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SUPPORTING 3 ENVIRONMENTAL ADMINISTRATION

1. BACKGROUND OF ENVIRONMENTAL CONTROL REGULATIONS

The first effort to regulate Brazil’s environmental pollution control was the enactment of the
“Water Codein 1934,” which regulated norms, rights and limits of water uses. Main water use
issues were concerned to power generation and electricity.  After 1934, domestic consumption
and community use were prioritized. Polluters directly or indirectly responsible for reducing
water pollutant loads are required to provide compensation to those affected.

In 1942, the Specia Service of Public Health was established to provide financial and technical
assistance to local governments for expansion or modernization of sanitation services. After
the World War 1lI, management of water and sanitation services under-went several
reorganizations during the 1960’ s and 1970’s.

The sanitary financing system was established in 1968, followed by the National Water Supply
and Sanitation Plan (PLANASA) in 1971. Under the Plan, investment in infrastructure and
percentage of sewer service population increased significantly by 1990, however, sewer services
were gtill inadequate to manage the whole wastewaters produced. From 1977 through 1985,
PLANASA accounted for $9 million worth investment in nation’s water supply and sewerage
services.

2. WATER QUALITY STANDARDS FOR RIVER BASINS

The first attempt to address river basin issues occurred in 1978 when the Special Committee of
Integrated Studies of River Basins was created. The Committee consisted of representatives
from municipalities, SEPA's electric and sanitation companies. Some studies were compl eted,
but the effort lacked the potential and fiscal autonomy necessary for along lasting impact.

CONAMA dtipulates national environmental standards in its resolutions such as # 003/90 for air
quality and # 020/86 for water quality.

Resolution # 020/86 classifies fresh water bodies into five categories. namely, three types of
brackish water bodies and two types of saline water bodies. Water bodies are classified based
on its uses as water supply, protection of aguatic communities, irrigations, recreation, fish
cultivation, and so on. The main parameters listed are BOD, DO, turbidity, color and E. coli
(refer to Table 1 below for classification and Table 2 attached at the end of this section for
maximum permitted harmful substances). The Resolution also stipulates federal effluent
standards including pH, temperature, grease, metals, etc.
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Table 1 Water Quality Standard for Classification of Water Bodies stipulated
in CONAMA Resolution # 020/86

Standard Values
Item Fresh waters Salt waters Blackish waters
Class1 Class 2 Class3 Class4 Class5 Class6 Class7 Class 8
Floating VA. VA. VA. VA. VA. VA. VA. VA.
material
Oilsand VA VA, VA, irideﬁ_ce_nce VA, irides_cgnce VA, irides_cgnce
greases not visible not visible not visible
E. coli not more | not more | not more not more | not more not more | not more
(MPN/100ml) than 200 | than 1000 | than 4000 ) than 1000 | than 4000 | than 1000 | than 4000
Total coliform not more | not more | not more not more | not more not more | not more
(MPN/100ml) | than 1000 | than 5000 | than 20000 ) than 5000 | than 20000 | than 5000 |than 20000
BOD (mg/l O,) not more | not more | not more ) not more | not more not more )
than 3.0 than 5.0 | than 10.0 than 5.0 | than 10.0 than 5.0
DO (mg/l O) not less not less not less not less not less |not lessthan|not lessthan| not less
than 6.0 than 5.0 than 4.0 than 2.0 | than 6.0 4.0 5.0 than 3.0
pH between between between between | between between between between
6.0t09.0 | 6.0t09.0| 6.0t09.0 | 6.0t09.0 | 6.5t085| 6.5t085 | 6.5t085 | 5.0t09.0

Note: VA- not visible.

3.

Class 1: For drinking use after casua treatment, protection of aquatic lives, recreations (Swimming, water
skiing, diving), irrigation for vegetables and fruit trees, and crop cultivations.

Class2: For drinking use after casual treatment, protection of aquatic lives, recreations(swimming, water
skiing, diving), irrigation for vegetables and fruit trees, and crop cultivations.

Class 3: For drinking use after normal treatment, irrigations for trees, cereals and pasture, and animal
breeding.

Class 4: Navigation, esthetics, use for items not controlled by stringent quality standards.

Class5: Recreation (swimming, water skiing, diving), protection of aquatic lives, and crop cultivations

Class 6: Navigation, esthetics, and recreations without direct water contact.

Class 7: Recreations (swimming, water skiing, diving), protection of aquatic lives.

Class 8: Navigation, esthetics, recreations without direct water contact.

WASTEWATER DISCHARGE CONTROL AND PREVENTION LAW

Federal laws have a wide listing for the control of water pollution. After the Environ-mental
Special Secretary-SEMA was established in 1973 through Decree 73.030, the enforcement of
water pollution control has been tightened.

The major Federal laws and regulations relative to wastewater qualities are as follows:

Executive Law 1413, August 14, 1975, defines the requirements for abatement of environmental
pollution caused by industrial wastes;

Decree 76389, October 3, 1975, defines industrial wastes pollution prevention and control
measures concerning the Executive Decree 1413;

Administrative Rule GM/0013, January 15,1976, defines classification of the Brazilian
territory inland waters;

Inter-ministry Administrative Rule 090, March 29, 1978, creates the Special Committee for
classification of the nation’s watercourses, studies and follow-up of the rationa use of the
federal river basin waters, to obtain multiple use of each basin and minimize deleterious
consequences to ecology;

Law 6803, July2, 1980, settles the basic guidelines for the industrial zoning in the critical
pollution areas. The law defines that areas planned for industrial setting be zoned by
urban land zone planning and that industrial activities are to comply with the
environmental protection requirements. Concepts of strictly industrial zone-ZEl (not
compatible with urban activities) of predominantly industrial use zone-ZUD
(complementary activities to the urban activities) are presented;
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Law 6938, August 31,1981, settled the National Environment Policy creating CONAMA,;
and

Decree 77351, June 1% 1983, rules Law 6938 and settled the structure of the National
Environment System, the constitution and functioning of CONAMA.

CONAMA then issued general or specific “Resolutions’ which guide the environmental
planning and control activities, including:

Resolution 001/86, January 23, 1986, settled definitions, responsibilities, basic criteria and
guidelines for use and implementation of the Environmental Impact Evaluation as one of
the nationa environmental instruments;

Resolution 20/86 that was superseded by Rule GM 0013 classifies fresh water bodies into
five categories, brackish water bodies into three and saline water bodies into two. Water
bodies are classified based on its uses; water supply, protection of aguatic communities,
irrigations, recreation, fish cultivation and so on. The main parameters listed are BOD,
DO, turbidity, color and E. coli numbers. The Resolution also stipulates federal effluent
standards including pH, temperature, grease, metals, etc.; and

Resolution 005/88, November 16, 1988, settled that the sanitation works, which may cause
significant environmental changes are subject to licensing. This Resolution explicitly
mentions that trunk collectors, interceptors, lift stations, treatment plants, and outfall
sewers, and later environmental authorities will evaluate the need for environmental impact
studies, and settling the criteriafor licensing.

State Legidations. CECA (State Environmental Committee) licenses activities that possibly

discharge pollutants to the environment and issued guides and regulated them. FEEMA (State
Foundation for Environmental Technologies) is a technical section of CECA and inspects
possible polluting activities on behalf of CECA.

These include:

Decree-Law 134, June 16 1975, provides on the prevention and the environmental
pollution control in the State of Rio de Janeiro and defines the competence of CECA and
FEEMA,;

Decree-1633, December 21 1977, rules part of Decree-Law 134, establishing “the Polluting
Activities Licensing System.”

Guidelines-Class 100 classifies water bodies and soils, including;
- DZ 101, Water volumes, favorable uses.
- Dz 105, Classification of the Guanabara Bay waters. Refer to Figure 1)

- Dz 106, Classification of the receiving water bodies of the Guanabara Bay basin in
accordance with the favorable utilizations.

- Dz 108, Classification of the receiving water bodies. Industrial districts of Duque de
Caxias, Campos, Port Real, Nova lguagu, Santa Cruz, Palmares, Paciéncia, Campo
Grande, and Fazenda Botafogo.

- Dz 109, Classification of the receiving water bodies of Jacarepagua lakes hydrographic
basin.

- DZ 110, Classification of Jacarepagua lakes.

- Dz 111, Classification of Piratininga, Itaipu, Maricd, Saquarema, Jaconé, Araruama,
Campelo, Feiaand Cimalakes.
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Dz 112, Classification of Septiba Bay basin in accordance with the favorable
utilizations.

DZ 115, Classification of Rodrigo de Freitas lake.
DZ 116, Classification of Rodrigo de Freitas lake hydrographic basin.

- Technical Standards and Guidelines of the “Class 200,” in which the most important ones
are NT-200 and DZ205, as described in the following:

NT-202. R-10, October 1986, Criteria and Standards to Discharging Liquid Effluents.
These standards apply either direct or indirect liquid effluents discharge to inland or
coastal waters, ground surface or underground, through any means of discharge,
including those from the publicly owned sewer system (Refer to Table 3).

NT-213. R-4, April 1990, shows criteria and standards for control of toxicity of
industrial liquid effluents. These standards apply to the direct or indirect discharging
of liquid effluents into inland or coastal waters, ground surface or under ground,
through any means of discharge, including the publicly owned sewerage system.
These set criteria and standards for control of toxicity in industrial wastewaters, using
toxicity tests with live aguatic organisms.

Table 3  Water Quality Criteria for Liquid Effluents (NT-202, R.10)

Parameter Limits

1. pH 5.0~9.0
2. Temperature <40°C
3. Foatable materials Virtualmente ausente
4. Settleable materials 10mL/L
5. Grease and oil (minerals) 20mg/L
6. Greaseand oil (vegetables) 30mg/L
7. Tota auminum 3.0mg/L
8. Tota arsend 0.1mg/L
9. Tota barium 5.0mg/L
10. Tota boron 5.0mg/L
11. Total cadmium 0.1mg/L
12. Total lead 0.5mg/L
13. Total cobalt 1.0mg/L
14. Total copper 0.5 mg/L
15. Total chrome 0.5mg/L
16. Total tin 4.0mg/L
17. Solubleiron 15.0mg/L
18. Soluble manganese 1.0mg/L
19. Tota mercury 0.01 mg/L
20. Total nickel 1.0mg/L
21. Tota silver 0.1mg/L
22. Tota selenium 0.05mg/L
23. Tota vanadium 4.0mg/L
24, Tota zinc 1.0mg/L
25. Ammonium 5.0mg/L
26. Active chlorine 5.0mg/L
27. Cyanide 0.2mg/L
28. Indices of phenol 0.2mg/L
29. Fluorescent 10.0mg/L
30. Sulphide 1.0mg/L

<Continued>
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Parameter Limits
31. Sulphite 1.0mg/L
32. Oganic phosphorous pesticides and carbonates 0.1mg/L for composite
33. Organic phosphorous pesticides and carbonates (total 10.0mg/L

pesticides individually analyzed)

34. Hydrocarbon aliphatics, halogen voldtility, total as 1,1,1 0.1mg/L for composite
-trichloroethanol;  dichloroethanol; trichloroethanol  and
therachloropethidine.

35. Hydrocarbon aliphatics, halogen volatiles total 1.0mg/L

36. Hydrocarbon halogen not listed above, as pesticide and as | 0.05mg/L for composite
pesticides and phtalimide-ésteres

37. Hydrocarbon halogen total, excluding hydrocarbon aiphatics
hal ogen volatailes

38. Carbon sulphide 1.0mg/L
39. Substances which react to reagent methylene blue 2.0mg/L
40. Total phosphorous 1.0mg/L
41. Totd nitrogen 10.0mg/L

NT-205, R-5(August 1991) Quality standards for the wastewater discharge to the publicly
owned sewers (license by FEEMA). These set forth that in case of discharging to the
publicly owned sewerage system, the industries shall provide treatment or technology to
reduce pollutants discharge, so as to make the discharge compatible with the public
biological treatment systems and with the beneficial utilizations of the receiving water
bodies. This also settles that the organic pollutants which undergo the biological
treatment systems without being removed (thus being non-biodegradable) cannot be
introduced in these systems without a pre-treatment or a technology producing less
pollutants. FEEMA's license to the pollution producing activities, in case of discharging
industrial wastewaters to the publicly owned collecting systems, is conditioned to evidence
of the operation by the responsive body, of the outflow capacity and treatment of the
biodegrading organic loads;

NT-213, R-10 (October 1986) Effluent standards including that discharged from the
sewerage system. The parameters include; pH, temperature, settlable/floatable matters,
oil, metals, pesticides, sulfides, nitrogen, phosphorous and others;

NT-213, R-4 (April 1990) “Criteria and Standards for Control of Toxicity in Indus-trial
Liquid Effluents.” The technica standards apply to the direct or indirect discharging of
liquid effluents in inland or coastal waters, ground surface or underground, through any
means, including the publicly owned sewerage systems. The standards settle criteria and
standards for control of toxicity tests in industrial wastewaters using toxicity tests with live
aguatic organisms;

Dz-215, R-O1(April 1994) Standards for non-industrial wastewater effluent quality, as
shown below;

Pollutant loads Minimum removal efficiency Concentrations
(kg/day) (%) BOD (mg/L) SS (mg/L)
10 or less 30 180 180
25~50 70 80 80
50 ~100 80 60 60
100 or more 90 30 30
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- Guiddines Class 300. State Law of 1989 stipulates that industrial wastewaters be treated at
least by a primary treatment process; and

- Constitution of the State of Rio de Janeiro, 1989. Chapter VIlI-of Environment, the
Art.274 describes “final discharging to the publicly owned and private sanitary sewerage
systems shall be preceded at |east the compl ete primary treatment process.

4, WASTEWATER NUTRIENTS CONTROL

As established under NT-202 R-10, the wastewater discharge qualities from the municipal
sewerage systems to the public water bodies are subject to control, requiring the concentration
limits of 1.0 mg/L and 10.0 mg/L for total phosphorous and total nitrogen respectively.
Meeting to these stringent terms with the ordinary secondary treatment processes might not be
possible, and hence needs advanced treatment processes, if these are strictly enforced.

5. SEWAGE SLUDGE DISPOSAL

Although no laws and standards directly controlling the use or disposal of sewage sudge are
enforced in Brazil, there are several laws and decrees, which are indirectly related to the
disposal of obnoxious or hazardous materials that might have been contained in the domestic
and industrial wastewaters. Some of the related laws and decrees are summarized in the
following subsections:

5.1 FEDERAL LAWS

The Agricultural Ministry provides regulations on fertilizers, correctives, inoculants, stimulators
and biofertilizers.

Law N0.6,894, December 16, 1980, was changed by Law N0.6,934 on July 13, 1981, and
Decree-Law No. 1,899, December 21, 1981, which institute rates relative to the activities of the
Agriculture Ministry.

The Law describes inspection and characteristics of the production and trade of corrective
fertilizers, inoculants, stimulators and biofertilizers, intended for agriculture and gives other
provisions. The Article 3rd considers that:

- Fertilizer, the mineral or organic substances, natural or synthetic, supplying one of more
vegetal nutrients;

- Corrective, the material able to correct one or more unfavorable characteristics of the
ground,;
- Inoculants, the substance which has microorganisms favoring the vegetal development; and

- Stimulating or biofertilizer, the product which contains active principle able to improve,
directly or indirectly, the plants development.

Decree N0.86,955, February 18, 1982, which rules Law No0.6,894, December 16, 1980. This
Decree adds in its Article 3rd, various types of fertilizers, correctives, etc. besides the above
mentioned definitions, and defines nutrient, macronutrients and their loads.

5.2 STATE LAWS

Law 2,661, December 27, 1996, defines in Article 174 of Rio de Janeiro State Constitution
concerning the sanitary sewage minimum requirements before disposing to water bodies, and
other provisions.
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The Article 3rd prohibits in the whole area of Rio de Janeiro State disposing of the substances
separated from sanitary sewage treatment systems into all water bodies. Their treatment
processes shall be of stabilization or other processes which effluents will not risk human health
and environment, in accordance with the requirements as set forth by the environmental control
state body.

The Article 9th defines that the municipalities with population equal or higher than 20,000 are
to prepare and approve a plan for collection, hauling, treatment and disposal of their sanitary
sewage effluents and organic sludge.

The Article 277 requires that the final disposal of public and private sanitary sewage collection
systems be treated at least of complete primary treatment in accordance with the law.

DZ-215 R-1 of FEEMA, Control guideline of organic biodegrading load in non-industrial origin
liquid effluents. FEEMA shall set out, case by case, the requirements for treatment and
disposal of sludge generated in the treatment systems.

DZ-703-R-4 of FEEMA, Routes for submission of projects for liquid effluents treatment. Annex
1-Route 1, 1.1 describes that processes or utilities that originate organic or in-organic sludge are
to submit brief description, treatment system and their final disposal, with complete layouts of
the systems. Also, Annex Il-Route 2 requires to submit a description of the system with
drawings in the same manner as mentioned above.

DZ-949 R-0 of FEEMA, implementation guideline of the “ Residues Pocket” Program.

DZ-1311 R-4 of FEEMA, guideline for residues destination.  Residues are those from pollution
control or water treatment systems that treat wastes of any activities or industrial processes,
such as hospital, commercial, crop and livestock and others. Residues include sludge and ash,
either in solid, semi-solid and/or liquid form, not liable to conventional treatment. Class I1I
residues are allowed to directly dispose of to sanitary landfills if residues are inert, and not
recyclable as listed below:

- Industria wastes such as paper, cardboard, plastics, uncontaminated glasses, shreds, office
and mess room wastes;

- Classlll dudge industrial waste treatment works, if previously approved by FEEMA;

- Sanitary sewage treatment plant sludge, and septage from septic tanks with moisture
content lower than 70 percent, if previously approved by FEEMA;

- Plastic wastes such as uncontaminated packages, and PVC, PE, and Polyamide residues,
and

- Disposa in sanitary landfill of any other industrial wastes, not listed above, shall be
approved by FEEMA.

As described above, the legislation alows the disposal of domestic sewage sludge to sanitary
landfill sites. It should be noted that the state legislation constitutes no other specific
suggestion on sewage sludge disposal. The only constraint for the sewage sludge disposal is
that the sludge moisture contents be 70 percent or lower.

5.3 OTHER LEGAL REQUIREMENTS

CETESB recently proposed standards for the use of biosolids. The proposal, still under study,
deals the application of biosolids to agricultural use, defining the procedures, criteria and
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requirements for the preparation of project, implementation, operation and issue of authorization
for the use of biosolids from biological treatment of public or industrial wastewater for
agricultural use.

6. Environmental Procedures

Federal environmental regulations serve as a “minimum standard” for the states.
Corresponding to the federal regulations, states may have more stringent or detailed regulatory
requirements depending upon their individual actual situation.

The mgjor environmental laws and regulations of the Rio de Janeiro State are summarized in
Table 4.

The Licensing System of Polluting Activities — SLAP was created by State Decree no. 1633
(21/12/1977) in accordance with Decree-Law no. 134 of 16/June/1975.

SLAP provides for three types of environmental licenses, all of them compulsory:

- PreviousLicense-LP
- Installation License - LI
- Operation License- LO

LP is adocument issued at the planning stage and authorizes the location of the enterprise on a
specific site based on federal, state and municipal land use plans, aso establishing basic
requirements to be fulfilled during the installation and operation stages.

LI authorizes the start of the enterprise implementation (according to the engineering design
specifications in which detail level has to be sufficient for the appraisal) and also specifies the
environmental requirementsto be fulfilled during this stage.

LO, issued after the confirmation of the LI conditions fulfillment, authorizes the operation or
utilization of the enterprise, provided specific conditions are observed.

In the case of a WWTP, the licensing system determines that the responsible party for the
treatment station should submit an effluent analysis for FEEMA appraisal each three months.

The license renewal is compulsory in case of license expiration or modification of the licensed
project or of theinitial conditions.

Penalties are provided through State Law no. 3467 (14/09/2000) which establishes what are
harmful behaviorsto the environment.

The organization in charge for the approval and control of sewerage works from the
environmental point of view is FEEMA (State Foundation of Environmental Engineering),
through the DECON/DICAN division (Department of Control / Division of Non Industrial
Activities Contral).

This division is in charge both for the large-scale CEDAE (or other municipal and / or private
sanitation company) works as well as for small-scale treatment plants (shopping malls, housing
condominiums, industries, etc.).

The documents that guide the design of the EIA arelisted in Table 5.
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Table 2 Environmental Standards for Harmful Substances stipulated in CONAMA

Resolution # 020/86

ltem Standard Values
Classland 2 Class 3 Class5 Class7

Aluminium (mg/l Al) 0.1 0.1 15 -
Non-ionizable Ammonia (mg/l NH3) 0.02 - 0.4 0.4
Arsenium (mg/l As) 0.05 0.05 0.05 0.05
Barium (mg/l Ba) 1.0 1.0 1.0 -
Beryllium (mg/l Be) 0.1 0.1 1.5 -
Boron (mg/l B) 0.75 0.75 5.0 -
Benzene (mg/l) 0.01 0.01 - -
Benzo-a-pyrene (mg/l) 0.00001 0.00001 - -
Cadmium (mg/l Cd) 0.001 0.001 0.005 0.005
Cyanurates (mg/| CN) 0.01 0.02 0.005 0.005
Lead (mg/l Pb) 0.03 0.05 0.01 0.01
Chlorides (mg/l Cl) 250 250 - -
Residua chlorine (mg/l Cl) 0.01 0.01 0.01 -
Cobalt (mg/l Co) 0.2 0.2 - -
Copper (mg/l Cu) 0.02 0.5 0.05 0.05
Trivaent chromium (mg/l Cr) 0.5 0.5 - -
Hexavalent chromium (mg/I Cr) 0.05 0.05 0.05 0.05
1.1 dichloroethanol (mg/l) 0.0003 0.0003 - -
1.2 dichloroethanol (mg/l) 0.01 0.01 - -
Tin (mg/l Sn) 2.0 2.0 2.0 -
Phenols (mg/l CeHsOH) 0.001 0.3 0.001 0.001
Solubleiron (mg/l Fe) 0.03 5 0.3 -
Fluorides (mg/l F) 14 1.4 14 14
Total phosphate (mg/l P) 0.025 0.025 - -
Lithium (mg/l Li) 25 25 - -
Manganese (mg/l Mn) 0.1 0.5 0.1 -
Mercury (mg/l Hg) 0.0002 0.002 0.0001 0.0001
Nickel (mg/l Ni) 0.025 0.025 0.1 0.1
Nitrate (mg/l N) 10 10 10 -
Nitrite (mg/l N) 1.0 1.0 1.0 -
Silver (mg/l Ag) 0.01 0.05 0.005 -
Pentachl orophenol (mg/l) 0.01 0.01 - -
Selenium (mg/l Se) 0.01 0.01 0.01 -
Dissolved solids (mg/l) 500 500 - -
Detergents (mg/l LAS) 0.5 0.5 0.5 -
Sulphates (mg/l SO) 250 250 - -
Sulphides (as non-dissociated H,S) (mg/l S) 0.002 0.3 0.002 0.002
Thalium (mg/l TI) - - 0.1 -
Tetrachloroethanol (mg/l) 0.01 0.01 - -
Trichloroethanol (mg/l) 0.03 0.03 - -
Carbon tetrachloride (mg/l) 0.003 0.003 - -
2, 4, 6 trichlorophenol (mg/l) 0.01 0.01 - -
Uranium (mg/l U) 0.02 0.02 0.5 -
Vanadium (mg/l V) 0.1 0.1 - -
Zinc (mg/l Zn) 0.18 5 0.17 0.17
Aldrin (mg/l) 0.01 0.03 0.003 0.003
Chlordane (mg/l) 0.04 0.3 0.004 0.004
DDT (mg/l) 0.002 1 0.001 0.001
Dieldrin (mg/l) 0.005 0.03 0.003 0.003
Endrin (mg/l) 0.004 0.2 0.004 0.004
Endosul phane (mg/l) 0.056 150 0.034 0.034
Heptachloro-epoxide (mg/l) 0.01 0.1 0.001 0.001
Heptachlorine (mg/l) 0.01 0.1 0.001 0.001
Lindane (gama-BHC) (mg/) 0.02 3 0.004 0.004
Metoxichlorine (mg/l) 0.03 30 0.03 0.03
Duodecachlorine + Nonachlorine (mg/1) 0.001 0.001 0.001 0.001
PCBs (mg/l) 0.001 0.001 - -
Toxaphenol (mg/l) 0.01 5 0.005 0.005
Demeton (mg/l) 0.1 14 0.001 0.1
Gution (mg/l) 0.005 0.005 0.01 0.01
Malation (mg/l) 0.1 100 0.1 0.1
Parathion (mg/l) 0.04 35 - 0.04
Carbaril (mg/l) 0.02 70 - -
Organic phosphate and carbonate compounds 10 100 10 10
as parathion (mg/| parathion)
2,4-D (mg/) 4 20 10 10
2,4,5- TP (mgll) 10 10 10 10
2,45-T (mg/l) 2 2 10 10
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Table 4 Major Environmental Laws and Regulations in the Rio de Janeiro State

Official Gazette No. Contents

Decree No. 21.470 Law 1.898, of 26" November 1991 * States rules for the environmental auditing’

Decree No. 21.287 Create the ‘ Forum for the Environmental policy of the Rio de Janeiro State’

Decree No. 20.356 Law No. 1.893, of 20.11.91, which establishes the necessity of cleaning of water
reservoirsin order to achieve the quality standards

Decree No. 19.073 Changes the basic structure of Department of Mineral Resources

Decree No. 11.782 Transforms from the State Institute of Forest into Foundation State Institute of
Forests of Rio de Janeiro, and approves its status

Decree No. 10.973 Create a Specia Fund for the Environment Control

Decree No. 9.847 Structures the State Secretary of Environment, by changing the State Secretary
of Works

Decree No. 8.974 Rules for the penaltiesin the Decree No. 134 of 16.06.75

Decree No. 2.330 Rules for Decrees Nos. 39, of 24.3.75, and 134, of 16.6.75, and creates the
Protection System of Lakes and Water Courses of Rio de Janeiro State, with
rules for Fine application

Decree No. 1.633 Rules for Decree No. 134 of 16.06.75 and creates System of Pollutant Activities
Licensing— SLAP

Decree No. 1.102 Demarks the range of branches for the public water supply pipeline

Decree No. 201 Creates the Department of Mineral Resources

Decree No. 135 Allows the transfer of budget resourcesto FEEMA

Decree No. 134 States rules for the prevention and monitoring of Environmental pollution in Rio
de Janeiro State

Decree No. 89 States rules for the constitution of the Financial Fund for waste Water in Rio de
Janeiro State

Decree No. 39 States rules for the State Indirect Administration and Foundation within the
State Secretary of Public Works

Law No. 3.316 Allows the government to establish the System of Treatment for the Waste
Water and Solid Waste for the Health Center

Law No.3.239 Water Resources Management; Rules for the State Consgtitution in its article
261, paragraph 1°, incise VI

Law No. 2.661 Rules for article 274 of the Constitution of Rio State, concerning the minimum
and maximum level of waste water treatment before be sent to water bodies

Law No. 1.979 Rules forbidding sand jetting companies in naval industry

Law No. 1.898 States rules for Environmental Auditing

Law No. 1.893 Establishes the Obligation for Cleansing the Water Reservoir

Law No. 1.803 Creates the tax for Water Resources Use in the State Domain, TRH

Law No. 1.796 Establishes the Norms for the settling and functioning of ionizing elements
companies, radiation companies, nuclear and radioisotopes companies

Law No. 1.700 Establishes the protection Measures of the Guanabara Bay

Law No. 1.361 Rules for stocking, processing and final disposal of toxics residues

Law No. 1.356 Establishes the procedures for the Environmental Impact Assessment-EIA
design, analysis and approval

Law No. 1.315 Creates Rio de Janeiro State Policy for the environment

Law No. 1.060 Creates the State Fund for the Environment Conservation

Law No. 1.018 Establishes a set of conditions for functioning of hot asphalt factories

Law No. 855 Rules for the divulgation of data related to pollution monitoring in the State of
Rio de Janeiro

Law No. 690 Rules on the protection of forests, and others natural vegetation

Law No. 650 Rules on State Policy of the defense and protection of the river basin in the State
of Rio de Janeiro

Law No. 466 Rules about the industrial zoning in Metropolitan Region Rio de Janeiro State

Law No. 126 Rules about sound pollution in State of Rio de Janeiro and former Guanabara
State
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Table 5 Documents provided by FEEMA for the Design of EIA-RIMA

Document N
Code” Title Objective

DZ-41.R-13 | Guiddinesfor thedesign of | To determine the coverage, the procedures and the
the EIA - Environmental criteria for the design of the Environmental |mpact
Impact Study and the Study - EIA and the respective RIMA (Report of
respective RIMA (Report of | the Environmental Impact), in the State of Rio de
the Environmental Impact). | Janeiro, according to the provisions in Law no.

1356/88, further altered by Law no. 2535/96, and
according to the CONAMA (National Council of
Environment) Resolutions nos. 001/86, 011/86 and
2/96, as part of the Licensing System of Polluting
Activities— SLAP.

Dz.215.R-1 | Guidelinesfor the control of | To set, as part of the Licensing System of Polluting
Biodegradable Organic Load | Activities - SLAP, requirements for water pollution
in Liquid Effluents control that result in the reduction of the
originating from Non biodegradable organic load from non industria
Industrial Activities. activities.

NA-042.R9 Request, Submittal and To set FEEMA administrative procedures for the
Analysis of the request, submittal and analysis of studies and
Environmental Impact Study | reports of environmental impact, according to the
(EIA) and of therespective | legislation in force, as part of the Licensing System
Report of the Environmental | of Polluting Activities- SLAP
Impact (RIMA)

NT-202.R-10 | Criteriaand Standardsfor the | To set criteria and standards for the discharge of
Discharge of Liquid Effluents | liquid effluents as part of the Licensing System of

Polluting Activities- SLAP

IT 1835 Technical Instruction for the | To give guidance for the presentation of sewage
Presentation of Sewage treatment systems to be submitted in order to get
Treatment Design the Instalation License, according to Federa

legidlation (Law no. 6938 of 31/08/81 and
Decree-Law no. 134 of 16/06/75 and Decree no.
1633 of 21.12.77), and defined by the CECA (State
Commission  for  Environmental Control)
Deliberation no. 1609, of 04.12.89, without
releasing from obedience to other lega
requirements.

Note: DZ = Guidelines, NA = Administration Note, NT = Technical Note, IT = Technica Instruction

Source: FEEMA, DECON-DICAN, 2002.




Supporting 3 - Environmental Administration

Atlantic Ocean

41
51

42
50

43
49

2
55

47

33
54

a \‘M
el
10 Kilometers

T
A
5

LEGEND

[ class s
[ class &
M
o

T - 3 @

Note:
Class 5; Recreations(swimming, water skiing, diving), protection of aquatic lives, and crop cultivations
Class 6; Navigation, esthetics, and recreations without direct water contact.

(Refer to CONAMA Resolution # 020/86 for detail.)

Figure 1  Water Quality Classification of Guanabara Bay by DZ 105
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SUPPORTING 4 HYDROLOGICAL ANALYSIS

1. MONITORING NETWORK ON METEO-HYDROLOGY

1.1 MONITORING NETWORK ON METEOROLOGY

Basicaly, 3 types of meteorological data, ranging from 1928 - 2002 have been collected from
INMET, SERLA and web side (internet) of GEO-Rio. Those are: daily and monthly rainfalls
and monthly evaporation data. Besides that, general climate data such as monthly average
rainfall, temperature and relative humidity have also been collected from CIDE for period 1973
- 1990. Table 1 lists the inventory on monitoring network on meteorology. Figure 1 shows the
location map of all the meteorological stations. A bar chart of available / collected rainfall data
is presented in Table 2. For identification purpose, new JCA ID has been assigned to each
station. Coordinates (latitudes and longitudes) of some of the non-operating stations couldn’t be
found from SERLA. For those stations, locations have been identified on the map after
consultation with local GIS expert. Elevations of all the SERLA stations have been calculated
from GIS database of elevation grid with 20 m cell size created from a combination of 20 m and
100 m contours.

The table reveals that previously, SERLA used to observe rainfall data at many locations inside
Guanabara Bay basin but at present, only a few of them are operating. It can be seen that most
of the stations are and were concentrated in Rio de Janeiro municipality and stations for the rest
of the basin are too scarcely distributed. The main objective of most of the rainfall data
measured by different agencies is to use for forecasting landslide and flood. Daily rainfall data
for year 2000 could be collected only at 7 stations inside Guanabara Bay basin. No evaporation
data inside Guanabara Bay basin for year 2000 could be collected. Monthly old evaporation
data have been collected only at 3 stations inside Guanabara Bay basin. This posed great
difficulty in developing a comprehensive runoff model

In total, data have been collected at 74 meteorological stations: 5 from INMET, one from GEO-
Rio and 68 from SERLA. Among the 68 SERLA stations, only 16 are presently operational
with irregular measurements. However, datafrom all the old meteorological stations of SERLA
had a great value in understanding the meteo-hydrological condition of the Guanabara Bay
basin.

1.2 MONITORING NETWORK ON HYDROLOGY

River flow data could be obtained only from SERLA. There are 25 telemetric hydrological
stations operated by SERLA where water level, rainfall and water quality data (temperature,
dissolve oxygen, conductivity and pH) are measured. All of the telemetric stations have been
installed in 1998 under PDBG project. Telemetric rainfall datais sent at every 5 minutes, water
level datais sent at every 15 minutes and water quality datais sent at every 60 minutes intervals.
An inventory on the telemetric stations is presented in Table 3. Location map of the stations
aong with gauged basin boundary is show in Figure 1. For identification purpose, new JCA
ID has been assigned to each station. Gauged area covered by each station have been estimated
based on GI'S database prepared using 1/50,000 scale map with a combination of 20 m and 100
m contours. Unfortunately, no information on “0" gauge levels of the stations could be
collected from SERLA.

At first, telemetric data was collected at all the stations and after compiling those data, it was
found that there are a lot of missing data with a lot of errors, especiadly the rainfall data. So,
none of the telemetric datawas used. Fortunately, SERLA keeps arecord of manua staff gauge
readings for 23 stations where water level readings are taken at two times aday: 7 A.M. and 5
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PM. Manual staff gauge readings on water levels at all the 23 stations (from stations no. HO1 to
H25 except HO8 an H20) for years 1999 and 2000 have been collected and analyzed. These
data have also been used for calibrating the runoff model.

It can be seen that the total gauged area (excluding stations HO8 and H20) is about 2,526 km?,
which is about 63% of the total area of all the river basins (excluding islands). The largest one,
station H15 at Barragem — CEDAE on Guapi river has a total gauged area of about 1,090 km?
comprising about 27% of the tota river basin. The second largest one, station H21 at Reta
Nova on Caceribu river has a total gauged area of about 380 km? comprising about 9% of the
total river basin. Rest of the stations on other rivers have gauged areas varying from about 14
km? a Quartel da PE on Maracana river to about 130 km® at Trés Pontes on Aldeia river
covering only 0.3% and 3.2% respectively of the total river basin.

2. METEO-HYDROLOGICAL ANALYSIS

2.1 STREAM GAUGE CHARACTERISTICS

Characteristics of SERLA stream gauge stations are presented in Table 4. Since 1998, SERLA
carries out regular discharge measurement at each of the stream gauge station once or twicein a
month with some exceptions. The total number of discharge measurement for each station
varies from 34 to 50. Since SERLA doesn’'t have any rating curve to convert the gauge height
values into discharge values, therefore, based on the discharge measurements of SERLA, rating
curve at each of the station has been constructed (except station H12 for which, no relation
could be found between measured gauge height and discharge). The rating curves are shown in
Figure 2. Therating curve parameters are presented in Table 4.

Considering objective of flow analysis for this Study which is to estimate daily average
discharge for a complete year for al the river basins contributing flow into Guanabara Bay,
caution has been taken in selecting proper equations for the rating curves such that the rating
curves are good enough for the norma flow range (low to medium flow and annual average
flow). Thisimplies that for estimating discharges at high water levels, the extrapolation of the
rating curves might not be very accurate. The general equation of the rating curves is as
follows:

Q=c(H-3a"°
where:  Q = discharge (m%/s);
H = gauge height (m);
C = constant;
b = exponent and
a= minimum bed level where flow is zero.

Table 4 also presents altitudes and slopes of gauged basins of each station and also cross-
sectional properties of each station. The maximum and minimum average altitudes (El. 716 m
and 34 m) and slopes (23 and 3 degrees) are found to be for basins of stations H19 at Cachoeiras
de Macacu — Il on Macacu river and H10 at Igreja de Santo Anténio on Pavuna river
respectively. Stations H21 at Reta Nova on Caceribu river and HO9 at Quartel da PE on
Maracana river have the maximum and minimum top widths of 112.8 and 6.0 m respectively.
Stations H19 at Cachoeiras de Macacu — |1 on Macacu river and H20 at Borda do Mato on Joana
river have the maximum and minimum depths of 7.02 and 1.34 m respectively.
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2.2 SEASONAL VARIATION IN RAINFALL AND DISCHARGE

Based on the rating curves and observed gauge heights, daily discharges at all the SERLA
stream gauge stations have been calculated for years 1999 (except H12 and H20) and 2000
(except HO8 and H12). As mentioned before, no rating curve could be constructed from station
H12. No datais available for stations HO8 and H20. To illustrate comparison between rainfall
and discharge, daily rainfalls for year 2000 at three rainfall stations and daily discharges for
years 1999 and 2000 at three stream gauge stations close to those three rainfall stations are
shown in Figure 3. The three rainfall stations are Bangu (M02), Teresdpolis (M04) and Rio
Bonito (M03) and the three stream gauge stations are CIEP - 100 (H02), Quizanga - 1l (H16)
and Ponte de Tanguéa (23). Monthly rainfalls and discharges for the same stations are shown in
Figure 4. The two figures imply that there is a clear variation in discharge by month and the
discharge variation resemble the rainfall variation. The two figures also indicate that discharge
pattern of same station for year 1999 and 2000 are similar.

Monthly average discharges of all the stations for years 1999 and 2000 are presented in Table 5.
Station H15 at Barragem - CEDAE on river Guapi has the highest average discharge (about 37
and 39 m*/sin 1999 and 2000 respectively). It can be seen that for most of the stations, specific
discharge varies from 0.03 to 0.04 m3/9km2. Only station H11 at Avenida Automével Clube
on Acari river has very high specific discharge of 0.12 m*%s/km® due to high contents of urban
area (64%) that have high runoff coefficient and short time of concentration. On the other hand,
stations H21 to H24, all lying in the Caceribu river basin have quite low specific discharges that
vary from 0.003 to 0.01 m*/s’km? due to high content of cattle field - pasture land (25 to 62%)
that have low runoff coefficient, high storage capacity and long time of concentration.

2.3 PROBABLE RAINFALL

For runoff model of the Guanabara Bay basin and also for 2-D hydrodynamic, water quality and
eutrofication models of the Guanabara Bay, year 2000 has been selected as the base year for
calibration. Three scenarios have been selected for modeling purpose which are defined below:

- Average Year: annual total basin rainfall has a 50% non-exceedence probability;
- Dry Year: annual total basin rainfall has a 10% non-exceedence probability and
- Wet Year: annual total basin rainfall has a 90% non-exceedence probability.

To get rainfal distribution for the above three scenarios, probability analysis on annual total
rainfall for the total Guanabara basin area has been carried out. Annual total rainfal for the
total basin for 36 years (1965 - 2000), generated using raw meteorological data and GIS
database have been used. Log-Normal probability distribution has been applied and the
goodness of fit has been checked by Thomas Plotting Position formula. The result of
probability analysis is presented in Figure 5. It can be seen that annual total rainfalls for
average, dry and wet years are 1476, 1142 and 1906 mm respectively. The ratio of annual total
rainfall between year 2000 (1310 mm) and average, dry and wet years are calculated as 1.127,
0.872 and 1.455 respectively which implies that year 2000 was arather dry year.
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3. RUNOFF ANALYSIS

3.1 INTRODUCTION

The main objective of runoff analysis is to develop a runoff model for estimating daily runoff
from daily rainfall for a complete year for the total Guanabara Bay basin area for different
scenarios that would contribute as freshwater input to the 2-D hydrodynamic model of the
Guanabara Bay. The major three steps followed in devel oping the runoff model are:

- Database development for input to the runoff model, some of which are:
- Divisions of river basins with areas;
- Basic meteorological data such as daily rainfall and monthly evaporation;
- Thiessen Polygons representing influenced areas of rainfall and evaporation stations;

- Basin parameters such as: runoff coefficient and basin storages as a function of landuse
type, time of concentration as a function of flow length and flow velocity which in turn
is a function of basin dope, base flow as a function of basin area, wastewater flow as
function of population etc.

- Edtimation of runoff parameters through calibration of rainfall-runoff model against
measured discharges at SERLA stream gauge stations for year 2000 and

- Runoff calculation for different scenarios such as for average, dry and wet years.

3.2 THE RUNOFF MODEL

A schematic network diagram of the runoff model is shown in Figure 6. In total, runoff
calculation has been made on 29 magjor river basins (including isands) that contribute runoff
directly to the Guanabara Bay and also on 22 sub-basins lying inside the major river basins.

As for the software, Danish Hydraulic Institute’s runoff model called NAM model has been
used. NAM is a conceptual rainfall-runoff model that utilizes simple representation of different
storages of hydrologic cycle. A schematic diagram of NAM model is shown in Figure 7. NAM
model simulates three types of flow: overland flow (surface runoff), interflow (horizontal sub-
surface flow) and groundwater flow (base flow). For simplicity, in this Study, interflow has
been combined with overland flow. Even though, there is an option for inclusion of asimplified
groundwater modd in the NAM modegl which enables NAM modd to simulate groundwater
recharge and base flow, however, considering the objective of the model and due to lack of
groundwater data, the groundwater unit of the NAM model has not been used. Also, from past
experience, it has been found that the groundwater unit of the NAM model isn't very powerful
in simulating base flow.

The runoff model developed in this Study involves cal culations of:

- Surface Runoff: Has been calculated using NAM model through calibration of the model
against measured discharges at SERLA stream gauge stations. Since, the contribution of
interflow is almost negligible, therefore, interflow has been included into surface runoff.

- Base Flow: Has been calculated from empirical equations developed using measured base
flow data at the SERLA stream gauge stations.

- Wastewater Flow: Has been calculated using correlation between wastewater flow and
basin population.

Base flow and wastewater flow have been calculated separately and added to the surface runoff
to get the total runoff.
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3.3 DIVISIONS OF RIVER BASINS

Following the JICA 1994 sub-divisions and also the river basin divisions that came with CIDE
GI S database, drainage basins of the river system of the Guanabara Bay have been identified on
a 1/50,000 scale map with a combination of 20 m and 100 m contours as shown in Figure 8.
Details of the river basins are presented in Table 6. The total basin area of the Guanabara Bay
has been divided into 24 major river basins and 5 grouped island basins. Among the 24 major
river basins, 4 have been sub-divided into 22 sub-basins. Therefore, in total, there are 47
individual sub-catchments. It can be seen that the 4 largest major rivers which are Guapimirim,
Caceribu, Iguacu and Saracuruna have catchment areas of about 1262, 811, 717 and 349 km?
(3,139 km? in total) representing about 31%, 20%, 18% and 9% (77% in total) of total basin
area (inculding islands). The islands have atotal area of about 46 km? representing about 1% of
total basin area. Areaof the eight bays aong the coastline is about 101 km?, which is about 2%
of the total basin area.

Table 6 shows that sub-catchment B1004 (Rio Macacu U/S) has the highest average atitude of
El. 517 m. There are 8 sub-catchments with average altitude varying from El. 250 to 350 m and
8 sub-catchments with average altitude varying from El. 100 to 200 m. The rest of the sub-
catchments have average atitude of less than El. 100 m. Island group Ilha de Santa Cruz has the
lowest average altitude of El. 9 m.

Table 6 shows that sub-catchment B1004 (Rio Macacu U/S) has the highest average slope of 20
degrees. There are 6 sub-catchments with average slope varying from 15 to 17 degrees, 12 sub-
catchments with average slope varying from 10 to 14 degrees and the rest have average slope of
less than 10 degrees.

3.4 METEOROLOGICAL DATA

Daily rainfall data could be collected at only 7 available stations for year 2000, which has been
selected as the base year for runoff model calibration. Unfortunately, for Teresopolis, no datais
available for January of year 2000. Therefore, available data for January of year 1999 has been
used for runoff analyses. This has introduced small error in calculation of runoff for the month
of January for some part of the Guanabara Bay basin, which is influence by the rainfall of
Teresopolis station.

Thiessen polygons of the 7 stations are shown in Figure 9. It can be seen that the Thiessen
polygons are too coarse and the 7 stations don't represent well the rainfall distribution of the
Guanabara Bay basin, especially along the mountainous areas where heavy rainfals are
observed. Runoff analyses using basin average rainfall data based on those 7 stations result in a
very poor calibration of the runoff model. Therefore, daily rainfall data have been updated as
follow:

- Stepl: From all the 74 existing and abandoned rainfall stations, 16 representative stations
that well describe the rainfall distribution of the Guanabara Bay basin have been
selected as shown in Figure 9. Thiessen polygons of the selected 16
representative stations are also shown in Figure 9.

- Step2: From daily rainfal data at the available 7 stations, daily rainfalls at the selected
16 stations for year 2000 have been calculated using Thiessen polygon method as
shown in Table 7. Daily rainfalls at the 7 stations are shown in Figure 10.

- Step 3. Adjustment factor at each of the selected 16 rainfall station due to difference in
annual average rainfall (1928 — 2002) using data of al the 74 rainfall stations and
using data of the 7 daily rainfall stations only have been calculated as show in
Table 8. GIS database have been used extensively to make all the calculations. It
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can be seen that ailmost all of the adjustment factors are greater that 1.00 which
simply implies that rainfall distribution using the 7 daily rainfall stations would
result in an underestimation of annual total rainfall over the Guanabara Bay basin.

- Step4: Daily rainfalls for year 2000 at the 16 selected rainfall stations as calculated in
Step 2 have been multiplied by adjustment factors as calculated in Step 3 to get
the updated / adjusted rainfalls for year 2000 at the selected 16 rainfall stations.

- Step5: From the updated daily rainfalls for year 2000 at the selected 16 rainfall stations,
daily rainfalls for average, dry and wet years at the selected 16 rainfall stations
have been calculated by multiplying the daily rainfalls of 2000 with ratios of
1.127, 0.872 and 1.455 respectively.

- Step6: Instead of the daily rainfall values at the 7 observed rainfall stations, the updated
rainfall values at the 16 selected rainfall stations have been used in the rainfall-
runoff model. Such updating procedure of daily rainfal data ensures a well
distribution of spatial rainfall for input to the rainfall-runoff model. However, due
to insufficient data, no detailed investigation has been carried out on correlation in
spatial and temporal distribution of daily rainfall.

Monthly old evaporation data at only 3 available stations have been collected and used for the
rainfall-runoff model.

Welights of Thiessen polygons of drainage basins of SERLA stream gauge stations, major river
basins and sub-basins for rainfall and evaporation stations are presented in Table 9 and Table 10
respectively.

3.5 LANDUSE DATA

A complete GIS database of landuse map, prepared by CIDE in 1998 on 1/100,000 scale using
1996 SPOT satellite image is the latest landuse map available for the Study area and has been
used in this Study. Even though, CIDE has landuse map prepared on 1/50,000 scale, but that
map doesn’'t cover the entire Guanabara Bay basin area whereas 1/100,000 scale landuse map
cover the whole Rio de Janeiro state and requires no adjustment. Therefore, instead of using the
incomplete 1/50,000 landuse map, the compl ete 1/100,000 scal e landuse map has been used.

There are 19 landuse classifications, which are listed along with areas in Table 11. It can be
seen that dense ombrophyle forest (also called tropical rainforest) has the highest area of about
1,051 km? covering about 26% of total basin area. Secondary vegetartion, cattle field — pasture
land and low density urban area also cover wide lands with areas of about 692 (17%), 616
(15%) and 484 (12%) km? respectively.

For simplification, the original 19 landuse classes have been reclassified by groupings into the
followings 6 landuse classes:

- Urban Area (high, low and medium density areas and grand constructions) comprise of
about 868 km?, which is about 21% of the total basin area.

- Forest Area (dense Ombrophyle forest and reforestment) comprise of about 1,052 kn,
which is about 26% of the total basin area.

- Vegetation Area (agricultura and flood prone areas, cropped/projected rocky land,
degraded hillshade, secondary vegetation, cattle field — pasture land, exposed soil and
valley vegetation) comprise of about 2,024 km?, which is about 50% of the total basin area.

- Mangrove Area (mangrove and degraded mangrove areas) comprise of about 104 km?,
which isonly 2.5% of thetotal basin area.
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- Water Body (rivers, lagoons and ocean) comprise of about 23 km?, which is only 0.5% of
the total basin area.

- Others (beach) have amost negligible areas (0.4 km? in total).
Landuse map with both original 19 landuse classes and 6 re-classes is shown in Figure 11.

Utilizing vector overlay technique of GIS database, landuse areas by drainage basins of SERLA
stream gauge stations, major river basins and sub-basins have been calculated and are presented
in Table 12 and Table 13 respectively. While extracting landuse areas from landuse map,
inconsistencies could be found between the actua areas of basins and areas as obtained from
landuse map. Thisis due to mainly overlapping polygons in the original landuse map, which has
been adjusted manually and no change has been made in the GI S database.

3.6 BASEFLOW

Through comparison of discharge hydrographs for year 2000, base flows (defined as the
minimum annual daily average discharge of year 2000) and landuse distributions of the basins
of SERLA stream gauge stations, six different zones have been identified for base flow
calculations. The base flow zones are shown in Figure 12. Based on the base flows at the
SERLA stream gauge stations, empirical equations have been developed for the six zones that
correlate base flow with basin area. The equations for different base flow zones are presented in
Figure 13. Based on the base flow equations for different zones, base flows by drainage basins
of SERLA stream gauge stations, major river basins and sub-basins have been calculated and
are presented in Table 14 and Table 15 respectively. As athreshold value, a minimum base flow
of 0.01 m*/s has been applied.

Base flow zones | to V have mixed landuse pattern with predominately forest and vegetation
whereas base flow zone VI is highly urbanized. For base flow zones | to V, annual minimum
daily average discharges of SERLA stations lying within those zones are considered as natural
base flows and have been utilized to formulate the base flow equations for those zones.
However, for base flow zone VI, annual minimum daily average discharges of SERLA stations
lying within that zone couldn’t be considered and utilized as natural base flows due to mixing
with wastewater flows. Therefore, the lowest annual minimum daily specific discharge of al
the SERLA stations which is 0.0003233 m®/s’km?’ is considered to be natural base flow of
highly urbanized areas and that specific base flow has been applied for base flow zone V1.

3.7 CALIBRATION OF RUNOFF MODEL

Item numbers (3) to (5) above present detailed descriptions on the data needed for developing
the surface runoff model including interflow. Item number (2) describes the surface runoff
parameters to be calibrated. By utilizing al the data and through trial and error method, the
surface runoff model has been calibrated against observed daily discharges for year 2000 at 22
SERLA stream gauge stations. The three basic surface runoff parameters namely overland flow
runoff coefficient (CQor), maximum water contents in root zone storage (Ln) and surface
storage (Una) and their calibrated values as functions of landuse types are presented in Table 11.
The other calibrated surface runoff parameters as presented in Table 15 are: time constants for
routing interflow (CK,g), overland flow (CKy ,) and base flow (CKgg), root zone threshold
values for interflow (T¢) and overland flow (Tor) al of which have been correlated with
physical basin parameters such as landuse type, average basin slope, overland flow length etc.
Therefore, al the calibrated runoff parameters can be estimated under different / changing
landuse and basin conditions.

The result of runoff model (surface runoff + base flow) calibration for year 2000 is shown in
Figure 14. Cadlibration result at six representative stations from different catchments and base

4-7
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flow zones are presented only. Since, the objective of the runoff model is to estimate runoff for
awhole year that would contribute freshwater into the Guanabara Bay, therefore, each event of
runoff such as very high and low runoff events haven't been calibrated one by one. Instead, the
overal trend of daily runoff (both peak and volume) for a whole year has been looked into
while calibrating the runoff model. By comparing observed and ssimulated runoffs at the six
SERLA stations shown in Figure 14 as well as other SERLA stations not shown in the figure, it
is inferred that the runoff model has been satisfactorily calibrated for year 2000 at most of the
SERLA stations and can be applied for runoff calculations of different scenarios.

3.8 WASTEWATER FLOW

As presented in article (7), the runoff model is satisfactorily calibrated at most of the SERLA
stations of which the catchments are closed to natural condition and are not influence by human
interferences such as inter-basin transfer of water. However, while calibrating the runoff model
a SERLA stations (Station Nos. HO1, H02, H10 and H11) that have highly urbanized
catchments and are influenced by inter-basin transfer of water, runoff deficit could be observed
between the observed and simulated runoffs at those stations as shown in Figure 15. Runoff
deficit is defined as the difference between annual minimum daily observed and simulated
discharges and can be considered as the result of wastewater flow, which is different from
natural runoff. Even though, there is no data on inter-basin transfer of water, however, from
investigations, the JICA team came up with the answer that around 25 m?/s discharge is being
transferred to Guanabara Bay basin from adjacent basin(s). It is assumed that this 25 m?/s
discharge, which is different from natural runoff is being consumed by the Rio de Janeiro and
Niter6i urban areas for different uses and generates wastewater that is finally discharged into
Guanabara Bay.

Wastewater flow by the urbanized sub-catchments in the Rio de Janeiro and Niter6i areas have
been estimated based on population and the estimations have been checked against observed
data at urbanized SERLA stations (HO1, HO2, H10 and H11) lying in the Rio de Janeiro area.
Using empirical relation between runoff deficit (D) and urban area (A) as obtained from
observed runoff deficit data at the urbanized SERLA stations (D = 0.0472A as shown in Figure
16), total runoff deficit or wastewater generation for the urbanized sub-catchments lying in the
Rio de Janeiro area is estimated to be 18.03 m%s. After discussion with local experts, it was
known that the local practice is to use 300 Ipcd as wastewater generation rate. Using 300 Ipcd,
wastewater flow based on population lying in the urbanized sub-catchments of the Rio de
Janeiro area is estimated to be 18.46 m*/s which is amost the same as estimated using the
empirical equation. Using the same 300 Ipcd, wastewater flow based on population lying in the
urbanized sub-catchments of the Niterdi areais estimated to be 4.44 m*s. The total wastewater
flow based on population lying in the urbanized sub-caichments of the Rio de Janeiro and
Niterdi areas is estimated to be 22.90 m*/s which is very close to the inter-basin transfer of
25 m*/s. Therefore, 300 Ipcd can be considered as a good assumption and have been applied for
wastewater flow estimation based on population. The estimated wastewater flow by urbanized
sub-catchments of the Rio de Janeiro and Niter6i areasis shown in Table 16.

3.9 RESULTS OF RUNOFF MODEL FOR DIFFERENT SCENARIOS

Through calibration of the surface runoff (NAM) mode against measured discharges at 22
SERLA stream gauge stations, equations and correlations for estimating different runoff
parameters have been determined. By applying those equations and correlations, runoff
parameters for al the major river basins and sub-basins have been estimated and are presented
in Table 15. Utilizing all the basin data and the estimated runoff parameters, empirical
eguations and correlations, surface runoff for different scenarios using the NAM model as well
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as constant base flow and wastewater flow from each of the major river basin and sub-basin has
been caculated. The result of runoff model is presented in Table 17 and is summarized in
Figure 17. Key outputs from the runoff model are summarized below:

- Total runoffs (surface runoff + base flow + wastewater flow) from the entire study for Year
2000, Dry, Average and Wet Years are obtained as 113, 96, 131 and 183 m®/s respectively.
Therefore, Year 2000 was in-between Dry and Average Years.

- Base flow and wastewater flow, which are constant flows for the total Study area are
obtained as 29 and 23 m®/s respectively.

- For an Average Year, base flow, wastewater flow and surface runoff constitute 22%, 17%
and 61% of total runoff respectively.

- Maximum runoff occurs from Rio Guapimirim basin (B1000). For an Average Year, Rio
Guapimirim, Rio Iguagu, Rio Saracuruna and Rio Caceribu constitute 35%, 22%, 8% and
7% (73% intotal) of runoff from the entire Study area respectively.

3.10 EFFECT OF URBANIZATION ON RUNOFF

The runoff model has been calibrated and runoff for different scenarios have been calculated
using 1996 landuse condition, prepared by CIDE in 1998 and that is the latest landuse map
available now. The calculated runoff has been applied in developing the 2D hydrodynamic,
water quality and eutrofication models of the Guanabara Bay using MIKE 21. Since, runoff isa
function of landuse condition, therefore, effect of future urbanization on runoff has been
investigated using NAM model. Assuming that urbanization will take place mainly in the
south-eastern part of the Guanabara Bay basin namely in Rio Alcantara (B0800) and Rio Porto
das Caixas (B0902) lying in Rio Caceribu (B0900) river basins, increase in runoff due to
increase in urban area by 10%, 20% and 30% compared to 1996 urban area has been calculated
using NAM model and is presented in Table 18 and Figure 18. For Caceribu (B0900) river
basin, increase of urban area has been considered for Rio Porto das Caixas (B0902) sub-basin
only. The result shows that due to 10%, 20% and 30% increase in urban area, increase in
runoffs for Rio Alcantara (B080O) river basin are 0.00%, 2.69% and 7.84% respectively and that
for Rio Caceribu (B0900) river basin are 0.06%, 0.42% and 1.09% respectively. The effect of
such increase in runoff due to change in landuse on the total runoff for the Guanabara Bay basin
can be considered as negligible. Therefore, the runoff mode developed in this Study is
applicable for future landuse condition as well.

4, RECOMMENDATIONS ON MONITORING NETWORK ON METEO-HYDROLOGY

Inside the Guanabara Bay basin, meteorological observations are made by INMET, SERLA,
GEO-Rio and some other organizations. Since, magjor use of most of the rainfall stations is for
disaster prevention, especially against landside, therefore, the present networks of rainfall
stations are clustered around the populated places and only a few stations are located in the
mountainous areas. INMET and SERLA had many rainfall stations previously but most of them
are non-operational now. SERLA has 25 telemetric rainfall stations (24 are operational now)
but unfortunately, quality of telemetric rainfall data at these stations is very poor and the data
have not been compiled and even been verified by SERLA. Findly, the Study used 22 rainfall
stations of which only 7 are daily and the rest are monthly (Table 1). For developing rainfall-
runoff model for the whole Guanabara Bay basin, daily rainfall data at 7 locations was not
sufficient and the Study updated daily rainfal data from at 7 locations to 16 representative
locations using GIS database and correlation analyses. It is proposed to monitor rainfall
regularly at al these 16 locations (at least) that well represent overall rainfall distribution of the
Guanabara Bay basin. All the stations are proposed to be of automatic type. The proposed
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monitoring network on rainfall is shown in Figure 19. The rainfall data should be checked and
compiled regularly.

Inside the Guanabara Bay basin, hydrological observations are made by SERLA only. SERLA
has 25 stream gauge stations (24 are currently operational) at which both telemetric and staff-
gauge data on water level are available. Again unfortunately, quality of telemetric water level
data at al these stations is quite poor and the data have not been compiled and verified by
SERLA. As such, the Study used staff-gauge water level data of the SERLA stream gauge
stations. SERLA also measures cross-section and discharge at these stations on an irregular
basis. Even though, SERLA observes hydrological data at these stations, but not al of the
stations bear equal importance from environmental management viewpoint. Principally, the
stream gauge network should well describe the hydrologic condition such as catchment area,
topographic and landuse condition, base flow and wastewater contribution etc. of the entire
Guanabara Bay basin. The stations should preferably be located downstream of the rivers
covering wider catchment areas but upstream of tidal influence and some should be integrated
with FEEMA's water quality monitoring stations. From environmental management viewpoint
and considering ease of maintenance, it is proposed to continue hydrological observation
(regular water level and annual cross-section and discharge measurements) at 16 locations out
of the 25 locations. It is proposed that the best locations of the stream gauge stations should be
decided by SERLA such that it satisfies the above-mentioned guidelines. However, as a
guideline, locations of 16 existing stations that should be monitored regularly are shown in
Figure 19. All the stations are proposed to be of automatic type. The hydrologic data should be
checked and compiled regularly.
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Table 1 Inventory on Monitoring Network on Meteorology
Station Location Coordinate Elevation] Agency | Status Date of Type Data
1D Code Name Municipality Latitude (S) | Longitude (W) [ (EL. m) Establishment Used
MO01 83007 Alto daBoaVista Rio de Janeiro 22°57'00" 43°16'00" 347 INMET (@] 1-Jun-66 Automatic DR
M02 83790 Bangu Rio de Janeiro 22°52'00" 43°28'00" 40 INMET (@] 5-Sep-18 Automatic | DR, ME
MO03 83048 Rio Bonito Rio Bonito 22°43'00" 42°37'00" 95 INMET (@] 1-Jun-95 Automatic DR
M04 83744  |Teresopolis Teresdpolis 22°27'00" 42°56'00" 874 INMET [e] 1-Jan-13 Automatic DR
MO5 | 83743  |Rio de Janeiro Rio de Janeiro 205500" | 421000" 5 INVET | RO | 1-Nov-73 | Automaic MRM('\:"E'
MO06 | 53569240 |Andorinhas Magé 22°32'36" 43°03'37" 395 SERLA [¢] Jul-76 MR
MOQ7 | 53729120 |Cachoeiras de Macacu Cachoeiras de Macacu 22°28'46" 42°39'28" 40 SERLA [¢] Jul-76 MR
MO8 [ 81949220 |Campo Grande Rio de Janeiro 22°55'04" 43°32'41" 100 SERLA [¢] Jan-65 MR
MOQ9 [ 79989480 |CapelaMayrink Rio de Janeiro 22°57'28" 43°16'40" 454 SERLA [¢] Apr-76 MR
M10 | 79819750 |Eletrobras Rio de Janeiro 22°55'18" 43025'12" 40 SERLA [¢] Jan-69 MR
M11 | 53729870 |EscolaUnido Magé 22°35'03" 42°56'27" 20 SERLA [¢] Aug-76 MR, ME
M12 | 53969220 |[Horto Florestal Niter6i Niter6i 22°52'58" 43°06'27" 20 SERLA [¢] Jun-76 DR
M13 [ 53729195 |Japuiba Cachoeiras de Macacu 22°33'41" 42041'37" 20 SERLA [¢] May-76 MR
M14 | 81769250 |Mendanha Rio de Janeiro 22°51'43" 43°32'36" 100 SERLA [¢] Jul-70 DR
M15 [ 53729650 |Quizanga Cachoeiras de Macacu 22°31' 13" 42°49'50" 20 SERLA [¢] Aug-76 MR
M16 | 53189120 |Realengo Rio de Janeiro 22°51'57" 43025'33" 40 SERLA [¢] Jan-65 MR
M17 | 43849740 |RioMole Saguarema 22°51'11" 42°33'07" 20 SERLA [¢] Dec-78 MR
M18 [ 53769080 |Tangua Rio Bonito 22042'29" 42042'15" 40 SERLA [¢] Jun-76 MR
M19 [ 69229210 |Torre Nova Friburgo 22021'32" 42°34'00" 1,555 SERLA [¢] Jun-82 MR
M20 [ 79939950 |Viall- Sudebar Rio de Janeiro 22°59'55" 43021'59" 5 SERLA [¢] Jul-70 MR
M21 | 53329080 |[Xerém Duque de Caxias 22°3303" 43°18'15" 137 SERLA [e] Jun-76 MR
M22 Ilha do Governador Rio de Janeiro 22°49'03" 43°12'36" 0 GEO-RIO| O DR
M23 | 53729010 |Apolindrio Cachoeiras de Macacu 22°23'36" 42°34'30" 702 SERLA NO Aug-76 MR
M24 | 55919880 |Arpoador Rio de Janeiro 53 SERLA NO May-63 MR
M25 [ 53119880 |Arsena daMarinha Rio de Janeiro 20 SERLA NO Jan-28 MR
M26 | 79569830 |Autdédromo do Rio Rio de Janeiro 16 SERLA NO Apr-69 MR
M27 | 81949130 |Bataha Rio de Janeiro 22°55'51" 43°30'30" 276 SERLA NO Jun-72 MR
M28 [ 53149910 |Benfica(CCPL) Rio de Janeiro 22°53'17" 43°14'56" 12 SERLA NO Jul-69 MR
M29 [ 79839450 |Cafunda Rio de Janeiro 22°54'29" 43022'49" 41 SERLA NO Feb-69 MR
M30 | 77879980 |[Caicaras Rio de Janeiro 22°58'45" 43012'42" 19 SERLA NO Aug-72 MR
M31 [ 53139890 |Caju Rio de Janeiro 22°52'00" 43°13'00" 0 SERLA NO Nov-87 MR
M32 | 79529090 [Camorim Rio de Janeiro 22°57'39" 43°26'50 476 SERLA NO Jun-72 MR
M33 [ 45529650 |Carangueijo Marica 22°54'12" 42°43'26" 20 SERLA NO Jan-80 MR
M34 | 77869180 [Chécarado Cabeca Rio de Janeiro 22°57'36" 43°13'18" 59 SERLA NO Oct-67 MR
M35 [ 79859910 |Cidade de Deus Rio de Janeiro 22°56'36" 43021'04" 20 SERLA NO Jan-69 MR
M36 | 53019550 |Cidade Universitaria Rio de Janeiro 22°51'20 43°13'30" 0 SERLA NO Sep-70 MR
M37 | 55309019 |Copacabana Rio de Janeiro 2 SERLA NO May-26 MR
M38 [ 53189320 |Copeba Rio de Janeiro 22°53'14" 43024'32" 66 SERLA NO Jul-76 MR
M39 [ 53119090 |Elevatériade Botafogo Rio de Janeiro 2 SERLA NO Jan-65 MR
M40 [ 55309020 |Elevatériade Copacabana Rio de Janeiro 22°58'59" 43°11'35" 16 SERLA NO Mar-61 MR
M41 [ 77299980 |Elevatériado Leblon Rio de Janeiro 22°59'20" 43°13'39" 24 SERLA NO Jun-70 MR
M42 [ 53729520 |Fazenda Coqueiro Cachoeiras de Macacu 22025'42" 42°48'03" 133 SERLA NO Aug-78 MR
M43 [ 53729420 |Fazenda Santo Amaro Cachoeiras de Macacu 22°24'39" 42043'25" 235 SERLA NO Aug-77 MR
M44 | 79849160 |Floriandpolis Rio de Janeiro 22°54'05" 43021'13" 40 SERLA NO Jan-69 MR
M45 [ 53189370 |Funabem Rio de Janeiro 22°53'34" 43019'27" 60 SERLA NO Jan-70 MR
M46 | 53119950 |Gamboa Rio de Janeiro 40 SERLA NO Jan-28 MR
M47 | 53119790 |Gléria Rio de Janeiro 18 SERLA NO Jan-28 MR
M48 [ 77849180 |Horto Florestal Rio Rio de Janeiro 22°58'02" 43014'14" 60 SERLA NO Mar-67 MR
M49 [ 77849180 |llhado Governador Rio de Janeiro 22°49'02" 43°13'30" 9 SERLA NO Dec-65 MR
M50 [ 49939720 |llhado Modesto Niter6i 22°56'55" 43°03'58" 20 SERLA NO Dec-78 MR
M51 [ 53189940 |Irga Rio de Janeiro 22°49'50" 43°19'46" 20 SERLA NO Jan-65 MR
M52 [ 43429950 |Jaconé Saguarema 22°55'02" 42°38'24" 18 SERLA NO Oct-79 MR
M53 [ 79399250 |Laboratério de Energia Nuclear Rio de Janeiro 22°59'52" 43024'54" 19 SERLA NO Feb-75 MR
M54 [ 77819880 |Lagoa Rodrigo de Freitas Rio de Janeiro 22°58'05" 43013'02" 20 SERLA NO Nov-85 MR
M55 [ 53159930 |Lobo Junior Rio de Janeiro 22°49'36" 43°16'23" 11 SERLA NO Jan-65 MR
M56 [ 53119990 |Mangue Rio de Janeiro 20 SERLA NO Feb-28 MR
M57 | 45199180 [Marica Marica 22°55'00" 42°49'00" 20 SERLA NO Jan-87 MR
M58 | 45149990 [Mombuca Marica 22°54'39" 42°49'19" 20 SERLA NO Jan-80 MR
M59 [ 75219180 |Mucuiba Rio de Janeiro 22°57'53" 43025'14" 81 SERLA NO Jun-72 MR
M60 | 53329890 [Nildpolis Nilépolis 22°47'55" 43025'14" 20 SERLA NO Aug-86 MR
M61 [ 53329780 |Novalguagu Nova |guagu 22°42'20" 43027'44" 69 SERLA NO Jun-76 MR
M62 [ 53059550 |Paqueta Rio de Janeiro 22°45'36" 43°03'38" 0 SERLA NO Aug-65 MR
M63 [ 53189990 |Paradade Lucas Rio de Janeiro 22°48'52" 43017'27" 20 SERLA NO Oct-64 MR
M64 | 77219320 |Parque da Cidade Rio de Janeiro 22°58'40" 43014'23" 162 SERLA NO Oct-67 MR
M65 [ 53729710 |Posto Garrafdo Magé 22°28'56" 42°59'46" 630 SERLA NO Sep-77 MR
M66 [ 53129220 |PracaRocco Rio de Janeiro 22°55'27" 43°16'05" 86 SERLA NO Jan-68 MR
M67 [ 53119089 |Praiade Botafogo Rio de Janeiro 4 SERLA NO Jan-38 MR
M68 | 53129470 |Sabdialima Rio de Janeiro 22°56'10" 43014'04" 97 SERLA NO Mar-67 MR
M69 [ 53729320 |Sambaetiba Itaborai 22°38'22" 42°48'02" 20 SERLA NO Aug-77 MR
M70 [ 53329560 |[S&o Bento Dugque de Caxias 22044'34" 43°18'41" 14 SERLA NO Aug-86 MR
M71 [ 53129910 |SZo Cristévao Rio de Janeiro 20 SERLA NO Jan-28 MR
M72 | 53189420 |S&o Jerbnimo Rio de Janeiro 22°49'09" 43°20'39" 20 SERLA NO Jan-70 MR
M73 | 66669080 |Teresdpolis Teresdpolis 22°26'00" 42058'27" 900 SERLA NO Dec-73 MR
M74 | 69229030 |Theodoro de Oliveira Nova Friburgo 22022'45" 42°33'11" 1,119 SERLA NO Jan-82 MR
Note: O = Operational; NO = Non-Operational; RO = Re-Operational

DR = Daily Rainfall; MR = Monthly Rainfall; ME = Monthly Evaporation; MC = Monthly Climate such as Temperature, Relative Humidity.
Elevations of all SERLA stations have been calculated from GI S database of elevation grid with 20 m cell size created from a combination of 20 and 100 m contours.
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Table 5 Monthly Discharges for Year 1999 and 2000

Year 1999
Month Monthly Mean Discharge (m*/s) by Station for Y ear 1999
HO1 H02 HO3 HO4 HO5 HO06 HO7 HO09 H10 H11 H13

Jan. 3.58 4.93 4.97 1.57 3.92 2.66 5.18 1.11 1.45 6.60 4.58]
Feb. 1.99 3.46 3.11 1.22 2.75 1.67 4.11] 0.90 1.26 5.88 2.55
Mar. 1.73 3.81 2.48 4.96] 3.60 3.07 0.63 1.08 5.53 3.14
Apr. 1.42 2.53 1.47 1.73 1.03 2.13 0.59 0.65 5.81 2.42
May 1.42 2.69 0.94 0.90 4.14 1.18 0.64 0.69 5.75 1.53]
June 1.56 2.76 1.49 1.49 3.01 1.21 0.80 1.03 5.87 1.52]
July 1.54 2.96 1.60 0.65 1.43 3.63 1.60 0.79 0.65 7.05 1.47]
Aug. 1.40 2.76 1.13 0.56 1.45 1.27 1.64 0.69 0.76 6.30 1.00]
Sep. 1.42 2.83 1.14 0.69 1.46 2.80 2.56 0.70 0.92 6.34 1.55]
Oct. 1.45 2.92 1.06 4.05] 7.93 4.06] 0.70 0.95 5.69 3.66
Nov. 1.82 3.43 1.64 1.42 5.02 5.66 6.50 0.68 1.00 6.59 3.43
Dec. 2.45 4,76 1.99 2.40 497 492 9.08! 0.68 1.07 15.04 4.98|

Annua 1.81 3.32 1.92 1.22 2.84 3.52 3.53 0.74 0.96 6.87 2.65

Sp. Q (m/s/km?) 0.031 0.038 0.019 0.034 0.032 0.037 0.038 0.053 0.027 0.119 0.040)

Month Monthly Mean Discharge (m*/s) by Station for Y ear 1999
H14 H15 H16 H17 H18 H19 H21 H22 H23 H24 H25
Jan. 4.41] 61.40 21.99 6.96 15.42 11.28 6.42 0.93 6.13 1.37 2.69
Feb. 3.50 31.43 13.98 4.76 8.42 5.42 2.51 0.19 1.80 0.86 0.51
Mar. 6.52 53.91 18.25 5.58 11.43 9.58 3.72 0.54 3.72 1.41 4.56)
Apr. 4.37 31.59 12.19 4.57 9.04 5.79 1.68 0.05 1.44 0.25 0.59
May 2.03 22.77 8.59 3.50 6.01 3.32 1.57 0.07 1.49 0.35 0.67
June 1.75 29.33 8.34 3.62 5.75 3.08 1.92 0.09 1.67 0.27 0.95
July 1.64 20.91 6.82 3.24 4.58] 3.39 0.89 0.08 1.03 0.25 0.73
Aug. 1.13 25.58 7.24 3.04 5.18 2.92 0.89 0.08 1.04 0.37 1.27]
Sep. 2.90 25.73 6.47 2.93 0.62 0.10 0.95 0.21
Oct. 4.25] 34.90 9.98 4.24 6.13 3.13 0.88 0.09 1.18 0.55
Nov. 7.08 52.45 5.52 11.28 3.82 2.65 0.15 3.40 0.26
Dec. 8.46 55.02 14.71 3.94 10.33 4.90 2.30 0.31 3.25 0.31 1.49
Annua 4.00 37.08 11.69 4.33 8.51 5.15 217 0.22 2.26 0.54 1.40

Sp. Q (M/s/km?) 0.045 0.034 0.033 0.052 0.033 0.035 0.006 0.002 0.010 0.004 0.025]

Year 2000
Month Monthly Mean Discharge (m3/s) by Station for Y ear 2000
HO1 HO2 HO3 HO4 HO5 HO6 HO7 HO9 H10 H11 H13

Jan. 1.79 4.24 3.22 2.36 4.47 8.85 8.29 0.60 1.01 6.31 5.26
Feb. 2.16 3.03 1.65 2.59 3.05 7.53 4.98 0.77 0.96 5.51 4.40,
Mar. 2.11 4.66 1.92 1.77 3.69 9.09 5.30 0.72 1.22 5.63 5.73
Apr. 1.52 3.46 1.08 1.04 3.66 552 3.94 0.71 1.02 5.42 2.00
May 1.28 3.07 0.78 0.52 1.64 2.27 1.90 0.66 1.08 5.84, 1.50]
June 1.21 3.02 0.95 0.38 1.01 6.21 1.17 0.57 1.00 9.90 1.14]
July 1.86 3.83 111 0.82 1.85 3.69 2.86 0.65 1.35 7.91 1.14]
Aug. 135 3.35 0.80 0.58 2.04 2.61 2.26 0.58 1.01 5.96 1.35]
Sep. 1.93 4.86 1.18 2.07 5.53 6.46 7.27 0.59 1.39 5.30 1.89
Oct. 1.38 3.57 0.51 0.69 1.88 1.39 1.88 0.61 1.33 5.73 1.36]
Nov. 1.52 4.07 2.31 2.22 2.80 5.96 6.90 1.04 2.16 1.79)
Dec. 1.58 3.88 191 1.84 4.72 11.78 10.18 0.94 1.49 4.39
Annual 1.64 3.75 1.45 141 3.03 5.95 4.74) 0.70 1.25 6.35 2.66
Sp. Q (m¥/s/km?) 0.028 0.043 0.015 0.039 0.034 0.063 0.051 0.050 0.035 0.110 0.040

Month Monthly Mean Discharge (m3/s) by Station for Y ear 2000
H14 H15 H16 H17 H18 H19 H21 H22 H23 H24 H25
Jan. 6.13 56.50 16.85 5.67 12.03 6.67 6.79 0.74, 1.65 0.95 2.80]
Feb. 3.93 50.34 14.30] 4.18 11.85] 4.47 6.87 0.27 1.23 1.02 2.24)
Mar. 5.33 44.32 13.54 4.63 12.23 5.80 9.69 0.09 1.49 0.41 3.13
Apr. 4.04 42.33 13.29 4.29 11.60] 6.21 5.25 0.15 1.70 0.23 1.44]
May 1.36 20.99 6.30 2.22 6.70 3.15 0.80 0.05 0.95 0.24 0.71]
June 0.95 33.62 4.27 1.63 4.91 2.55 0.62 0.04, 0.65 0.41 0.39
July 1.95 24.66 6.00 2.40 5.60 2.22 0.88 0.05 0.95 0.43 2.41]
Aug. 1.40 33.62 7.21 344 7.82 4.45 1.85 0.23 0.95 0.67 2.24
Sep. 3.00 45.90 10.59 4.15 9.92 2.83 4.50 0.70 1.61 0.67 2.11]
Oct. 1.45 26.19 7.09 242 5.25 2.62 0.75 0.08 0.90 0.28 0.54
Nov. 421 31.28 7.91 2.95 6.30 231 2.49 0.25 1.67 1.08 3.89
Dec. 4.75 53.66 15.55 4.63 9.34 3.85 3.77 0.51 2.02 0.74, 2.00
Annual 3.21 38.62 10.24 3.55 8.63 3.93 3.69 0.26 131 0.59 1.99

Sp. Q (m¥/s/km?) 0.036 0.035 0.029 0.043 0.034 0.027 0.010 0.003 0.006 0.005 0.036
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Table 6 Divisions of River Basins

Major River Basin Sub-Basin Altitude (El. m) Slope (degree)
1D Name Area (kmz) 1D Name Area (kmz) Minimum | Maximum| Average | Minimum | Maximum| Average
B0100|Bay - Charitas 9.46) 0 340 90 0 61 16
B0200|Canal Canto do Rio 6.21] 0 200 52| 0 44 10|
B0300|Bay - Catedrar 7.57] 0 200 25 0 47 7|
B0400|Bay - Norte Centro 9.26) 0 280 81 0 45 12
B0500|Rio Bomba 26.78] 0 220 37| 0 49 7|
B0600|Rio Imboagu 29.43 0 300 48, 0 43 5
B0700|Bay - Itaoca 8.54 0 260 25 0 40 5
BO0800|Rio Alcantara 173.07| 0 400 53 0 50 5
B0900|Rio Caceribu 811.34] 0 960 101 0 58 7|
B0901|Rio Guar&Mirim 77.79 0 40 17| 0 20 0
B0902|Rio Porto das Caixas 188.47 20 500 64 0 58 5
B0903|Rio Igu& 165.75 20 440 56 0 51 5
B0904 |Rio Caceribu L/S 85.68| 20 680 103 0 51 8
B0905|Rio Caceribu R/S 293.66 20 960 173 0 58 12
B1000|Rio Guapimirim 1,262.03] 0 340 90 0 61 16
B1001 |Rio Guapimirim D/S 49.76) 0 220 21] 0 37 1]
B1002|Rio Guapi 12.10 20 80 20 0 30 0f
B1003|Rio Macacu - D/S 250.49 20 740 115 0 57 9
B1004|Rio Macacu - U/S 255.61 20 2,220 517| 0 74 20|
B1005|Rio Iconha 224.02 20 1,651 150 0 76 11
B1006|Rio Guapiagu 350.44] 20 2,060 296 0 76 16
B1007 |Rio Guapimirim U/S 119.60] 20 2,200 289 0 72 11]
B1100|Canal de Magé 17.08 0 140 19 0 41 2|
B1200|Rio Roncador 115.19 0 2,100 349 0 75 17
B1300|Rio Iriri 19.63 0 320 34 0 46 6
B1400|Rio Surui 84.44 0 1,220 119 0 73 13|
B1500|Bay - Maua 17.92] 0 200 28 0 43 6
B1600|Rio Saracuruna 348.88 0 1,740 259 0 79 13
B1601|Rio Estrela 19.52 0 80 21] 0 37 2)
B1602|Rio Inhomirim 139.57| 20 1,740 294 0 79 14]
B1603|Rio Saracuruna 189.80] 20 1,500 257 0 74 12
B1700|Rio Iguagu 716.72) 3 1,580 148 0 68 9
B1701|Rio Iguagu D/S 83.79 2 140 23 0 38 2)
B1702|Rio Iguagu M/S 37.50] 20 200 29 0 42 5]
B1703|Rio Capivari 103.25 20 1,320 324 0 65 15
B1704|Rio Tingua 114.07| 20 1,580 276 0 68 17|
B1705|Rio Iguagu U/S 100.20} 20 1,440 124 0 56 10|
B1706|Rio da Bota 116.05 20 900 65 0 62 5
B1707|Rio Sarapui 161.87| 3 960 117 0 68 8
B1800|Bay - Cabo do Brito 19.72 0 80 12 0 32 1
B1900|Rio S&o Jao de Meriti 154.26 0 920 50) 0 61 4
B2000|Rio Irgja 50.95] 0 316 40 0 47 5
B2100|Canal do Cunha 70.23] 0 1,018 86| 0 62 8
B2200|Bay - Sdo Cristévéo 6.41] 0 80 15 0 29 2|
B2300|Canal do Mangue 37.95] 0 820 146 0 57 13
B2400|Bay - Botafogo 21.68 0 740 79 0 57 11|
B2500|11ha do Governador 36.28] 0 80 18 0 42 3|
B2600|!1ha do Funddo 5.35 0 40 3| 0 33 1]
B2700|l1ha de Paqueta 2.21] 0 60, 10 0 38 6
B2800|!1ha do Engenho 0.98 0 60, 16 0 45 9
B2900|llhade S. Cruz 1.10] 0 40| 9 0 29 5
Areaof Mgor River Basins 4,024.78
Areaof |slands 45.92
Total Basin Area 4,070.70
Area of Guanabara Bay 351.54
Total Study Area 4,422.24

Note: U/S=Upstream; M/S= Midstream; D/S = Downstream; L/S = Leftstream; R/S = Rightstream
Altitude and Slope have been calculated from GIS database of 1/50,000 scale and 20 m contour interval.
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Table 15 Runoff Model Parameters of

Supporting 4 - Hydrological Analysis

Major River Basins and Sub-Basins

Major River Basins

Sub-Basin Basin Parametersfor Runoff (NAM) Model
ID Name Area Overland | Upper Limit [ Upper Limit | Overland Time Time Root Zone Base Flow Base Flow
Flow of of Flow Constant Constant Threshold Zone | Discharge | Routing Time
Runoff Root Zone | SurfaceZone | Length | for Routing [ for Routing Value for Qp CKge
Coefficient |  Storage Storage Interflow | Overland Flow | Overland Flow
CQor L max Unnax Lor CKir CKy2 Tor

(km2) (mm) (mm) (km) (hr) (hr) No. (m3/s) (m3/s)
B0100|Bay - Charitas 9.46 0.49 73 13 3.1 36 5 0.49 0.05 36
B0200|Cana Canto do Rio 6.21 0.63 40 12 3.3 61 5 0.63 0.03 61
B0300|Bay - Catedrar 7.57 0.66 32 12 3.5 81 5 0.66 0.04 81
B0400|Bay - Norte Centro 9.26 0.56 59 13 5.7 88 5 0.56 0.05 88
B0500|Rio Bomba 26.78] 0.62 32 11 4.2 97 5 0.62 0.13 97
B0600|Rio Imboagu 29.43) 0.51 50 12 6.7 207 5 0.51 0.15 207
B0700|Bay - Itaoca 8.54] 0.32 95 15 2.2 68 5 0.32 0.04 68
B0B00|Rio Alcantara 173.07| 0.46 58 12 22.7 701 14 0.46 0.87 701
B0900|Rio Cacerebu 81135  0.29 95 16 49.1 1,137 6819 0.59 1l 0.57 142
B1000|Rio Guapimirim 1,262.02) 0.34 108 15 63.1 730 15 0.34 111 13.3 730
B1100|Canal de Magé 17.08 0.40 64 13 7.0 324 6 0.40 0.17 324
B1200|Rio Roncador 115.19) 0.36 110 15 23.4 271 5 0.36 0.78 271
B1300|Rio Iriri 19.63 0.35 81 13 6.5 201 5 0.35 \% 0.18 201
B1400|Rio Suruf 84.44| 0.39 92 13 17.1 264 5 0.39 0.59 264
B1500|Bay - Maua 17.92 0.43 72 14 3.0 69 5 0.43 0.17 69
B1600|Rio Saracuruna 348.89 0.40 96 14 29.0 448 9 0.40 111 2.3 448
B1700|Rio Iguagu 716.73] 0.43 80 13 33.7 624 12 0.43 \ 9.4 624
B1800|Bay - Cabo do Brito 19.72 0.50 50 10 2.2 204 5 0.50 0.01 204
B1900|Rio S&o Jdo de Meriti 154.26] 0.65 30 10 23.8 1,102 22 0.65 0.05 1,102
B2000|Rio Irga 50.95 0.76 20 10 17.1 528 11 0.76 0.02 528
B2100|Cana do Cunha 70.23 0.74 24 10 10.6 245 5 0.74 Vi 0.02 245
B2200|Bay - Sdo Cristévéo 6.41] 0.83 14 10 4.3 398 8 0.83 0.01 398
B2300|Cana do Mangue 37.95 0.65 52 12 9.5 147 5 0.65 0.01 147
B2400|Bay - Botafogo 21.68 0.68 39 11 4.9 76 5 0.68 0.01 76
B2500|!1ha do Governador 36.28] 0.66 32 10 1.5 69 5 0.66 0.01 69
B2600|!/ha do Fundéo 5.35 0.55 31 11 0.5 46 5 0.55 0.01 46
B2700]!lha de Paqueta 221 0.49 77 13 0.3 8 5 0.49 \ 0.01 8
B2800|!/ha do Engenho 0.98 0.37 79 14 0.3 5 5 0.37 0.01 5
B2900|llhade S. Cruz 1.10] 0.49 56 14 0.3 8 5 0.49 0.01 8
Total of River Basins 4,025] 0.40 88 14
Total of Isands 46 0.63 36 10
Total of Study Area 4,071 0.40 88 14

Sub-Basins
Sub-Basin Basin Parametersfor Runoff (NAM) Model
ID Name Catchment | Overland | Upper Limit [ Upper Limit | Overland Time Time Root Zone Base Flow
Area Flow of of Flow Constant Constant Threshold Zone | Discharge | Routing Time
Runoff Root Zone | SurfaceZone | Length | for Routing [ for Routing Value for Qp CKge
Coefficient |  Storage Storage Interflow | Overland Flow | Overland Flow
A CQor L max Unnax Lor CKie CKy2 Tor

(km?) (mm) (mm) (km) (hr) (hr) No. | (m%s (hr)
B0901|Rio Guar&Mirim 77.79 0.39 59 11 10.0 926 5,556 0.79 0.01 116
B0902|Rio Porto das Caixas 188.47| 0.31 86 16 3.7 978 5,870 0.61 0.20 122
B0903|Rio Igua 165.75] 0.29 85 16 315 972 5,833 0.57 I 0.17 122
B0904|Rio Caceribu L/S 85.68 0.20 114 19 18.4 426 2,556 0.40 0.01 53
B0905|Rio Caceribu R/S 293.66 0.29 111 17 24.6 380 2,278 0.58 0.31 47
B1001|Rio Guapimirim D/S 49.76 0.39 62 12 9.0 833 17 0.39 0.80 833
B1002|Rio Guapi 12.10] 0.47 23 10 4.7 435 9 0.47 0.41 435
B1003|Rio Macacu D/S 250.49 0.31 103 16 29.7 550 11 0.31 2.87 550
B1004|Rio Macacu U/S 255.61] 0.33 132 16 25.4 235 5 0.33 11 2.92 235
B1005|Rio Iconha 224.02) 0.35 99 15 19.5 361 7 0.35 2.60 361
B1006|Rio Guapiagu 350.44] 0.35 115 14 26.4 306 6 0.35 3.90 306
B1007|Rio Guapimirim U/S 119.60) 0.37 96 15 34.2 528 11 0.37 1.52 528
B1601|Rio Estrela 19.52] 0.41 59 11 6.4 593 12 0.41 0.18 593
B1602|Rio Inhomirim 139.57] 0.38 102 14 19.9 263 5 0.38 \% 0.94 263
B1603|Rio Saracuruna 189.80) 0.41 95 14 24.5 378 8 0.41 1.25 378
B1701|Rio Iguagu D/S 83.79 0.45 55 13 16.2 1,500 30 0.45 0.12 1,500
B1702|Rio Iguagu M/S 37.50] 0.29 93 16 10.1 312 6 0.29 0.04 312
B1703|Rio Capivari 103.25] 0.33 118 15 22.2 294 6 0.33 \% 0.41 294
B1704|Rio Tingua 114.07] 0.34 121 15 14.7 170 5 0.34 0.57 170
B1705|Rio Iguagu U/S 100.20) 0.37 98 14 13.2 244 5 0.37 0.37 244
B1706|Rio daBota 116.05) 0.51 42 11 19.5 602 12 0.51 Vi 0.03 602
B1707|Rio Sarapui 161.87| 0.55 53 12 33.7 780 16 0.55 0.05 780
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Table 16 Wastewater Flow Estimation

for Runoff Model

Rio de Janeiro Area

Sub-Basin Runoff Deficit based on Observed Data Wastewater based on Population

ID Urban Area Estimated Runoff Deficit | Population of | Wastewater using

(km?) or Wastewater” (m*/s) Y ear 2000 300 Ipcd? (m?/s)
B1706 65.74 3.10] 694,812 2.41
B1707 88.23 4.16 1,172,773 4.07
B1900 110.35 521 1,397,082 4.85
B2000 39.89 1.88 682,128 2.37
B2100 50.49 2.38 899,762 3.12
B2200 6.15 0.29] 30,459 0.11
B2300 21.25 1.00] 440,731 1.53
Tota 382.10 18.03 5,317,747 18.46

Y. Runoff Deficit, D (m*/s) = 0.0472 x Urban Area, A (km?)

: Wastewater generation of 300 Ipcd isthe local practice

Niteroi Area
Sub-Basin Wastewater based on Population
ID Population of Year 2000 Wastewater using 300 Ipcd (m?/s)
Sub-Basin Grouped Basin Sub-Basin Grouped Basin

B0100 30,559 0.11
B0200 90,467 0.31

——
B0300 91,390 283,179 0.32 0-99
B0400 71,363 0.25
B0500 241,536 0.84
B0600 157,098 401,212 0.55 1.39]
B0O700 2,578 0.01
B0800 593,440 593,440] 2.06 2.06
Totd 1,278,431 1,278,431 4.44 4.44
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Figure 2 (1/3) Rating Curves of SERLA Stream Gauge Stations
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Figure 2 (2/3) Rating Curves of SERLA Stream Gauge Stations
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Figure 2 (3/3) Rating Curves of SERLA Stream Gauge Stations
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Log-Normal Distribution with Thomas Plot
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Source : Annud total basin rainfall data for 36 years (1965 - 2000) generated using different stations meteorological data and GIS database.

Figure 5 Probable Annual Total Rainfall of the Guanabara Bay Basin
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Figure 7 Schematic Diagram of Rainfall-Runoff (NAM) Model
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Note: For Teresopolis, no datais available for January of year 2000. Therefore, availbale data for January of year 1999 has been used

for runoff analyses.

Figure 10 Daily Rainfalls for Year 2000 at 7 Available Rainfall Stations
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