]

CHAPTER ©

RUNOFF LOADS

FROM THE BASIN






CHAPTER 9

RUNOFF LOADS FROM THE BASIN

- Estimation of river runoff load 1is fundamentally important
fox the selection of the priority basins which necessitate urgent
neasures for water quality improvement. Discharge and water
quality necessary to calculate the_river runoff load, however, are
affected by meteorological conditions, inflow amount. of domestic
and industrial wastewater, current land use within the basin and
many other factors. Consequently,  repeated observatiohs under
d1fferent conditions are usually necessary to obtain a highly
accurate annual river runoff load. _

With a linited time avallable to come up with a highly
decurate annual river runoff load, an original estimation method
was developed in this study. The baslc concept of this method,
observation results, estimation process'ahd the runoff feature
from the basin are described in this chapter.

9.1 Outline of the River Survey
9.1.1 Observation Items

Discharge and:water quality - of rivers change with time and the
seasons depending on the point sources and precipitation condi-
tions. They are also largely affected by periodical fluctuations
in tidal currents. Runoff discharge and runoff load is influenced
to a 1afge extent by urbanization of the basin and the utilization
of the land. Thus to estimate the average discharge and water
quality -of a river based on survey data over certain time inter-
vals requires a systematic qualitative and quantitative approach
to measure the elements and the effects of change.

The f0110w1ng gix kinds of observations were carried out in this
survey

(1) Regular survey on the major twenty-five (25) rivers on
‘ 'clear days {(once a month)
(2) Hourly change (24 hours) survey on three model rivers
(3) Continuous survey on two model rivers on rainy days



(4) Detailed survey on major highly polluted rivers on olear
days .

{(5) Analysis of rain water quality

(6) Survey of drainage canals discharging water 1Into Iurujuba
Bay on cleax days - : '

Of these, (1) mainly aims at obtaining the difference in base
runoff discharge and base runoff load between the dry and rainy
seasons;  (2) focuses on the effect of human activities and changes
in the sea level ‘have on discharge and the water quality; and (3)
on the effect on the rainfall on discharge and water quality.
Based on the observation results, the river load estimate model
mentioned below was established; (4) to ldentify tributary rivers
and dralnage canals with large runcff lOddS for highly polluted
rivers; (5) grasp of rainfall load; “and (6) o accurately measure
the inflow’ load into the highly polluted Jurujuba Bay

9.1.2 Observed Rivers and Observed frequency

In accordance with the survey objectlves, target rivers and obser-
vation perlods were determined as follows:

(1) Regular surveys on the 25 rivers on clear days

Discharge and watler quality observations were carried out on 25
rivers, major 20 rivers in the basin and S'major.tributary rivers,
nine times from May 1992 to April 1993 at the fixed points.
Observation stations on the 25 rivers are shown 1“-F13-9=171, The
area of basin covered by each observation station are shown in
Fig‘.g.l"z.

(2) Hour ¥ change (24 hours) survey on model rivers'

Rio Macacu, Rio Acari and Rio s.J.de Meriti were selected as the
three model rivers, see Fig. 9.1-1.

Rio Macacu is a natural type river. 1Its basin is mainly_made'up
of grasslands and forests. The Rio Acari and Rio Sac Joao de
Meriti are urban type rivers with basins consisting of urban

- areas.,

The discharge and the water quality at-the'obServatioh stations on
the Rio Macacu and Rio Acarl were unaffected by tidal fluctua-
tions, while the Rio Sac Joaoc de Meritl observation stations were
within the tidal zone. Therefore, by comparing the results




obtained from these rivers, the effects of various human activi-
ties and tidal fluctuations on the water quality and runoff load
can be determined‘ Land use conditions in the basins of the three
rivers are shown in Fig. 9.1-3.

Further, discharege and water quality observations were carried out
for 24 hours, at 2-hour intervals, twice in the Ric Macacu and Rio
Acari, in the dry and rainy seasons (September 1992, April 1993),
and onee in the Rio 8.J. de Meriti, in the dry season (December
1992).

Additional discharge and water quality observations over 24 hours
were carried out once in the Rio Guapimirim in the dry season
(October 1993) for reference, as the Rlo Guapimirlm ocbservation
stations were within tidal zone.

{3) Continuous survey carried out in two model rivers duling
the rainy season

The Rio Macacu and Rio Acari, whose observation stations were not
influenced by tidal fluctuations, were selected as model rivers,
and continuous surveys on the discharge and the water quality were
carried out in their respective basins for two wéeks, from Novem-
ber 16 to 30, 1992.

(4) Detailed observation of highly polluted rivers

Detailed surveys on the discharge and the water quality of highly
polluted rivers on clear days were carried out three times at the
29 stations on the seven rivers shown in Fig.9.1-4, from November
1992 to April 1993,

(5) Rain water qguality analysis

Water quality analysis was carried out on rain water samples
taken three times 1in December 1982 at the 3 stations (Petrcebras,
UFRJ, UFF).

(6) Survey of the drainage canals discharging water into
Jurujuba Bay on c¢lear days

Discharge dnd water quallty observations were done twice on the
drainage canal, Station 14, which discharges water into Jurujuba
Bay in May and June 1993 as shown in Fig.2.1-5.
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9.1.3 Observation Method
(1) Discharge measurement

~ The discharge amount was obtaiuned from each river's cross section-
al area and flow velocity. - The river cross sectional area was
measured Trom the results of the width and water level measure-
ments conducted at each observation station. Velocity was measu-
" remed using an electromagnetic current meter.

In the case where the observation stations were located in a tidal
zone, discharge meééurements were taken In the period from three
hours after high tide to one hour before low tide.

(2) Sampling of river water

Ideally riverwater samples should be taken from 1/5 of the river's
depth below the water surface, Sampling was carried out using
buckets.

{3) Analysls of watér quality

'Water'temperature, transparency, water color, pH, DO, EC and
Salinity were measured on site. Water quality was analyzed at
FEEMA's laboratory for the following 31 items: BOD, D-BOD,
COD(Mn), cOD(Cr), TOC, DOC, §S, TN, K~N, D-TN, NH4-N, NOz-N, NOg-
N, 0-N, TP, D-TP, PO.-P, OP, Fecal Coli., Total Coli., Normal
Hexane-Extracts, Phenol, CN, As, Cu, Zn, T-Hg, Cr. Cr®*, Cd and
Pb. The methods used were those mentioned in Chapter 4.2 of the
Supperting Report, Volume II.

(4) Collectiongof precipitation data during the survey

"Precipitation data was obtained during the survey period at Duque
de_Caxi(PETROBRAS)‘is shown in Fig.9.1-8. Precipitation through-
out the survey period varied widely from the normal years, as
shown in Fig.2.3-1.
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9.2  Observed Water Quality, Discharge and Runoff Load
9.2.1 WVater Quality
(1) Mean Water quality

The aﬁerage'of the 9'measureménts conducted_frém May 1992 to Apriil
1993 1s shown in Tabie 9.2-1. Most of the major rivers in the
western basin including the Rio Sao Joao de Meriti show a value of
20mg/1 of BOD or more, this is regarded as a high pollution level.
For DO, most of these rivers show a value of bmg/l or less, prov-
ing that this environment is not a favorable habitat for fish.

CiaSsification of the 25 major rivers into five groups by water
quality (BOD and TN), those used as artifical pollution indices is
shown in Fig.9.2-1. Those in: Group A have a BOD value .of Smg/1
or less and a TN value of 2mg/1 or less: Group B have a BOD value
of 5 to 10mg/1 and a TN value of 2 to 5 mg/l; Group C, 10 to

- 20mg/1 and 5 to 10mg/l; Group D, 20 to 55mg/l and 10 to 15mg/1;

Group E, 55mg/1l or more and 15mg/1 or more.

Rivers Suéh as the Rio Macacu and Rio Guapimirim, haviﬁg basin
areas primarily consisting of woods and grasslands, are classified
into Group A, while rivers such as the Rio Alcantara, Rio Bomba
and.Rio'Mutondo. having basin areas (Sao Gbnqalo) with sharply
1ncreasing population, due to urbanization belong to Group E.
Therefore, river water quality-is very much influenced by the land
use conditions of their respective basins. ' :

(2) Features of water quality 1n each river

To further understand the features of water quality in each river,
a radar chart was prepared for six selected main rivers, using
BOD, COD(Cr), TN and Total-Coliform as indices (Fig.9.2-2). The
rectangles In the flgure indlicate the level of river water quali-
ty. A larger rectangle indicates a higher pollution level.

The classification of rivers_by‘water quality shqwn in the radar
chart leads to the following 3 categories:

9—-11
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(1) Small rectangles signify uncontaminated natural rivers or
rivers polluted by agriculture, (2} large rectangles signify
rivers highly polluted with domestic wastewater, and (3) irregular
shaped rectangles signify rivers polluted with industrial waste-
water.

Rivers belonging to category (1) are the Rio Guapimirim, Rio
Macacu and Rio Inhomirin; the Rio Bomba, Rio Mutondo, Ric Iraja,
Canal do Cunha and Rio Acari belong to category {(2): the Rio
Alcantara, Rio Soberdo and Rio S5.J.de Meriti belong to category
(3).

(3) Achievement of water quality environmental standards

CONAMA No.20 classifles rivers into several dozen groups by their
characteristics, and stipulates the water quality standards in
terms of pH, BOD, TDS, DO, No. of coliform and turbidity  (Table
14.3-1).

The 91 rivers that flow Into Guanabara Bay were classified in
terms of BOD (Fig. 14.3-1): and the achlevement levels of these
rivers In terms of the water quality standards for BGD, DO and No.
of coliform are shown in Fig.9.2-3.

According to the results of the § surveys carried out from May
1992 to April 1993, the achievement ratio of the rivers is ex-
tremely low: 24% for BOD, 16% for DO and 40% for No. of coliform.
Only the Rio Guapimirim/Macacu and Rio Roncador in the northeasten
basin met the water quality standards.

BOD exceeding 20mg/l was observed in highly polluted rivers in the
western basin (Rio de Janeiro) and the ecastern basin (Niterol and
Sao Goncalo)}. These areas are particularly highly urbanized.

CONAMA No .20 does not specify the water quality standards for
hazardous substances such as Cd, CN, Pb, Cr*®, T-Hg and PCBs.

For a comparison of the achievement ratio for these substances,
Japanese water quality environmental standards were used, and the
satisfaction rates are shown in Table 9.2-2. Some rivers such as
the Rio 8, J. de Meriti and Rio Alcantara have very low satlsfac-
tion rates.
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(4) Seasonal change in water quality

Seasonal change in river water quality (monthly change) for the
water Quality items 1s shown in Fig.9.2-4. According to this
figure, the water quality was more 1likely to be worse in the dry
season than in the rainy season. However, there was no distinct
change between water quality in the dry season and rainy season.

(5) Annual change of water quality

‘Annual change of water quality was examined based on the results

of water analysis carried out, though irregularly, by FEEMA in the
period of 1980 to. 1991 and the results obtained in this survey
(1992 to 1993). '

Fig.9.2-5 is a representation of the annual change of BOD in the
25 rivers; of these, the Rio Bomba, Rio S.J.de Meriti and Canal de
Madgue show recovering tendencies, while the Rio Alcantara, Rio
Guaxindiba, Rio Cacerebu,:Rio Soberbo, Canal de Mage, Rio Estrela,
Rio Saracuruna and Rio Iraja show worsening tendencies.

Notable changes 1h.the water quality of other rivers were not

observed. NH.-N, TP and DO tendencies were observed to be similar
to BODs.
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9.2.2 Runoff.Diééharge and Runoff Load

The means of . the results obtained from the sevén surveys (1892 to
1993) were used to calculate the total runoff discharge and total
runoff load of the 20 rivers (basin area covered: 3604.1km*)
flowing directly into Guanabara Bay (Fig.9.2-6, Table 9.2-3).

The mean total runoff discharge of the 20 rivers is 257.5m%/s aid
the mean total runoff 1load 1$ 318.3t/day of BOD, 194.7t/day of
COD(Mn), 1220.8t/day of COD(Cr), 113.6t/day of TN and 18.7t/day of
TP. o -

The runoff discharge-ahd runoff load values of each river vary
widely from month to month. Moreover, variations in precipitation
in the tidal rivers are accompanied by tidal fluctuations, hence
the calculated runoff‘discharge and runoff load are not purely of
these rivers alone but are influenced by other factors.

The runoff load ratios for each river, if the total runoff load of
the 20 rivers is 100%, are shown in Fig.9.2-7. The runoff load of
the ‘9 largest rivers amounts to 90 ~ 95 % of the total runoff
load. RN S ' '

9.2.3 Hourly Change and Seasconal Change in Water Quality and
Runoff Load on Clear Days

Figse.9.2-8 to'9.2&10_show the comparison between the hourly change
in runoff load of the natural type river model, Rio Macacu, and
those of the urban type river model, Rio Acari. '

Rio Acari, urban type river, is influenced by human activities and
thus changes abruptly depending on the time of day in runoff load.
Changes by season, however, were small. On the other hand, The
Rio Macacu, a natural type river, changed only marginly due to
time, in runoff load, but seasonal changes were large.

As shown In Table 9.2.4, the specific runoff load of urban type
rivers 1s several times larger than that of natural typé_rivers.
Consequently, 1t is possible to assume that the base runoff dis-
charge of natural type rivers 1is basically influenced by precipi—
tation, while that of urban type rivers is largely influenced by
the volume of wastewater. ' '




g;

Hap1992 to Hpridus

500 —
. .;...' “.“'\_..BO Load .
T o R aaraaasaaaan l:,-'. ....... . P ....._.' N
s
o
. !. ks I R R A Ry T I W
~—r “.' - L ~
B oo ATV A R A _COD(HH)LO&Q
5
[
P
§ 163 -
o%
a T . 1 1 I : 1 . ) 1
HAY (1992) : OCT (1982) : FEB(1993) APR(1993)
JIN(1992) - NOU(1992) AR (1993) .
: Henth .
— Discharge -~ BOD Load --- COD(Mn}load —-- TN Load -- TP Load

Flg. 9.2- 6  Monthly Change of total Runoff Load from the 20 Rivers



UROTR TR0 WOIT. PApRIOXI:k

L8 09271 1087z i [L¥6T | BZBIE | IP'iG2 RN L71'068 'Y 06 7168 01 FI88 - THI0L
570 - [T g's A 18 1°8/a3n 00711 qL8°00S | 08731 gg  0873v ANSNYR 00 TYNYD | GOONR 52
g1 ¥il 608 2L a4 68 g | 28 g1 B3E 618 | 09°€9 2 06509 YENAD OC TVNYD | 00TND ¥2
20 Tt g-al g1 ] 11 - g - - VENZd 00 TYNYD | 08iNd €2
9% o ¢4z ve ¥Fl 0 aeqly | 10 71 912005 | 0L°88 02 el YIVEL O1¥ ] 002l 22
FA L9 7y gL L3 L) weqln 16" -910°88F 106715 61 08°L% 1¥YOY OId | TVEOV 12*
9 £gg g ase 886 - |6'L8 L'1E .reqan |10 6 8K 267 ‘1 06 ¥4l 61 957851 LI 2015 014 | 02218 02
14 Ay £etl 612 gLy 0% ueq1n | 179 81201077 057891 9-L1 08681 - I04VEYS 01¥ | 008dS 61
13K 48 0711 g% 1708 [ 44 YN[ SET DIp-gsL | 087¢8G- | G_I-LT - DEVIS IOVNOE OI¥ | 092V 81
Y Y §'g §0 ¥ 9t /N RDTT £LT %61 | 00 981 g-91 G098t VNOUOOVIYS OFY | 0208 Lix
0% ro 7 60 8¢ 1LT YN[ 1870 901 %8 | 00681 g-80 (0 eel NIMIHOHNT 03¥ | 09FNI Si
81 8% 988 6§92 | §°0p 8738 Y/R188°0 S6F 208 1097288 91 087 YIFHLSE 01¥ |- 00¥Sd &t
10 £ 68 | &4 ! [ ¥/N | 810 fleei |08789° P 077ES 1dNS Oy | 00848 71
¢ 10 1% €0 £ 59 y/H 8870 ¥89°01 (08712 8T . 0P8 ML O1¥ | OFSYI €1
0 [t It g€ [ $8 Y/ EETD gig9g | OFCIII gl 00-Lot HOAYONOYE OFY | 0958 21
170 A 6% g0 01 S0 Y/R AP0 8er 8 0231 it 08y FOVH 30 TVNVD'| (85X 1T
00 10 001 0%¢ LA Sl Y/ P10 116°L1 | OF 261 g-01 027 OqI3E0S 01 | 866AS: 1+
10 90 8 U 1871 28 ¥R |00 LIS°8T 1 0079%¢ g-01  00°95¢ [IOYOYE O1d | L9683 6%
60 £y 166 goe lg3l 9%s S ¥/N90°0 £58°63 | 0178631 01 0l€edt RIAINIGYS OFY | 90840 8
it 6¢ 5211 g9:0e 0765 1%758 (AR ALY £51 ‘988 | 0L°SF3 g 0F "gSL NIV LY | 22300 L
00 G0 70 10 |10 Y uegIf | 638 . . g 08°11 YAIANIXVAD OiY | 02LXD 8
19 70 0% kD 01 270 ueqIf ; 676 8 08§ OANOLAN 01y | 0231K §
1°C 0 g1 6§70 9°g i ueqIn | 63 ¢ 027 0Ly 09°FR1 8 04 8s VEVINYOTY Q¥ | OFINY ¥
g0 60 pagt Ig §% g2 -weqx) + 08k 989 ‘881 4 08°0C 9 0811 NSS¥ORR 01y | 6184l €
00 z9 12 £0 80 iI0 ueqaq | 66°9 860 ‘€81 {0292 g OFE YaROE (1% | 99LA4 ¢
o T BS 81 6§72 071 16/41 P35 SpL'TY J0FL g 0F'L QI3 00 OINYD TYNY) ! O8LID |
(F/1) (®/3) (p/a) | /B B/ | (5/¢W) o . .
: : (/D) (=D T
di NE (10000 | CUEMO0 g | S8IEdSIg adil ~alisusg 0N BeJy ulseg amey ON
(nTE) aBeIsAy)PEO] JFOUNY | asn pugpuoTiendoguotieindogeRly uided DRI MDY

(6 - eied 3O Iaquny)

(£66T-E661) SI94ATd QF 9yl woIl {onTep 23eI3AY) pe0oT jjouny

£-2'6 914BL

9~22



e

Fig.

(hrerage valwe}

: RS (1.45)
s CACETESY (1Y I%)
£ 000 (109 =
Discharge [XETRERLPa

UL (1. 18D 4

N 0L f{f

S (59D
ESTRELA (LE 1Y
T (™) _E
Chrerage valoa)
LN AL (8 19)
BOD Load € 1u0m 1. 15 = IR 65
CLOVA CEL00
TRUL (450
" an e en HEE cmvn aeom
b . .
COD{WR) Load Chrerags walot?
. T3S (1. 18}
CANGT (210 CACERERY {15. 1)
C ot (5.7 g
€T

= EE corpLntns (15 4w

XTI (1869

f 'ilrrﬂ i

il finlif 5

L

] 10 Estaess €16, 1)

\:

SAPE (L2
160y (12 6%)

CAcerngs valeed

il - X T H AT

TH Load v (3 P s )
C_(\.'!‘M(IG..I\) = 'FEE,J‘ !F’
x'g! i Atcwu €1e. 5%
B4 (Y EY) —— =)
H i ?f
P s a1

R 88 ﬁLﬂi

g.2- 7  Contribution Ratio of Runoff Load by River



14

Rio Acari’

13 l"|
1t rf'\\
AR :
\‘-f"‘ 10 !’ ‘\
< / \
T r’ .
@ 1
bt fi .
E “,,//’“\\‘?-Hﬁ¥q__
£ 34 / i- ~.
gl J
ey - . . CoN,
RS
g
I I TP
SR
. : Rour(2Ttoth Det. 1992) . .
— Dischargs -- 80D Load - {(ODmnlcad - T-N Loed - T-P Lead -~ §S Lond
Rio Macacu.
" - -
1 4
o
o on
o ou
[ T T —
o 14— ﬁ_\'“-\____w______,
[S O
8 1
£ 5]
o]
~
=
5
1 e i
b ST S S S S RS AN A I T
Pour{271078 Oct. 1942}
~— Dlscharge -- B0D Lood - (QPwnlosd - T-N Load --T-I’Lmd. - 5% Load
Fig. 9.2- 8

two Non-tidal Rivers

8]

Rio Acari,

n
I

-
N

_gt/Zhouré.né/s;

R P .

u T

. BourC191620 Apr. 1959)
»Discha.:ge -~ BOD Load - (ODwnloed -~ TH Load -— TP Load -~ 55 Load

Rio Macaqu

14 3
i
]

i9 -

{i/Zhours.a3/s:

P A L ]

d o

— Dhseharge

I A R R
Bour{19t03g Ape. 1993)
- (ODwnlosd  ~ TH Load

- B0 Losd -~ TP Load -

Hourly Change of Runoff Load on Clear Days between the




1] : .
1
il Pischarge L8 T Load
W | . 1.6
10 e
- : o b
<1 -ERE
o i o]
[ - = R
S s
€ E L R
I wi o
: ) a2
ETERTTTY w R & T T TR TR TR W W A R R T o
_ TINECHour) o ' TINEHour) '
—'27-28 (CT. 199_2 -~ 19-20 AFR. 1993 ~ 27-28 OCT. 1992 -- 19-20 APR. 1993
s . . - . N
ROD Load 01 - TP Load
4 : L e
—~ T = &1
© @
=3 [N
2 3 as-
£
S S e
— ~ a3
. 01
o1
I I T T D I O T LI I I T T T T A Y T W
. TIEE(Rour) : TINECHour)
— 27-38 OCT- 1992 -- 19-20 AFR. 1993 . — 27-28 OCT. 1992 -- 1§-20 APR. 1993
s i : " - .
COD Load el §8 Load
% ) i
10 -
i B ]
=3 e
o =37
£, ] 8o
= S s
el - -
! . : 1
11 AT .-
§ ETE VRS TR R R T LT on TR W R w o & A TR
" IRECBour) TINEClour)
E(Bour) ~— 27-28 OCT. 1992 -- 19-20 APR. 1993

— IT-23 OCT. 1992 -- 19-20 ATR. 1993

Fig. 9.2-9 -~ Hourly Change of Runoff Load:on'Cleaf Days in the Rio Acari



1"

iz A
1
i}

(w3/s7

IR N BN
PRI T

Discharge

R S R A T B B B B
THEGIouEY | _
— 27-28 OCT. 1992 -- §9-%C APR. 1993

[ R I
ad
Lt
&1
L
[ X
(S
Lt
[ S

1t /hours)

BOD Load

" on u o un »n o ou -1 4 1N
. THIE(Hour)
v 2708 OCT. 1992 -- 13-20 AFR. 1933

{t/hours}

COD(Mn) Load

T

D :e  on o+ + & & 0
TAMECHour)
o 771-28 OCT. 1892 -+ 19-20 APR. 1993

T . .
1§ TH Load
IR
—~
HET S
=3
& 4
AL
NERLE
=~
el
a1
g L T - s - —‘—;-_‘.‘
7 on n o B koan 21 ¥ 1 n
TINECHour) _
~- &1-28 OCT. 1552 -~ 19-20 APR. 1933
eer
t0it TP Load
TR
L
e oan
B en
2 oo
ik
o -
R0
IR
TER A R W % & B 1 T TR
) TINECHBouT)
— 2T U2 - 19-20 AR, 1993
u : i -
:: $§ Load
1K
P
-2 % -
!;‘,‘ e
o g
&
SR
s
. .
3
1 ]
an s n A8 & a b1 1T
Ti%E(Hour) ’

— $1-28 OCT. 1952 - 19-20 AFR. 1993

Fig. 9.2-10 Hourly Change of Runoff Load on Clear Days in the Rlo Macacu




02070 [ 1060 2000 30D 800 - :RFLS Y20 G 8080 $28°0 98¢ "1 G12°L 17952 ERIULY  hoeoRy OTY
w1l gI00 [T WLLTG 0660 8% 5027289 6L 18576 L8P 862748 [ WF 0802
it 8109 201°0 1810 18870 LID 1BL0TEY SN (LA F4A ] oV Z8 5201 000 21 Aep Awrey [ Lxey

- : o1y
1Me D 4700 OIiT Y00 FKRPCD 801D POSSER  ASTT 8er9 eS8 M9l 1229 [gus  lomom | 4% g
051000 9100 PIOD 8160 G0  60SEs2 ST . PLaE 8061 S F. 1LrOE 0302
b2 ] 16070 8000 5070 800°0. ¥60 0 £65°0(T - S¥ETO b4 aeg 196 °1 £F0 ¥T 5L 91
g0z0 600D G600 2600 S0 90D 20571 gE10 S8l LT . 18 1109l 082t | 4ep Auyey | mowoey

T G T oty
WOD 06D 7000 S00C  S00D  250°0 98979 KEC®  ubh  GSB'0_ SEbl C estg  l0-9ez  lopoto | Aa sesrn
P03y LU P/ty (ZOUP/3) (SRA/B/1) (TRa/B/3) TWA/S/8%) [ (AB0/1) (ABR/1)  (A¥p/1)  (A%p/1)  (A%p/3)  (S/¢W) :
_ . v , _ @ | o
peoy S pE0T 4l RO NI PROTUNGE) PRO] god 9BIevostd peomSS  PYOT dr  Pev ML PROTMMGND PROT 408 SATRUISIGRRIV UISey Sadd usey.
TO0T Jow Si3Iods - 7] J30umy |
(261 40N pLo3gl)
sl vy 1t sw vt | . . . (@YU ey

¥
T - _ —
oo Lkl @l i) HAQ 207D B ot 62870 580 Sarcl - BEIE W0 995 KEndwey o1y
RRLLN i) a1 Ll L] 30170 0538y 18171 L %] £59 ¢ 596 L2 1000 Bl (¥) TSy o

- Komup) (mBaY ERURAY (EEUPRY (TRRAY TRUS/E) | (ADA) (A (KA CAWDA) (ADAY (S | Cepe ) ()
peO 5 PROT 4-L PROT H-1 PROTSMGED PR OOF IBIWDRSIY  PROT S35 PRUT d-l RSO §-l PROTURQCD  pROT gog dRiwenstg Lt

TG J30amy D1jio0d5 FRo 17uny [rirdraozdesay vrsw  owmy soand
(2661 390 BTOMLZ)
g1t 1922 118 A G $01 0'r (§/VIRTIT01F IRy

i) poCG 0T W T RO 6EER 1699 Firt ] 8k 0 0511 9583 W 09652 (@)mewg ony
mm.d 2 ot $0e . . 59D WIT 0 UsTT 29rs SE2T  eEW #Y9 0070 515 Y} 183y 07y

CXIm/pAY (B (POUPAY (QRUP/) (ZU/R) TIAER) | (S (AA) (M) (AR (ARA) (/e | (meey | ()
. PO S5 peoT d-1 PO N-1 PROTURND o] (03 ARIMP3s]  PEOT S0 PUOT J-1  PROT ).l DROTVRQOD  PAO0T 003 RIVEIG 201y .
- PRCT J30ung STpTeedg P 3300y o H SOy U U I

(LB6T Y (TOR61)

(sfeq Auiey./ .m.?m IeaT)) SI2ATY TOPOK TRPIL-UON 'oa) ayj ussaleq peoq Jjouny 10 uosTIedmo) v -Z'6 @21qel

9-—-217



1 9.2.4 Fluctuations in Tidal River Runoff Discharge
and Water Quality

Figs.9.2-11 shows the change in 24 hours on clear days observed in
the rainy season for an urban type tidal river (Rio Sao Joao de
Merlti), mentioned earlier. Fig. 9.2-12 shows the change in 24
hours on clear days observed in the dry season for a natural type
tidal rivez (Rio~ Guapimirim) These diagrams show a considerable
change, 1nf1uenced by human activities and the sea level.

Therefore, water quality obhservations for 24 ‘hours {surveys at
high and low tides) should be carried out to understand changes in
water uality.brought about by tidal fluctuations, in order  to
determine the mean runoff discharge and runoff load of rivers in
tidal'zdnes. ' |

9.2, 5 Hourly Change in Water Quality and Runoff Load
oI Rainy Days-

Hourly change in water quality and runoff load of the “two model
-rivers on rainy days during the rainy season are shown in
Figs.8.2-13 and 9.2-14. Ralnfall data was collected at the sta-
tion of Duque de Caxlas (PETROBRAS). The water quality in the Rio
Acati ‘an urban type river, deteriorates at the' beginning of
rainfall and thus has a greater load than the Rio Macacu, a natu-
ral type'river. ' :

Fig.9.2-15 illustrates the relatibnship between specific runoff
load and precipitation. Specific runoff load of an urban type
river is several times to several hundred times that of a natural
type river. Pjg 9.2-16 and Table 9. 2-4 show the difference between
the specific 1unpff load on the rainy days and that on the clear
days. The former is dozens of times larger than the latter,
indicating that the load on rainy days occupies a large part of
the total runoff load.

The total runoff load on rainy'days'is the sum 6f the load result-
ing from preclpitation and the load deposited in the basin on
clear days and washed away by rain on rainy days.

Therefore, runoff load is largely 1nfluenéed by the period of
clear days prior to the observation and the magnitude of the
. rainfall. ' '




The Survey'encduntered some'problems that should be taken Into
account: (1) The number of clear days preceding the survey

‘period was insufficient: (2) Although observations should be

conducted under various = rainfall Intensities, all observations

carried out in this survey were under moderate rainfall condi-

tions:_(S)'Initial water-quality of the runoff was not fully
analyzed. (4} Relationship between hourly rainfall intensiiy and
runoff load was not clearly understood.

These problems are expected to be solved in future surveys.

9.2.6 Pollution load flowing into Jurujuba Bay

Jurujuba Bay, with a water area of 7.25 km*, extends to lcaral
and Charistas forming picturesque beaches frequented by a great
number of people in spite of  the high levels of pollution.
Therefore, the loads discharged from the drainage canals were
studied in detail and the following results were obtained: daily,
6.89 tons of BOD, and 2.31 tons of TN flow into the bay on clear
days during the dry season.



¢t/2hours. 83/9)

(m

Discharge(asfd).Load(t/d)

Fig. 9.2-11

-1a

-48

-78

1.6
1.4
1.2

0.8
8.6
B.4
8.2

103

Kunof! Load
Blachaeze

O T WO VY SN

vy ) 1

t L 1 T 1 1 1 1
h 12 4 16 18 m 22 24 2 4 8 8§ 18
Hour {7th 1o Sth Dec.1992}

Tida} Lavel

AVA®

[ 1 ¥

B 12 14 16 18 20 22 24 2 4 6 & i@

"Renoff Load

Discharge BID LoadC0hmn LoadT-N Load T-P Load $8 Load

Taput Dutput

Hourly Change of Runoff Load on Clear Days in
the Rio S.J. de Meriti



B
Runoff Load AN
5 A
. FARN
~ ™ 55 Loae 5N
<4 4 \\ S o/ X
1) .
"
B3 _
=o" ) Discharge
ﬂ .
e 2 pa
-
1 p
PR BT : o NPT et R LTILLD l
1B 2 14 8 18 24 22 24 2 4 6 8 18
Hour (141015 Oct, 1993)
1.6 o
Tidal Level
1.4 -
1.2 - A
A
‘-»
% H g5 -
2.6 -
6.4 4
A/
0.2 -
2 by T T T T T 7 T | T T r
W 12 14 6 8 28 22 24 2 4 6 b i

) Runoff lLoad

2 )

5 ¥

s .

()

nd

— o

v .

—~— .

[-¢)

E

@ 18 =

[

et

a3 N

g, NN e
' -18

Discharga BOD Lead CODon toad T Nioad TP Load S Load

| B2 toput £ output
Fig. 9.2-12 . Hourly:Change of Runoff Load on Clear Days _in the
Rio Guapimirim

8-31



Water Qualitylmg/i)

Water Qualliy(zg/1}

Flg.

Yater Quality{mg/1)

¥ater Quality{ag/1)
g

Rio Acari (17-30 Nov.1992)

- 160D, Cob (), T, TP)
@ 4 o
9 4 \
i "N, o 7
”. B
: : i’
" S AN 7 bt :
* Wt
oD 1t eT s ap AU eTR :TF
" Rio Macacu{17-30 Nov.1982)
N - {BOD, COD k) , 1N, TF) N
" - ‘ a
e

Rio Acari(17-30 Nov, 1992)
{88}

¥ g & EE 3 E

s
1]

(88)

i 11 i

9.2-13 wﬁter Quhlity Change with Time in the two Model Rivers
on Ralny Days : o }

g~—32




‘ Rio Macacu Rio Acari
08 L 4T3 Tov 1D

. 1N e, 1930)
$§ Load _ $§ Load
m 4
f;.

“ 155 son 1551y i (1130 Mor. 1392}
@ Discharge . wo | Discharge
" -
109
C
'E ;\; 8 .
© B oa )
. =
B
B 4 N )
2. ] SLLLLLLLLLLLE ) f ]
NATNATTR e AT 0 i AT TR ast
13- Yor, 1893}
10 = A1 B 592) Precipstation
% Precipetation (Duque de Caxias)
& {Duque de Caxuias)
w
Lanad
- W -
F ~
=% 2
E a B E
— x-A
W70 11718 IS VY0 1730 TR TIA AT T T

gf . Fig. 9.2-14(1) Runoff Load Change with Time in the two Model Rivers
in Freshet Time



Rio Macacu
(130 Kow, 15313

[
.

(t/h

BoD Load

£11-53 WO, 1592

{t/h)

COD(Mn) Load

o "l’ !
HATHATNAS s iy ian 1 1.

Q1-3 & 109

- {t/h)

TH Load

(AL TS 121k (17143 [T LNTTH A i

RN e 183D

[
el
T 4
3
3
LY

(t/h)

Fig. 9.2-14(2)

T¥ Load

Rio Acari
I _ . CI1-30 Xov. B
0 BOW Load

{t/8)

m C41-33 Xov, 1590)

W1 oD@ Load
L ’

{t/h)

-3 Xow. 1543)
1 _ dr-x 3150

" o TH Logd -

{t/h)

- ) Q-3 B 1932

1 | TP Load -

Runoff Load Change with Time.in the two Model Rivers
in Freshet Time

£,




e

250

180

Dischyrge(nS/d}.Loadft/d)

o 1o W

O

TR

XA,
AR

=

e
atete

o,

e
tate!

vy

AT

5%

e S . T T by
Discharge BOD Load CODmnload T N lead T P load 5% Load

Rio Macacu

0.0 day - (N 14.28mmday 16. TSem day 24.88mn day

88 8 § B

Discharge(3/d).Load (t/d)

3

‘o
1

Ll m i T 1 )
Discharge BOD load CObmnicad T N Load T P Load
"Rio Acarl

B.@moday BN 12.8mmday B3 24.08mm-day

T
$S Load

Fig. 9.2-15 Runoff Load Differences with Rain lntensity‘

Dis. (m3/s/kn2). Load( t/d/kaz)

7

Fig. 9.2-16

L2

EY

e

@&y

T

Rio Macacu/Rio Acari

Specific Runoff Load Differences with Rainfall Intensity

between the two Model Rivers

Load TP Load

T
SS Load

Rio facscu @.8mvd) [ Rio Macacuedmmd) BB Rio fcari (8. trmrd) [ Rio ficar | (24mnd)



9.3 Estimate of Runoff Load from the Basin
9.3.1 Need and anction for Estimation Model of Runoff Load

According to the ohsexvation. data obtained in this survéy. the
discharge, water quality and runoff load characteristics of the
main riverq in Lhe basin were as described in the previous sec-
tions. However, in order to estimate the annual runoff load
floWing into the bhay from each sub- basin with accuracy, measure-
ments should be (arried out repeatedly under different conditions
and a 1cngthy period and tremendous effort is needing in accumu-
lating this data.

-Accordingly, a runoff load - estimation model including'the various
factors that restrict runoff load was formulated and designed to
serve the’ following six purposes:

(1) To éstimate'runoff load on rainy days (in the dry and rainy
seasons) , : : :

(2) To estimate the runoff discharge and runoff load of tidal
rivers, : '

(8) To estimate the runoff loads from uncovered:areas'of the
observation station,

(4) To_estimate the future runoff loads according to changes in
population,

{(5) To'estimate the avefagogruhoff load over a long perliod of
time, '

(6) To estimate an accurate runoff load ﬁith the least effort.

According to the pollution runoff mechanism chart (Fig.9.3-1), the
generated pollution load from each source, and the runoff ratio
estimated from the estimated effluent load and actual river runoff
load will be used to estimate the runoff load in other basins.
This method 1s called the generated pollution load method.

However, effluent load in the basin cannot be estimated'due'to
insufficient point and non- p01nt source data which is fundamental
to such an estimation




e

Accordingly, to estimate effluent load from both point and non-
point sources, this report collected the basic data on runoff and
water quality of model rivers in small basins,:calculated thelr
runocff load and used these as the generated pollution load for
effluent loads of the larger basins.

Pollution source River system

Tributary Nain

‘ [ Susber of pollution sowrce - River River
! - *{ Follution Load Eifluent load '} . B Runof [ Load |
i [ Generated Polkution load i ’ r T ) -

Attenuation ratio Transference ratio

.................... [P Effluent ratio
: Ruacff ratio

Fig. 9.3- 1  Pollution Runoff Mechanism

9;3.2 Structure of the LEstimation Model of Runoff [Load

(1) Model Concept

The runoff load from the Guanabara Bay basin is known to be
jnfluenced by various factors. From the results of studies car-
ried out on the aforementioned items, rainfall conditions, land
use conditions, daily human activities, and industrial activities

" are the main influential factors.

As the population in the basin grows and the effects of human and
1ndustr1a1_activities expand, the size of cities increase and
jand use conditions change. Therefore, land utilization, human
and industrial activities are represented by population density.

Accordingly, runoff‘léad was defined as a function of population
density_(Dp) and preCipitation (Pr) in the basin, and the follow-

ing equation was established:

L{Runoff load) = f(Dp, Pr)



(2) Estimatlion Model for-Runoff Discharge

The estimatioh model cbmpfisés the runbff”discharge nodel and -
runoff load model. The elemetits of each model and their rela-"
tionship are represented as follows:

Runoff discharge (Q) = base runoff diséhargé (Qb) =+
attained runoff Volume of wastewater (Qw)
+ precipitation runoff discharge (Qp)

Runoft load (L) = runoff discharge (Q)_x Water_quality {C) x
runoff ratio (R) (Fig.9.3-2)

Runoff discharge on clear days is the value observed when the
preceding period of clear days is five days or more. On the
other hand, runoff discharge on rainy days is the value observed
in other cases. : :

'Qb:+ Qw
Qb + Qw + Qp
(Fig.9.3~3 and 9.3-4)

i

Runoff discharge on clear days (Qc)
Runoff discharge on rainy days (Qr)

The basic runoff load in the rainy season is larger than that in
the dry season because of rainfall. Therefore, calculations of
runoff load should be carried out separately'for'the dry  season
and rainy season, using different basic runoff discharge values,

The desériptions of each element are as follows:
(1) Base runoff discharge (Qb)

A base runoff discharge is the constant discharge amount mainly
originating from underground water. The base runoff discharge in
the natural type river, Rio Macacu, was the lowest flow measured
on consecutive clear days. ' : :

{(2) Attained runoff volume of Waste water (Qw)

Attained runoff volume of waste water 1s defined; for ‘conven-

ience, as the wastewater amount from every point source“reaéhing ;gg
the observation stations. It is obtalned by subtracting the . e
basic runoff discharge amount (Qb) from the runoff discharge
~amount {Qc) on clear days. ' :



(3) Precipitation discharge amount (Qp)

-The preéiﬁitatidn runoff discharge is the rain-affected amount of
water discharged._ It 1s precisely defined as the sum of the
ruﬁoff_discharge measured from the point where -discharge in-
creasés'after rainfall until the polnt where the runoff discharge
returns to the normal level on a clear day. For convenience, the
runoff discharge amount when the mean precipitation intensity ex-

ceeded 10mm/day was used.

The precipitation runoff discharge varies depending on the scale
of rainfall, ralnfall intensity, basin characteristics and number
of preceding clear days; in actual estimation, relation of these
elements to precipitation runoff discharge should be thoroughly
analyzed. . :

In this survey, rainfall amount and the runoff discharges of the
two model rivers (natural type and urban type) were used to
analyze the relationship between rainfall intensity and precipi-
tation runoff discharge. Precipitation intensity was classified
by a noteh of 10mm. Runoff discharge largely varies depending on
rainfall intensity even if the-vplumes precipitated are the same.
This factor was not represented in this model.

Runoff discharge «differs as precipitation varies by area. Origi-
nally, the precipitation amount to be used for the model should
be the amounts measured at several stations 1In consideration of
rainfall distribution. However, such data was not obtained. The
study was, therefore; left with no choice but to use the precipi-
tation data obtained at only one observation station in Duque de
Caxias, namely Petrobas, to estimate the precipitation runoff
load.

(4)  Estimation Mcdel for Runoff Load
Runoff load is répresented by the following equation:

Runoff load (L) = base runoff load (Lb) + attained runoff
load of waste water (Lw) + precipitation runoff load (Lp)

(a) -Base runoff léad {Lb} = load derived from sald base runoff
discharge
(b) Attained runoff load of waste water (Lw) = Runoff load in

clear days minus base runoff load; this value is equivalent to
point source runoff load on clear days.



ing'to'rdinfall' precipitation runoff load when rainfall intensi~
ty is lOmm/day or more,

Runoff load is obtained by using the émpirical equation to-fepre*-
sent relation between runof'f discharge and runoff load, :Runoff3
load varles to-a great extent- depending on the numbel of preced-
ing clear days and rainfall intensity. This factor 1s not repre-
sented in thls model because of deficiencies in the datd

(d) Runoff ratio

The process of the pollutaits being discharged from their source:
and- flowing into a river ‘is defined as -attenuation, the 1linear

process :of flowing downstream as transference, and the whole flow
process from the source to the observation station as runoff.

Thus runoff ratio is the product of the attenuation ratio and

transference ratio. “Runoff ratio is the ratio of pollution load-
that reaches a reference point to all the total pecliution:- load

‘discharged in the basin. - :

Runoff ratio is influenced by the slze of the basin, river bed

conditidns. runoff time and discharge. ©Of these, discharge most
controls the runoff ratio thus influencing the ratio largely
between clear days and rainy days. Survey results in Japan

report that- BOD runoff ratio is directly proportional to popula*
tion density/(basin area)*” =,

Here the relationship between the twb_is obtained assuming
X=log{runoff ratio, %) and Y=log (population density/(basin
acreage)*/?) to calculate the discharge and runoff rate of BOD
and COD(Mn). T-N, T-P and SS are assumed to be as soluble and
runoff ratio is calculated by using the same equation as that for
discharge.

Runoff ratio Is caléulated by using the observation data of a
group of rivers. Runoffl ratio 1s shown in Fig.9.3-5. :
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'9.3.3 Procedure for Calculation of Runoflf Discharge
and Runoff: Load

The annual.runoff'load was calcﬁlated in accordance with the
operation flow chart (Fig. 9.3-8.).

runoff load on clear days + runoff .
load on rainy days

= runoff load in the dry season + runoff
load in the rainy season.

[}

Annual runoff load

The specific runoff volume and specific runoff load have a linear
relation on log-log diagram for suspension solids, abundant at
the initial stages of rainfall.

Therefore the runoff load; for water quality parameters with high
runoff ratios in the initial stages (e.g., BOD, COD,TN,TP and SS)
and :are discharged as suspended solids, were calculated using the
regression model.

Further,  the specific load of each river was determined using:
population density; which strongly correlates to basin land
utilization- and generation load-factors that largely influence
specific load; as a parameter.

Runoff load on clear and rainy days was calculated using the
-Separation Method 1, shown in Fig. 9.3-7.

Assumptions:for the calculation of runoff load on clear days and
runoff lcad on ralny days, to be carried out separately, are-
described below. :

(l) Runoff load on clear days = base runoff load +.attained
runeff load _ :
Base runoff Jload {(discharge) = minimum value over 24-hour

continuous observation {(runoff load)

(2) Calculation of the runoff ratio on clear days (re}

Runoff ratio =. runoff load (measured value}/effluent
load(estimated value} :

Runoff ratio of each basin was calculated from population
density, basin area and the measured runoff ratio of the
model rivers. '



(3)

(6)
(n
(S)
(9)

{10)

Runoff ratic on rainy days was obtained from the precipita-
tion per day and specific runoff discharge per day.

‘Rundff load per day on clear days = SPecific runoff load x

basin area.

Calculation of rainy days by rainfall scales’
Annual pxegipitation is arranged as preciplitation per one

"eontinuocus: rainfall and classified in scales of 10mm to

calculate rainy days by months.

© Calculation of spcciflc runcff 1oad of -each b351n by rain-

fall graphs. s -

Rainfall exceeding IOmm is classifled into- scales offJOmm.
The runoff load for the mean precipitation of rainfall
scales was obtalned using the regression model; then the

~value was multiplied by the number of rainfalls (number of
rainy dayq) in order to calculate the runoff load . of each~

rainfall scale.

Calculation of’ specific runoff 1oad of each basin on rainy
days’ - S

Runoff load per day on 1ainy days = gspecific runoff load per
day X basin area.

Runoff load per month = runoff load on rainy days in each
month + runoff load on clear days in each by month

Annual runoff load = runoff load in the dry season + runoff

icad in the rainy season

Runoff loads of unsurveyed areas, dowhstream of observation
stations, were calculated for each basin assuming that the-

basins are homogeneous.

(// Runoff load in ralny days m[[m uneff ilcod cnuscd by preclpltauen

I i Runoff load in clear doys ‘; I Runoff l1sad kot ioflucnced by preclpitation

{a) separation method:l t (b) Scpa;‘ntl::ln method 2 t

Fig. 9.3- 7 Concept of Separatibn Metheds

g?
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9.3.4 Setting of Parameters
{1} Runoff ratio (re}

The relationship between runoff ratio on clear days (X) and popu-
lation density/{(basin acreage)*’* (Y) can be calcul&ted'using the
following equation: Y = a#X® (see Fig.9.3-5). Runoff ratio on
‘rainy days 1s assumed to be 1.0, because it isfincluded in the
relationship between precipitation and runoff discharge.

Indicator ' Equation - ' Coefficient
' of correlation

Discharge (TN, TP, SS) Y=3.382ax?4'75 0.995
BOD  Y=4#10°9#X2®-7® . 0.999

ChD (Mn) _ : Y=5.70#X** 27 _ 0.995

(2) Rundff discharge (mean discharge)(Q)

The relafionship between discharge (Q)'énd precipitation.(meaﬁ
precipitation (Pr)) in the model rivers can be obtained using the
following equation: '

Q@ = aPr®
River Name ' Equation _ Coefficient
' of correlation
Rio Macacu Q=0.00106Rl'525. _ 0.967

Rio Acari Q=0.00279R*-®2° 0.991




(3) Runoff load (L)

The relationship between runoff discharge (@) and runoff load(I.)
can be determined through the following equation:
| Empirical equation: L = ¢Q9
Therefore,
logl = log c+d+log(aPr®)

Indicator Equation Coefficient - Equation Coefficient

of correlation of correlation
BOD . Load L= 0.045Q°-5°° 0,832 L= 1.463Q° %%°  1.000 .
COb({(Mn) Load L='10.998Q2‘447 0.975 ‘L= 3.170Q" 827 0.993
TN Load L=‘_0.328Q_1““_97 0.986 L= 0.192Q°  ==® 0.861
TP lLoad L= O;O40Ql‘°32 .934 L= 0.011Q™°-2"% 0,996
S8 Load L=190.957Q%-%°2 (.997 L=37.200Q" 812 0.9869
» L:t/d/km®, Q: 'ma/s/k'mz
(4) specific discharge . (Qs) and specific runoff load (Ls) by

Population Density (D)

The relatlionship between pépulation density (Dp) and _spebific
runoff load (L)} can be obtained using the following equations:

Ls (Qs) = e*Dp+f
Dp population density (people/km®)
e, f: coefficients
Mean rainfall in runoff perlod; <I03zfday, 10-20esfday, 20-302s/day, 30-d0um/day
Establlshed precipitaticn : Gaxflay,  15azfdny,  Zmmfday, 3one/day
: _ Institutod ‘
Indicator Precipltation Preclpitation Dry Season Ralny Season
Discharge O-10mm/day <l0mm/day Qs=0.0105D+0.0251  Qs=0.0101D+0.0305
10-20an/day  15ar/day Qs=0.02430+0.0444  Qs=0.0230D+0.0471
20-30mm/day 25am/day Ns=0.05840+0.9817 Qs=0.0580D+0, 0845
30-40am/day 35nm/day Qs=0.1027TD+0.1278 Qs=0,1023D0+0.1306
BOD Load 0-10mm/day <10sm/day Ls=0.0541D+D.0022 L5=0.0582D+0.0035
10-20rm/day t5mm/day Ls=0.0865D+0.0035 Ls=0,0865D+0.0040
20-30pm/day  25Rm/day L8=0,1357D+0.0044  Ls=0.13560+0.0049
30-40=n/day 35nin/day Ls=0,1824D+0.0052 Le=0_18230+0.0057
COD{Mn) Load 0O-10am/day <lOam/day Ls=0.0072D+0.ﬁ012 Ls=0.0057D+0.0026
: ID-ZOEE/day 15pa/day 1.a=0.0264D+0.0066 Ls=0.0264b+0,0073
20-308n/day 25mm/day Ls=0,1209D+0.0432  Ls=0.1209D+0.0432
30-40mm/day ~ 35um/day LS=D.3275D+0.1537 Ls=0.3274D+(. 1543
TN Load 0-10es/day ° Qlﬂmﬂ/day Ls=0.01239+9.0019f Ls=0.01520+0.0010
o 10-20aa/dsy 15ma/day Ls=0.0167D+0.0028- Ls=0.0167D+0,0028
- 20-30rn/day 25pn/day Ls=0.0202D+0.0088 Ls=0.02020+0.0088
30-40=a/day 35mm/day [5=0.0222D:0.0190 Ls=0,0222D+0.0190
TP Load 0-1han/day <10m&/day Ls=0.ﬂQ3SD;0.UDOO L.s=0.0026D+0.0000
10-20mm/day 15am/day Lz=0.00210+0.0002 Ls=0.0021D+0.0002
20-30=n/day 25nm/day Ls=0.00160+0.0008 1.8=0.0016b+0.0008
30-408m/dBy a5un/day Ls=0.0012D+0,0059 Ls0.0012D+0.001%
88 Lead 0-10mm/day <iOma/day Le=0.0470D+03,0251  Ls=0.1107D+0,0231
10-20mm/day 158m/day L5=0.3241D+0,1026 Ls=0.3242D+0,1020
20-30sm/day 25mm/day L5=1.4298D+0,6874 Ls=1.4298D+0.6868
30-40sn/day ~ 35Em/day Ls=3.7660DR+2,5073 Ls=3.7661D+2.5067




(5) Specific runoff load (Ls)

(a)  Base runoff (Qb) and base load (Lb)
Base runoff and base load were obtained from the data
{minimum runoff discharge) of' The 24-hour observation _con—
‘ducted on the natural type. river, Rio Macacu.

Discharge COD (Mn) Load T Load

BOD Load TP Load SS Load
(m®/s/kn?) {t/d/km?) (t/d/km®) {t/d/km?) (t/d/kmz) (t/d/km”)
0.031 0.005 0.002 0.001 0.000

(b} %pecific runotf dlscharge per day (Qs=) and specific runoff
load per day (Ls) on clear days :
»Speclfic runoff discharge per day and specific runoff 1oad
per day were obtained from the data of the 24-hour obselva—
tion conducted in Rio Macacu and Rio Acari on clear days.

© BOD Load T Load 38 Load

River Kame Dlﬁcharge .COD(Hn} Load od TP Load

{8%/s/ka®) (t/d/ka®) t/d/ke®) (t/d/ke®) {t/d/ka?} (L/d/ke?)
Rio Macacu 0.032 0.006 0.003 0.002 0.000 = 0.034
Rio Acari 0.444 0.046 0.116 0.020 0.881

0.108

(¢} Runoff discharge (Qp) and runoff load (Pr) on rainy days
The runoff discharge and runoff amount on rainy days were
obtained from the data of the observatlions conducted on the
two model rivers, on rainy days.

Natural type river (Rio Macacu)

TH Load $5 1oad

Precipitation - Discharge  BOD Load. COD{¥n) Load TP Load.

(mn/day) (n%/s/ke%) (t/d/kn®) (t/d/im2 (t/d/ka?) (t/d/ka?) {1/4/ks?)

14.28 0.063 0.005 04008 0.005 0.0005 0.203
16.75 0.094 0.008 0.035 0.008 0.001 0.432.
24 .08 0.119 g.016 0.074 0.016 0.001 1.014

Urban type rlver (Rio Acari)

Precipitation Discharge 50D lLoad COD{Hn) Load TH Losd TP Load $$ Load
m/lay (&°/5/ka?) {t/d/ka*) (/i) (t/d/ke®) - (t//e®)  (t/d/ka)
12.00 0.177 0.567 0.157 0'106. 0.018 1.089
24.08 0.481 0.990 0.772 0 165 0.013 11.264




(6)

(7}

Precipitation (Pr) (Data obtained from the Petrobras obser-
vation station at Duque de Caxias, 1992)

Mean precipitation In the runoff period was classified by
‘rainfall}l scales, and number of rainy days by rainfall scales
was obtained (see Table 9.3-1).

Basin_aréa_(A) and-PopulatiQn density (D)

Basin area -covered by observation stations, uncovered area,
whole basin area and population density are shown in Table

9.3-2 and 9.3-3.

Table” 9.3- i 'Réiny"Days”duringrthe Survey Period by Rainfall Scales

{1992)

. : Rainy season ~ Dry season . ) Rainy season
Precipstation | JAN | FEB MAR APR MAY JUN JUL AUG SEP 00T 1. NOV DEC

<10mn/d 19} . 26 211 29 30 29 30 28 23 1§ 8

10-20ma/d | 4 0 3 o] 2 0 ] ol @ 5 5 0
20-30mm/d . & 3 1 3 0 0]- 0 0 0 3 7 3
30ap< /d 0 ol 0 0 [} 0 0 0 3 0 3 [}

31 29 3] 30 31 30 31 30 3l i1 30 31



Table 9.3- 2  Details of Basin Areas of the 25 Major Rivers Surveyed

. Pasin Arca Basin AreaOovered —Yncowarod PopulationPopulation .
T KAME NO.  [(A)=(B}+{GBasin AredBasin Areaof Basin Ponsity .-
: {A)km2" (B)Xaz {C)km2 Brea [ #1073/kn2)
1 ¢l780 CANAL CANTO DO RIO 2 40 S 140} 0.09 LG iLE4 Y
1 BHT60 R10 BOMBA § 26.20 © 3,40 22.80 1 183,099 §.99
3 iBs1o RIO IMBOASSY 6 30,80 11. 80 19.20 | 138,838 4. 50
4 ANT40 R10-ALCARTARA o8 144.60 |  58.50 68.80 | 470,420 $.2%
5 HT820 R10 BUTONDD § 550 ) ) )
§ GX120 RIO GUAXINDIBA ) : 11.80 Co o
7 GCe22 R19 CACEREBU g 846. 70 158. 40 83.30 7 536193 0. 40
8 GP&0O R10 GUAPIHIRIN H 1253.10] 123470 19.40 69,853 0.06
45 HCS67  RIO MACACY 10-3 256. 00 256. 00 0. 00 18,377 0.01
#1G 58998 R10 SOBERBO 10-5§ 132. 40 45.20 87.20 1,911 0.14
11 MG580- CANAL DE MAGE 1 13. 80 460 13.7101 7B, 458 0. 46
12 RN360 R10 RONCADOR 11 111. 40 107. 00 4,40 36,370 0. 33
13 IRS40 RI0 IRIRI 13 21.80 8,40 - 19.40 10,684 | 0.3
14 SRE00 RI0 SURUI i £8. 89 53.20 15, §0 12, 310 0. 19
15 ES¢00 RI0 ESTRELA 15 342.80 | 342,50 0,00 | 302, 485 0. 58
#1656 IN26O RIO TNHOMIRIH 16-2 139. 00 i29. 00 - 6.00 54, 104 0.61
#17 50420 -RIO SARACURUNA 15-3 186.00 | 186,00 .00 F 194,173 I.04
18 [AZ60 RIO 1CUACY 17-175 562. 80 544. 20 18.60 | 758, 010 1.3%
19 SP300 RI0O SARAPUI 11-6 165, 50 159. 80 5. 70 11,012, 275 6.12
.20 S RIO S. ). DE HERITH 18 164, 50 165, 50 1.00 1, 492, 458 9. 01
© ezl Al RIO ACAR] . = 19-2 57,50 57. 90 0,00 438,078 1.57
22 Jw RI0 iRAJA ) 20 - 3510 27,30 B.40 ] 500.27% 14. 01
23 PN180 CANAL DO PENHA Fig - - ¢.00 : :
24 CHI9D CANAL DO CURHA = 21 £3, 60 £0, 50 3.010 } 315,389 ‘12.82
25_HHo00 CANAL DO HANGUE 23 . k2. 80 iz.80 0.001 500,876 1. 170
T0TAL 3912. 50 | 3604.10 308,

40 5,690, 141 1,709.94
#:Tributary rivor {Excluded from Tolai anot_mt) ) o

Table 9.3- 3  Area, Population and Population Density by Sub-Basin

Basin AreaBasin Area Kovered: [Uneoversd Lovered Popuiatimﬁnpﬂlalion'
Hame (A)=(B)+{C)YBasin AregBasin AreaRalio{%) |~ enslty

k. {A}um? (B) ka2 {CYka? | (B/A#100) { #10°3/kp2)
B. ~CHARITAS } 3. 40 Q.00 9.40 [} $3, 310 5.87
CANAL CANTO DO RIO F3 1. &0 1. 40 .00 100 41,145 5. 64
B. ~CATEDRAR k] 1.80 0.00 1.80 ] 37, 453 1. 80
B. -NORTE CENTRO i 7.90 0.00 1.90 ‘0 43, 601 5. 52
R1¢ BOMBA s 26. 20 3. 40 1140 13| 183,099 6.99
RIO IMBOASSY [ 30,80 11,60 19. 20 38 138,538 4.5
B. ~1TAOCA 1 £ 40 0. 00 §. 40 0. 31, 925 4. 99
RIO ALCANTARA 3 144, 50 © 15,80 §8.8G 52 £70, 420 3.2%
R10 CACEREBU ] 846, 10 758. 40 83.30 (801 336,193 ¢ 40
RIO GUAPIMIRLM 10 1253. 10 1233. 70 19, 40 98 §9, 0853 0. 0%
CANAL DE MAGE 11 18. 30 £, 60 13.19 25 5,438 0. 4%
RED ROKCATOR 12 11140 107. 00 £.40 k1] 86, 310 0.33
RIO IRERI 13 27.80 3.4 18. 40 10 10, 684 0. .38
RI10 SURYI i §8. 40 53.20 15,80 1F - 12,810 019
B. ~MAUA 15 28. 30 0.00 8. 90 ) 1] §, 541 0. 50
RI10 ESTRELA ) 16 342. 50 342,50 0.00 160 ] 302,495 0. 88
R10 |GUACUY 17-17% 562, 80 544,20 18, 60 57| - 138,010 1.35
R10 SARAPUI 17-6 165, 50 159, 80 5. 10 97 |1, 012,278 §. 12
B.-CABO B BRITO 18 2100 0.00 21.00 0] 13081 .89
R10 5. J.DE HERIT) 19 164, 5¢ i63. 50 1.00 99 |1, 492, 458 %07
RIO 1RAJA 20 35.70| . 2130 5.0 761 500,218 B4 01
CAHAL D) CUNHA 11 £3. 60 €0. 50 .10 $5 ¢ 315, 1339 i2. &2
B. ~S.CRISTOVAQ ¥ &G ) - 0.00 5. 60 0 §0, 001 2.09
CANAL DG HANGUE 13 412. 80 2. 40 0.00 100 | 500,876 iLT0
B. -BOTAFUGD H 26. 00 0.00 26,00 ol 358, 62% 13. 1%
t. DO GAYANADOR 1] 38. 20 0.00 38,20 1] 15%, 903 £.03
E. DO FUNDAD L] 5.40 0.00 L] 0 5. 211 0.93
E. DE PAQUETA 11 1.8 0.00 1. 10 ) ] 3. 254 1.9
I. DO ENGENKO 28 1.30 0.00 .30 a 11,0584 8. 43
I. DE §.CRUZ 29 1.49 0.00 1. 40 ! 4,851 3.417

Total 4030. 50 3604.10 476, 40 88

7. 594,431



9.3.5 Calculation Resultsvand its Validation

{1} Calculation results

" The tofal'runoff:load‘pf the 20 largest rivers (basin area cov-
~ered: 3,804.1 km®), determined using the parameters defined in
9.3.4 and following the steps described in Fig.8.3-6, is shown in

Fig. 9$.3-8 and Table 9.3-4. The calculation was based on the
precipitation data in 1992 and the population data in 1991.
Flg.9.3-9 and: Table 9.3-5 show the annual runoff loads on clear
days and rainy days and in the rainy and dry seasons, and also
the runoff load not influenced by precipitation and runoff load
caused by precipitation.

The'daily mean-diséharge of the 20 rivers ditectly flowing  into
the bay was estimated at 180.2 m®/s, with a BOD load of 258.5
tons/day and a TN 1oad of 91.9 tons/day. ‘

40 to 50% of the annual discharge and BOD load, and 20% of the
annual TN load were estimated to runoff from the basin during the
rainy scason (55 days in a year).

The runoff load ratio on fainy days was calculated based on the
results of observations conducted after a short spell of rainfall
of comparatively light intensity, hence, this ratio may be small-
er than actuality. Yet the ratio of the runoff load in the rainy
season to the annual load is significantly large.

By the way, the importance of the runoff load on rainy days was
only recognlzed in Japan from the 1980s (the survey results are .
shown in the S/R).

{2) Comparison of:the estimate value and measured value

Fig.9.3~10 compares of the estimate values and measured values.
As far as this figure is concerned, the model used here closely
reflects the measured values and the transition tendencies of the
values. Accordingly, this model 1is effective in predicting
runcff load from the basin. '

(3) Estimation of runoff load from the entire basin area
including uncovered basin area '

Runoff loads for the rainy/dry season and annual runoff load in



1992 calculated by the estimation model are shown in Table 9.3-8.
(a) Annual runoff load

The mean runoff- discharge per day from . the entife basin: (basin
area covered: 4,080.5 km*) was estimated at 230.2 mals, and the
BOD -and TN loads in the runoff load are 330.6 tons/day and 116.2
tons/day respectively. Fig. 9.3-11 shows - the contribution ratio
of each basin for varlous water quality iltems. BOD was observed -
to have been largely contributed by the Rio S.J.de Meritl
(16;1%);=Rio'Sarapui (10. 8%), Canal do Cunha (9.0%) and Rio
" Iguacu (7.8%). The runoff discharge and runoff 1oad of each snb—
basin are shown in Fig. 9.3-12.

(b)) Runoff leoad during rainy and dry seasons

The ratio of Lhe runoff loads in the rainy season and the dry
season is of 6:4 in terms of BOD and TN. Yet, as aforementioned,
the runoff discharge and runoff  load during the rainy season
calculated based on the data from observations that were conduct-
ed (1) during a rainfall cycle preceded by a short period of
clear days, (2} a 1ight rainfall intensity of 25mm/day and (3)
with a serious mistake of missing the measurement of. the fiist
flush; are likely to be smaller than the actual values.

On these-grounds. thé ratlo of the rainy and dry seasons was re-
vised to 7:3 in 1992.

TP load in the rainy and dry seasons had a ratio of 4:6, contrary
to the other: items, supposedly because data on water quality used
in the calculation was obtained in the second rainfall observa-
tien, and the inonganic phosphorus concentration was not obtained
as it was not detected during the fTirst rainfall.




$S Load

ath )
{3 Cleer 4 E-Ralny 4

Mﬁ"?

Rtk

@ Gteor 9 [ Rainr d

COD (Mn) Load

Discharge

(8/¢m)

ks
ECleer ¢ 1) Ralny 4

Bl Clear d £ Rafny &
Q1992
Precipetation
{luque de Caxias)

.8 g =
[ LoN/n

4904
o)

G

ik
A Clear 4 €) Rainy g

Tenth

TP Load

L

Rainy Days

Clear Days

£

[Note}

Tonlh
4 Clear dist Robny d

Estimated Monthly Runoff Load from the 20 Rivers

Fig. 9.3- 8

9—-53



TLEmIeRs) dwars ylrs I SWALY gy

M0 [RINAITIBY DU [WImIRY

¥ uman 1ol

¥y

(Imgmy Tio) Oij SMERTREINIIALL AVINSILE

(TR S R e N TS heE 6l 05l I GLGZl (oWl ISRUL VPGl 199 A (99l a6 glie (Tger isadll o giyes ey e L EEET ; A TL00 o T
Y Y TS Y STz T TOvE T aROL TR LT a8l JEe®l 5L |6l (Bl 183 |56l 16554 100l Leemi0ill 19 0% |04 IR | CENTA D4 YD | 00T 5%
etz fE1T - A PETE. I PAPEOD PSST . Joss  {ovm |ovm Juen |sesse et [mzr T:a 05FE  Getl ] wwm|Z@Tt [ SSEIE {092 1t % YR OF TV | 01N BE
w0 e b o jwo  fewg lee  fed  Jeen e, jwy o-[me o leeg C 00D (908 000 fo0D) - - ® - Y3407 TT | 081d 67
woet |1t fess w e ezt j@e fism sty les lsewro [tsy lesoqsest [Msr ST Lomea oM PMIGS (R @ e
e AL 2] e lme . |ow o1 & o [sn |uw tes [zen e fdr et (o jeswr | )i sy 067 50 665
wwr %t |ow wes jerw [erie ler  {wo un Jews e (wees a9 Awess losn [0 [ el | iSPTEPROSTH 61 osTH
@ |87 o e JiEs . (26%el |10T . (12l sz [zeve - iivl C{sEmE €17 (Gt I8 ITER lEorcpemaiale | slesTI | sl 0g st
ooz (nT o |os mw imwm [ Je1 jwer (v e et psewe (et lwnr Jue [ew |ew - owlsor joow jees s e
6723 |wo Tt €% lme | s ez clws las lwe olwees e fwee lies (88T . U] w0t {RiosE leosar | gear - ogogEl
ax |rze st 8T e, [®w |®o |0 (Wt (ST (8T [aTIs (et L jeid o Gy Ty 0K vEl190 (M {0 | 290 obel
g dzn. st w7 jmW fees mo lit lsts Jorer peevi legest |90 JsS® S0t feem ] loell | oCwenjael SR TOC SN o s
wer @y =m0 Bv  lme |Be (@9 Isio (s leo ikt el |mo Ev (st ;T (nt waletn  {oigT 193 e IMBS Dk | 00SAS ¥
t (g0 im sty b fsor (e e ler lamw lmw ez |00 fuw deew fere o Mo wx{eEs  [MeOl 10872 S 11zl a1 | v £l
B0z et jmw g1, jiet - | -{eve  jem et k1 lwez jws [wo twt isz st gy vislELY  JuEm jen :
st ligg je0D Iets ‘oo |9 Jwe ime iwe  [®o st T |wo  {mw v o lEw TR L
mar dwv 1w o venr sy @t i feev o Jme jmet |mes  |ao Jors [ww jwo (e wxlsn o jfeed foveet
stev Je el P R T T I T R R T TR 13- U B S T B T A S T VE N0 jus3l (005
@t {10 jees el 2T e je (el fset et leesiz Mgv jmE sl 1R (OU | w00 CESiEg ol
et [ et ez mos fow (st [0t {erwt  {ec3t {seee (90 {605 1100Z L [SO%T 16T | wimrD  leRIEE CGL9R
%00 1100 40 12 |se0. luss . e o0 Jett jeet  |szw o [S8ED G600 1630 restr . 981 . LeIT | wemIerT i :
g is0n i &t wn (Mm% [T (227 |9 jsmt [0 C{sel  |wu jso o fstd  |zw [en o owean Rt !
wes i (o gt jar o fuw (ke jeer  (wes jee lmx {sw (oo jmt Rt |@w (RS | wmaeT i Tm.i :
oo fsrg ju g7 (et |mr lue o dwe (st lest e (W jme (s L |81 (48T pSHT g mnfpsy JSESESL Gt
RN L I g0 [ren cest  leed o oo jeen  [wn {ors  [seo  jae | [l lwor o fesd | wsudiees  600'tsl _as !
gtr_izio lwm ver  bzwc o lerw dwtn lwmw lizt - lwsd olees leowr dme  deew  deet  leiz et hseuniwee  femcty dovr |
- : — -
ey | eyl ey | em ] ey s | e ] e | emy | ey L oem  evm | e ] em | e s\:;_ (P} RETe) .L ﬁw.__c%z_ M swi
pro s | peonennt pwrw peny pryoog Shrvsig | eariss | puoyoan | peo  peen st ‘oo Bawmpte | om s ] penia ?3&?35333.8?53z_.?.‘ﬁuszﬁms,:gaoﬁkn.ﬁ
- [Ty CEoy WEET A UOSERT AU [ | [ |

.muwbwm 07 9y3 moIJ prO] JIouny pojeHIAISH ¥ -£°6  9Tqel

9-54



R
S
S

*
[—J
% )
woow N W = W @

{p/1"s/¢w}pRoT Jjouny

77N R NN R A s P
Diocharges DOD.loed COMn.load TN.losd TP.Lead  5S.load

4 Ratoy Sesson Y Dry Sesson B Hoan Wstun

_aﬂs.ﬂealss.ﬂ.?mﬂ
BBBBBBBBB

(p/1 's/gu)peoT 3jouny

Dischargo BOD.Load CODan.tcad WH.load TP.lond SS.loas

& by Seasen

Ralnv Seautn

33333333333

BBBBBBBBB

(%)peoT jyouny

\\\\\\\\////,

Dischareo_wﬂ.Lo_ad'mDm.tuad TH. Loa TP;Luad SS,Loa

P4 Ralny Season Y Dry Season

.Difference in Estimated Runoff Load between

Fig. 9.3- 9

Rainy Season-and Dry Season

9—55



Gol i 8171187 1 G061 T 001 i 5816 001 1 BE Tz {201 | ¥8 7852 [} 1 6% 051
Li BTN LN 51 19681 87  BY LA LE R [ [T uoTieitdizeld Iq pasued pROT JjOURY
i ! 58 V¥ L5 | 88751 | 58 1 61 °8L 25 15711 £9 38 251 18 0E 911 ye11ei1di332d £q pRdCINijul 10U pROT }jOURE
5 P (AERP/Y) 1Y %0737 | % | {A2p/3) 1% 1 (Aep/3) | % (Aep/1} | % (S/5%)
pEoT SS PEOT gl PEOT K1 PEOT{UN) 20N peOT GOH REELEERIT . w
Wo1IR3 101090 Aq paSNED PBOT ;RCUny/ UCTITIIGAIIRId AQ PRduUanijul 10U peO] FJOURY o
I
0ol 181 "1L8T |} 601 89 ] ant 168°16 #03 1 £6 7171 001 ¥E 852 i 1 BT°0HT Injey uEIN o
37 1978201 ¢ 8S if’g | 1 88 0L [ HEDEIY 1% 99 "Z1Z 1 18°841 (2661 Q05-2dy)  uoszes 4iC
Zl 155°2IL7 | E¥ [ ] | 88 211 k] 121 "val [1] £y-hog [ L “SEE (2581 IFH~120) UOSEIS ha_mm1
H i {ABD/T) 1% L AR/ 1 R | (#ep/3) | % (A¥D/3) | % 1 (ARD/3) 1% (5788} uoseds
PEOT 5§ pEOT 41 peoT Nl PEOT (UN) 0 PEOT {08 ez1eyvsig —
LOBESS AJJ/ uoseas ANtRY
301 EERR I 1 ¥2 51 1 001 158°16 201 1 BE "121 001 | ¥5 7263 0e1 61 061 SN[EL UEIN
5L 185798kl 721 18671 [ Y £ 127811 E? | 32111 3y [T SAERES I [ARBp/>ue(])Lep Auley
12 [ 3% i 15 1 'Ll | 1L 0l Ly 115301 L5 [ 62 LY1 1) 31601 SABPISE: (AVR/REQ] )} ARD IRR{])
* i (ABD/1) 1% P {AED/S) 1 % V(AR 1Y | (4BpN1) 1% ] (Aep/t) 1% (s/58
PEOT 55 peo 4l PEOT K1 PEOT (U} 200 peo (0 a8Iegas iy

AEP AUTRY/ ARp J¥I(])

x {uvorsesrdroexd Ag pIsnes PO Fyouny fuotaelTdrosizd
q  PRSUINIIUT 30U  pRol mmgg ‘uosesss Axg/ucsees Autex sgRep Auyey /skep 2e373)

SIGATY 0Z oU3 WoIJ DeoT JJouny Te10L pojemIlsy ¢ -£°6 OTdel



Discharge

@
ey
o
2
1 1 3 T 3 1 L k] 1 1 T .
JMFEBIWWW&NMMSEPOCTMJ[EC
o 1992  ronth 1993
0. Fstimated teluas  + Messured Usluss
0]
BOD Load
AP0
— B
-
3 +.,
S omed T
183

Fig., 9.3-10

a ] 1 1 Lo .I. I. 1 T ] 1 1 1
JAN FEB MR PR MY, AN JUL @G SEP OCT NOJ [EC .
1992 tonth 1998

O Estirated Ualies + loeasured Udalues

Comparison of Estimated Runoff Load with Measured One



LOLEEE | LB 08 81017 |720BZ !65°0SF | 91082 , 180 P8BS "L 05 "086F . 1830}
or 1 G0 800 - B0 @0 [ Rl A 168 % 0¥ 1 66 G 208 30 1682
e €070 ARG 0 1050 820 ueqa | 6k 8 POt [ 0E°T 82 - 081 OHNIONT O 1| 88
rAthl| 16°D €00 AR F10 10 YA L1671 [T 0Ll g oLt ¥1abvd a0 1 L3
£6°1 1070 6070 g0 €20 50 ¥/%1 86°0 L8 'S 1] 92 ops ovaNnd o 192 PUETS]
¥eep ¥ 0 g gec 8975 b5 ueqI] | E0°Fk £06 ‘88T 107 '8¢ g% - 0z'ge UOGYNVAYS OO °I | 63
18786 #01 1% 8F 2l 788l 8379 -ueqIf] | 6L €1 eed 858 | 00°9% yo 09792 C04¥I0- 8 | P2
167081 251 0L 0241 913 076 1:'8/a7f | 04 °11 918005 | 08gy g 08T -ANIONYR OO TVHYD | £2
¥0 61 810 059 I 1197 1g’1 - wea) 6076 11099 0979 A e OVAGLSI¥D 'S-79 | 28 urseg
107312 (082 2911 082 95c¢ ¥0 51 ueq)) | 2§ 31 £8E "SI8 | 09°E9 12 097%9 © VHNTO O TYRYD | 12 ura)say
BY0ET [ ¥F T 92°L 08il 7022 S26 - ueqan | 10 ¢ 9127008 | 0L°GE 0g - DL'sE YiveI0I¥ | 02
017888 -1 10% 8508 -89 6% A 1382 UEqIN-) 106 807267 ‘T 05 ¥81 Bl 08991 LLININ 307 °S-014 | 61
8098 A 161 85 SLE 113 ueqx | 68 ¥ 160 21 1 06013 g1 00712 QLIidg O¢ 0dva-'d | 81
808% 19972 7661 AN 0¥ g¥ 19702 “uega | 2179 :S12 "210°T) 05 591 3-L1 05791 INdVEVS 01d | 9°L1
gseye 10871 92 11 8642 1618 10°L8 ¥/H1seT 0t0'86L 08295 - ;9 T-41 087298 aova01 o1y 5172t urseq
EECTI 121 N 60 g1 2621 0t-vl Y/R 8870 LA Uird 81 09°2rE YI94153 014 | 91 uIssImylLIoy
8 0 8.0 €50 oy 0 960 Y/N 080 ¥ 0682 St 06782 YNvE-'d | 81 ,
HOH ¥0 ¢ 0 201 £89°0 602 YN 610 0t6el [ 0R'8% ¥ 08785 IREAS 0¥ | ¥
s &0 821 B0 &80 L RIE Y/H 880 P890 [ 08°L% 8T 08712 1A14I 01y | €1
8t 1g 5677 8870 117 881 6gg - ¥/N| €870 B1e°9e | OFTHT el OrII YOGYONOE OId ; 21
81°% 200 $1°0 ¥r 0 30 19°6 ¥/ 90 8678 i | T 0881 3OYK 20 TINYD | T
L0981 1920 8675 L6 21 187 9g "z¢ CY/NI9070 £68°63 4 018821 01 - 01UEsEl RIYIRI4VRS 014 01
LTl (0870 80°L 82°L1 g81 | L9vLE Y/ 0P 0 £61°98¢ 10L°G¥8 § 0L -9¥8 RERVI 018 1 6 uyseg
8v°IET | 0271 089 1031 AT gF 1t eqr) | 52 G2¥ 0Ly | 0% °FF1 8 09t VAYINYOTY OI¥ 1 § - 4I91SBaGlIO0N
028 660 870 vLT -1 1R71 £LD reqln | 66 % Se6ClE 1 0F8 L Gr-g YO¥LL- 2| L .
i 20 e 8% ey e ueqIn | 057 989 8¢t | 0% 0 8 (8702 NSSVOEKI 0¥ | 8
08 "g¥ €70 5972 e8¢ 008 GLg ueqln | 66 8 650 ‘68t | 0292 S 0292 " VEKQA 01 | §
16711 210 £9°0 €6l G661 96°0 . ueqty |25 Losey (067 ¥ 06°L OUINID ZLUON-E | F
R 110 2957 gel 881 98°0 w2QIf | 08 7 8syle (0871 g gL . YVRgALYD- g | € uiseg
0711 210 2570 6% "1 ¥8°i 26°0° [L'S/QIN | F9S SRy 1 OVL 4 0p°L RI¥ OC OINVD TYNYD [ 2 WIS1SEY
2571 ST 6L °0 681 ge e 4171 weqan | 1§ ¢ tegs 10ve I L) SVLINVHO- g | T
(/3 e/ (B/3) (B/33 P/ | (/4% (/8,01 (=0 D

. S : sdill  43TSuTag TN B2V UIsEg awey .
- PBO7 88| PEOT J1 PROT NI PROT. UNGQ]. PR 009 PBYEROSI] psn nnmquoﬂwmaanoAquumﬂ=noAmoh< urseg * DI IO oy urseg

: anTe) UEdE f

{T661) uTseq oITiUF 8y} Wory speo] jjouny psjeuiisy & -£°6 3TqeL

9—-858



Basin Area

OTRERS (14, 83) -
CACERERY (30.15)

C RIMLE (1.0%)
Ly Ly al.ill
1A (0.3

R .40 8

SUAFUL 4.
16400 (13 89) N
%——ﬂ B UL (3. T8
ESRELA (A 41}

Population

LU

=, 1RV (19 0

LU (LI 3

CONU (6.3

HAEA L. 003

LT (1233 T
SAUFTI {9.41)

BOD Load

| Kexa Tabse

DIHERS (21 54}

GG (6 6BV

v (10-8%)

7 anT G50
LR QLY

TH Load

Feaa Yalez

P ChCEREBY (13- 4%)

GUPHIRIE (14, 1%
© MR (415}

ol ¢4 %)

T SARMFUL (4010

CcoD (¥n} Load
¥ean Talue

CACERER? (6. 3%}

OTHERS {25.1%)

COANCLE (6. %)

IRAIA (K 39D o
- ) LREEN (12.75)

Fig. 9.3-11 Contribution Ratio of Estimated Runoff Load by River Basin



fyLanov4 30 7} pueis]

Jovanns 00 4
HOGYNYAYD 00 _I\

et J0904v108-'8
i~ 3NINVH 00 TYNYO |N

/N0 0G WKYD ISR UIS1Say

T vrval 01 v

7 11143307 S O
(T 51149 00 08Y0~"B—

{indvevs Ol  ulSeg UId)sas|lioN

— = Fvaalss 0 f

;
|\

: —7
A O4INZD JidON-'B  urseg ua)s
R ywHa3 LYo~ 8 \ b

T 0vd 06 0D o/

Y
A svLiuvHo- 8

1SRy UISISEIYIION

Estimated Runoff Load frdm Each Sub-Basin

'9.3-12

Fig.

9—-60



9.4 Details of Runoff Load from the Basin

Pollutants flow lnto the bay through_&arious routes, some of them
via rivers or stormwater drains, .and some directly from the
pollution sources (factorles, waste treatment plants, sewage
disposal plants, ete, ). Here, the total runoff load is calculat-
ed after obtaining the runoff lcad of each route.

{1) Runoff 1load flowing into the Bay through rivers and storm-
water drains

Fig.9.4-1 shows the runoff load flowing into the bay from each
area. According to the position of their_mouths in the bhay,
rivers were classified into the following five groups: eastern
basin (sub-basin Nos.1l to 6), northeastern basin (sub-basin Nos.7
to 14), Northwestern basin (sub~basin Nos. 15 to 18}, western
basin (sub-basin Nos.19 to 24) island basin (sub-basin Nos. 25
through 29), Due to differences in water gquality items, 45 to
51% of the total runoff load comes from the western basin and
about 30% from the northwestern basin. 35% of the total runoff
discharge is contributed by the northeastern basin, and although
this amount is larger than the western or northwestern basins, it
only supplies 12 to 18% of the total runoff locad.

Besides the rivers, stormwater drains also discharge runoff load
into the bay. Separate sewers were installed in Rio de Janeiro a
century ago. Yet since the construction of treatment plants they
were never upgraded, rain water drains were used as sewers and
there are 5 open outlets around Rio de Janeiro port and another
one north of Niteroi.

CEDAE estimated the BOD load flowing 1nto the bay directly from
the Tive outlets was about 36 tons/day {(no data was available for
RSD-02). However, since this figure was calculated based on pump
capacity, runoff ratio was not considered. No data on the dis-
charge outlet in northern Niteroil., outside of Jurujuba Bay, was
obtained. ' '

(2) Runoff loads flowing into the bay directly from the pollu-
tion sources on the coastal areas

Among the various pollution sources along the coast of the bay,
factories, that are located on the downstream side of the obser-
vation stations, discharge about 24 tons of BOD per day, sewage



treatment. ‘plants (6 plants of Penha, ETEIG, ETEG, ETAR-AIRJ,

ETAR-TECA and Icaral) discharge about 5.4 tons per day. and waste

disposal plants (leachate), about 0.3 tons a day. The total BOD
_1oad totals approximately 30 tons a day

Food factOrieq (seafood processing factories among others) that-

are located between Niterol and San Goncalo in the eastern ‘area

'make up about 75% of Lhe total load discharged by factories in

the basin.

The total runoff load in terms of BOD'loéd that flows into the
bay was estimated as 360.53 tons-a day by adding the runcff load

‘of 330.59 tons/day from rivers and rain water drains to the’

runoff load of 29 94 tons/dav from pellution sources on the
coast. : : :

Details'arefshown_in Tablé 9.4-1 and Fig. 9.4-2,

Discharge(s3/s)
BOD Load(t/d)

)23 @ TN Load(t/d)
41::;7 TP Load(i/d)

Eastern Basin
Northeastern Basin
Ffestern Basin
[sland

Fig. 9.4- 1 Details of Runof f Load'(BOD)ifrom the Basin N
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180. 90
160. 90
140. 69
120 00/
108 00
80. 00
60. 00
40.90

20. 00F

0. 00

Fig.

Table 9.4- 1 _ Detalls of BOD Load from the Basin

Direct Runoff Load

Renoff Load Total
| from the basin(A) from- Paint Source(B) (B
River(1/d)  Industry(t/d) ¥RIPCt7d)  SHDSC1/d) (t/day)
Eastern Basin 2L 19 18.32 ©  1.63 - 4574
(-6
Nor theastern Basin 44. 11 -- - 4411
(-1
Northwestern Basin 4. 43 4.11 -- 0.30 98. 84
(lﬁ-w)
Testern Basin 162. 50 1.69 2.45 166. 64
(20-24) (RSD:36. 00D
island 1.7 0.28 1. 16 %19
(25-20)
Total 330.59 24. 40 5. 24 0. 30 360. 53
Remarks ¥OIP Iaslewater.lrealmcnt plant
S¥DS : Solid waste disposal site
RSP : Raw scwage drain-pipes
/ (L1 swps
/ B wyp
v B Industry
/ D River
i e e M
5 5 g 5 B
(%3 oy “y
3 E & & 3
f=1 [w] fw]
[} (] [/} in
P 3 B =
= -3
b ke
o =]
-, -

9.4- 2 Rstimated Runoff Load (BOD) from Each Area
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CHAPTER 10

NUMERICAL SIMULATION MODEL OF GUANABARA BAY

Numerical simulation models were déveloped as an effective
tool for the study of the measures to be used in the recuperation
of the ecosystem of Guanabara Bay.

This chapter explains the basic equations of the 31mulat10n
models developed in this study; the Hydrodynamic Model, the Diffu-
sion Model and the Eutrophication Model.

10.1 Structure of the Numerical Simulation Model

The numerical simulation of water gquality in Guanabara Bay was
carried out by the procedure shown in the flow-chart, Fig. 10.1-1.
Three kinds of numerical models were used. The first was the
Hydrodynamic Model which simulated water - circulation_ caused by
tidal phenomena, based on the results of the tidal current obser-
vations. The following water guality models were founded on this
model.

The'secbnd was thé Diffusion Model which was used to assess con-

servative substances such as salinity. Generally, this kind of
model is used to estimate the water quality of conservative sub-
stances or substances regarded as conservative. In enclosed
coastal seas, particularly in water areas where primary production
is thriving and there is a high release from bottom sediments, the
Eutrophication Model (see below) 1is better for assessing water
quality. In this study, we' used the Diffusion Model mainly to
determine the diffusion coefficient.

The last was the Eutrophication Model, which is another form of
the Diffusion Model. It assesses the release from bottom sedi-
ments as well as the primary production ete. as is described in
detall later. We used this model for the estimation of water
quality in the future and for the evaluation of the measures.

These numerical simulation_models were built on the basis of the
results of the field observations and laboratory experiments.

"10-—-1
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Flg.10.1-1 Numerical Simulation of Water‘'Quality Analysis
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10.2_:Hydrodynamic Model

The substances discharged into the bay move by advection and
dispersion in the bay. On reproducing the flow in a model,
annual and seasonal mean Tflows are evaluated and several cases
are considered with respect to vertical distribution. In this
study, we used a two-level model which included the vertical
velOéity combonent as well as the two horizontal components. We
took the upper layer to equal the photic layer.

The Hydrddynamic model was derived from the following Navior-
Stokes Equation and Continulty Equation:

[Continuity Eguation]
Upper Layer:
az M,  aN,

at " Tax  ay

Lover layer:

[Motidn Equation]

Upper Layer:

x—direction |

?t‘ .9 (;;kh) .9 (;;M-) - (UW) gans :'fN,—g(§+h,)%§_+Ah(§+hl)( ilu; +.<;=~';1 )
"?’,“(u,—ug)q/(u,-ug)2;(v1_v2)a

y~direct i_o'n

%Nt,'% 6.(;,:.) + 8(;1:.) (VoW) gun == THs-g (£ +h)) ‘i;"j +Ah.(§+hl_)( 11:1 *%)

~ 7 12 (v ve) A/ (11t} 24 (Vy-v5) 2

Lower Layer:
x-direction
dM; + 3 (uzM,) + @ (vods)
gt Fx ay

aZ .39u d*%u
+.(.Ua?l)¢-“= sz-ghg—é?-l-Ahhg(—a—x;—+ ay:)

tr.? (ul_uﬂ)‘\/(ul"uﬂ) B (vimva) T -7 ptuaa/ug iy, ?
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y-direcltion .
2 g%y

Na) @ (VaNy) } & (_Q_,!ﬂ_ ,_.._1)
%Ntb,ﬁ,(.___,;; ) +——~333;~3—~+(v.w)=.m-"fﬁrghg 37 Haha| 5ot 500

+T|2(V':“V9)J(U|“Ue) 23 (vy=ve) ? “’i"tha'\/“ng*Vaa

The parameters which contain asterrisk indicate that

W=y, Va=V, for W>0,
U=y, V=V, for w>0,
SEEN
respectively. 'é%

Parameters appeared in the eaquations are explained in Fig.10.2-1
and as follows:

My ,Ni:flow per unit width in x,y direction of upper layer

Mz,szflow per unit width in x,y direction of lower layer

Ua,vithorlzontal velocity components of seawater circulation in
upper layer

U=,vz:horizontal velocity components of seawater circulation in
lower layer

w :vertical velocity components of seawater circulation in

the interface between the upper layer and lower layer

:water surface elevation

hi :thickness of upper layer

ha :thickness of lower layer g%
g racceleration due to gravity

f :Coliolis coefficient

An thorizontal eddy viscosity coefficient

ri? :inner friction coefficient at the interface between the
upper layer and lower layer
reo hottom friction coefficient

Z

" surface

\—........
h, upper layer
interface
he lower laver
sea bottos

Fig.10.2-1 Definition of parameters in Two-level Model
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10.3 Diffusion Model

Basic equations for the two-level diffusion model for conserva-
tive substances are expressed below. The concentration of water
quality at each unit of time can be calculated by solving these
equatlons using the finite difference method.

BCpDi Cl

2 aC,
-—-—-—C-uD—WC D+—-K ) —
3 (Ciuy 1) (Ci-vihy) (KuDi o )'ay( KthaY )}
time variation horizontal advectlon * horizontal dispersion
+ 9 C* ~ K AC~Co) + L

vertical alvection & dispersion external load -

Lower Layer
3 Cz Dz | . acC
= - _“(Cz uz+De) - “'(Cz'Vz Dz} + — (Khbz ""“‘“) - KhDZ 2)
Jt 3y
t_ime variation horlzontal advect.lon _ . horizontal dlspersmn

- w-C* 4K, (Cy-C
vertical advection & dispersion

Paremeters appeared in each equation are explained as follows:
C: :salinity concentration in upper layer
C. :salinity concentration in lower layer
" L. :external load -
D, : thickness of upper layer
D. :thickness of lower jayer
ty, vy - horizontal velocity components of seawater c;roulatlon in upper layer
calculated by Tidal Current Hode!
Uz, Vo : horizontal velomty cimponents of seawater c1rcuiatmn in lower layer
calculated by Tidal Current Model
R s vertical velocity componenté of seawater circulation in the interface
between the upper layer and lower layer calculated by Tidal Current Hodel
Krn :horizontal disperéion coeff‘icient‘
Kz :vertical dispersion coefficient

The parameters which contain asterisk indicaie that

C*'=C, forwel),
C*=Cy forw <0,

respectively.
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10.4

on

the formulation of a

Eatrophication Model

nutrient.  cycle botween Geawater and

sediment, we assumed the fo]lowing

(1) The nutrient cycle:proqess is cpntrplled by-the'dQCOmposiw

(2)

(4)

(5)

tion of 0-P (organic phosphofus) into PO4—P'(phosPhate
phosphorus). (dissolved oxygen) and organic matter
increase cotiespondingly to  the level of - primary produc-
tion. :

The indices, COD (Chemical Oxygen Demand) and BOD (Bio-
chemical'OXygen Demand) are used for the c¢oncentrations of
organic matter as well as PQa-P, O-P and DO.

Vertically the area is divided into two iayefé_the photic
layer (upper layer) and the non-photic layer (lower layer).
The growth of phytoplankton occurs only in the phOth
layer,

COD, DO. and nutrient salts vary through the process of
growth, decomposition, settling and release etc., as well’
as inflow form rivers (Fig. 10.4-1). '

COD, DO and nutrient salts vary by advection and dispersion
due to the tidal currents.

The variation over time in the two-level model is'expressed:by

the following equations,

and the concentration of water quality

at each unit of time can he calculated by solvingithese_equations
using the finite difference method. '

external
foad

_ extarnatl
Ioad

sxternal

load reasraltlon

g L L A .
spper o sroxth [ 3 {
0t : \'r )
L X dceomposlllcn
hrer I rocp I;;L:gft{ o -7 ] X | 20w tcon)
[— - I f— :
. . pe—
sdvection -
dispersion
_— ml:l’lg L e e — e Ay e Coa e e e —————— .
dlapnr;ion ssttling zattling
[ g S ] . . poT—— :
- — drcomposition
e paraten [ Por ] Lo-r] [0} - { sosteon }7TVAWAM————e»
daconpositien [
lowar ’ )
layar relaase setiiing settling
22 wa v G e Tom

soebad

Fig.10.4-1 Nutrient Cycle Hodel
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O--P

- Upper layer:

a0P,+b aop a0op
_—_E;:, = - -—-(0P1 uy*by) - """(OPI vi+Dy) + ‘—(Kth “‘““l) ““( Knba ‘“”“‘)

time variation honzontai advectlon horizontal dmpersmn

+ g 0P* - K, (OP,-0OP3) B + G-OPP, Dy - B,P-OP,D; . - S,P-0P,
vertical advection & dispersion growth decomposition settling

+ Lop B
external load
Lower'layer: _ _
d0P. D2 ;) aop agQp
== — (OPz'Uz 2) - (0?2 Vet Dz) + — (Khl)z _2)"' —( KnD2 __2)
at ax 3y
time variation horizontal advectmn horizontal dlSpEI‘SlOl’l
- w-0P* K. (0P, -0P2) ~ BaP0Pa+Ds + 5,7-0P; ~ $:7-0P;
vertical advection & dispersion decomposition settling

O—-P(Inner Production)

Upper layer :
" 90PP,-D J0PP J 3PP
' l= - (UPP; U 91)- '“" (0PP1 “Vi* D )+ — (Kth l) —_ (Khl)z l)
3t ax ay dy
time variation horizontal advection . horizontal dispersicn

+ wOPP* - K. (OPP,—OPP2) + G-0PP,*Dy ~ B,7-0PPy oDy - S.F-0PP,
vertical advection & dispersion growth decomposition settling

Lower layet :
A QPP,-D 3 ‘ 3 8 _ aoppP ] 3 0PP
2. 2 (OPP2-u2+D2)= — (OPP2-vaBa)+ — (KuD2z— 2)* — (KnD2 2)
gt Jx oy dx 3x 9y Ay
time variation: horizontal advection horizental dispersion
= w-0PP* 4K, (OPP;-OPP;) ~ BT +OPP2-Dy + §,7-0PP) = $27-0PP,
vertical advection & dispersion decomposition settling
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PO,~P

Upper layer :
alP,+-D 4 IP o ' a lP
e o -—(n>1 B1-Dy) - m—(m viDy) -—(ml 1Py, 2 oy 2Py
di ax dy. Iy .
time variation horizontal advection horizontal dispersion
+ weiP® ~ K, (IP,=IP2) - ~ G-OPPy-Dy + ByP-OPyDy +Lip

vertical advection & dispersion  growth  decomposition ‘external load

{ower layer :

3 1PzD2 3, LA 3. Ble 3iPs
- = = — (IPz*uz'D2) ~ — (IP3-vz-Dp) + — {Kud KD e
at BK( z*Uz 2) ay( 2*Vz 2). ax( n¥2 ax a S?h 2 )
time variation horizontal advection horizontal dlspersmn
- wIP* +R, (IP,-1P2) + B"0Pg Dy +Rip:

vertical advection & dispersion decomposition release -

Kele))!
Upper layer:

-G 00D Dy [I)'m : -8 00D,

= - (COD] up- Dl)" - (COD; V Di)"‘ - (Kth ) "“( hDI )
3t ax dy

time variation horizontal advection . horizontal dmpersm_n

+ w-COD* - K. (COD,-00D;)  + B -G-OPPy-D; ~ B;S-C0D; Dy = 5:°-C0Dy

vartical advection & dispersion growth decomposition  settling
+ LCQ.D
external load
Lower layer . : . .
acob,-b ¢ 00D acads,
e (COD?.‘Uz D) - (CODz V2:D2) +_ e M (xhvz )
3t ex ay
time variation  horizontal advectmn torizontal dispersmn o

1i0-—-8




+ wC0p* - Kx(CODj"sz)' = B2+ 00D2-Dy + §,°-COD; - §,°-COD»

vertical advection & dispersion decomposition settling
+ Reop
release
BOD
§; Upper layer :
3D, Dy O R 3  3BOD,, 9 3BOD,
: = = — (BODicuiDr)- — (BODy-Vi-Di)+ — (Kib Y+ — (KuD
Bt ax( l 1 .‘l) ay( l i l) ax( h l.ax ) ay(h 1 ay )
time variation  horizontal advection harizontal dispersion
+ W‘BOD' - K:(BOBg'_‘BﬂDg) + (?'G'OPPl'Dl - BxB‘BODj'Dl - S;B‘BO})l
vertical advection & dispersion growth decomposition settling
+ Lyop
external load
~ Lower laver .
A BOD:-D s | aJ s ¢ BOD s a BOD
—_ 2 23’- -— (BODz'Uz‘Dz)" - (BODz‘Vz‘Dz) + e &hbz 'f"’ " (KhD2 2)
gt ax ay ax gx ay
time variation horizontal advection horizontal dispersion
. + W_'BOD. = K;'(BOD;-BODz) - BzB‘B'OI)z‘Dz + SlB'BOD[ - SzB‘BODz
vertical advection & dispersion decomposition settling
+ Raop
release
g DO
Upper iayer:
apo,-p, @ . 3. . 3. D0, -9 abo,,
= - —(DOyuyeby) = — (D0 -vieDy) + — (Kud + — (KD
at ax( 1 1 l) ay( 3 1 l) ax( hifl ax ) ay( hifl ay)
time variation horizontal advection - horizontal -dispersion
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+ e D0° - Ka(00,D05) © + 7-G-OPPi-Dy = B.o-CODy-Dy
vertical advection & dispersion  growth  decomposition

+ A(HOWA-DO,)
rezeration
Lower layer :
3aD0,Dy B 8 3 apo, B 30,
= = — (D02-2°D2) — — (DOz-vz°D2) + — (KaDz ——)+ = (KaD2z
ot ax( 27tz 2) ay(' 2°Vz _z_) ax(hz 3!') ay(h 2 ay)
time variation horizontal advection horizontal dispersion
- %D + K (Mt'DO?) =~ B2°-00Dzp2 - DB

vert.wai advection & dlspersmn decopposition uptake by sedlment

~Parancters appeared in each equation-are explained'as follows:
OP,  :0-P concentration in upper layer
OPP. 0-P(Inner Production) conoentratlon in upper layer
1P, :POP concentration in upper layer

COD, : (0D concentration in upper layer
BOD; : BOD concentration in upper layer
DO, :0D0 concentiration in upper layer
oP, :0-P concentration in lower layer
QP P, :0-P(Inner Production) concentration in lower layer
IP: :P0s-P concentration in lower layer
COD:z ; (0D concentration in lower layer
BOD: : BOD concentration in lower layer
DO, :D0 concentration in lower layer

D : thickness of upper layer

D: :thickness of lower layer

G  :growth rate of phytoplankton

B.? :0-P decomposition rate in upper layer

B : 00D decomposition rate in upper layer

"B:® :BOD decomposition rate in upper la?er

B.° :D0 uptake rate by clecompos1t10n in upper layer '
8,7 :0-P settling rate in upper layer

S;S :C0D settling rate in upper layer

io—10.



S:® :BOD settling rate in upper layer
B." :0-P decomposition rate in lower layer
B:® : 00D decomposition rate in lower layer
- B:® :BOD decomposition rate in lower layer
B:° :DO uptake rate by decomposition in lower layer
SeF :0-P settling rate in lower layer
S:¢ 00D setiling rate in lower layer
S:® :BOD settling rate in lower layer

Rir !PO.:"P IiEIBéSB rate
Recop : 00D release rate
Rson : BOD release rate
Lop :():-P.externa‘l load
Lip :P0O.P external load
Lcop : 00D external load
Lsoo : BOD external load _
DB : oxygen uptlake rate by seabed sediment
A :reaeration constant
.- HOWA : saturated oxygen concentration
B8 100D conversion factor from O-P
_ & :BOD conversion factor from O-P
§ 7 :D0 conversion factor from 0-P
ug, vy : horizontal velocity components of seawater circulation in upper layer
calculated by Tidal Current Model |
Uz, v2 : horizontal velocity components of seawater circulation in lower layer
calculated by Tidal Current Model |
¥ :vertical velocity obmponents of seawater circulation in the interface
between the upper layer and lower layer calculated by Tidal Current Model
Kn :horizontal dispersion coefficient
K: vertical dispersion coefficient

The parameters which contain asterisk indicate that

g 0P°‘-‘OP_§, OPP*=0PP2, 1P*=IP2, COD*=COD., BOD*=BOD», DO*=DO: for w 2 0,
0P*=0P;, OPP*=OPP,, IP*=IPy, COD*<COD;, BOD*=BOB;, DO*=DO; for w < O,

respectively.
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CHAPTER 11

VERIFICATION TEST OF THE SIMULATION MODEL

After the numerical simulation models have been developed,
it is very important to verify the calculation results obtained
using the models by comparing them with the data of water quality
obtained on site.

Verification of the results obtained from the "Hydrodynamic
Model", "Diffusion Model" and "Eutrophication Model™ developed in
Chapter 10 was carried out in this chapter.

11.1 Calculation Index and Calculation Condition

11.1.1 Calculation Index

On the assumptions mentioned in the previous chapter, we calculat-
ed the following indices by numerical simulation in this study:

Hydrodynamlic Model : Two horizontal velocity components

in both the upper and lower layers.

Diffusion Model : Salinity for calibration of dispersion
' coefficient.

Eutrophication Model: BOD and COD for the concentration of
organic matter, _
DO for the amount of dissclved oxygen
PO.-P and 0-P as nutrient salts.

On the formulation of a eutreophication model, there is much argu-
ment about indices. Phosphorus and nitrogen compounds are the
most important nutrients, they control organic matter pollution in
the seawater. The content of phosphorus and nitrogen in organic
matter generally stays at a certain ratio, but this ratio differs
between species of organisms and at different stages of their
growth. Through this, the daily nutrient uptake is determined for
both phosphorus and nitrogen.

The structure of the prediction model, however, becomes very
complicated 1f the behavior of both phosphorus and nitrogen are
evaluated, Thus, evaluating the nutrient eycle of only phosphorus
is preferable for the reason that phosphorus is the limiting
factor in the nutrient cycle in a eutrophic bay.
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11.1.2 Calculation Condition

{1) Hydrodynamic Model

The calculatlion of tidal currents in Guanabara Bay was performed
for the area shown in Fig. 11.1-1 using a tWoelevel model with 500
meter lattice intervals in the mean spring tides.

Calculation conditions applied in the Hydrodynamic Model are

sunmarized in Table 11.1-1.

Table 11.1-1

Caleulation Conditions for the Hydrodynamic Model

Item

~ Condition

Target season

Model :
‘Lattice interval
Calculation area
Topography

Tidal conditlon
Mean water level

Thickness of upper layer

Time step

Horizontal eddy viscoslity:
Bottom friction coefficient
Inner friction coefficient
Acceleration due to gravity
Coriolis coefficient

Open boundary condition

Calculation time

Dry season, Raliny season,
Annual mean

‘Twb-level Model

500 m
Fig. 11-1-1

- Fig. 11.1-2

Mz + Sz

M.S.L.

3.0 m

This value is hased on the
observed results of the

- " vertical profile and

transparency.

15 sec

10% em®/s

0.0026

0.001

9.8 m/s®

-5, 64*10 5

The tidal height at all open
boundaries is 45 cm and

the difference between the .
eastern and western boundary -
is 1.38° ' |

for 5 tidal repetitions

i1-2
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(2) Diffusion Model

The caleulation for the diffusion

and dispersion of conservative

substances in the bay was performed to determine the dispersion

coefficients using salinity as .a

conservative substance both in

the dry season and the rainy season.

Calbuléﬁion conditions applied in
rized in Table 11.1-2.

the Diffuéion Model are summa-

R
B

Table 11.1-2 Calculation Qonditions for the Piffusion Model

Item

Condition: 

Target season

Index :

Tldal conditio

Thickness of upper layer

" Computational area

Horizontal dispersiocn
coefficient

Vertical dispersion
coefficlent
Discharge of rilvers

Initial value

Open boundary concentration
Time step
Computation time

Dry season, Rainy season
Annual mean

Salinity

Mz"+ 52 .

3.0 m

Fig. 11.1-1

1.0 x 10® em®/s, and
5.0 x 10?% & 1.0 x 10®* cm®/s
for limited areas

0.0 cm®/s

Table 11.1-4 .

inner of the bay=36 %
outer of the bay'35 %

35 % o

150 seconds

for 120 tidal repetitions
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(3) Eutrophication Medel

On Calculating the concentrations of organic matter'and nutrient
salts 1in regard to the eutrophic phenomena, values need to be
determined for various parameters by referring to data obtained
in the field and in recent literature.

The method and criteria for the determination of parameters are
described below and the calculation conditions applied in the
eutrophication model are summarized in Table 11.1-3.

a) Thickness of the Upper Layer

We assumed the thickness of the upper 1ayér to be'equal to the
photic layer. Generally, there is correlatiqn between the trans-
parency (T) and the compensation depth (Cn), that is Cp = 2.5 X
T.

The average transpaféngy_in all areas of Guanabara Bay was about
one meter according to observations except in the bay mouth area.

Therefbre, we set 3.0 meters as the thickness of the upper layer.
b} Growth Rate

The growth rate of phytoplankton is expressed as the increase of
O0-P in the model and the increase of BOD (COD) corresponds to

that of 0O-P.

Generally, the growth rate of phytoplankton can be determined in

.relation to water temperature, light intensity and concentration

of nutrient salts such as N and P; and the growth rate of 0-P (G)
can be expressed in terms of concentration of PO4-P (IP), if we
assume water temperature and light intensity to be constant.

G = Wnax X iP /'(Klp + IP)
umax':ﬂmaximum specific growth rate of O-P

IP : .concentration of POL4-P
Kir @ semi-saturation constant of PO4-P
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Table 11.1-3 Calculation Conditions for the Ehtrophication Model

M sl

Yalue

Target season

Index

Gomputational area

Tidal condition
- a} Thickness of npper

b} Growth rate {I/day) - 6
Haximum specific growth rate - Buax
- P04-P Seal-saturation constant Kip
¢) Decompesition rate (1/dasy) .
upper 0-p B,®
con B,*
BOD ~BS
lower 0-p ©OBP
: - 00D : - Bt
- - BOD - . B.®
d} Settling (1/day} _
upper 0-p 5P
cop 5t
_ oD 5"
lower 0-p 527
CoD N
BOD ' 8.0
e} Release rate (mg/a/day)
: © (oD Rcon
BOD Reon
PO,-P Rie
£} Conversion factor
Con/0-p B
30D/0-P : 38

Do/0-p 7y
g) Paramebers concerned with DO : .
Uiptake rate by deccaposition{l/day)

Upper B,
Lower : B.°
. Uptake rate by sediment(ag/u®/day) ﬁB
Reaeration constant(1/day) : A
Staturated IO concentration HO¥A
h} Dispersion Coefficient '
Horizontal ¥ur
Vertical "~ He
1) External load Leon
' Laop
Lip

3} Inftial value
k) Open boundary condition

Time [nterval
Computation tige

P P e

- o P P D € D

- Dry sason, Rainy season,Annual mean

CoD, BOD, 0-P, POa“P Do
Fig. 11.1- 1
Mz + 52
3.0m -

- 0.70 # (IP,/0.012 + IPl)

0.700
0.012

et et et et et

NN WS O L= = o= ]

ot
=]

X 104 - 1 0 x 10% ca®/fs
0 ca?/s -

The value based on the obselvation
Open boundary concentration is
fixed as shown below
COD 0.6 g/l BOD.1.0 =g/t
P0O4-F 0.02 g/l 0 -P 0.02 mg/l
§0 1.8 mg/)
120 second - -
for 120 tidal repetltions
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The ‘value of Usn e was 0.70 according to the experiment for pri-
mhry-production and that of Kip was 0.012 according to the exper-
iment for Oscillatoria. We set these values as constant for both
seasons because of the lack of data for both seasons, though
there 1is a possibility-that the values will not remain constant.

In the western area, we confirmed that the above values. were too
large to reproduce the present state of water guality by the
calibration test. It is thought to be because the amount of pri-
mary production is extremely small compared with the external
POL-P loads in this area. Therefore, we decreased the growth
rate of 0-P {G) in proportion to the ratio of the transpafency to
the thickness of the upper layer (3 m).

¢} Decomposition Rate

The decomposition is considered for BOD (COD) 'and for O-P to
PO4.-P 1n the model. Generally, the decomposition rate changes
depending. on water temperature. The wvariation of temperature,
however, was not considered in this model and we did not collect
any data in Brazil. :

Therefore, we set the constant values shown 1n Table 11.1-3 as
the decomposition rates through calibration tests, referring to

the following data obtained in Japan.

COD : 0.01 to 0.1 (i/day)
0-P  0.01 to 0.2 (1/day)

‘@) Settling Veloclity

Settling was considered for 0-P and BOD {COD) in: - the model.
Generally, the settling amount is proportional to the concentra-
tion.

We set constant values shown in Table 11.1-3 as the settling
velocity in this model through calibration tests, referring to
the experiment results. : :

e) Release Rate

The release rate_from sediments was determined as a function of
water temperature, DO concentration and sediment characteristics.
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It is more than likely ‘that the. release rate in the western part
" of the bay is larger than that in the other part. However, we do
not have any data to confirm this. o :

-jTherefore, we Set the same values all over the bay as shown in.
Table 11.1-3 as release rates based on the experiment results,
In the outslde of the bay, we assumed the release rate to be
- Zero.

f) Conversion Factor

The ratio of DO to 0-P (D0/0-P) can be obtained by the_follbwing
chemical equation which is well known .as the. chemical equation
for photosynthesis;

- 108C0= + 16HNO; + H3P04l+ 122H20 = (CHzO)loB(NH3}16H3P04'+ 1380z
-D0/0-P = 138 X_O/P = 138 x5 16 x 2 + 31 = 143

On the other hand, we set 25.6 as the ratio of BOD to O0-P and
16.4 for COD to O-P according to the observation data.

g} Parameters concerned with DO .
(1) Uptake Rate by Decomposition

The uptake rate by decompositioh.was determined through
calibration tests, because there was no data obtain on
“slte. '

(2) Uptake Rate by Sediment

We set 690 - 810 mg/m*®/day in all areas except the western-
area as the uptake rate by sediment, which was the average
value of all the stations.

In the western area, we set a value two times that of the
above, considering that low DO concentration was. observed
in the area and the fact that the uptake rate by sediment
is approximately ten times of release rate, generally.

(3) Reaeration Constant
Generally, the reaeration constant 1is between 0.1 and 0.8

1/day. We filnally set it at 0.9 1/day through calibration
tests.
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(4) Saturated DO Concentration
It was set at 6.8 mg/l, according to the observation data.
h) Dispersion 'c_oefficie'nt

We set 10“ cmZ/sec as the horizontdl dispexs1on coeffilcient.
This was based on the results of calibration tests by the -Diffu-
sion Model for most of the bay area, and (1.0 ~ 5.0) X 10°
cmz/sec was set in.limited areas.

Regardlng the Vertieal disper81on coefficient, we set it at zero,
on the assumption that vertical movement is controlled by verti-
cal advection.

1) ' External Load

The present  external loads used for the model aré shown in
Table 11.1-4 for effluent loads through rivers, and direct loads
into the bay.

To estimate P0.-P and O0-P loads, we assumed the relation
PO.-P/T-P = 0.4, based on the result of the ri_{rer surveys, be-
cause we only calculated T-P loads for each river basically. O0-P
was calculated as the difference between T-P and 0-P.

Regardlng the direct 1oads, we assessed only BOD 1oade in the
model.

1) Initiﬁl_Value

The initial values for the distribution of concentrations of each
index were given using the concentrations observed.

Also, we did a trial pre-calculation using the above concentra-
tions for the period of 120 tidals and the result of the pre-
calculation was used as the initial value in the final calcula-
tion. '

k) Open Boundary Concentration

The concentration of each index at the open boundaries was ob-
tained using the concentrations observed outside the bay (St. 1).
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Table 11.1-4(1) External Load at Present (Dry Season)

_RIVER INFLOW ) Dry Season in 19%1
o Disgharge | = BOD ~ oy PO4-P | 0P
o NAME 14 ]| (a¥/s) {t/day} {t/day) {t/day) {i/day}
River load . . L .
1 i B ~-CHARITAS 46| 38 1{ 0. 93 1.96 1.61 . 0.072 0.108
2 | CANAL CANTG DO R1O 431 3 0.13 1. 54 121 0. D56 0. 084
3 1.B. ~CATEDRAR - : 40 . 434 - 0.68 1.38 1,141 0,082 0.078
4 | B. -4ORTE CENTRO 40} 41 0. 11 1.61 | 1,33 0. 060 0.080°
51 R10 BOMBA : 45| 52 2. 99 ENIEE .40 1 U240 - 0.360
6 | RI0 IMBOASSU 521 63 2. 48 4. 99 4,041 0,176 - 0.284
Eastern Sub Total ' 8. 58 18.15 | 14, 19 . 0,686 - 0.984
71 8.-ITAOCA 521 10 0, 58 1.18 0.98 0,044 0. 068
8 | RI0 ALCANTARA 5 76 8.9 16. 49 13.10 0. 560 0.840 | -
9.| RI0 CACEREBU 80 | 81 20, 89 1,701 - 12,19 0.344 1 - 0,816 ]
10 | RIO GUAPIMIRIM 591 87 23.19 3.41 8,011 0.084 | 0.126
11 | CANAL DE MAGE 571 88 0. 52 0.31 032 0,008 0,012
12 | RIO_RONCADOR 56 | 88 2,18 1. 31 1. 4% 0.040 | 00807
13 | RIO IRIRI 491 9 0.17% 0. 39 0,42 0.012 0.018-
14 | RIO SURUI ] 44| 874 1. 60 0. 50 0. 69 S0 0167 - 0,024 )
Rortheastern Sub Total 59. 85 35.29 37.2 1,108 1. 1,662

. 15 | B. -HAYA . 34 B4 0.74 0.32 0.31 0. 008 0.012 § ¢
- 16 | RiD ESTRELA 230 80 - 10.79 10, 40 g4 | 0.328 0.492 |
171 | Ri0 IGUACY . 111 76 20,681 25, 8B 2.3 0.820 1,230
172 | R10 SARAPUT 17116 16..15 35.84 | - 28.1% L2481 - 1,872

18 | B.-CABO DO BRITC 12l 2.32 §.11 3. 81 0.172 - 0,258,
Northwestern Sub Total 50. 6§ 71,19 62. 91 2. 576 3.864 |

19 { R0 S.J, DE MERITI g1 63 22.26 33, 31 42.02 71.884 7. 826

20 | R10 1RAJA : : it ] 62 .41 18.43 15.00 {. 684 - 1.026 |-
21 1 CANAL DD CUNHA Jo1gd 491 0 1198 29,18 23. 9% 1.088 1. 632

22 | B. 8. CRISTOVAC 231 45 0.97 N 1,86 . 0,084 0.126

‘23 | CANAL DO MANGUE ] 231 4 1. 50 “18.33 1482 0.8924. - 1:008

24 | B. -BOTAFOGO 32138 536 a2t - 10, 85 0. 496 0. 144 |
Western Sub Total e : 85,48 | - 135,33 108, 48 4.908 7.362

25 | 1. DO GAVANADOR 23 66 2.83 5.8 4,45 0. 152 0.288:

26 { 1. D¢ FUNDAD i8 1 52 0. 20 S0.191 0 0,18 Lo p008 - 0.012

27 | §: DE PAQUETA 431 72 0. 09 0.12 0.10 0. 004 0. 006

28 {-1. X0 EXGERHQ 431 &b 019 0.42 0,36 0. 016 0024

29| L.DE S.CRUZ 1] 81 0,10 0.18 015 0. 008 0. 012
 Islands Sub Total 3.4 6. 42 5. 24 0,228 © 0,342
River load Total 118. 01 272.38 |~ 228.62 9. 415 14. 214

Direct Load . . : : -

007 430 36 -~ NSt - = -

6ol 467 59 - 6. 10 - - s

004 46 | 56 - 2. 40 - - -

008 441 51 - 7. 10 = - =
009 01 471 —~ 1. 94 = - -

021 ~ 451 52 - = 0. 80 - - -
034 46 | 51 ' - 0. 66 - - -

044 48] 511 . - 0.5 | - - -

041 46 | 5T - 0. 48 - - -

062 81 59 - . 32 - - -

113 511 62 - 0.22 - ~ -
Eastern_Sub Total - 18. 92 - - - .

015 171 15 - 1. 32 - - . gw

018 17] 16 - 1. 20, - - -
075 - Tl - .83 - - -
029 17| 18 - 0.79 B - -

086 el - 0.31 - - -

137 10| 68 - 0.16 - - -
Northwestern Sub Totai ' - 4.11 - - =

040 1] 62 - 0.12 - - -

042 1] 62 - 0.52 - - -

051 ' 32| 3% - 0. 45 - - -
Western Sub Tola) - - 1.59 - - -
Direct load Sub Total - 24,11 - .~ -~
Total 178. 01 286. 43 228. 62 9. 476 14, 214




Table 11-144(2);External_Load at Present (Rainy Season)

RIVER [NFLOW Rainy Season in 1391
Discharge BaD coD PO4-P 0-p
NO HAMB I 11 1 {a3/5) (t/day) | (t/day) | (t/day) |_(1/day)
River load : )
1 | B. —CHARITAS 46 | 38 i, 40 2.4 2.16 0. 048 0472
-2 | CANAL -CAKTO DO RiO 431 39 1,10 2,18 |° 1. 10 0. 0490 . 060
3 | B, -CATEDRAR 40 | - 43 1,03 1.92 1. 53 0. 036 0. 654
4| B. -NORTE CENTRO 40 |47 1. 1% 2.24 1. 77 0,040 . 068
5 { R10. BOMBA 451 52 4. 52 9.3 1. 26 0.168 0.252 |-
6 | RIO 1MBOASSY 521 63 3.80 1.05 5. 58 0.124 0. 186
Bastern Sub Total = 13. 00 25. 44 20. 60 0. 458 8. 684
1| B.~1TAOCA . 521 10 0.817 1. 64 .3 0.032 8. 048
8 | R1O ALCANTARA. 59316 14,01 23. 66 18. 81 0. 400 §. 600
9 | R10 CACEREBU - 60 1 8 34. 45 17. 91 22.38 0,292 0,438
10| RIO GUAPIMIRIM 59| 87 40. 93 §.98 17. 94 0.124 0, 186
11 | CANAL DE MAGE . §71 88 0.82 0. 46 0.55 0. 008 . 012
12 | RIO RONCAROR 36 { 88 4.51 ~ 200 2.1 0.036 0.054
13 | RIO IRIRI 491 90 1.18 0. 58 0,1% 0,012 0.018
14 [ RID_SURUI 441 87 2.59 0.71 1. 36 0.012 0.018
Northeastern Sub Total 99, 36 52, 9% 65. 94 0. 916 1; 374
15 1 B.-MAVA . C34 ] 84 1.18 0.48 4. 6% 0.008 0.012
16 | R10 BSTRELA 231 80 17. 40 15, 43 15.05 0. 252 0. 318
171 | Ri0_IGUACY 17 78 33,341 38.08 33. 82 0. 616 0.924 ¢
172 [ RI0. SARAPUI - . 171 16 25.06 50. 96 30.24 | 0.880 1. 320
18 ; B. -CABO BO BRITO - 12] 1 354 6.73 5.30 0.120 0. 180
Northwestern Sub Total - ' 80.52 111, 68 94. 10 1. 876 2,814
19 f R10 §. ). DE MERITI g1 83 34.28 15,35 57.33 1.320 1. 980
20 [ RIO {RAJA - 11 62 11.09 25. 64 19. 60 0.472 0. 708 |
21  CANAL BO - CUNHA 19| 48 18. 10 41. 58 3t. 67 0.152 1.128
22 I B. -S. CRISTOYAD 23] 45 1. 44 3. 10 2.42 0. 060 0.08%0
23 | CANAL DO MANGUE 23] 43 11. 30 25, 5% - 19,57 0. 464 0.696 |
24 | B. ~BOTAFOGO 32| 8 B. 00 18. 42 14.12 0. 340 0. 510
¥esteri Sub Totai 84. 21 184. 68 144. M1 3.408 §. 112
25 | 1. DO GAVANADOR - 23| &6 - 4.3% 1.81 6. 21 0.136 0. 204
26 { L. DO FUNDAO ‘18] 52 0,30 g.28 0,27 0.004 0. 006
27 | 1. DE -PAQUETA 43 12 0,13 8. 17 0.15 0. 004 f. 006
28 | 1. DO EHGENED 43| 56 0,21 0,58 0. 46 0.012 0.018
26 | 1.DE S.CRUZ 41§ 51 015 0.25 | 0.21 0. 004 0. 005
islands Sub Total 5. 20 9.08 1.30 0. 160 0. 240
River load Tetal 282. 24 388. 84 332,05 6. 816 10, 224
Direct Load ' '
607 . 43| 36 - 2,13 - - -
001 46 | 53 - 6. 70 - - -
004 461 56 - 2.40 - - -
008 441 81 - 2.10 - - -
00§ 401 47 - 1. 94 - - -
021 151 52 - 0. 80 - - -
034 461 87 - 0, 65 - - -
044 46 | 57 - 0.51 - - -
047 461 57 - 0. 48 - - -
062 481 89 - 0.38 - - -
113 51 ] &2 - 0,22 - - -
Eastern Sub Total - 18. 32 - - -
015 1776 - 1. 32 - - -
418 171 76 - i, 20 - - -
075 171 16 - 0.33 - - -
029 171 16 - 0.19 - - -
084 171 18 - .31 - - -
137 10 68 - 0.16 - - -
Northwestern Sub Total : - 4. 11 - - -
030 : 111 62 - 0.72 - - -
042 11 62 - 0.52 - - -~
051 321 3 - 0. 45 - - -
¥Western . Sub Total - ~ 1.69 - - -
Direct Load Sub Tota}l - 2411 - - -
Total 282. 29 412, 35 332, 0% 6.816 10. 224
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