4,752 18,234
ETEC-08 |Refice Villa Iputinga RAFA 4,416 18,000
ETEC-09 |Jaboatao Praia Grande Estate | RAFA + Lagoon 3,142 9,040
ETEC-10 |Recife Mangeira RAFA + Lagoon 3,732 | 8,500
ETEC-11 - |Recife Villa Arraes - RAFA + Lagoon 404 1,780
: Total 107 436 233,036
Source: Updaled based on “Diagnosis of the Sewerage Systems Operated by COMPESA in the
RMR?” (1995).
Note:  The served population in the table includes the converted people number cquivalent to the

sewage from businesses and institutions.

It has
only a primary sedimentation, whose BOD removal ratio is only 40 % more or less, and

The Caba'.nga Treatment Station was built in the 1920s and supplemented in 1972.
treated sewage is discharged into the TC]IPIO River. The disinfection for treated water is not
incorporated 1nt0 the treatment system As of today, the operation of the entire Cabanga
Trcatment Station is stopped due 10 the break down of intake pumps. ' Theretore, incoming

sewage is simply dlscharged into river without any kind of purification at prescnt

While the Station is equipped with sludge digestion facilities, these are not operated without
any particular reason. Studge generated in sewage treatment is disposed of at the site of
Janga Tre'atment Station, after being dried naturally in drying beds and transported.

The main figures of the Cabanga Station are delineated as follows:
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- Bar screens: 2 units, automatic screen
1.2 m wide, opening 25 mm
- Influent pumps: 5 units, vertically centrifugal type
0.44 m3/min x 13 m-Head x 75 HP
- Grit chambers: 2 units, rectangular type,

8.75 m wide x 8.75 m long x 0.7 m deep
Accessories: grit pumps

4 units, circular type,

- Primary sedimentation tank:
| 26 m dia. x 1.7 m deep

- Sludge digester: 2 units, cylindrical type
S 25 m dia. x 8.2 m high,
Accessories: sludge pumps
- Gas holder: - 1 unit, cylindrical water seal type

10 m dia. x 5 m high (floating tank)

Accessories: waste gas burner

The combmatlon of RAFA and lagoon is used in four trealment stations in the Cabanga
System. Other treatment stations rely on acrobic blologlcal systems such as acrated lagoons
and an oxidation ditches. ' '

Thc total length ot existing networks for sewage collection and lransportatmn is around 135
km, as shown below. The dlameters of these sewage plpCS range between 150 mm and
800 mm. -

Extension of Existing Sewers in Cabanga System

Pipe Diameter Pipe Length Pipe Diameter Pipe Length
(;m) (m) (mm) (m)
150 34,138 500 . 596
200 33334 600 - 1,559
250 10,672 700 2,844
300 4,672 800 . 465
400 6,713 | Not identified 39,971
Total Length (km) ' ' 135 g

Source: Updatéd based on “Diagposis of the Sewerage Systems Operated -
by COMPESA in the RMR” (1995).

In the Cabanga System there are 51 relay pumps in total as shown below of all pump

stations in the System, as many as 32 % units are not functioning. The diameter of delivery
pipes ranges from 100 mm to 600 mm.

B-8 .



Existing Pumping Station in Cabanga System

Diameter of Delivery Quantities of Pumps (set)
Pipe (mm) Total Broken
100 4 9.
150 8 1
350 ' 14 2
400 6 3
600 3 1
Not Identified 6 2
Total (unit) 51 16

Source: Updated based on “Diagnosis of the Sewerage
Systems Operated by COMPESA in the RMR”
(1995).

@ Southern system

The Southern System is located in the basins of the Tejipio River, the Jaboatao River and the

Ipojuca River in the southern zone of the RMR. The .Systc'm serves some districts in the

Municipality of Recife and housing estates in the Municipality of Camaragibe, Sao Lourence
da Mata, Jaboatao dos Guraiarapes, Moreno and Cabo de Santo Agostinho.

The Southern System covers a po;iulalion of 104,000 people and has a total treatment capacity
of near 27,000 m’/day in 17 treatment stations, as shown below, Of these stations, the
largest is the sewage treatment station in Curado IV housing estate (ETES 02) with the
capacity of some 7,000 m’/day, which carries out secondary treatment in aerated lagoon.
The Ignes Andreaza Station (ETES-01) is equipped with an extended aeration process, which
can treat to a secondary water level. However it works precariously duc to the breakdown of
equipment. ' .

RAFAS are applied to two treatment stations in two treatment stations of the Southern System.
Other treatment stations rely' on aerobic biological method like aerated lagoon and oxidation
ditch.  Septic tanks and stabilization ponds are applied, also.

The total pipe length of existing networks of sewage collection and reaches some 141 km, as
shown below. The diameters of these sewage pipes range between 200 mm and 400 mm.
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Present General Characteristics of Southern System

Location Capacit Served

ID No. o ] Treatment Process E y Population
Municipalities Site {m”/day)

(person)

RTES-01 | Recife Ignes Andreaza Extended Aeration 2,217 12,320
o Homsing Estate
FTES-02 | Jaboatao Curado [V Aerated Lagoon 7,021 33,170
ETES-03 | Cabo E‘tﬁm’ Housing | o erated Lagoon 3,060 17,000
EIFS-04 |Sao Lourenco |Capibaribe Park | Aerated Lagoon 2,735 15,200
ETES-05 | Recife UR-H - Jbura Stabilization Pond unknown unknown
ETES-06 Jaboatao Curado 11 Acrated Lagoon unknown unknown
ETES-07 Jaboatao Curado | Stabilization Pond’ unknown unkoown
ETES-08 | Jaboatao Vila Rica Aecrated Lagoon 1,427 9,440
ETES-09 Recife Vim(:{us de Moracs Imhoff Tank unkoown unknown
Housing Estate
. Felipe Camarao
ETES-10 Recife Housing Estate Aerated Lagoo:_l _ 300 3,040
ETES-11 Jaboatao Lagoa Encantada Aerated Lagoon 607 4,050
ETES-12 Camaragibe Vale das Pedreiras Oxidization Ditch 889 - 2,820
ETES-13 Moreno Vila Liberdade Stabilization Pond 1,728 1,000
ETES-14 Recife Jardim Sao Paulo- Imhoff Tank unknown unkaown
ETES-15 | Jaboatao Fiber lodustry Stabilization Pond 976 416
Complex

ETES-16 Recife Villa dos Milagres RAFA + Lagoon 890 4,965
ETES-17 - | Recife Milagres Community | RAFA + Lagoon 4,965 - 917

"~ Total 26,815 104,338

RMR” (1995).

Source: Updaled based on “Diagnosis of the Scwerage Systems Operated by COMPESA in the

Extension ol'.Existi‘ng Sewerage Networks ili _Southérn Systein

Pipe Diameter Pipe Length Pipe Diameter Pipe Length
(mm) (m) (mm) (m)
77777777 200 1,013 400 228
250 3,201 | * Not Identified 107,891
300 388 | Totai length (km) 141
Source: Updatcd based on “Diagnosis of the Sewerage Systems Operaled by

COMPESA in the RMR” (1995).
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In the Southern System, there are 23 relay pumps in total as shown bcloxi.\}. " The large number
of pump units is explained by relatively shallow sewers, which are mostly less than 3 or 3.5 m
of earth covering. Of all pump stations in the System, as many as 30 % units are forced to
interrupt the operation due to break downs andfor aging. Thus, wastewater is discharged into
rivers and channels in many places.




Existing Pumping Station in Southern System

Diameter of Delivery Quantities of Pumps (set)
Pipe (mm) Total Broken
100 1 0
150 3 1
200 8 1
) 250 6 3
400 3 0
Not Edentified 2 2
Total (unit) 23 7

Source: Updated based on “Diagnosis of the Sewerage Systems

1.2.2 Other Sewerage Systems

In the RMR there are sewerage systems other than the four (4) major sewerage systems.
Though most of these are managed by COMPESA they arc managed, separately from four

major systems mentioned before. These systems serve mame speeltle areas such as public
"eondommlum or housmg estates “In most cases, both collectlon pipes and treatment plants
were constructed at the same nme that the estates were developed

These systems are being operated in 31 places serving around 106;000 people, as shown in
Table B.1-1.  Although various kinds of treatment systems are used to treat wastewater, most
of them use a simple septic tank. They include a number of small capacny systems
K establlshed by mun1c1pa11t1es '

1.3 Samtatlon Fac:lltles in Poverty Areas

People llvmg in poverty areas, who occupy significant portion of the whole population in the
RMR, are suffering from worsened sanitation conditions and, at the same time, are considered
oone of major sources causing the deterioration of water environment.

.Only 7 % of the population in poverty areas are served by sewerage On the other hand, in
 the areas not covered by sewerage only half of the households in poverty areas are equlpped
with a individual septlc tank. The rest relies on a plt latrine and people of 2 % do not have
even their own toilets. In such conditions, substandard hygiene often causcs water-born
'disease_s Together untreated excrement/gray water is the major causes for surface water as

‘well as groun_d water pollution.

In the RMR the eondomlmal type sewerage system rather than the conventlonal type one is
regarded as one of the viable solutions for the lmprovmg samtary condmon in poverty areas.
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The condominial type system is characterized as follows:

o Sewage pipes are embedded at a shallow depth (less than 0.9 m earth covering) in the
backyard or front yard of individual plots (in some cases, in sidewalks) and are connected
10 a short and shallow house connection (less than 0.7 m carth covering) at the nearest
location,

+ In some cases, a small-scale and simple sewage treatment plant to deal with a small
service area is equipped with and, in other cases, coltected sewage simply is led to
conventional type sewerage or directly discharged into watercourses, and

¢ To efficiently and economlca]ly implement protects strong users'’ partrcrpatlon are
requested in each stages of the planmng, rmplementatron and operatton and mamtenance

As seen from the above the condominial type sewerage is almed o prov1de economtcal
solution for the 1mprovement of samtat]on, with the parncrpauon of users and/or commumtres
The RMR has developed the condominial-type system which serves some 120 000 people in
54 povetty areas, as shown in Table B.1-2.

14 ' Indmdual Samtatmn Faclllties

For small bulldrng for busmesses and institutions, and mdtvrdual houses whlch are not served
by a sewerage system, a septic tank is installed in accordance with building regulations and
codes. A gravel filter in some cases is altached to a septic tank. Treated water from a
septic tank is discharged into watercourses or infiltrated into the ground through a leaching
pit.

In such individual treatment systerns, the sludge from septic tanks 1s causing a serious
problem. ~Although periodical sludge removal is crucial to properly operate, the system for
sludge removal and drsposal is rudimentary in the RMR. Besides, the administrative
management and responsibility for the handling of such sludge is not defrned clearly

Nowadays, there are about several private cornpames that work for sludge removal ‘Their

numbers arc still limited and the treatment facilities for removed and collected sludge have
been not established yet.  Even if sludge is removed from septic tanks, most of it is srmply
dumped into sewage manholes, or, in some cases, into swamps vacant lots, etc. This

deficient system of sludge dlsposal causes malfunctlons of septic tanks and results m the
serious deterioration of the water environment in the RMR.
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1.5 Industrial Wastewater Treatment Facilities

In the RMR, industrial wastewater generated from manufacturing factories is handled
separately from domestic sewage in line with the policy of COMPESA. Respective factories
arc mandated to be provided with proper treatment facilities by their own responsibilities.
Accordingly, sewerage systems in the RMR do not receive industrial wastewaler, except for a
negligible small-discbarge from industries located in urban areas.

The discharge of industrial wastewater is supervised by the CPRH. The effluent limit of it is
impartially specified as less than 60 mg/l of BOD. At present, the CPRH authorizes total
38 factories with BOD loading of around 310 ton/day in total in the RMR, as shown below.

Industrial Wastewatet' from Industries Authorized by CPRH in RMR

River Basins Number of Generated BOD | Discharged BOD
Faclories Loading Loading
(ton/day) (ton/day)
Bebetibe 5 336 0.5
Capibaribe 8 342 1.8
Jaboatao 10 214 74
Ipojuca 4 30.6 2.1
Pirapama 11 2527 95.8
Total RMR 38 . 311.5 107.6

Source: Compiled based on the data provided by CPRH in 1999,

Most of factories are equipped with treatment systems in their own properties and they
dlscharge the BOD loadmg of 110 ton/day altogether (equlvalent to 65 % removal) into pubhc
watercourses after the treatment However, some of theses factories are discharging polluted

wastewater into nearby waterco_urses without proper treatment.

i 6 Ongomg PmJects in Sewerage

Total eight (8) projects managed by COMPESA with a total investment amount of some
R$ 40 million are enumerated as projects for implementation, as shown below. Most of
these are under the basic planning or design stage.

In addition 1o the pm]ects tmplemented by COMPESA, mumc1pa]1t1es in the RMR are
mauguratmg sewerage projects by themselves
RS L5 mllllon

Their total investment amount is some
Tablc B.1-3 shows those 1dent1fled at the present.

" Besides the prOJeets ment:oned above the development prOJect in the Beberibe River Basm

has been maugurated with the aid of the World Bank, jl.lSt in recent. ThlS project 1s_mamly
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aimed at the infrastructure improvement in poverty areas, including the rehabilitation and
expansion of the Peixihnos Sewerage Systems.

Ongoing Projects being Implemented by COMPESA

: Projects : - Cost
Municipalities Dlzm.“"'“.'s Served 1 piimate
‘ Title Phase stination | Population (1000 R$)
Sewerage System of
. Arruda and _ Basic | ETE
Recife Mangabeira design | Peixinhos 36,422 8,605
(PROEST-1) '
Olinda-Sede | Collecting network of | Basic | pyp y, o) 61,740 | 24,300
Olinda coas! area design
y Villa Massaranduba | pe3¢ | ETElo be 1,380 216
sign | construct
Moreno - | Basic |EIEtobe TR
: Center : asie | BLEo 38,254 6,378
design | construct
Total - _ : © 39499

Source: COMPESA

1.7 identified Issues in Existing Sewerage and Sanitary Facilities

Based on the findings on the present situation of sewerage and sanitary facilities, the
following issues have been identified: '

(1)  Shortage of financial investment in sewerage developmenl' |

'Although a relauvely small-scale sewerage prOJecl has been undertaken ina certam exlem the
investment amount to the sewerage management has been very limited since the 1980s. As a
result, the present provmon of sewerage facilities is very modest as a basic social-economic
infrastructure and the water environment in the urban area has been worsened to the
significant level by the increasing urban population and their scicial-ecendmi_c activities.
Much more investment in the extension and rehabilitation of sewerage is called to mitigate the
current situation. '

2) Precarious practice in operation and maintenance:

Due fo _the breakdown of sewers, and pump and treatment stations, s1gmf1cant parls of
collected sewage are discharged into walercourses w1thout treatmenl Many parts of
sewerage facilities need proper and urgent rehabilitation works. Together, the ledger
documents of facilities to support the operatlon and maintenance are mcomplete More
investment to financial and human reqources are called to dea] with such substandard
operation and maintenance practice. ' '
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3) Sludge removal, treatment and disposal:

Almost third quarters of urban population in the RMR rely on septic tanks to dispose their
daily wastewater. Because proper sludge removal and treatment system is not established,
most of them fall in ill function and the effluent is one of major causes for the pollution of
surface water and groundwater Thus, the adequate establishment of measures to remove,
treat and dlspose sludgc dlschargcd from on-site treatments is an urgent need. In the similar
connection, the dlsposal and/or utilization of excess biological sludge and other kind sludge
generated from sewage treatment require the establishment of proper measures.

(4) 'Condominial type sewerage system:

The condominial-type sewerage system, which possibly can provide less-expensive sanitary
facilities to people living in poverty areas, has been already deployed in the RMR. While
this system is one of effective and efficient solutions to improve sanitary conditions,
especially in poverty areas, the problems in corumunity involvement and participation
interrupt the sewerage extension in many cases. From this connection, adequate and
initiative and strengthened intervention of the responsible authority should be studied to
establish a condominial sewerage scheme.

(8 . Application of the RAFA process in sewage treatment:

In Brazil, the RAFA process has become the major scwagc treatment process since Jast decade,
accounting for more than 200 installations in this country.  The RMR also has applied seven
RAFA processes, whose development were supported by the technical aids of the State
University, and this are proposed as the main process of treatment station by PQA. The
RAFA process is regarded in Brazil as the promising process, which is easy-manageable and
less-expensive one. Meanwhil'e, the application of the RAFA process in sewage treatment
can be rarely seen in the world, except for the ones in specific industrial wastewater. Thus,
the adaptability of this process will be verified precisely in this Study from the technical and
“economical points of view. - - '

B-15



2. DEVELOPMENT PLAN OF SEWERAGE FACILITIES
2.1 Development Scheme of Sewerage Facilities
211 General

The sewerage fac111ty plan proposed here is a structural measure to attain the goals of the
sewerage improvement toward 2020. As mentioned in the previous section, a total of S5
sewerage sysiems were selected for the sewerage 1mprovement and specific planning
conditions for them were proposed, also.

As sewage collection type, a completely separate sewerage is adopted, following existing
sewerage sysiems in the RMR. ' . - '

-~ A number of sewerage facilities comprising sewage collection facilities and sewage treatment
facilities (STF) are existing in the RMR. To implement economically the sewerage
1mprovement it is essential that existing facilities be used as much as posmble, after proper
 rehabilitation.  Accordingly, the proposed plan of sewerage fac1]1ty are eompnscd of the
following schemes: ' '

* Development of new facilities: To increase the hydraulic capacity of sewers and
treatment facilities and the'perforrnance capacity of water quality, by means of new
installation or additional installation of necessary facilities, _

s ‘Rehabllltallon of existing faclhtles To restore the original functions and capacmes of

existing facilities, by means of the replacement of equipment, the supplement provisions
of necessary components, elc.

Based on the surveyed data on existing sewerage, the development schemes to be entailed on
respective 55 systems are shown in Table B.2- 1. In55 sewerage system, the development by
new installation works will take place in 19 sewage collection facilities and in 39 STFs. In

the rest of sewerage systems, different kinds of additional installation will take place along
with necessary rchabilitation.

2.1.2  Basic Planning Conditions

The basic planning conditions applicd for the entire RMR are presented as follows:

(1) Sewage collection method

Completely separate sewerage system will be applied. " Accordingly, only wastewater from
wilet, kitchen, etc. excluding stormwater is handled by the sewerage facilities.
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) Sewerage area in the entire RMR

Sewerage arca in 2020: 29,960 ha
Existing sewerage area at the present: 8,520 ha
Total sewerage area to be developed up to 2020: 21,440 ha

3) Sewage flow in 2020 in the entire RMR

Daily average flow: 531,000 m*/day
Daily maximum flow: 612,000 m"/day
Hourly maximum flow: 853,000 m’/day

4 Influent sewage quality:

BOD: 340 mg/l on the average of the RMR
SS , o 370 m/l on the average of the RMR

5 Removal rate of pollutants:

BOD: .. o Over 90 %
SS - Over %0 %

(6 | Sludge treatment:

The sludge to be generated from sewage treatment will be dewatered into cake-shﬁpc in STFs,
by using a mechanical dehydrator or a natural drying bed.

The specific planning conditions for respective sewerage systems are shown in Table B.2-2.

22 De\_r.elopment of Sewage Collection Facilities
221 General - '

The sewers to collect and transport sewage are comprised of collectors, branch sewers, trunk

sewers and pressure sewers.  In this Study, these are defined as follows:

1) Condominial collectors:

This is the sewer to collect sewage in condominial type scwerége for poverty areas, embedded
mainly in the backyard or front yard of individual house plots.
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) Conventional collectors:

This is the sewer to collect sewage in conventional type sewerage for ordinary arcas,
embedded mainly along sidewalks

(K)] Branch sewers:

This is the sewer to transport sewage from collectors into trunk sewers.

4) Trunk sewers:

This is 1o collect sewage from branch sewers and transport sewage generated in the UEs (the
abbreviation of Sewerage Unit in Portuguese) at the upstream. Sewage in trunk sewers
flows by gravity.

(5) Pressure sewers:

This is to transport sewage from trunk sewers to a downstream UE or a sewage treatment

station. Sewage in pressure sewers flows by pumping up.

Fig. B.2-1 shows the conceptual layout of sewers and other related facilities in sewerage

systems. Sewerage arcas are usually comprised of several UEs, which are the minimum
units of sewage discharge. When sewage cannot be conveyed from one UE to another by

gravity, pump stations are introduced.

222 .P‘Ian.ning Criteria

This development of sewage collection facilities was planned applying the following criteria:

8] Size of sewers:

Nominal diameter (ND) of sewers was designed by. using the velocity of 0.6 to 3.0 m/sec
including 50 to 100 % allowance of sectional area. Minimal diameter is defined as ND 150
mm. o '

In this Study, the diameter of collectors and branch sewers are assumed as fo]lbws, based on
the review of previous projects in the RMR: |
- Condominial collectors: ND 150 to 200 mm
-Sidewalk collecior: ~~ ND 150 to 200 mm
- Branch sewers: "~ ND200t0300mm
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) Earth covering:

The following earth coverings are tentatively assumed:

- Condominial collectors: Average 0.9 m
- Conventional collectors : Average 1.5 m
- Branch sewers: 1.5 10 3.0 m (representatively 2.0 m)
- Trunk sewers: 3010 60m (representatively 3.0 m)
- Pressure sewers: 1.0to 1.5 m (representatively 1.2 m)

As mentioned abdye, the depth of sewers were assumed to be relatively shallow, following the
prevalent practice in the RMR.

3 Material of pipes:
Asa result of the survéy on the availabiiiiy of piping material and prevalent practice in Brazil,
the following materials are used: , - _ L

- ND 150 to 300 mm: Polyvinylchloride pipe (VP)

- ND 350 to 1000 mm: Ductile cast iron pipe (DIP)

)] Sewer length:
In this Study, the Iengths of coliectors and branch sewers are calculated by the expedient
method using the foilowmg pipe densities: ' S

- Condominial collectors: " Pipe density 120 m/ha '_
" Conventional collectors: Pipe density 180 m/ha
Branch sewers: 100 m/ha

The lengths of trunk and pressure sewers were é_alculatcd by assuming the piping route on the
map of 1/10000 scale, referring the results of the PQA. The length of trunk sewers was
deducted from the length of branch sewers that are calculated by the pipe density.

The locatlon of pump statlons was dctcrmmcd on the map of 1/10 000 scalc reviewing the
results of the PQA. The set numbers of pumps are three including one-set standby and its
~ shaft powers are computed assuming 20 m of pump head.

223 Proposed Plan of Sewage Collection Facilities

Based on the above-mentioned criteria, the development plans' of 55 systems were formulated.
Of these, the results of overall layout for seven (7) candidate priority systems selected in the
Master Plan are shown in Fig. B.2-2 to Fig. B.2-8.
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As a result, the total length of sewers to be expanded toward 2020 is about 5,900 km and the
total shaft power of pump stations is some 9,700 CV,  These are summarized in the following
table and are detailed in Tabic B.2-3;

Summary of Development Works of Sewage Collection Facilities

Items . - . ‘ Units Quantities

Condominial collectors | Pipe length 1 (km) 530
Conventional collectors | Pipe length (km) 3077

Branch sewers Pipe length (km) 2,063

Sewers | Trunk sewers -~ .. Pipe length (km) I

Pressure sewers Pipe length (km) 65

Total Max. diameter (mm) ~_ND 1000

Pipe length (km) 5,868

Pumping station _Total set number (set) | . 441

Total power - (CV) - 9,748

23 Development of Sewage Treatment Facilities
23.1 Examination on Sewage Tl'eétméht Process

In general, scwage treatment facilities are composed of an influent system, a biological
treatment system, a disinfection system and a sludge treatment system as shown below:

General F!ow Dlagram ol' Sewage Treatment :

Sewage _’[ Infuert System }.Namognl Treaiment System].’[ Diiecton Sys&am_]._’ Treated Water

v

LSIutbeTmatmentSystuﬂ-uuuu.u..u;-;-’ TfeatedSkme

The influent system aims to remove coarse substances contained in sewage. Il mc]udes lift
pumps for i mcommg sewage, if sewage comes by gravny flow. Abar screen, a Ilftmg pump,
a grit chamber and related equipment make up the 1nfluent systcm also

Various processes are available for a biological treatment system, a disinfection system and a

sludge treatment system. To sclect optimum ones applicable for the RMR, the following
examinations were undertaken:
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(1) Biological treatment system

The biological treatment system plays a major role in sewage treatment facilities to remove
pollutants such as BOD and SS from sewage. Different kinds of treatment processes are
applied for the sewage treatment in the RMR, as shown in the following table.

Process Applied in Existing Treatment Facilities in RMR

No. Treatment Processes ’I‘re:tqlrxglnt:eétzfions Remarks
. ncludi t i i
_|Septic Tank n Flers, and imbhofttank yper
2 |Primary Sedimentation 1
3 |Bio-Filter (Trickling Filter) 1 High-rate type
4 |Extended Aeration or Oxidation Ditch 5
5 {Conventional Activated Sludge 0
6 |Stabilization Pond (Lagoon) 6 Including oxidation pond type
7 |Aerated Lagocn 11 .
Including RAFA attached to 4
8 |RAFA 6 stabilizat?on pond
Total =~ - - 41 : o
* Source: Compiled based on "Report of Pumping Station and Sewage Treatment Station in RMR" issued
by COMPESA (1999). :
Note:  Of a total of 44 sewerage stations in major systems, the process appl:ed in three syslems is not
known.

The lagoon process including aerated lagoon and stabilization pond process predominates in
the RMR cxcept for septlc tanks. The conventional actlvated sludge process, which is most
prevalent in the world, does not exist in the RMR. Based on the survey results, a salient
tendency in the RMR is the use of the RAFA process.

RAFA (Retor Anaerobico de Flux Ascendente in Portuguese) which is called UASB (Upflow
‘_ Anaerobic Sludge Blankct) in English, is a process in which organic substances in sewage are

" removed by anaerobic granular-shaped orgamsms while wastewater ﬂows upward through a

sludge layer bed. While this process has not often been appllcd in sewage around the world,
it has been used in many places in Brazil, especially in the State of Parana, as shown in Table
B.2-4. Relative high temperature of sewage and accumulated experience in acrobic
technology appears to be the main cause for this proliferation.  As a result, RAFA has been

-seen as the most promising process for sewage treatment, ever since a previous sewerage
- development study' recommended it several decades ago.

': The Program for Urban Restoration in Tejipio River Basin (PROST-1)
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In this Study, the following process options were compared from the technical and
economical point of view:

1y Activated sludge process:

Sewage is purified in a relatively short time by the activity of suspended biomass in an
aeration tank. This process is regarded as a standard and conventional one in sewage
treatment and is cmployed most widely throughout the world.

(2) Oxidation ditch process:

Sewage is treated in a running track-shaped reactor by suspended biomass. This requires a
relatively long time to complete purification. Outlying areas rather than densely populated
urban areas tend to adopt this process, because of the necessity of wide open space.

(3) - Aerated lagoon:

In this process, the punflc.atmn takes place in a lagoon whose nonnal capaclty is a four to
seven day. A mechanical aerator is installed to supply oxygcn to b:omass A relatlvely
w1dc space is rcqulrcd to adopt this process.

@ Bio-filtration process:

In this process the biomass growing oni the surface of gravel acts to remove polll.tants in
_sewage Sewage is sprayed from the top of filters and drlppcd bctwecn gravel A
sedimentation tank necessarily accompames th:s process.

(5) "RAFA + Iagoon process:
The BOD remova] rate of the RAFA process by 1tself is llmltcd 0 70 to 80 % hs

combination w1th aerobic treatment can be expected to mcreasc the rcmova] rate to around

90 %. Usually, lagoons accompanies RAFA reactors as a post trcatment.

) "RAFA+b|o-l'iltral|on pmcess

In this process, bio-filters follows RAFA reactors for the same reason as the "RAFA + lagoon"

process. This can greatly save the required land space. = Over 90 % BOD removal may be
expected in this process. ‘ '

Table B.2-5 compares these optional processes. Among them, the acrated lagoon process
and the bio-filtration process alone cannot be adopted due to the inferior BOD removal rate

(less than 90 %). Other processes are examined comparatively by usirig the weighted
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evaluation method, which allocates the following weighted points: i) 5 for construction cost,
ii} 3 for energy consumption, iii) 3 for sludge generation rate, iv) 5 for ease of operation and
maintenance, and v) 5 for required land space. The results are shown in table below:

Evaluation of Biological Treatment Processes

Comparison Items . -~ Optional Processes :
Weighting | Activated | Oxidation | RAFA+ | RAFA + Bio-
Sludge Ditch Lagoon Filtration

Fo Basic score -1 1 5 .3
Construction Cost | hted score | 5 5 s i5
Energy __Basicscore 3 1 1 ] 3
Consumption Weighted score 3 3 13 9
Sludge Generation Basic score 3 1 3 5 5
Rate Weighted score 3 9 15 15
Easiness of O and Basic score 5 1 3 5 3
M : Weighted score 5 15 25 15
Required Land Basic score 5 5 3 1 5
Space Weighted score 25 15 5 25
Total Score 41 47 85 79

Note: The basic scores stand for: 5 - "excellent", 3 - "medium"” and 1 - "inferior". - .

As evident from this comparison, the RAFA process combined with lagoon or bio-filtration
process represents significant advantage. This result is attributed to the fact that:

* The RAFA process is of anaerobic treatment that needs no energy to decompose organics,

* The BOD space 1oading rate of the RAFA process is extremely high (some 1.5 kg-
BOD/m®/day) as compared to other processes, and

¢ The sludge generation rate in the RAFA process is very low.

Based on these results, the following criteria for process selection were induced, placing the
RAFA process at the highest priority:

*  Where there is no space limitation at the treatment stanon the apphcable one is:
_ . "RAFA+ lagoon process,
* Where there is space limitation at the treatmenl station, lhe appllcable one is:
"RAFA + bio- flllrauon (mc]udmg sedlmenlatlon)“ process.

A typical configuration of RAFA reactor is shown in Fig. B2-9. Fig. B.2-10 shows a typical
. application for the combined process with RAFA reactors.
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Although the combined RAFA process is considered promising as mentioned above, special
atiention and appropriate measures should be taken in terms of the genceration of offensive
odor, especially in densely populated areas.

2) gludgc treatment system

At prcsem all the cxnsung sewage treatment stations in  the RMR rely on sludge drying beds
to treat the sludge generated. Given the climatic conditions in the region, the natural sludge
drying process is considered the most economical way This practlce however, should be
reassessed on the occasion of sewerage expansion.

The characteristics of the sludge drying process are evaluated as follows:

* Itrequires a large land space due to a low rate of drying, and
* Itmight generate an offensive odor.

Based on the above, the following criteria for the selection of a sludge treatment system are
proposed:

* A mechanical dehydration should be introduced in the sewage treatment stations that are
limited in space, or that are sited in densely populated areas, :
A natural drying bed may continue to be applied in the sewage trcatment stations that are

not constrained by lack of space, if there is no concern about the surrounding
environment. ' )

At present, the unit processes of sludge dehydration being used widely are belt press filters,
pressure filters, centrifugal separators, and vacuum filters in many countries.

2.3.2  Basic Development Scheme

For 55 sewerage systcms for the Master Plan Study, the development works for sewage
influent systems, biological treatment systems, disinfection systcms and sludge treatment
systems were examined. In scwerage systems in which existing facﬂmes are not available,
the whole treatment station will be newly instalied, based on the examination results of

oplimum processes mentioned in the previous section.

In case the existing facilities are available at present, disinfection systems will be added in all
the systems, because all of them are not provided at present.  The capacities of both sewage
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influent systems and sludge treatment systems will be increased by the additional instailation,
if their capacitics are not enough for the given conditions in 2020.

As for biological treatment systems, of all the existing sewage treatment facilities, some can
continue to be used after the expansion by additional installation, and others arc abolished and

replaced by facilities installed newly. In this judgement, the following criteria were referred:

M The existing facilities, which consist of an oxidation ditch, an extended acration tank
or the "RAFA reactor + lagoon"'proc'css, will continue to be used as a rule, since their
water quality performance is regarded to meet the given requirement in 2020. If
their hydraulic capacities are less than the given condition in 2020, another series of
treatment facilities employing the "RAFA + lagoon or the bio-filtration process will

" be msta]lcd addmona]ly,

(2) _ The ex1st1ng facxlmes consisting of sepuc tanks are abolished and replaced by new
 facilities using the "RAFA + lagoon or blO filtration" process, because they do not
satisfy the water quality performance in 2020,

3) The existing facilities, which consist of bio-filters, aerated lagoons, stabilization
ponds and RAFA reactors only, will be altered into the "RAFA + lagoon" or the
"RAFA + bio-filtration" process. As a rule, acrated lagoons and stabilization ponds
will continue to be used as the post treatment of the RAFA, after necessary
rehabilitation.

233  Proposed Plan of STFs

Of the existing treatment stations, the sewage treatment facilities at total 24 locations will be
modified into new processes or continue to be used as it is. Modification methods to be

applied for respective treatment facilities are shown in Table B.2-6.

Table B.2-7 enumerates specific development plans of all 55 systems, including component
unit processes to be applied.

As a rule, all respective sewerage systems are equipped with their one STF. In the Cordeiro,

Prazeres and Curcurana System, however, the following speCIa] schemes were undertaken,
consndermg effective uses of treatment facilities exiting in respective sewerage areas:

B-25



4} Cordeiro System:

Apart from the main system, the existing Villa Iputinga System (ETEC-08) will be used as
another system. To do so, the treatment station of ETEC-08 will be altered from the existing
RAFA process alone to the "RAFA + lagoon" process.

2) Prazeres System:

The Prazeres System has the existing Jardim Piedade System (ETEC-02) employing aerated
lagoon process. ETEC-02 will be used as another system scparately from the main system,
after being altered to the "RAFA + lagoon" process,

3) Curcu rana System

The Curcurana System has the existing Barra de Jangada System (ETEC 03) and the Praia
Grande System (ETEC-09), which employ the oxidation ditch and the "RAFA + lagoon”
process, respccuvcly Both ETEC-03 and ETEC-09 w111 be used as other systems separately
‘from the main system, after being rehabllltaled

The locations of 55 STFs were predetermined in the PQA. These locations were endorsed in
this Study, based on the following criteria:

1) The existing sites continues to be used, unless there are particular reasons, -
2) The new sites have been selected, considering:

- Accessibility to the watercourses for treated sewage,

- Topographic conditions to collect and transfer sewage easily,
- Allowable land space, '

- Land use situation of the surroundings, and -

- Accessibility to sites from main roads.

23.4  Specific Development Works of Three Major STFs

The STFs for three major systems, Janga, Peixinhos and Cabanga Systcrﬁ, will be altered to
the systems to be equipped with their one STE.  Their STFs will be developed as follows:

$)) Janga System: (as shown in Fig. B.2-11 and I'lg R.2-14)

The existing STF of the Janga System is of oxidation ditch process. The sewerage flow in
2020 will be increased to 59,900 m*/day (daily average) from the present 34,200 m*/day (daily
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average). The present BOD removal rate is almost 90 %, satisfying the given requircment in
2020.

The existing serics will continue to be used as it is. For the incremental flow in 2020, the
new serics consisting of RAFA reactors and lagoons will be installed adjacent to existing ones,
along with a grit chamber and a disinfection tank. This scheme is justificd by the abundant
land space in the existing site.

The disinfection system and sludge treatment system will be newly installed for the cxisting
facilitics as well as newly installed STE.

) Pemnhos System: (as shown in Fig. B.2-12 and Fig. B.2-15)

The existing ST F for the Peixinhos System is comprlsed of primary sed:mcntahon tanks bm-
fllters and sccondary sedimentation tanks. The sewage flow in 2020 will be increased to
57 300 m’/day (daily avcrage) from the present 36 ;000 m®/day (dally average). The present
BOD removal remains 70 % to 80 % according to operation records.

To upgrade its BOD removal performance and hydraulic capacity, RAFA reactors, additional
bio-filters and additional secondary sedimentation tanks will be installed. The existing
primary scdimentation tanks will be abolished. A disinfection tank will be added, also.

As the sludge treatment system, a sludge thickener and sludge dehydrators will be newly
constructed, Existihg sludge digesters, a gasholder and a bio-gas burner will continue to be
used after being rchabilitated. Existing sludge drying beds will be abolished after the
completion of the new sludge treatment system.

3 Cabanga System: (as shown in Fig. B.2-13 and Fig. B.2-16)

The séWage treatmeﬁt'of the Cabanga System relies on only primary sedimentation at present.
The sewage flow in 2020 will be reduced mto 55, 300 m*/day (daily average) from the existing
80 000 m®/day (dally average). The presem BOD removal rate remains only 40 % or so,
accordmg to the COMPESA's reports.

To upgrade its perforniance, RAFA reactors, bio-filters and sedimentation tanks will be added.
A disinfection tank will be also installed newly. '
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In the sludge treatment system, a sludge thickener and shudge dehydrators will be newly
installed. Existing sludge digesters, a gas holder and a bio-gas burner will continue to be
used after being rehabilitated.

Existing primary sedimentation tanks and sludge drying beds will be abolished to provide the
installation space for RAFA reactors, bio-filters, sedimentation tanks and other ancillary
equipment.

24 Rehabilitation of Existing Facilities
2.4.1 Sewage Collection Facilities

Sewage collection facilitics consist of sewers and pump stations.

Total 96 pump stations are workmg at present in four (4) major sewerage syslcm cqulppcd
with total 167 sets of different- -type pumps. The site mvcsugatlon and the data prcpared by
COMPESA have revealed that almost all pumps have been damaged in certain levels. Asa
results, a significant portion of collected sewage are discharged into the nearby water courses
without treatment. .

The situation on damaged equipment may be described typically as follows:

03] ~ Several sets of total pumps are missing and only foundations are left,

(2) Drive motors for pumps are missing,

3) Some pumps are left without'working due to no replacement of consumabie parts,
and

4) Most of electrical panel and water level instrument for pumps are imperfect.

As a result of the site survey and the review of the data prepared by COMPESA, the
rehabilitation items entailed on 55 systems are summarized in Table B.2 2-8. Ranging from
the supplement of new pumps to the replacement of Lomponcnt parts, the rchablhlahon works

will include the necessary measures for respective pump stations in line with thclr present
situation.

The sewers are classified into sewage collectors, branch sewers, trunk se_Wcrs_ and pressure
sewers. Of the total near 30,000 ha sewerage arca in 2020, the area of 8,500 ha is prO\IIided.
with sewer networks at present. These sewers are calling for urgent rehabilitation, because
they have also broken at many poinis, mainly due to aging. Besides, the silting in pipes is
found to be serious, resulting into the lowering flow capacity. |
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Based on the data prepared by COMPESA and the site investigation, the quantitics of repair
and clcaning works for the existing sewage collection facilitics arc estimated.  They contain
the necessary rchabilitation works such as the supplement of pipelines, the repair of pipe

connections, the inspection of silting, the cleanings, cte.

242  Sewage Treatment Facilities

The rehabilitation works is aimed to recover the original functions and capacities of existing
facilities.

A total of 44 STFs are working in four major sewerage systems at present.  Of these, 24
stations are planned to be used in 55 systems proposed in the Master Plan. Their treatment
capacities are some 210,000 m*/day in total. Most of these need the rehabilitation, partly or
totally, to meet the original functions and the capacities.

Most of existing treatment stations are suffering from different damage at present, being
forced partial or complete stoppage of the operation. Through the site investigation, the
following typical damages have been identified:

1) Of sewage lifting pumps in STE some are not working, because drive motors have

been missing or broken,

(2) Most screens and grit chambers are not wori:ing due 1o no périodical cleaning,

3 Most sewage inflow fneasuremcnt equipment are missing,

(4) Almost one third of aerators are not v'vorki.ng due to broken motors and mechanical
~ parts,

(5)  Somcof sludge collectors for sédimc_ntal_ion tanks are not working due to mechanical

failures, and

(6) Many parts of pipes, especially for sludge transport, are clogging or rusted and
valves are broken.

Taking the above situation into account, necessary rehabilitation works for existing treatment
facilities are listed up in Table B.2-8.
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3. DESIGN CONDITIONS FOR FEASIBILITY STUDY
31 General

The development plan of sewage treatment facilities (hereinafter called "STF") for the

following seven (7) priority systems was elaborated in this Feasibility Study. The

preliminary designs for the facilities installed newly as well as the rehabilitation planning for
the facilities exiting at present have been p'rcpared.

* Conceicao System,

* Janga Systcm,

¢ Cabanga System,

* Boa Viagem System,
*  Cordeiro System,

¢ - Prazeres System, and
*  Curcurana System.

In the Janga STF and the Cabanga STF, old treatment facilities are existing at the present.
Of the existing equipment, some will be utilized as a part of treatment facilities, to economize
the development of sewage treatment facilities. Meanwhile, the other STFs will be
constructed as totally new projects. ' R

3.2  Sewage Flow

Basically, the sewage flows (daily maximum, daily average'énd houfly maximuiﬂ) in 2020 of
the systems, as shown in the following table, were adopted in the prcliminary design. In the
Janga STF, however, the design flow was calculated by deducting that of the existing facilities,
since almost all of them are used scparately from the newly installed facilities.

Meanwhile, in the Cabanga STE the sewage flows in 2020 were used for the 'p:rcliminary

design. This is because parts of existing facilities are used in combination with newly
installed facilities. '

B-30



Design Sewage Flow

Sewage Trealment Facilities (S1Fs)
e ot g =] 0 pis
Design sewage flows Units 3 & g & ‘S 5 g
g g 3 s T g B
3 8 S g 3 & 8
M
Sewage Flow in 2020 | _
Daily maximum flow (m’/d) | 14,900] 73,585| 66374] 31,337 22245 38219 28762
Daily average flow (m*/d) 13,135 64,464, 57,381 27,087 19308] 32,677 24,795
Hourly maximum flow | (m°/d) 20,508] 102,382] 93,791 44,408 31,091| 53,937 40,638
Capacily of Existing Treatment Facilities :
Daily maximum flow (m’/d) -1 39,200f 80,000 - - -
Daily average flow (m*/d) -1 34341| @ 69,161 - - o
Hourly maximum flow | (m’/d) -~ -l 54,541 113,045 - - -
Sewage Flows for Expansion or New Installation . :
Daily maximum flow (m’/d) 14,900)  34,385| 66,374| 31,337| 22,245| 38,219 28,762
Daily average flow (m*/d) 13,135| 30,123| 57,381 27,087| 19,308| 32,677 24,795
Hourly maximum flow | (m’4d) | 20,508 47,841] 93,791 44408| 31,091] 53,937 40,638

33 Water Quality

The BOD and SS of inflow sewage for the STFs are based on the resuits of the .sewcragc

'planning study shown in the following table.

The treated water quality in terms of BOD and SS i is dcfmed as the removal rate of 90 % for
all STFs, in compliance with the instruction of No. 2002 issued by the CPRH.
Besides, the temperature of 28 °C of inflow sewage was applied i in the preliminary design.

Water Quality of Inflow Sewage and Treated Sewage

Sewage Treatment Facilities (STF)
] L) a [=] v i
Design parameters Units R <A o & 5 £ g
g g E S | 3 § g
-8 = - « 3 = 5
o © 2 © P O
28]
Inflow Sewage Quality )
BOD (mg/) 257 271 304 315 305 386 327
SS (Suspended Solids) (mg/) 285 301 338 350 339 429 363
Treated Sewage Quality
Removal rate (%) % 90 90 %9 90 % 90
BOD | (mgh 26 27 30} 32 31 39 33
SS (Suspended Solids) {mg/l) 29 30 34[ 35 34 43 36
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34 Construction Sites

Whilc the sites of seven (7) STFs were basically predeiermined in the PQA, some locations of
them were changed, because of future land use plans. The respective municipalities have

already agreed to the sites as being for the construction of the sewagge treatment station, which
are shown in Fig. B.3-1.

These construction sites are deemed to be appropriate for the construction ot STFs for the
following reasons: '

e There is enough land space to accommodate planned treatment facilities,
+  No abstacle to the conveyance of collected sewage to the treatment station,
"« Compatible with the land use plan established by municipalitics for the internal and
~ surrounding areas, ' - '
"+ Located at places where watercourses can be used for the discharge of treatcd sewage,
« No existence of potentlal environmental hazards caused by the construction and operation
“of treatment facilifics, and
+  Presence of appropriate physical conditions for construction works and operation, such as
“access roads, electricity, water supply, ctc.

The JICA Study Team undertook a serics of topographlc and soil condmon surveys for thc
respective STF sites in the Fcamblllty Study

Information on the current situation of the STF sites is given in the section 6 Of this Chapter.
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4, SELECTION OF TREATMENT PROCESSES
4.1 General

The STFs comprise:

 Biological treatment system,
* Disinfection system, and
*  Sludge treatment system.

The processes of the STFs to be applied have to meet regional requirements and
characteristics of the RMR. They were selected as follows:

4.2 Biological 'Treatment System
{» Background

In the phase of the Master Plan Study, six (6) kinds of biological processes were compared
from the viewpoint of the applicability to regional requiremcnts in the RMR. These were
~ activated sludge, oxidation ditch, acrated lagoon and bio-filtration for aerobic treatment, and
the "RAFA + lagoon" and the "RAFA + bio- filtration" for combined anaerobic trcatment.  Of
these, the Master Plan Study selected combmed anacrobic treatment such as the "RAFA +
lagoon" and the "RAFA + bio-filtration" processes as promising ones for the RMR.

Moreover, in the light of the attributes of these processes, the following criteria were
established in the Master Plan Study

*  When there is no limitation in the land space of the treatment station, the "RAFA +
lagoon” process is the most suitable, and _

¢ When there is a certain limitation in the land space of the treatment station, the "RAFA +
bio-filtration" process is the most suitable.

Based on these results, the lagoon treatment process was studied in more detail as the post-
treatment of RAFA.

In genéral, lagoon treatment includes various 'types, such as an aerated lagoon, an "aerated
lagoon + polishing pond", a facultative lagoon, an anacrobic lagoon, etc. Of these, an
"acrated lagoon + polishing pond" and a facultative lagoon were evaluated from the technical
and economical viewpoints, since they potentially meet the requirements of this Study.
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2) "Aerated lagoon + polishing pond" process

An acrated lagoon is equipped with acrators to supply oxygen necessary for bio-degradation.
In the combined anaerobic process, sewage pre-treated by RAFA reactors undergoes
secondary treatment in aerated lagoons and is finally clarified in polishing ponds. Following
RAFA reactors with its BOD removal rate of 75 %, an overall rate of 90 % (design value in
this Study) can be achieved by the combination of an acrated lagoon and a polishing pond.

3) Facultative lagoon process

A facultative lagoon is the treatment process in which the necessary oxygen for bio-
degradation is supplied by algae growing on the water surface and by natural wind.
Therefore, this is considered to be a nearly natural purification process.

In the RMR, this treatment has been applied to the Mangueira Treaiment Plant with the
facultative lagoon of 3-day hydraulic retention time. Table B.4-1 and Fig. B.4-1 shows the

results of water quality analysis of it over the duration of some 36 months operation.

Base on these operaﬁon data, thc RAFA reactor indicated satisfied BOD removal rate higher
than 75 %. Significant BOD removal was, however, not found in the facultative lagoon,
resulting in far less than 90 % rate of overall BOD removal. Thls is cxplamcd by:

A facultative lagoon with some 3- day hydrauhc retention time is not a process that can
achieve significant BOD removal. In other words, enormous volume (to be ambitious,
one o three-week retention time) may be required to get higher removal,

«  Under the sewage characteristics and climatic conditions in the RMR, algae proliférate in

the lagoon at a large scale is unavoidable and may cause the increase of BOD in some
cases. ' ' '

Consequently, it has been concluded that, in practical, the overall BOD removal rate of 90 %

is impossible in the combined anaerobic treatment using facultative ‘lagoons.

4) Selection criteria of biological system

From the above, the "aerated lagoon + polishing pénd" trcatmcrit was sclcctéd as the most
feasible system as the post-treatment of RAFA in a combined anaerobic system.

Thus, the following criteria are applicable to the selection of a b1010g1ca1 treatment systcm
incorporating the results of the Master Plan Study on this matter:
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*  When there is no limitation in the land space of the treatment station, the "RAFA +
acrated Jagoon + polishing pond" process is the most suitable, and

*  When there is a certain limitation in the land space of the treatment station, the "RAFA +
bio-filtration" process is the most suitable.

The characteristics of respective biological treatment processes examined in the Study are
compared in Table B.4-2,

43 Disinfection System

To reduce coliform group bacteria in treated sewage, different disinfection processes such as
chlorine, ultra-violet light, ozone process are generally used.  Their process principles are
delineated below:

1) Chlorine process:

Chlerine (chlorine gas in most case) is injected into trcated sewage in a tank with some 15
minutes of detention time. Treated sewage is disinfected by the function of active chlorine.
T'hrs 1s most widely applied in many countries.

2)  Ultra violet light process:

U]tra v101el hghl generated in a specral lamp, which is submerged in ftreated sewage, is
irradiated to treated water.  Ultra violet light can reduce collform bacteria in treated sewage.

)] Ozone process:

Ozone gas produced by an ozone generator is injected into treated sewage in an ozone
contactor. Coliform bacteria in treated sewage is reduced by the function of active oxygen.
The characteristics of respective processes are compared in the following table,
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Comparison of Disinfection Processes

Disinfection Processes
No. fiems ; - ]
Chlorine Gas Ultra Violet Light Ozone Gas
1) Construction cost Low | Mediom |  Extremelyhigh
2 [OandMCost | Low & Medlum o High
3 | Generation of | Orgamc chlorine Nothmg Hydroperoxide
byproducts compounds are _ | compounds are
1 generated possibly. ‘ generated possibly.
4 | Influence to the Remaining chlorine and Nothing Excessive remaining
environmentl byproducts may ozone may influence
influence to aquatic to aquatic lives.
ST SR P Iivcs‘ - e - . : P ——— —
5 | Expericnce of Countless (used More than a thousand | A limited number
installation conventionally in stations in U.S. Canada, ‘
devcloped countries) Europa and Japan.

Source: Compiled by JICA Study Team.

From this comparison, it is obvious that chlorinc process is the most advantageous in terms of
the economic efficiency in both initial cost and operation and maintenance cost. However,
the influence of residual chlorinc and gencrated chlorine compounds to aquatic lives has been
proved through recent studies. This is why many developed countries are substituting ultra
violet light process for chlorine process.

While a specific policy of disinfection method has not been established in the RMR yet, the
CPRH suggested that ultra violet light disinfection be desirable to protect mangroves growmg
in riversides. Considering that all of sevcn (7) STFs discharge treated water mto rivers,
whose shores have mangroves, it is suggcsted that ultra violet light process be applicd in the
RMR to protect the environment.

4.4 Sludge Treatment System
(1) General criteria

Al present, all the existing scwage treatment stations in the RMR rely on sludge drying beds
to treat sludge, Given the climatic conditions in the region, natural sludge drying process is
considered to be the most economical method. - However, it requires a large area of land due

{0 the low-rate of drying and might generate an oftensive odor.

Based on the above, the following general criteria for the selection of the sludge treatment
system are proposed:

»  Mechanical dehydration shall be introduced at the STFs that are constrained in the land
area, or that are sited in densely populated areas, and |
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+  Natural drying bed shall continue to be used at the STFs that have large arcas where odor

ill not cause concerns in the surrounding environment.

2) Selection of mechanical dehydration prbcess

The unit processes of sludge dehydration being used widely are the types of belt press filter,
pressure filter, centrifuge separator, and vacuum filter. Their salient features are described

below:

1) Belt press filter:

A belt-press filter is equipped with a number of rolls and sludge is pressurized and filtrated by
filter cloths while running between the rolls. This usually comprises the section of gravity
separation, pressure dehydration and compression dehydration.  The filter cloths are washed

continuously to prevent from clogging. Usually, organic coagulant is applied to this filter.

2) Pressure filter:

A pressure filter is equipped with a large number of filtration chambers constructed by
filtration cloths. Sludge is filtrated in the chamber by pump pressure and then compressed
through diaphragms by hydraulic and/or pneumatic prcssurc. The operation, which is full
computerized normally, is proceeded by automatically sequential-batch system. . Usually,
_ inorganic coagulant is applied to this filter.

3) Centrifuge sepﬁrator:

This is the method to dewater sludge by using centrifugal force with 1,500 to 3,000 times
gravity. Sludge solids are separated in a bowl rotating at a high-speed and are discharged
into the outside by a screw. The edge of screw may causc abrasion depending on the sludge
properties and proper mitigation measure for noise is needed, also.

4) Vacuum filter:

This type is to make the inside of a drum covered by filter cloth vacuum and to absorb and
dehydrate sludge on the surface of filter cloth. The drum is partitioned into the threc zones:
adsorption, dehydration and exfoliation zone. The vacuum pressure is kept to some 600
mmHg at the adsorption zone and about 300 mmHg at the dehydration zone. Inorganic
“coagulant aided by lime is usuvally épp]icd to sludge in this filter.

Using the weighted evaluation method, these unit processes of sludge dehydration were
compared. The weighing points allocated are: i) 5 for dehydration performance, ii} 5 for
easiness of operation and maintenance, iii) $ for cost performance, and iv) 3 for space
‘requirement.

B37



Evaluation of Sludge Dehydration Processes

. . Ontional Processes
Comparison Items Weighing Belt-press | Pressure | Centrifuge | Vacuum

General Basic Score 5 5 5 3 11
performance Weighted Score 25 25 15 5
. Basic Score 5 1 3 1
Easiness of O & M yo 1 ed Score > 25 s s 5
Cost performance Bas.ic Score 5 - 1 > 3
Weightied Score 25 5 25 15
So: girement | BasicScore | 4 5 3 5 1
pace requiremen Weighted Score 15 9 .15 3
Total Scores ‘ 90 44 70 28

Note: The basic score stand for: 5 to “cxcé]lem“, 3 to "medium"” and 1 to "inferior".

As understood from this, it is obvious that the belt-press filter is the most suitabie in the
RMR.

4.5 Overall Treatment Processes Applied for Priority Systems

Based on the above-mentioned examination and criteria, the results of applicable process
selection for respective STFs are enumerated in Table B.4-3, |

In terms of biological systeml, the Cabanga STF and the Cordeiro STF shall apply the "RAFA
+ bio-filtration" process due to the limitation of available land area. Meanwhile, the "RAFA

+ aerated lagoon + polishing pond" process shall be applicable for other STFs, which have
enough land space.

As for sludge treatment systems; mechanical dehydration shall be employed in the Cabanga

STF, the Boa Viagem STF and the Cordeiro STE since they are located in denscly populated
urban areas. Other STFs shall use natural drying process.
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5. DESIGN CRITERIAAPPLIED FOR PRIORITY SYSTEMS
5.1 General

The prelim.inar'y design has becen carried out in accordance with the "Guidance on Sewerage
Facilities Planning and Design" (issued by the Japan Sewage Works Association). The
ABNT standards and norms relevant to sewerage facility design were also incorporated, when
they were considered appropriate and suitable for this Study.

52 Basic Design Criteria

In the preliminary design of the STFs, the following were adopted:

4] hyout plan of STFs

The layout plans of the STFs were formulated in accordance with the following basic criteria:

* The facilities were located to allow enough space for routine and periodical operation
/maintenance and overhauls, and

*  The plans and vertical sections were de51gncd so that water in main lines flows by gravity
as a rule.

2)  Utility and auxiliary facilities

STFs shall be provided with a source of clectricify to allow continuous operation.
Alternative power facilities for emergency shall not be incorporated in the STE, as the STF
can cope with potential power stoppages in the RMR.

Supervisory boards shall be installed in the control room of administration buildings. The
supervision and monitoring of the operating status of not only STFs but also pump stations in

the respective sewerage areas shall take place at these boards, colle'ctively.

Adequate sanitation facilities (water supply and toilets) shall be provided in administration
buildings. '

The STFs shall be equipped with laboratory facilities necessary for daily and periodical
measurements/analyses of water and sludge quahly
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3) Site preparation and access roads

The ground surfaces of STF sites shall be leveled off by grading or reclamation at the
elevation required to protect against submersion of sites and to allow for the discharge of
treated sewage into receiving water bodies by gravity,

Access roads of at least six (6) meters in width from rhajor roads to STF sites shall be
provided, if they are not available at present '

4) Measures to deal with environmental problems

The following preventive and preservation measures shall be incorporated to avoid

environmental problems arising from the construction works and operation of the STFs:

*  Green zones (10 m in width at least, as a rule) shall be laid around the periphery of STF
sites to mitigate offensive odor and noise, and to avoid damage to the surrounding
landscape, '

» To prevent the emission of offensive odor, influent systems consisting of grit chambers,

' bar,sci'éens and influent pumps, and dehydrators shall be accommodated inside the
building and a simple deodorizer shali treat exhaust'ed air,

* Emitted gas from RAFA reactors, which contains offensive odor constituents, shall be
diffused trom a centralized stack into the air, _

* The installation of STFs shall take place, avoiding mangrove areas contained in the land
proposed by the Counterpart,

53 Design Criteria for Facilities

Component facilities in STFs shall be designed based on the following criteria, in compliance
with the aforementioned applicable sta_ndards/noﬁns and special conditions in this Study.

The process calculation results in the preliminary design are shown in the APPENDICES.

(1) Grit chamber

Type: Rectangular type
Design base flow: Houﬂy maii_muin flow
Water surface loading rate:  Max. 1,300 m*/m%day
Hydraulic Retention Time: 40 sec,

Grit chambers are designed to remove grit particles with larger than 0.15 mm in
diameter.
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2) Influent pump

Type: Vertically mixed flow or centrifugal type
Design basc flow: Hourly maximum flow
Suction side velocity: Less than 2 m/sec

3 RAFA reactor

Type: Rectangular type
Design base flow: Daily maximum flow
BOD removal rate: 75 %

Hydraulic detention time: 7 hours

Water depth of reactor: 50-60m

The required HRT of RAFA reactors is justified below.

It has been known that the B"(_)-D removal rate in an RAFA reactor is highly

influenced by‘ the water iemperalure. Based on the operation data, which were

obtained from actual reactors in Coldmbia, Brazil, etc., the BOD removal rate is

shown in the following figure in the relation with the HRT under the temperature of

between 20 and 25 °C (average 23 °C) and is expressed in the following equation’:

E,, =100(1-0700°%)

Where, E,, : BOD removal rate at 23°C (%)
O : HRT (hours) o

" BOD Removal ét RAFA Reactor

N OE

BOD Removal Rate (%) -
~
(=]

Z 3 28 8

HRT fhrs)

' . "Wastewater Treatment by Anaerobic Process” issued by PROSAB.
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In this Study, the following cxpedient formula was ecmployed to correct the influence
of temperature:

E, =100(1- 0.709-0-50) x1.0120° 2 e vernniiinenanannans (1)

Where, E, : BOD removal ratc att °C (%)

Applying 28 °C of the design temperature, the formula (1) gives 78.1 % of BOD
removal rate to the HRT of 7.0 hours. This result coincides with the performance
results of the Mangueira treatment plant.  Consequently, 75 % of BOD removal was
applicd for this Study.

The standard configuration of a RAFA reactor to be used is shown in Fig. B.5-1.

Aerated lagoon

Type: Rectangular type with aeration
Design base flow: Daily maximum flow
'BOD removal rate: 60 % (atter being clarified at polishing ponds)

Hydraijlic detention time: 1.0 day
Water depth of lagoon: 38m
The required HRT of an aerated lagoon is ]usnfled below

 Assuming the BOD removal rate in 2 RAFA Reactor and an acrated lagoon tobe 77,

and7) ,, respectively, the overall BOD removal rate of a STF (77, %) may bc
expressed by: ' ' |
Mo =7+ (100-7)(1,/100) (%)
Under the conditions thatn,, 77, are 90 % and 75 %, respectively, the required7},
may be calculated as: ' '
N, =100(77,-7)A(100-77,)
=100 (90 - 75)/(100 - 75)
=60 (%)
The filtered effluent BOD (F,, mg/l) of the acratcd lagoon may be expressed by:
E, =L (1-17,/100)  (mg/) _
Where, L: Influent BOD of aerated lagoon (mgﬂ)
Assuming the influent BOD of an aerated lagoon, ‘namely the effluent BOD of a
RAFA reactor to be 90 mg/l asa represcnlatwc flgure '
=90 (1 - 60/100) = 36 (mg/l)
Applymg a tlrst-ordcr removal reaction to the BOD reducnon in an aerated lagoon,
the effluent BOD of an aerated lagoon (F,) may be ca]culated by
F, =L/@#kXt) (mgh) ()
Where k:  First-order removal rate constant (day™)

!'; "Sewage Treatment in Hot Climates” by D. Mara (1975)
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X:  Ccll concentration (mg/l)

L Hydraulic retention time (HRT) (mg/1)
Assuming the "k,," at 20 °C to be 0.07 of empirical figure, the "k,¢" at 28 °C may
be calculated as follows:
Ky = ky (1.05) 72
=0.07 (1.05) %
=0.0887 (day™)
The equation (1) may be transtormed as follows:
t =(Li-EYF.kX |
Assuming "X" o be 35 mg/l as a representativé value,
t =(90-36)/(36x0.0887 x 35)
=048 (day) _ '
As understood from the above, the BOD removal rate (filtered BOD base) in an
acrated lagoon may reach 60 % within the HRT of some 0.5 day.
Based on literatures and experience in wastewater treatment, it has been known that
the whole lagoon system consisting of an aerated lagoon and a polishing pond
requires two (2) to three (3) days at least to keep the coagulation of cell secured.
Therefore, the HRT was designed as 1.0 and 1.5 days in an aerated lagoon and a
polishing pond, fespectively.

Polishing pond

Type: Rectangular type without aeration _
Design base flow: Daily maximum flow o
Functions: Settling of solids

Hydraulic detention time: 1.5 day

Water depth of lagoon: 3.6m

Bio-filter

Type: ' Circular and high-rate type

Design base tlow: Daily maximum flow

BOD removalrate: - 60% .

BOD loading rate: Max. 0.75 kg-BOD/m*/day

Depth of filter media: -+~ 2.0m

Circulation rate of treated water: 2.0 to the influent sewage flow _

Regarding the process design of a bid—filter, reliable and practical procedures that
were based on the theory of biological reaction have not been established. In this
Study, the above-mentioned criteria were adopted based on performance data in
actual treatment plant working in Japan and other countries. It is considered that
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the applied BOD loading rate is enough light to prevent the emission of offensive
odor and the generation of flies.

The standard configuration of the bio-filter is shown in Fig. B.5-2.

D Sedimentation tank

Type: Circular or rectangular type
Design base flow: Daily maximum flow
Water surface loading rate:  Max. 24 m*/m?%day

The standard configurations of the sedimentation tanks are shown in Fig. B.5-3 and
Fig. B.5-4. ‘ '

(8) l)isinfection tank

Tjrpe: * Rectangular typc with UV light disinfection unit
Design base flow: Daily maximum flow

(9)  Sludge thickener

Type: ‘ Rectangular and gravity type
Design base flow: Daily average flow o
Sludge content: Inlet 1.0 % and outlet 3.5 %

Solid surface loading rate:  Max. 60 kg-DS/m%day

(10) Sludge dehydrator

Type: Belt-press type

Design base flow: Daily average flow
Operation hour: 8 hours per day _
Water content of sludge: Inlet 96.5 % and outlet 80 %
Filtration rate: Max. 130 kg-DS/m/hour

a1 Sludge drying bed

Type: Natural drying bed type with roof

Design base flow: Daily average flow
Water content of sludge: Inlet 99 % and outlet about 50 to 60 %
Drying rate: 1.3 kg-DS/m?/day '
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6, PRELIMINARY DESIGN OF PRIORITY SYSTEMS
6.1 General

Bascd on the design conditions, the selection of treatment processes and the design criteria
mentioned before, the preliminary design of the seven (7) priority STFs was carried out.  The

Bill of Quantities for respective STFs formulated based on the preliminary design are shown
in the APPENDICES.

6.2 Conceicao STF
1 General

The Conceicao STF consists of the following steps: the "RAFA + aerated lagoon + polishing
pond" for the biological treatment system and the "natural drying"” for the sludge treatment
system, as shown below.

Treatment Flow of Conceicao STEF

Sewage Inflow

[ uvLign Distecton ]

v 4L

Dried Sludge . Treated Sewage Outflow

Treated sewage shall be discharged by gravity into the Timbo River through embedded
discharge pipes. The sludge generated from the treatment facilitics shall be disposed of at
landfill sites, transported after being dried naturally at the STF site.

The flow diagram, the hydraulic profile and the layout plan of the STF shown in ¥i g B.6-1,
Fig. B.6-2 and Fig. B.6-3, respectively are the results of preliminary design.
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Q) Construction site

The site is situated at the Tocally determined coordinates, 2.97E / 91.29N, in the Municipality
of Paulista and lies near lagoons in the estuary of the Timbo River and its tributaries. The
land of 8.2 ha shall used as the treatment station. At present, the land belongs to a private
enterprise, which has a cement factory ncarby.

At the moment, the land is vacant with bushes and trees. A beverage faétory isin opéfation
next to the site to the south and residential houses are sited to the east.

The present ground surface at the site is inclined from the north to the south with the level
between 20 m and 2 m (+ MSL). . The STF shall be constructed on a plot at a level of 4.5 m

(+ MSL), prepared by grading and reclamation to prevent the site from submersion and to
discharge treated sewage by gravity.

K)] Major facilities and structural works

1) Influent system

(a) Grit chamber
The grit chambers are dési':giicd to remove coarsc substances like sand by gravity
scparation and cquipped with motor-driven bucket conveyers to remove settling

materials on the bottom of the chamber. They are mamly ‘constructed of reinforced
concrete and have the following spemflcatlons

Type: ' Rectangular concrete tank w1lh bucket convcycm
Quantities: 2 units, '

Dimensions: ' 2.0 m wide x 5.0 m long x0.5m deep/water per unit,
Water surface: 10 m2 x 2 units = Total 20 m2,

Appurtenances: ‘ Inflow gates, coarse bar screcns (manually operated),

fine bar screens (motor-driven), grit hoisting crane, and
biological-film type deodorization equipment with
exhaust fan. '

(b) - Influent pump

The influent pumps are dcsngned to lift up mcommg scwagc to the subsequent system.
They are aulomallcally operated with a water level meter.  Their spec1t1catlons are

as follows: _ :
Type: Vertically mixed flow pump,
Quantities: " 3 units including one standby, -
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Capacity: 7.2 m’/min x 300 mm-ND x 16 m-Head x 40 CV per
unit,

Appurtenances: Inflow sewage flow meter, maintenance cranc and
influent well.

Biological treatment system
(a) RAFAreactor

The RAFA reactors are designed to decompose organic pollutants in sewagc by
anaerobic biological degradation. They are mainly constructed of reinforced
concrete and equipped with gas-liquid-solid separators inside, which are comprised
of inflow pipes, baffle platcs outflow troughs etc. Their main specifications are as
follows:

Type: " Rectangular concrete tank,

Quantities: 4 trains x 9 units = Total 36 units,

Dimensions: 5.0 m wide x 5.0 m long x 6.0 m deep per unit,

Volume: Effective 125 m® x 36 units = Total 4,500 m?,
Appurtenances: RAFA distribution box, distribution nough, lagoon

distribution box, exhaust stacks, sludge sump and
sludge draw-off pumps.

(b) Acrated lagoon. - .

The aerated lagoons are designed 1o remove organic pollutants remaining in the
outflow from the RAFA reactors by aerobic biological purification. They are
formed by earthen embankments with partial concrete revetment and equipped with
submersible aerators. Main specifications are as follows:

Type: . Rectangular earth pond,
Quanlitics: | _ 2 units,

. Dimensions: _ 32 m wide x 100 m long x4. 3 m deep per unit,
Volume: -  Effective 7,695 m’ x 2 units = Total 14,900 m’,
Appurtenances: Submersible acrators 37 kwx6 units).

(¢) Polishing pond

The polishing ponds are’ designed to settle suspended solids in the ouiflow from
acrated lagoons by gravity séparation and also to digest anacrobically a part of
accumulating sludge. Earthen embankments with partial concrete revetment
constitute their main portions. Their specifications are as follows:
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4)

5)

Type: Rectangular earth pond,

Quantitics: 2 units,
Dimensions: 32 m wide x 152 m long x 4.3 m deep per unit,
Volume: Effective 11,246 m® x 2 units = Total 22,492 m>.

Disinfection system

The disinfection system is designed to reduce pathogens and parasites in biologically
treated sewage so as to meet the discharge standard for total coliforms. The system
consists of a disinfection tank and an ultra-violet (UV) light disinfection unil, as

shown below:

Type: 7 Rectangular concrete tank,

Quantities: 1 unit,

Dimensions: _ 3.0 m wide x 6.0 m long X 2.5 m deep per unit,
Volume: _ ) Effective 45 m®

Appurtenances: UV light disinfection unit.

'll_'eated sewage discharge system

Finally treated scwage is discharged into the Timbo River through the following
embedded pipes and the outfall:

Design water level: 1.36 m (+ MSL),
Pipe: ND 800 mm x 2,900 m long,
. Material: o Reinforced concrete.

Sludge treatment system
(a) Sludge thlckener

The sludge th:ckencr is designed to thlcken the s]udge generated from the biological
treatment system and homogenize it. Its main portion is constructed of reinforced
concrete and a motor-drwen sludge collector is attached inside. Its specifications
arc as follows :

Type: Cylindrical concrete tank,
Quantities: 1 unit,

Dimensions: 4.5 m dia. x 5.0 m deep,
Volume: . Bffective 63 m®
Appurtenances: Sludge collector.
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(b)  Sludge drying bed

The sludge drying beds are designed to naturally dry the sludge generated from the
biological treatment syslcm Their main pomons are constructed of reinforced
concrete and their specnflcatlons are as follows:

Type: Rectangular concrete tank,
Quantities: 6 units,

Dimensions: 10 m wide x 15 m long x 1.0 m deep,
Volume: | Effective 900 m?,

Dehydrated sludge quantity: 2.1 ton-Wet {60 % moisturc),

6) Electrical and control system

All equ1pment in the sewage treatmenl stauon as well as all pumps in the pump stations of the
Conceicao Sewerage System shall be collecnvely supervised from the integrated supervisory
board. This shall be installed in the contml room of the administration building.

T Buildings and civil works

The following building construction and civil works shall be carried out:
(@) Buildings | | |

lnﬂught pump room: 10 m wide x 10 m long,
Disinfection room: 7 m wide x 12 m long,
Electrical room: 7 m wide x 10 m long,

Administration building: = 25 m wide x 40 m long (one slorey)

The administration building shall accommodate rooms such as: control room,
administration room, electrical room, laboratory, staff room, workshop, storage,
resting room with toilets and conference room.

(b) Civil works

Civil works shall include miscellaneous structures in the station yard, such as: guard
fence and gates, landscaping, parking lots, rainwater drainage, etc.

63 Janga STF
(l) General

The Janga STF shall be equipped with dual treatment trains. One comprises the existing
treatment facilities consisting of oxidation ditches and other related equipment, which are
used after the necessary rehabilitation. ~ The other is a newly installed treatment facilities
consisting of the féllowing steps: the "RAFA + aerated lagoon + polishing pond” for the
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biological treatment system and the "natural drying" for the sludge treatment system, as

shown below.

The treated sewage and the sludge from the existing facilities will be handled by the newly
installed facilities after being mixed together as shown in the following figure.

Treated sewage shall be discharged by gravity into the Timbo River thrdugh embedded
discharge pipes. This discharge pipe will be newly installed, replacing the existing one.
* The sludge generated from the treatment facilities shall be disposed of at landfill sites,

transported after being dried naturally at the STE,

Treatment Flow of Janga STF

Sewage Inflow

[ Sewageliing |

| sludge Thickening N—iﬁﬁ ]

o ]
.[

(338001 Yo UOREPXO)
-seqiioe Jusuneel) Bursncy

[ Natural Drying J

Dried Sludge Treated Sewage Outflow

The flow diagram, the.hydraulic profile and the layout plan of the facilities shown in Fig. B.f)'-
4, Fig. B.6-5 and Fig. B.6-6, respectively are the results of preliminary design.

2) Construction site

The site is located at the existing treatment station situated at the locally determined |
coordinates, 2.96E / 91.22N, in the Municipality of Paulista and lies near the upper reach of
the Timbo River and its tributaries. The land belongs to COMPESA.
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New series of treatment facilities will be constructed next to the existing ones and certain
component facilitics will be placed in the arca of the existing facilities. = The land of 12.3 ha
excluding the area occupied by the existing facilitics shall be used for the treatment station.

The present ground at the site is inclined from north to south with levels between 25 m and S
m (+ MSL). It is curremly vacant with bushcs and trees, and a certain portion of the
schedulcd area has already been leveled. The STF shall be constructed at ground levels of
8.0m, 11.0 m, 13.0 m and 16.0 m (+ MSL), which are prepared by grading and reclamauon

&) Major facilities :and structural works

1) fnfluent :system
(a) * Grit chamber
The grit chambers are desngncd to remove coarse substances like sand by gravity
separation and equlpped with motor-driven bucket conveyers to remove seulmg

materials on the bottom of the chamber. They are mainly constructed of reinforced
concrete and have the following specifications:

Type:- = . Rectangular concrete tank with bucket conveyers,
Quantities: : 3 units,

_Diménsibns: S 2.0 m wide x 7.0 m long x 0.8 m deep/water per unit
Water surface:  ~ -~ 14 m”x 3 units = Total 32 m?, '
Appurtenances: ' Sewage -distribution well, inflow gates, coarse bar

' screens (manually operated), fine bar screens (motor-
"driven), grit hoisting crane and biological-film type
deodorization equipment with exhaust fan.

(b) Influent pump

The influent pumps are designed to lift up incoming sewage 1o the subsequent system.
* They are automatically operated with a water level meter.  Their specifications are

as follows:

Type: ° Vertically mixed flow flow,

Quantities: ~ 4 units including one standby,

Capacity: 115 m¥min x 350 mm-ND x 13 m-Head x 50 CV per
"~ unit,

Appurtenances: - Inflow sewage flow meﬁer, maintenance crane and

influent well.

B-51



2)

Biological treatment system
(a) RAFA reactor

The RAFA reactors are d051gned to decompose organic pollutants in scwagc by
anaerobic bxologlcal degradatmn They are mainly constructed of reinforced
concrete ‘and equipped with gas- llqmd-solld scparators inside, which are comprised
of inflow plpcs baffle plates, outflow troughs, etc. Their mam spec1flcat|0ns are as
foliows:

Type: Rectangular concrete tank,

Quantitics: 4 trains x 21 units = Total 84 units,

Dimensions: 5.0 mwide x 50m long x6.0m dcep pcr umt

Volume: Effective 125 m® x 84 units = Total 10,500 m’,
Appurtenances: RAFA distribution box, distribution _trough, lagoon

distribution  box, exhaust stacks, sludge sumps,
 anaerobic sludge draw-off pumps.

(b) Acrated lagoon

The aerated lagoons are designed to remove organic pollutams remaining in the
outflow from the RAFA reactors by aerobic biological purification. - They are
formed by earihen embankments with partial concrete revetment and equipped with
submersible acrators. ~ Main specifications are as follows:

Type: -  Rectangular earth pond,

Quantities: 4 units,

Dimensions: 50 m wide x 66 m long x 4.3 m deep per unit,
Volume: Effective 8,659 m’ x 4 units = Total 34,636 m’,
Appurtenances: Submersible aerators (3.7 kw x 16 units).

(©) Polishing pond

The polishing ponds are demgncd to settle suspended solids in the outflow from
aerated lagoons by gravity separation and also to digest anaeroblcally a part of
accumulating sludge. ~ Earthen embankments with partial concrete revetment
constitute their main portions.  Their specifications are as follows:

Type: Rectangular earth pond,

Quantities: 4 units, -

Dimensions: 50 m wide x 100 m long x 4.3 m deep per unit,
Volume: Effective 12,960 m® x 4 units = Total 51,840 m’.
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Disinfection system

The disinfection system is designed to reduce pathogens and parasites in biologically
trcated sewage so as 10 meet the discharge standard for total coliforms,  The system
consists of a disinfection tank and an ultra-violet (UV) light disinfection unit, as
shown below: '

Type: Rectangular concrete tank,

Quantities: 1 unit, |

Dimensions: _ 4.0 m wide x 10 m long x 2.5 m deep per unit,
- Volume: : - - Effective 88 m’

Appurtenances: . UV light disinfection unit.

Treated sewage discharge system

Finally treated sewage is discharged into the Timbo River through the embedded
pipes and the outfall. The existing discharged pipes (ND 800 mm x 2 sets) will be
demolished, since they are old and broken partially. Instead, the following
additional pipe will be i.ﬁ_s_tall_t_:d. o |

Design water level: 1.36 m (+ MSL),
Pipe: - ~ND 1200 mm x 2,300 m long,
Material: ~ Reinforced concrete.

| Sllidge treatment sjste_m |

(a) Sludge thickener

The sludge thickener is designed to thicken the sludge gencrated from the biological
treatment system and homogenize it. Its main portion is constructed of reinforced
concrete and a motor-driven sludge collector is attached inside. Its specifications
are as follows:

Type: Cylindrical Concrete tank,
Quantities: 1 unit,

Dimensions: 15 m dia. x 5.0 m deep,
Volume: Effective 706 m’,
Appurtenances: " Sludge collector.

() Sludge dryingbed

The sludge drying beds are designed to naturally dry the sludge generated from the
biological treatment system. Their main portions are constructed of reinforced
concrete and their spccificatibns are as follows:

Type: Rectangular concrete tank,
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Quantities: 56 units,

Dimensions: 10 m wide x 15 m long x 1.0t m deep,
Volume: Effective 8,400 m? ,

Dehydrated sludge quanttty 24.6 ton-Wet (60 % mmsturc)
Appurtenances: Filtered water return pumps.

Electrical and control system

All equipment in the sewage treatment station as well as all pumps in the pump stations of the
Conceicao Sewerage System shall be collectively supervised from the integrated supervisory
board. This shall be instalied in the control room of the administration building.

7

6.4
ey

Buildings and civil works

The following building construction and civil works shall be carried out:
(a) Buildings

Influent pump foom: 10 m wide x 18 m long,
Disinfection room: 10 m wide x 15m lohg,
Electrical room: 10 m wide x 15 m long,

Administration building: 20 m wide x27.5 m long (two-storey)
The administration building shall accommodate rooms such as: control room,
administration room, electrical room, laboratory, slaff room, workshop, atordgc
resting room with toilet and conference room. ) o

(b} Civil works

Civil works shall include miscellaneous structures in the station yard, such as: guard
fence and gates, landscaping, parking lots, rainwater drainage, etc.

Cabanga ST¥

General

The Cabanga STF consists of the fdlloWing steps: the "RAFA + bio-filtration" for the
biological treatment system and the "digestion + mcchamcal dehydration” for the sludge
treatment system. Of the existing facilities, influent pumps, grit chambers, sludgc digesters

and gasholder shall be used after rehabilitation and mlcgralcd in the newly installed facilities,
as shown below.
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Treated sewage shall be discharged by gravity into the Pina Bay through embedded discharge
pipes. The sludge generated from the treatment facilities shall be disposed of at landfill sites,
after being dehydrated mechanically at the STF site and transported.

The flow diagram, the hydraulic profile and the layout plan of the facilitics shown in Fig, B.6-
7, Fig. B.6-8 and Fig. B.6-9, respectively are the results of preliminary design.

Treatment Flow of Cabanga STF

Séwage Inflow

ISewageurung (Existing) |

| Studge Thickering RAFA ]

| [ Digestion (Ex'isting) ] Blo~F|ltra ion ]

[Mechanica‘l Dehyaatim] [ s.admontation. ]

| uvLight Disinfection |

v .

DewateredSludge . Treated Sewage Outfow

2) Construction site

The facnlmcs will be constructed in the existing treatment station at the locally dctcrmmed
coordmates 291E / 91 O7N in the Municipality of Recife. It is close to the Governador
Agamenon Magthnaes Brldge and belongs to COMPESA.

The ground at thc site is almost flat w1th leve]s of around 25t1030m (+ MSL) and the STF
shall be constructed on the plot atalevel of 3.0 m (+ MSL).
The total area of the Station is 3.8 ha without any cxpansnon area outside. The STF shall be
constructed in the space, which is used as a football ground and others. The areas for parts
of old existing facilities to be demolished will be used also.
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Major facilities and structural works
Influent system
(a) Influent pump

The influent pumps, which are existing now, were designed to lift up incoming
sewage 1o the subsequent system and inciude one standby unit. They are

automatically operated with a water level meter. - Their specifications are as follows:

Type: Vertically centrifugal pump,

Quantities: 5 units mc]udmg one slandby,

Capacity: 26.4 m*/min x 75 HP per unit,

Appurtenances: Influent well, finc bar screens (motor-driven) and

-mflucnt trough, biological-film type deodorization
equipment with exhaust fan. '

(b)  Grit chamber

The grit chambers, which are existing now, were designed to remove coarse
substances like sand by grav1ty separation and cqulpped with motor-driven grit
collectors to remove settling materials on the bottom of chambers Main portions of

them are constructed of reinforced concrete and have the fo]]owmg speuflcatlom.

Type: - Rcctangular concrete tank With rotary collector,
Quantities: 2 units, '

Dimensions: _ 8.75 mwide x8.75 m long x 0.6 m dccp/watcr per unit,
Water surface: 76 m®x 2 units = Total 152 m%.

(¢) Transfer pump

The transfer pumps are designed to transfer sewage treated by the grit chambers to
the RAFA reactors and include one standby unit. They are automatically operated
with a water level meter. Their specifications are as follows: .

Type: Vertically mixed flow and axjal flow pump, '

Quantities: 5 units mcludmg one standby, '

Capacity: 16.5 m’/mm x 450 mm ND x 10 m-Head X 50 CV
per unit,

Appurtenancés: o ‘ Transfer tank.
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Biological treatment system
(a) RAFArcactor

The RAFA reactors are designed to decompose organic pollutants in sewage by
anacrobic biological degradation. They are mainly constructed of reinforced
concrete and equipped with gas-liquid-solid separatofs inside, which are comprised
of inflow pipes, baffle plalcs,bulﬂow troughs, efc. Their main specifications are as

follows:

Type: " Reetangular concrete tank,

Quantities: 8 trains x 17 units = Total 136 units,
Dimensions: '5.0 m wide x 5.0 m long x 7.0 m deep per unit,
VYolume: Effective 150 m® x 136 units = Total 20,400 m®,

Appurtenances: RAFA distribution box, B/F distribution box,
S distribution trough, exhaust stacks, sludge sumps and
RAFA sludge draw-off pumps.

(b) Bio-filter

The bio-filters are mtended 10 remove orgamc pollutants remaining in the outflow
from RAFA reaclors by aerobic blologlcal purification. They are mainly
constructed of reinforced concrett; Gravel as the media to be attached by the
biological film is packed ms1de Main spec1f1cat10ns are as follows:

Type: Cylmdncal concrete tank,

Quantities: 3 units,

Dimensions: 39 m dia. x 2.5 m deep per unit,

Horizontal area: Effective 1,194 m® x 3 units = Total 3,582 m?,
Appurtenances: Rotafy spray units.

© Recirculation pump

The recirculation pumps are intended to return treated sewage to the bio-filters and to

spray water, so that water drops uniformly onto the gravel surtace. Their maximum
discharge is designed to be twice the daily maximum sewage flow. Main
specifications are as follows:

Type: . _ ~ Vertically mixed flow and axial flow pump,
- Quantities: 7 units including one standby,
_Capacity: . 16.0 m¥/min x 450 mm-ND x 8 m- Head x 40 CV per
' unit,
Appurtenances: ~ Recirculation well.
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(d) Sedimentation tank

The sedimentation tanks are designed to seitie suspended solids in the outflow from
bio-filters by gravity. They arc mainly constructed of reinforced concrete and are
equipped with a chain conveyer to collect slﬁdgc from the bottom. Main
specifications are as follows:

Type: Rectangular concrete tank,

Quantitics: 7 4 units,

Dimensions: 12 m wide (4 m x 3 channels) x 60 m long x 3.8 m deep
per unit,

Horizontal area: Effective 720 m” x 4 units = Total 2 880 m>,

~ Disinfection system

A disinfection system is designed to reduce pathogens and parasites in biologically
treated sewage so as to meet the discharge standard for total coliforms. The system

consists of a disinfection tank and an ultra-violet (UV) light disinfection unit, as
shown below: '

Type: _ Rectangular concrete tank,

Quantitigs: _ 1 unit,

Dimensions: . | o '5 0 m wide X 12 m long x2.5 m deep per unlt
Volume: ~ Effective 150 m’ o

Appurtenances , UV llght dlsmfccuon umt

Treated sewage discharge system

Finally treated sewage is discharged into the Pina Bay through the following
embedded pipes and the outtall:

Design water level: 1.36 m (+ MSL),
Pipe: ND 1000 mm x 50 m long x two (2) sets,
Material: ‘ Reinforced concrete.

Sludge treatment system
(@) Sludge thickener

The sludge thickener is designed to thicken the sludge gencrated from the biological
treatment system and homogénize it. Its main portion is constructed of reinforced
concrete and a motor-driven sludge collector is attached inside. lts speéifications
are as follows: '

Type: Cylindrical concrete tank,

Quantities: ' 1 unit,
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Dimensions: 13 m dia. x 5.0 m deep,
Volume: Effective 530 m*
Appurtenances: Sludge collector.

(b) Sludge digester

The sludge digesters, which alrcady exist, are intended to anaerobically decompose
casily degraded components of the sludge generated from the biological treatment
systbm. They are mainly constructed of reinforced concrete and their specifications
are as follows:

Type: Cylindrical concrete tank,

Quantities: 2 units, ‘

Dimensions: ' 25 m diameter x 8.2 m deep,

Volume: ' Effective 4,115 m* x 2 units = Total 8,230 m’,
Appurtenances: ~ Sludge recirculation pumps, digested sludge pumps.

(¢} Gas holder
| "I'he gas holder, which a]ready exists, is designed to store bio—gé.{s generated from the
sludge digester. It is mainly constructed of reinforced concrete and its
specifications are as follows: -

Type: - Cylindrical concrete tank (floating roof type),
Quantities: ~ = - 1 unit,’ o S '
Dimensions: ~ = 10 m diameter x 5.0 m deep,

Volume: - Effective 780 m®,

Appurtenances: Bio-gas burner.

(d) Dehydrator

The dehydrators are designed to dewater the sludge generated from the biological
treatment system and their spccificétions are as follows:

Type: Filter belt-press type,

Quantities: 2 units,

Dimensions: 2.5 m wide (bclt),

Dehydrated sludge quantity: 22.4 ton-Wet (80 % moisture),

Appurtenances: . Polymer coagulant injection unit, biological-film type

deodorization equipmcnt with exhaust fan.
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Electrical and control system

All cquipment in the sewage treatment station as well as all pumps in the pump
stations of the Conceicao Sewerage System shall be supervised from the integrated
supervisory board. This shall be installed in the new administration room.

Buildings and civil works

The fbllowing buiiding construction and civil works shall be carried out:
() Buildings

Transfer pump room: 7 m wide x 10 m long,

Recirculation pump room: 10 m wide x 25 m long,

Disinfection room: 10 m wide x 15 m long,

Electrical room: 10 m wide x 15 m long,

Administration building: 18 m wide x 25 m long (three-storey)

The administration building shall accommodate rooms such as: control room,
administration room, dehydration room, chemical room, sludge cake room, electrical
room, laboratory, staff room, workshop, storage, resting room with toilet and
conference room. o ' A

(b) Civil works

Civil works shall include miscellaneous Struciures in the station yard, such as: guard
fence and gates, landscaping, parking lots, rainwater drainage, etc.

Boa Yiagem STF

General

The Boa Viagem STF consists of the following steps: the "RAFA + acrated lagoon + polishing
pond" for the biological treatment system and the "natural drying" for the sludge treatment
system, as shown below. ' ‘
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Treatment Flow of Boa Viagem STF

Sewage Inflow

[ siudge Thickening

(Mecharical Defyaration] [ Polisning Pond__|

| UV Light Disirfcton )

Dewatered Sludge - Treated Sewage Outfiow

Treated sewage shall be discharged by gravity into the Jordao River thrdugh lcmbedded
discharge pipes. The generated sludge ,frror'n the treatment facilities shall be disposed of at a
landfill site, after being dehydrated mechanically at the STF site and transported.

_Thc flow diagram, the ﬁydrau]ic profile and the layout plan of the facilities shown in Fig. B.6-
10, Fig. B.6-11 and Fig. 1.6-12, respectively are the results of preliminary design.

(2) Construction site

The site is located at the locally determined coordinates, 2.89E / 91.03N, in the Municipality
of Recife. The site with an area of 8.7 ha lies between the Jordao River and a railway, and
the land belongs to several private citizens.

At present, the land has many high-trees and is being used sporadically as a park. The site
faces factories to the south and residential zones to the west beyond the railway. Although a
road from the south is the only access way to the site, this is being occupied by illegal
‘se;tlem_em. It is requested that these illegal houses are moved to ensure the free flow of
traffic for the construction and the operation.
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The land with an area of 8.7 ha shall be used as the STF site. The ground at the site is
undulated between 2 m and 4 m (+ MSL). The Station will be constructed on the plot at a
level of 4.0 m (+ MSL), which is to be prepared by reclamation and grading.

As a result of the environmental survey in this Study, a mangrove area of some 0.7 ha was
identified at the riverside to the east of the land proposed by the Counterpart.  Therefore, the
utilization of this area as the construction site of the STF was avoided.

&)
1)

Major Facilities and structural works

Influent system
(a) Grit chamber

The grit chambers are designed to remove coarse substances like sand by gravity
separation and equipped with motor-driven buckel conveyers to remove settling
materials on the bottom of the chamber. They are mamly constructed of reinforced
concrete and have the following specifications:

Type: Rectangular concrete tank with bucket conveyers,

Quantities: 3 units,

Dimensions: 7 2.0 m wide x 7 Om long x0.8m deep/water per unit
Water surface: “ 14 m? x 3 units = Total 42 m?,

Appurtenances: | Inflow gates, coarse bar screens (manually operated),

fine bar screens (motor-dnven), grit hmstmg crane and
biological-film type deodorization cqulpment with
exhaust fan..

(b) Influent pump

The influent pumps are designed to lift up incoming sewage to the sub'sequent system.
They are automatically operated with a water level meter. Their specifications are
as follows: ' '

Type: Vertically mixed flow pump,

Quantities: 4 units including one standby, :

Capacity: " 11.0 m*/min x 350 mm-ND x 16 m-Head x 60 CV per
unit, |

Appurtenances: Inflow sewage flow meter, maintenance crane and

influent well,
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Biological treatment system
(a) RAFAreactor

The RAFA reactors are designed to decompose organic pollutants in sewage by
anacrobic biological degradation. They are mainly constructed of reinforced
concrete and equipped with gas-liquid-solid separators inside, which are comprised
of inflow pipes, baffle plates, outflow troughs, etc. Their main specifications are as

follows:

Type: Rectangular concrete tank,

Quantities: 4 trains x 20 units = Total 80 units,

Dimensions: 5.0 m wide x 5.0 m long x 6.0 m deep per unit,

Volume: Effective 125 m® x 80 units = Total 10,000 m’,
Appurtenances: RAFA distribution box, distribution ‘trough, lagoon

distribution box, exhaust stacks, anaerobic sludge draw-
off pumps.

(b) Acrated lagoon

The aerated lagoons are designed to remove organic pollutants remaining in the
outflow from the RAFA reactors by aerobic biological purification. They are

formed by earthen embankments with partial concrete revetment and equipped with

- submersible aerators.. Main specifications are as follows:

Type: : Rectangular earth pond,
Qﬁéﬁtities: " 3 units, -

_ Dimensions: 49'm wide x 86-m long x 4.3 m deep per unit,
Volume: Effective 11,439 m* x 3 units = Total 34,317 m®,
Appurtenances: _ Submersible aerators (3.7 kw x 15 uhits).

(¢) Polishing pond

The polishing ponds are designed to seftle suspended solids in the outflow from
aerated lagoons by gravity separation and also to digest anaerobically a part of
accumulating sludge. Earthen embankments with partial concrete revetment

constitute their main portions. Their specifications are as follows:

. Type: Rectangular earth pond,
Quantities: . 3 units, _ & : o
Dimensions: .. 49 m wide x 125 m long x 4.3 m deep per unit,
Volume: Effective 16,146 m® x 3 units = Total 48,4_38'm3,
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Disinfection system

The disinfection system is designed to reduce pathogens and parasites in biologically
treated sewage so as to meet the discharge standard for total coliforms. The system
consists of a disinfection tank and an ultra-violet (UV) light disinfection unit, as
shown below:

Type: . Rectangular concrete tank,

Quantities: 1 unit,

Dimensions: - 30mwidex 10 mlongx2.5m deep per unit,
Volume: : Effective 75 m*

Appurtenances: UV light disinfection unit.

Treated sewage discharge system

AFinally treated sewage is discharged into the Jordao River through the following

embedded pipes and the outfall:

Design water level: 1.36 m (+ MSL),
Pipe: ND 800 mm x 95 m long,
Material: : Reinforced concrete.

‘Sludge treatment system

(a) Sludge thickener

The sludge thickener is dcs.1gned 10 thlcken the sludge gencrated from the blologxcal
treatment system and homogenize it. Its main portion is ‘constructed of reinforced

concrete and a motor-driven sludge collector is attached inside. = Its specifications |
are as follows:

Type: | Cylihdrical Concrete tank,

Quantities: 1 unit,

Dimensions: 7.5 m dia. x 5.0 m deep,

Volume: : Effective 176 m* :
Appurtenahces: Sludge coliector, thickened sludge pump.

(b) Dehydrator

The dehydrators are designed to dewater the siudge generated from the bnologu,al
treatment system and lhelr specifications are as follows:

Type: ‘ Filter belt-press type,
Quantities: 2 units,
Dimensions: 1.5 m wide (belt),

Dehydrated sludge quantity: 11.9 ton-Wet (80 % moisture),
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Appurtenances: Polymer coagulant injection unit, biological-film type
~ deodorization equipment with exhaust fan.

Electrical and control system

All equipment in the scwage treatment station as well as all pumps in the pump

- stations of the Conceicao Sewerage System will be supervised from the integrated

supervisory board. This shatl be installed in the administration room.

Buildings and civil works -

The following building construction and civil works shall be carried out:
(a) Buildings |

Influent pump room: 8 m wide x 15 m long,
Disinfection room: 10 m wide x 12 m long,
Electrical room: 10 m wide x 12 m long,

Administration building: 20 m wide x 25 m long (iwo-storey)

The administration building shall accommodate rooms such as: control room,
administration room, dehydration room, chemical room, sludge cake room, electrical
room, laboratory, staff room, workshop, storage, resting room with toilet and
conference room. o ' '

(b) - Civil works -

Civil works shall include miscellancous structures in the station yard, such as: guard

fence and gates, landscaping, parking lots, rainwater drainage, etc.

" Cordeiro STF

General

The Cordeiro STF consists of the following steps: the "RAFA + bio-filtration +
sedimentation" for the biological treatment system and the "sludge thickening + mechanical

dehydration" for the sludge treatment system, as shown below.

Treated sewage shall be discharged by gravity into the Capibaribe River through embedded
discharge pipes. The generated sludge from the treatment facilities shall be disposed of at
landfill sites, after being dehydrated mechanically at the STF site and transported,

The flow diagram, the 'hydraulic profile and the layout plan of the facilities shown in Fig. B.6-
13, Fig. B.6-14 and Fig. B.6-15, respectively are the results of preliminary design.
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Treatment Flow of Cordeiro Sewage STF

Sewage Inflow

[

N
|

_ Je— J
-
[ B

AL

Dowatered Sludge = TreatedSenageOutﬁow

(2) ‘ Constrﬁction si'te'

The site.is.situated.at the locally determined coordinates, 2.87E / 9L.11N, in the Municipality
of Recife.  The site lies alongside the Capibaribe River. The available land area is of 4.0 ha
and it belongs to the state of Pemanbuco. '

At present, the land is almost vacant with bushes and sevcral abolished bu1]d1ngs The site

faccs residential zones to the south and a new road is being planned just outside the site.

The ground at the site is undulated between 2 m and 4 m (+ MSL). The Station will be

constructed on the plot at a level of 4.0 m (+ MSL), which is to be prepared by reclamation
and grading. '

()] Major facilities and structural works
1) " Influent system

(a) Grit chamber

The grit chambers are designed 1o remove coarse substances like sand by gravity
separation and equipped with motor-driven bucketl conveyers to remove settling
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malcrials on the bottom of the chamber.  They are mainly constructed of reinforeed
concrete and have the following specifications:

Type: Rectangular concrete tank with bucket conveyers,
Quantitics: 2 upits,

Dimensions: 2.0 m wide x 6.0 m long x 0.8 m dcep/water per unit
Watcr surface: 12 m® x 2 units = Total 24 m?,

Appurtenances: Inflow gates, coarse bar screens (manually operated),

fine bar screens (motor-driven), grit hoisting crane and
biological-film type deodorization equipment.

(b} influent pump

The influent pumps are designed to lift up incoming sewage to the subsequent system,

They are automatically operated with a water level meter. Their specifications are

as follows:

Type: _ 'Vertica.'lly mixed flow pump,

Quantities: | 3 units including one st.andb'y,

Capacity: 11.0 m*min x 350 mm-ND x 16 m-Head x 60 CV per
_' unit,

Appurtenances: Inflow sewage flow meter, maintenance cranc and

influent well.

Biological treatment system
(a) RAFArreactor

The RAFA rcactors are designed to decompose organic pollutants in sewage by
anaerobic biological degradation. They are mainly constructed of reinforced
concrete and equipped with gas-liquid-solid scparators irisidc, which are comprised
of inflow pipes, baffle plates, outflow troughs, etc. Their main specifications arc as
follows:

Type: Rectangular concrete tank,

Quantities: 4 trains x 13 units = Total 52 units,

Dimensions: 5.0 m wide x 5.0 m long x 6.0 m deep per unit,

Volume: Effective 125 m’ x 52 units = Total 6,500 m’®,
Appurtenances: RAFA distribution box, distribution trough, lagoon

distribution box, exhaust stacks, anaerobic sludge draw-
off pumps. '
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(b) Bio-filter

The bio-filtess arc intended to remove organic pollutants remaining in the outflow
from RAFA reactors by acrobic biological purification.  They are mainly
constructed of reinforced concrete. Gravel as the media to be atlached by the

biological film is packed inside. Main specifications are as follows:

Type: Cylindrical Concrete tank,

Quantitics: ' 2 units, '

Dimensions: . 27.0 m dia. x 2.5 m decp per unit,
Horizontal arca: Effective 572 m* x 2 units = Total 1,144 m?,
Appurtenances: Rotary spray unils.

() Recirculation pump

The recirculation pumps are intended to return treated sewage to thc bio-filters and to

spray water, so that water drops umformly onto the gravel surface. Thc:r maximum
discharge is designed to be twice the dally maximum sewage flow. Main
specifications are as follows:

Type: Verticélly mixed flow pump,

Quantitics: 3 units mcludmg one standby,

Cdpécily: 16.0 m*/min x 450 mm-ND x 8 m- Head x 40 CV per
unit,

Appurtenances: Recirculation well.

(d) Sedimentation tank

The sedimentation tanks are designed to settle suspended solids in the outflow from
bio-filters by gravity. They are mainly constructed of reinforced concrete and are
equipped with a chain conveyer to collect sludge from the bottom. Main
specifications are as follows:

Type: Circular concrete tank,
Quantities: 2 units,
Dimensions: ' 25 m dia. x 3.5 m deep per unit,

Horizontal are: Effective 491 m® x 2 units = Total 982 m’.

Disinfection system

The disinfection system is designed 10 reduce pathogens and parasiles in biologically
treated sewage so as {0 meet the discharge standard for total coliforms. The system

consists of a disinfection tank and an ultra-violet (UV) light disinfection unit, as
shown below: '
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Type: Rectangular concrete tank,

Quantities: 1 unit,

Dimensions: 3.0 m wide x 8.0 m long x 2.5 m dcep per unit,
Volume: Effective 60 m*

Appurtenances: UV light disinfection unit.

Treated sewage discharge system

Finally treated sewage is discharged into the Capibaribe River through the tollowing
embedded pipes and the outfall:

Design water level: - 2.76 m (+ MSL),
Pipe: ND 800 mm x 50 m long,
Material: Reinforced concrete.

Sludge treatment system
(@) Sludge thickener

The sludge thickener is designed to thicken the sludge generated from the biological
treatment system and homogénizc it. Its main portion is constructed of reinforced
concrete and a motor-driven sludge collector is attached inside. Its specifi'calions
are as follows: |

Type: - - Cylindrical concrete tank,
Qﬁamities: ' -1 unit,

Dimensions: - 8.0 m dia. x 5.0 m deep,
Volume: Effective 201 m*
Appurienances: Sludge collector.

(b) Dchydrator

The déhydrators are designe'd to dewater the sludge generated from the biological
treatment system and their specifications are as follows:

~ Type: Filter belt-press type,
Quantitiés: _ 2 units,
Dimensions: : | 15 m widc (belt), |
Dehydrated siudge quantity: 11.6 ton-Wet (80 % moisture),
Appurtenances: Polymer coagulant injection unit, deodorization

equipment with exhaust fan.
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