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Chapter 3

Estimate of Runoff Load from the Basin

3.1 Need and.Function for Estimation Model of Runoff Load

According to the observation data obtained in this survey, the
discharge, water quality and runoff load characteristics of the
main rivers in the basin were as described in the previous
sections. However, in order to estimate the annual runoff load
flowing into the bay from each sub-basin with accuracy. measure-
ments should be carried out repeatedly under different conditions
and a lengthy 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 fTollowing six purposes:

(1) To estimate runoff load on rainy days (in the dry and rainy
seasons),

(2} To estimate the runoff discharge and runoff load of tidal
rivers,

{(3) 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 average runoff load over a long period of
time,

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

According to the pollution runoff mechanism chart (Fig.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 is called the generated pollution 1load
method.
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However, effluent load in the basin cannot be estimated due to
insufficient point and non-point source data which is fundamental
to such an estimation. :

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 their
runoff load and used these as the generated pollution load for
effluent loads of the larger basins. :

Pollution source River system

: Tribetary ¥ain

i [Huster of pollulion source . River River .-
: Pollulmn Load Effluent load | funoff Load
b ! Generated ['ollution load T : T s

- Attenuation ratie Transference ratio
.................................... Effluent ratlo
Runof{ ratio

Fig. 3-1 Pollution Runoff Mechanism

3.2 Structure of the Estimation Model of Runoff Load
{1) Model Concept

The runoff load from the Guanabara Bay basin is known to be
influenced 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 infiuential factors.

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

Accordingly., runoff load was defined as a function of population
density (Dp)} and precipitation (Pr) in the basin, and the follow-

ing equation was established:

L{Runoff lcad) = f(Dp., Pr)




{2) Estimation Model for Runoff Discharge

The. estimation model comprises the runoff discharge model and
runoff load model. The elements of each model and their rela-
tionship are represented ‘-as follows:

Runoff discharge (Q) = base runoff discharge (Qb) =+
' attained runoff volume of wastewater (Qw)
+ precipitation runoff discharge {(Qp}

Runoff load (L) = runoff discharge (@) x water quality (C) x
runoff ratio (R) (Fig.3-2)

Runoff discharge on clear. days is the value observed when the
preceding periocd of clear days is five days or more. On the
other hand, runoff discharge on rainy days 1s the value observed
in other cases.

Qb + Qw
Qb + Qw + Qp
(Fig.3-3 and 3-4)

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 descriptions of each element are as follows:
(1) Base runoff discharge {(gb)

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 is defined, for conven-
ience, as the wastewater amount from every point source reaching
the observation stations. It is obtained by subtracting the
basic runoff discharge amount (Qb) from the runoff discharge
amount {Qc)} on clear days.
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In future, 1if the data given below has beén obtained, the follow-
ing equation can used to calculate attained runoff volume of
wastewater (Qw):

Qw = gl % al + gd # a2 + gt * a3 + 41 # a4 + gqe » ab

' qi: Runoff volume of wastewater per day from factoriles (If
data 1s available from the factories, the wvalue is
used. In other cases, the calculation uses wastewater
volume classified for industries.

qd: Runoff volume of domestic wastewater in areas without
sewage works _
(population in areas without sewage works x discharge
1oad per unit activity of source)

qt: Runoff volume of treated water discharge from existing
sewage treatment plants. S :
(Calculated from measured values. Future values are
cstimated according to proposed sewage works.)

gl: Runoff wvolume of discharge by 1livestock (number of
domestic animals per basin X generated poliution load
per unit activity of source)

ge: Other runoff volume, that 1s, attained runoff volume of
waste water = runoff volume from each source x runoff
ratic {(al-58)

(3) Precipitation discharge amount (Qp)

The precipitation runoff discharge is the rain-affected amount of
water discharged. It is precisely defined as the sum of the
runcfrf discharge measured from the point where discharge in-
creases after rainfall until the point where the runoff discharge
returns to the normal level on a clear day. For convenience, the
runcff discharge amount when the mean precipitation intensity ex-
ceeded 10mm/day was used,

The precipitation runoff discharge varies depending on the scale

of rainfall, rainfall intensity, basin characteristics and number 8

of preceding clear days; 1n actual estimation, relation of these
elements to precipitation runoff discharge should be thoroughly
analyzed.
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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 notch of 10mm. Runoff discharge largely varies depending on
rainfall intensity even if the volumes precipitated are the same.
This Tactor 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 in 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, {o estimate the precipitation runoff
load.

{4) Estimation Model for Runoff Lead
Ruﬁoff load is represented 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 load (Lb) = load derived from said base runoff
discharge

{b) Attained runoff load of waste water (Lw) = Runoff locad in
clear days minus base runoff load; this value is equivalent to
point source runoff load on clear days.

{¢) Precipitation runoff load {(Lp} = surface runoff load accord-
ing to rainfall, precipitation runoff load when rainfall intensi-
ty is 10mm/day or more, :

Runoff load is obtained by using the empirical equation.to repre-
sent relation between runoff discharge and runoff load. "Runoff
load varies to a great extent depending on the number of preced-
ing clear days and rainfall intensity. This factor is not repre-
sented in this model because of deficiencies in the data.

(d) Runoff ratic
The process of the pollutants-being'discharged Tfrom their source
and flowing into a river is defined as attenuation, the linear

process of Tlowing downstream as transference, and the whole flow
process from the source to the observation station as runoff.
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Thus runoff ratio is the product of the attenuation ratio and
transference ratlio. Runoff ratio is the ratio of pollution load
that reaches a reference point to all the total pollution load

discharged in the basin.

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

conditions, 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 1in Japan

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

Here the relationship between the two 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 S5 are assumed to be as soluble and
runoff ratioc is calculated by using the same equation as that for
discharge. '

Runoff ratio is calculated by using the observation data of a
group of rivers. Runoff ratio is shown in Fig.3-5.
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Fig. 3- 5 Relationship between Runoff Ratio and Population
Density/Basin Area
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3.3 Pfocedure for.Caiculation of Runoffl Discharge
and Runoff Load

The annual runoff load was calculated in accordance with the
operation flow chart (Fig.3-8).

"

Annual runoff load runoff load on clear days + runoff
load on rainy days
= runoff load in the dry season + runoff

load in the rainy secason.

The speciflc 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.gz., BOD, COD,TN,TP and S$S})
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 1load-factors that 1largely influence
specific load; as a parameter.

Runoff load on clear and rainy days was calculated using the
Separation Method 1, shown in Fig.3-7.

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

(1)' Runceff load on clear days = base runoff load + attained
runof f load
Base runoff load {(discharge) = minimum value over 24-hour

continuous observation (runoff load)

{2) Caleulation of the runcff ratio on clear days (re)
Runoff ratio = runoff load {(measured value)}/effluent
load(estimated value)
Runcff ratio of each basin was calculated from population
density, basin area and the measured runoff ratio of the
mnedel rivers. '
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(3)

(4)

ﬁ.’?’ ha
e

(5)

(8)

(1)

(8)
(9)

(10)

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

Runoff load per day on clear days = specific runoff load x
basin area.

Calculation of rainy days by rainfall scales

Annual precipitation is arranged as precipitation per one
continuous rainfall and classified in scales of 10mm to
calculate rainy days by months.

Calculation of specific runoff load of each basin by rain-
fall graphs.

Rainfall exceeding 10mm. is classified into scales of 10mm.
The runoff load for the mean precipitation of rainfall
scales was obtained using the regression model; then the
value was multiplied by the number of rainfalls (number of
rainy days) in order to calculate the runoff load of each
rainfall scale.

Calculation of specific runoff load of each basin on rainy
days

Runoff load per day on rainy days = specific runoff load per
day x basin area.

Runoff load per month = runoft 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
load in the rainy season '

Runoff loads of unsurveyed areas, downstream of observation
stations, were calculated for each basin assuming that the
basins are homogeneous.

[~ .
% Runoff load fin rainy duays [ﬁmn lNunoff load cuused by precipitatlon

Runoft lcad in clear days ’,‘-‘.i\’ Runoff load not fnfluenced by preclpltation

| RN NI Sy
{a) sepsration ‘methodit t (b) Separation methad 2 t

1

: Fig. 3- 7 Concept of Separation Methods
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Here cach element is defined as follows:

-Runoff load on clear days: Runoff load when precipitation
per day is less than 10mm, or mean precipitation per day
during the runoff period (one rainfall divided by runoff
days) is less than 10mm even if precipitation per day is
10mm or more.

-Runoff load on rainy days: Runoff load when precipitation
per day during the runoff period is i10mm or more.

-Number of rainy runoff days: Number of runoff days corre-
sponding to one rainfall.

-Number of clear runoff days: Number of days per year -
number of rainy runof{f days.
-Dry season: Period when precipitation is relatively small

in a year. April to September for 1992.
~-Ralny season: Period when precipitation is relatively large
in a year. 0October to March for 199%2.
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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 calculated using the
following equation: Y = axX® (see Fig,3—5). Runoff ratio on
rainy days is assumed to be 1.0, because it is included in the
relationship between precipitation and runoff discharge.

Indicator Equation Coefficient
of correlation

Discharge (TN, TP, S8) Y=3.382#X*% 72 G.995
BOD _ Y=4#10"9#X=% 79 ¢.999
CbD (Mnj) Y=5.70#X**-27 0.985

(2. Runoff discharge (mean discharge) (Q)

The relationship between discharge (Q) and precipitation {(mean
precipitation (Pr)) in the model rivers can be obtained using the
following equation:

Q@ = aPr®
River Name Equation Coefficient
of correlation
Rio Macacu Q=0.00108R*-5=F 0.967
Rio Acari Q=0.00279R*-°=° 0.4991
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(3) Runoff load (L)
.The relationship between runoff discharge (Q)} and runoff load(lL.)
can be determined through the following equation:

Empirical equatlon: L = cQ®

“Thercfore,
logl. = log ctds*log(aPr®)

Indicator Equation © Qoefficlent Equation Coefficient
of correlation of correlation
BOD Load = .0.045Q°-%°° (.832 L= 1.483Q°-%*° 1.000
COD(Mn) Load L= 10.998Q2-**7 0.975 L= 3.170Q* %27 0.993
TN Load L= 0.328Q*-2°7 ¢.986 L= 0.192Q°-%°® 0.861
TP Load L= 0.040Q%-°2% (.834 L= 0.011Q°°-%¥2 0,996
SS Load L=1980.957Q% -5°% 0.997 L=3'_7.200Q1'811 0.969

*» L:t/d/km?, Q:m®/s/km®
(4) specific discharge (Qs) and specific runoff load {(Ls} by
Population Density (D)

The relationship between population density (bp) and specific
runoff load (L) can be obtained using the following equations:

I.s (Qs) = exDp+f

Dp : population density (people/km?)
e, T: coefficients

Mean rainfall tn rtunoff perlod; <10an/day, 10-20an/day, 20-30mn/day, 30-d0xafday

Established precipitation : . Oenfdsy,  |5aw/day,  25ax/dey, Bea/lay
Instituted -

Indicator Precipitatlon Precipltation Dry Season Ralny Season

Tl scherge 0-10zn/day  <10mm/day Q5=0.01050+0.0261  Qs-0.0101P:0, 0305

10-20nn/day i5»ma/day Qs=0,02430+0,0444 Qs=0.02390:0.0471
20-30se/day  25mm/day  Qsc=0.0584D+0,.0817 Qs=0.0580D+0.0845
30-40an/day - 35mn/day Qs=0.1027D+0.1278  Qs=0.1023D:0, 1306

BOR Load ¢-10sa/day <10sa/day Ls=0.0641D+{. 0022 L5=0,0582D:0.0035
. 10-20mm/dsy  I5Rs/day 1.520.086511+0.0035  [.8=0,08650+0.0040
-20-30am/day  2Gmm/day Ls=0.1397D+0.0044 Ls=g, 1356D+0,0049

30-40ma/day  35ma/doy Ls=0,1824D+0.0052 Ls=0.1823P+0,0057

€oD{Mn) Load O-10pa/day <10Bm/day 1e=0.0072D+0.0012  1.8=0.0057D+0.0026
10-20zn/day 15aa/day 1.420.0264D+0, 0066 1.5=0.02640+0, 00738
20-30as/day - 25mm/day 1.8+0.12000+0.0432  Lso0,12090+0. 0432
J-40ue/day  16ma/day Ly=0.3275D+0.1537 Ls=0.3274D+0.1543

TH Load 0-10ma/day <l0am/day Ls=0,01230+0.0010  Ls=0.0i62D:0,0010
10-20se/day ~ 15mm/day I4=0.0167D+0.0028  Ls=0,0167D+0.0028

. 29-30ma/dey  25ma/day £5=0.0202D+0,0088 ° Ls=0.02020+0.0088

. 30-40n%/day  3bmm/day Lg+0.02220¢0.0190  Ls«0.0222D+0.0190

TP Load ‘0-10ma/day <l10ma@/doy 1.8=0.0036D+0.0000  Ls=0.C026D+8.0000
10-208m/day  15am/day 1.8=0,00210+0.0002  L5=20.002}1D+0,0002
20-30mp/day  25mm/day [.a«0.0016D+0. 0008 © 1s=0.00160+0,.0008
30-40ne/day  Bbmsfday - Ls=0.0012D+0.0019  Ls0.0012D+0,0019

'

S5 Load 0-10za/day <l0a@/day 1.820.04700+0.0251  [5=0.1107D+0,0231 '
10-20em/day 15ms/day Le=0.3241D+0.1026 Ls«0,3242D+0.1020
20-30ma/day 25zm/day te=1.4298040.6874 Ls=1.4298D+0.6868
A0-40en/day  36ew/day Le=3.7660D+2.5073 Ls=3.7661D+2.6067
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(5) Specific runoff load (Ls)

{a) Base runoff {@b) 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.

TP Load

Discharge BOD Load COD(Mn) Load TN Load SS Load
(n®/s/km?) (t/d/km®) . {t/d/km%) {t/d/km=) (t/d/km*) (t/d/km®)
0 031 0.005H 0.002 0.001 0.000 0.020

(b) Specific runoff discharge per day (Qs) and specific runoff
load per day (Ls) on cliear days

Specific runoff discharge per day and specific runoff load
per day were obtained from the data of the 24-hour observa-

tion conducted in Rio Macacu and Rio Acari on clear days.

TP Load

River Naae Discharge BOD Lead COD{Hn)'Load ¥ Load 55 Load

(ES/S/BEZ) {t/d/kn?) t/d/ke*) {t/d/kn®) {t/d/ka?) (£/d/ke?)
Rio Macacu 0.032 0.0086 0.003 0.002 0.000 0.034
Rio Acari 0.108 0.444 0.048 0.1186 0.020 0.861

(c¢) Runoff discharge (Qp) and runoff load {(Pr) on rainy days
The runoff discharge and runoff amount on rainy days were
chtained from the data of the observations conducted on the
two model rivers, on rainy days.

Natural type river (Rio Macacu)

Precipitation Discharge BOD Load COD{Hn) Load TH Load TP Load 3$ Load
(ra/day} (°/s/km?) {t/d/ka*) (t/d/ka®) (t/d/ka®) (t/d/ka®) {t/d/ka?)
14.28 0.083 0.005 0.008 0.008 0.0005 0.203
16.75 0.094 0.008 0.035 0.008 0.001 0.432
24.08 0.119 0.0186 0.074 0.018 0.001 1.014

Urban type river (Rio Acari)

Precipitation Discharge BOD Load C0D{Mn) Load TX Load TP Lead 58 Load
ga/day (8°/s/ka®) {t/d/ka?) {t/d/ke®) {t/d/ka?) (t/1/kn®) {t/d/kn2)
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
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(6) Precipitation (Pr)} (Data obtained from the Petrobras obser-
vation station at Duque de Caxias, 1992)

Mean precipitation-ih.the runoff period was classified by
rainfall scales, and number of rainy days by rainfall scales

was obtained (see Table 3-1).
{(7) Basin area (A) and Population density (D)

Basin area covered by observation stations, uncovered areca,
whole basin area and population density arve shown 1in Table

3-2 and 3-3.

Table 3- 1 Rainy Days during the Survey Period by Rainfall Scales (1992)

Rainy season Dry season Rainy season

Frecipetation | JAN FEB | MAR APR MAY JUN JUL N
<1fnm/d 19 26 21 27 28 30 29 Augﬂ Egs chfi ND;’S DEgB
10-20mn/d 4 0 3 0 2 0 2 0 0 5 ] ]
20-30nm/d 8 3 1 3 0 0 9 0 ¢ 3 1 3
30mnl  /d 0 0] . @ 0 0 ] ] ] 3 0f .- 3 0
31 23 31 30 31 30 31 30 31 i 30 31
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Table 3- 2  Details of Basin Areas of the 25 Major Rivers Surveyed

Basin Area Basin AresQovered  Uncovered PopulationPopitlation
o HAME N0,  [{AY={B}+{GBasin AreaBasin Areaol Basin Pensity
: {4} a2 (B)ka? (C)kn? lirea £ 1D"3/kx2)
1 C1780 CANAL CANTO 00 RID [ .40 1.40{ . 0. 00 11, 1% 5. 64
2 BHTE0 R10 BOMDA 3 6.201 . 540 22,30 | 183,099 6. 59
3 1Bd0 R10 IMBODASSU” § 30. 80 1. 60 19.20 | 138,636 4. 50
¢ A0 R10 ALCANTARA 3 144. 60 §4.50 88,80 410,420 3.18
5:HTB20 R10 BUTONDO 2 5.50
§ GX720 RIO GUAXINBIBA ] 11.80
7 CCE22 R0 CACEREBY 9 METD 158. 40 85,301 335,193 - 0. 40
.§ GPBOO Ri0 GUAPIMIRIN 10 1253.10 1 1233.10 19.40 | 69,853 0,08
#3 UCIGT RI0 MACACH 10-3 256. 00 254,00 0. 60 14, 511 0.01
#10 SB998 R10 SOBERBO 10~§ 132. 40 45. 20 8%, 20 17, 911 0.14
11 B6380 CANAL DE MAGE i1 18. 30 4. 60 13. 10 8,458 0.48
12 RHS60 R10 RONCADOR 12 11t 40 102, 00 {40 36,370 0.33
13 1RS40 R10 {RIRI 13 21. 80 8. 40 19, 40 10. 584 0.33
14 SR500 Ri0 SURVI L] 63. 30 §3. 20 15, §6. 1z, 3i¢ 0.1¢
15 ESd00 REO ESTRELA 1§ 342. 80 342,30 0,00 302, 4%5 0. 88
16 IHd60 RIO THHOMIRIR 16-2 139. 00 139. 00 0.00 84,108 0. 61
*17 5C420 RIO SARACURUHA 16-3 186,00 186. 00 0.00] 194,173 1.04
18 1A260 RI10 1CUACY 17-17% 562.80 4.0 18,60 1 738, 010 1. 3%
19 SP30¢ R10 SARAPUL : 11-6 165, 50 139, 80 5,70 1,012,275 6.12
20 $§220 RID 5. J.DE MBRIT! 19 164.50 ]  t83.50 1oeo 1, 452, 458 g.01|
#21 AC241 R1Q ACARI i-2 57. 50 57 8¢ .00 ] 438,078 1.47
22 1J260 RIO 1RAJA S0 35,70 21,30 B. 40 500,27 14.01 ’
73 PNI3D CANAL DD PENHA 20 N - 0. 040
24 °CH100 CANAL DO CUNHA 2 §3.60 ) 60.50 .10} 215,388 12.82
25 HH0OD CARAL DO MARGUE 23 12. 80 42.30 0.00] 500,816 11. 790
TOTAL 3912, 50 3604.10 306..40 [, 690, t47 1,709. 94

¢:Tributary river  (Excluded from Total awount)

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

Basin Aredfasin Area Covered. Encovered oversd: populationPopulation
Hame (A= (B} +{C)Basin Arealasin &reaRatio(X) [~ Pensity
Ho, (A)kn2 (B)kw2 | (C)ka? | (B/A4100) (#1067 3/%82)
B. -CHARITAS 1 9. 40 0. Of 9, 40 0 53, 310 §.87
CANAL CANTO DO RI0 2 T.40 1.40 0.00 100 i1, 148 564
B. -CATEDRAR 3 1.80 0.00 1.80 9 37,158 4. 80
B. -KORTE CENTRO L} 7.9 Q.00 1.590 '} 43,607 5. 82
R10 BOWBA ] 26.20 L0 22. 80 i3 153,099 6. 99
R10 [MBOASSU 3 30. 40 11. 60 19,20 38| 138,638 .80
B. -1TAOCA 1 6. 40 6. 00 6. 40 [ 31,928 4.99
RID ALCARTARA 3 144, 66 75. 80 £8, 80 21 &10,420 3. 2%
"1 R10 CACEREBU -9 546. 10 158,40 §8. 30 0% 336193 0. 40
R10 GUAPIMIRIM 1¢ 1253. 10 1233, 10 19. 40 98 £9, 853 0.08
CANAL DE MAGE i 15,30 4.80 13. 710 2% 8,458 Q.46
R1O RONCADOR 1t 13140 167, 00 i 86 36, 370 033
R10 IRIRI 13 27,88 L] 19,40 30 10. 684 0. 38
R1G SURUI 4 L3 1] $3.20 15. 80 11 12,810 0.19
B. -MAUA 1% 28, 90 ¢. 00 28.90 6] &% 0.39
RIO ESTRELA 1% 342, 50 2,50 0.00 L0 302, 49% 0. 88
R1G 1GUACY i7-17% 562,80 544,20 18. 60 971 758,010 1.3%
R10 SARAPUI 17-6 165. 50 159,30 5.1 7 0,04, 218 §.12
B. -CABO PO BRITO 18 21. 00 0. 60 27,00 b 132,00 {.89
RI0 S.J.DE MERITI 13 154,50 163. 50 1.00 99 41, 492,458 5.0
Rio IRAJA e S8R 27,30 A0 161 500,278 14. 61
CAHAL DO CUKHA 4| 63. 60 §0. 50 i 951 815, 389 12.82
B. -5. CRESTOVAD 22 6. 60 6. 00 6. 60 0 59,011 §.0%
CANAL DO HANGUE 23 £2.80 2. 30 0.00 100 500,875 1.1
B, ~ROTAFOGO F11 26, 00 0.00 26. 00 91 388,622 13.79%
I. DO GAVANADOR 25 38,20 .09 13,20 0§ 153,903 {.03
I, DO FUKDAD 26 S. 40 0. 00 5. 40 [} 5.817 6. 98
1. DE PAQUETA 21 1.10 0.00 1. 70 0 3,184 1.9
l. DO ENGENHO 28 1. 30 0,90 t. 30 0 11,044 8. &9
1. DE §.CRUZ : 23 1. 40 9,00 1. 40 0 4, 85) 3. 11
Total 4040, 30 3504, 10 §16. 40 88 11, 594, 031
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" 3.5 Calculation Results and its Validation
(1) Calculation results

The total runoff load of the 20 largest rivers (basin area cov-
ered: 3,604.1 km®), determined using the parameters defined iIn
3.4 and following the steps described in Fig.3-8, is shown in
Fig. 3-8 and Table 3-4. The calculation was hbased on the pre-
cipitation data in 1992 and the population data in 1991.
Fig.3-9 and Table 3-5 show the annual runoff loads on clear days
and rainy days and in the rainy and dry seasons, and alsoc the
runnoff load not influenced by precipitation and runoff load
caused by precipitation.

The daily mean discharge of the 20 rivers directly flowing into
the bay was estimated at 190.2 m®/s, with a BOD load of 258.5
tons/day and a TN load 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 season (55 days in a year).

The runoff load ratio on rainy 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 impoftance of the runoff load on rainy days was
‘only recognized in Japan from the 1980s (the survey results are
shown in Table 3-86).

(2) Comparison of the estimate value and measured Value

Fig.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

runoff load from the basin.

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

. Runoff loads for the rainy/dry season and annual runoff load in
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1982 calculated by the estimation model are shown in Table 3--7.
{a) Annual runoff load

The mean runoff discharge per day from the entire basin (basin
area covered: 4,080.5 km?®) was estimated at 230.2 m®/s, and the
BOD and TN loads in the runoff load are 330.6 tons/day and 116.2
tons/day respectively. Fig.3-11 shows the contribution ratio of
each basin for various water quality items. BOD was observed to
have been largely contributed by the Rio $.J.de Meriti (16.1%),
Rio Sarapui (10.8%). Canal do Cunha (9.0%) and Rio Iguacu (7.8%).
The runoff discharge and runoff load of each sub-basin are shown
in Fig.3-12. (see Appendix IX) ' :

(b) Runoff load during rainy and dry seasons

The ratio of the 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 ohservations that were conduct-
ed'(l) during a rainfall cycle preceded by a short period of
clear days, (2) a light rainfall intensity of 25mm/day and (3)
with a serious mistake of missing the measurement of the first
flush; are likely to be smaller than the actual values.

On these grounds, the ratio of the rainy and dry scasons was re-
vised to 7:3 in 1992. '

TP load in the rainy and dry seasons had a ratio of 4:68, contrary
to the other items, supposedly because data on water quality used
in the calculation was obtained in the second rainfall observa-
tion, and the inorganic phosphorus concentration was not obtained
as it was not detected during the fTirst rainfall.

3-18




BR-¥

o
o=
: |
.
X .
5
g - . I >
- , R
Z .2 o 2 z :
o z g 2 : o g
- | MNM - Hol el ..w
= s 77 = = 3 =
2 & = : : -
| . = z = e
H m a ) ,m”m,,“/,//w/%///
.
L
g 7 8 oot
@
=
[~
- S
- =
z e 2 - | E
2 & £ w8
8 T & P
ND ] 2 gae i
- o - see
o —
¥ 2 ¥ 23
= a = £z
a a = 5
il
g
. T T L3 1
M 2 : & & = -

Y uoy /um

ivers

Soark
Bl Clanr g 33 Ralny 4

Estimated Monthly Runoff Load from t

he 20 R

3-19

3- 8



SIRdWLEAS] Meads Yita 384 wmM 1 g/on
LU T IR

2N (RIRLASTIAY D4R IRJALvy C Ty
. CLENOAE 1910 adif asOniIRITARALL AIRSOAtItie
16816 _ %6122 ¢ ¥5 952 161 OGI ]9k heOL_ s LE 31 G §i G 1 747 - GF bOE - " B8 ZIBE, [iHE P THIOL
L T M AT LY D EX] 8Bl ] 6558 I N TR TN TR T T8 | LANE GO TYNYG s OUNE %
=101t -t T4 T Pl i et (BT il 34 radl {84 9% 5L wan g Tl seeild ‘o919 i} YRNDD D TWD | BRI o
k] ®}e e 0t W 01 wue a0 000 00 f . - 1 YHNGd D7 TYaVD i onind 57
53 et 0531 it AT 4 19t K€ <05t | H woan | il 22008 1AL g ) Vil oI 2t &
[ ™ 08l [4% Fi gyt ol 22l PR oL .44 G ISCL 44073y 2%IS s | TLIVZY O1a L [P I
rud - etk ] SR oL |eny LLTY £33 % 06 ¥l ey 108 25p 267 "1 09 v ol TLE TS ol | 0225 0
kgl e <t 4 1850 . |28800 10T a4 EL 5t b1 1y umzy | 218 SLZ°210°7 057581 037851 T34¥0Ys 0ia | 0ocas 61
0601 63792 7608 'R SEUIEl [e8'T 850 T8l 43w+ 8RR ¥ se QL0 °vSL |08 238 [t favear grr; ggivy &l
e L 13 2z b A o] s 0y it 685 LZE ER ELL M1 ] 00 9% 6o aer VRIETOVEVS O | Q2iS Ll
%51 i 19T S 2 pra] 117 $7T gLy [T 4 ¥algo @ |0 E Bl AR 20X | 09I 91s
2 BOTE - ;T lQ1M ieTE (8D U : 559 sos1 tgrst VAR R 6y T 05T % YIRS Ofl | 00KSd §1
+ar] 1] (1] e ns bl LR 87 LI 98°10 0T 8¢ sol 05 LR BIETL [~ 17405 QrY ; G0sas ¥l
) i 510 ® £t 100 Pl e 2% we e 1 frAi] §i Y3 iy Tl w3 JLIE R B T |
ST w7 81 157 M & grl A >l §0E %00 pral 297 LN ViR 2D oLese el 00401 F0TVINCE 1y 095vF &
07 1190 at. P4 80 00 809 %9 £y 1 90 H] T xiNa ¥/ 89 WE e 0y TIVE 30 TN | EsoR AL
% o o] nt BT [ N] L] A i LI 207 e 130 a6 T _c.f;— ] ezl orel C e {HATEIS Q1Y ) BEERS Qfr
1 w3 ni %S %8 S0 6Ll s ny o ] 61 % L YIS T L5731 0% [l Hﬁéuhl_’mﬂ-?
K’ it i 1314 e a3 14l [ 354 gt [ oA i ik i ] - A L YAy 800 57 2 I By =Ad [ =44 TIZLAIOND G111 008D §
Lol 15751 J e 26 oy % 0! & 5481 Wt 19 85 s s L] | ory B&19Lf | oL9re a¥3¢L frcozn s o Niert os JA
51 81 [ Y ] 453 A3 g 8T wy 1 1 [+ i) 65°0 21 961 saa.ﬁ_nud . it VRIQH IV C18 | 63000 &
& $90 & ELE n HT L] el ©®n Sk°L o ool B R A &Y wwan 52 ws COMILIN 0iF | 023K S
444 &3 50% wr A4 (3] LI ETA [T A5LL oo aZt sLl by K e | Y oeruly 109 B9 FITLYDTY QIR | GRLYY ¥
N b 8T 2 wey ofun 381 %7 %0 Wl fAR] e JElT 193 LU 9EIREI (3K o N H BESYOR; GIE; OlRWl ©
%0 #3 @t o |isn [ ey i ] iro L] 0o bL 157 ) wRa) | 559 B0 W e VERCH OfF | (9l T
ol gt 81 2570 ] ] 21 Ll B D mI a2 : 0 oLt 104 01T RNt SHTF S QrL or 013 00 QLva Treva [ ARk {7
; 1 | :
PR [£7:)] P71 | {88 {713 [ :)) {72 Gy |- ey | (3w 4723 {2 (8/3) {pr1) [€1: ] ﬁ TIEE) hﬁ {7oney | o {2ex) M
. iy Lrveq wuiy vt g ” oy
PO L PV WO 7] GOJ SEIRORTO | PSS | pRo il | peoryy) Deoq eaorr peortgnd adregvsig | peonss | oeomidll RO Pt ooy peotgeg Weertig pra ?..ﬂo_:_ﬁ._s.::aﬂ!: rireg FrLInay i
201 ¥ Gray oS adg GO Ees ARLEY 1 i I [ !

SIOATY (7 9Yl WeIJ peOT Jjouny palewIisy v -¢ °Tqel

3-20



Bt R
\xnmmxw‘
Aamyumﬂvuﬂz,anawoﬂoﬂz/

g o &l w - uy -]

{p/3 *s/gu}peoT jiouny

1P . Lead SSL d

LSRR AN R ZA NN S W T
Dischargs DOD.load CODsn.load TH.Load

22 Ralny Season BN Dry Ssamon 5 Hsan Lalue

II;:I....I.rr

F T
Discharga DOD.tood COlnn.load TH.lcad w.imu

-—

{p/1°

_______
.?_B.Rwl.owls_s..‘.o._nn
111111

$/§U)pROT Jrouny

mw

Dry Season

%2 Rakny Seaxin

99999999999

BBBBBBBBB

(%)peo jjouny

\\\/////////
\\\\\////////
e

b scharqe B80D.1oad CODnn.Load - ]N.Load I'P.Load SS_Load

. B talny Ssamon [ Dry Ssason

Difference in Estimated Runoff lLoad betﬁeen

Rainy Season and Dry Season

g

,3_‘

Fig.

3-21



261 171081 | 20l 851 [F]] 5818

BE 137§ 001 ¥5 852 01 V6L 081
1l 16 ¥l f ¢ 9% 0 1 §8°51 [T 55 35 [H | E8 EL VG| 1¥11413930 g pesnky peoq [jouny
3 Sq Fer_ 1Lk 95 51 ] 51 8L AT 9% 251 g i B 811 W1 1811419906 4G PAOWan 0] 160 FT6] JIOUng
% | (R8P i % (ATp/1) SZD) (A%p/%) 1% ; (X¥/1) 1% (5/5%)
5E0T 5% HEST 4l } pEo] A EERILTIGR] GE0T (0B LTIl
R B wolitt1d19edd Aq pesnEd PYCT jloung; UOi1v){di3aic-Aq PIDUEN[JUL 10U proT Jrouny
[0 3% 1L81 1061 (N [T ;57 16 1 00] ) £ 122 1001 T ¥5 852 1 601 T L Gh1 ARy Uten
4 9. 6201 | B3 ] t§ 81 6% L e 0L (At TR {99 Z1L [ R (Z86( 99E~idy) uGvEas L3
L 05 2iLe 2% - 118 61 13 I EENED 171 197 1 &§ TSF Y08 119 TLL Lip (2B 1 dFR-3130)UCEERT AUIT,
T G ZONE TLED/T) (% | (Aap/i) | % i (ATp/1) 13 | (A8p/3) 1 % i(s/49) UGS ES:
DECT SY PE0T 4f - BECT N1l PE0] (UM G0 PG 003 (NI -
HOREQS A/ UOSYUS AUTRY
31 31 1081 1061 ¥isl [TH 5716 | 60l 6 122 1 001 15 458 201 1061 - TR Ey UFIR
L 156 g9F1 T2l 56 : $e. triiz JE ¥ 11t 1 9% 111 17 3 i £4TpTE I (I8 Nu01) dep Zuity
z TL¥EL 1 0% 501 TL oL 1Ly Te Lol 1 1% T8Z Lot 55 7501 SATPIL;: (AEP/GREL5) ATD SE#17 |
] (AER/1) T Y (£ED/) (AEp/1) 1% (4293 1% | AP {5758
PRST S ) PEOT 4 PEGT NI PECT (GR) 10 T a03 AR

AR AUTEE Aep JG4(]

. {uoraesTdrooad Aq .nm.ms..mu prOT zyouny suctaextdioexd .
4q . psousnizuy 30u  peoT FFOUNY ‘uosesos Azg/uosess AUTRY ‘siep AuTey /s4ep xeoTo)

SI9ATY 07 eyl weli peo] jrouny Tel0] pejewmiasy ¢ -g OTqEL

3-22



Table 8- 6 Runoff Load Ratio on Clear Days and Rainy Days in Japan
: : {Runoff Load {%})

(1980-1989)

COD{Mn) . T-F T-N

River Clear/ Rainy/ Clear/ Rainy/ Clear/ Rainy/ Runoff Load,

Name days days days days days days Separatlon Method, etc.

R. Sandagawa (Urban type rlver) : Runoff load tank model
1985 43.6 51.4 40,9 59.1 60.9 39.1 Separation method 2.

© R. Ohtsn (Natural type river) Precipltation of 1 mm or
1288 29.7 70.3 34.3 65.7 36.4 63.6 less within 12 hours
assumed a ralny day, using
L-G¢ regression model equa-
tion.

R. Nogawa {Urban type river) : 75% of anmial load value
1987 44.0 56.0 -- -~ - - was assumed as low flow
1988 51.4 48.6 -- - - - and clear day.

1989 27.5 72.5 - - -- --

R. Tamagawa (Urban type river 75% of annual load value
19856 44 .8 55.2 - - - - was assumed as small water
1986 64.9 35.1 - - - -- amount and clear day.
1987 63.6 36.4 -- -- -- -

1988 28.2 Ti.8 47.4 52,6 -- -=
1989 46.9 53.1 59.5  40.5 - e

R. Tomocgawa {Urban type river) Clear days assumed no in-
1980/81 56.1 43.9 53.0 47,0 10.1 29.9 fluence of runoff by pre-
1981 55.1 44.9 52.8 47.2 69.7 30.3 cipitation. The following
1981/82 59.5  40.5 62.0 38.0 73.7 26.3 is the number of days

deducted from the clear

days.

10 mm/day over +1 day
1987 61.5 38.5 G8.9 31.1 . 9.5 5.5 20 mm/day over . +2 days
1988 40.4 59.6 35.9 64.1 63.1 36.9 30 mm/day over +3 days
1989 49.6 50.4 45.3 54.7 71.0 23.0 50 mm/day over +4 days

R. Sannougawa (Natural (ype river) Once per each season.
1979.80 18.4 81.6 32.7 67.3 61.5 38.5 4 time per year. L-Q

regression model equation.
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Chapter 4

Details of Runoff Load from the Basin

Pollutants flow into the bay through various routes, some of them
via rivers or stormwater drains, and some directly from the
pollution sources (factories, waste treatment plants, sewage
disposal plants, etec.). Here, the total runoff load is calculat-
ed after obtaining the runoff load of each route.

4,1 Runoff Load Flowing into the Bay through Rivers and
Stormwater Drains

Fig.4-1 and Table 4-1 show the runoff lcad flowing into the bay
from each area. According to the position of their mouths in the
bay, rivers were classified into the following five groups:
eastern basin (sub-basin Nos.l to 8), northeastern bhasin (sub-
basin Nos.7 to 14), Northwestern basin (sub-basin Nos, 15 to 18),
western bhasin {(sub-basin Nos.19 to 24) island basin (sub-basin
Nos. 25 through 29). Due to differences in water quality 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 load.

Besides the rivers, stormwater drains also discharge runcff load
"into the bay. Separaté 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 into the bay directly from
the five outlets was about 36 tons/day {(no data was available fTor
RSD-02}. However, since this figure was calculated based on pump
capacity, runoff ratio was not considered. No data on the dis-
charge outlet 1in northern Niteroi, outside of Jurujuba Bay, was
obtained.

4.2 Runoff Loads Flowing into the Bay Directly from the
Pollution Sources on the Coastal Areas
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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_tdns per day, and waste
disposal plants (leachate), about 0.3 tons a day. The total BOD
load totals approximately 30 tons a day.

Food factories {seafood processing factories among others) that
are located between Niteroi and San Goncalo in the eastern area
malke up about 75% of the total lcad discharged by factories in
the basin.

The . total runoff load in terms of BOD load that flows into the
bay was estimated as 2360.53 tons a day by adding the runoff load
of 330.59 tons/day from rivers and rain water drains to the
runoff load of 29.94 tons/day from pollution sourcés on the
coast. '

'Detaiis are shown in Table 4-2 and Fig; 1-2,

" Discharge(n3d/s)
BOD Load(t/d)

=4
ot -
G o 7= N Load(t/d)
- w oo I TP Lead(t/dD
5 = & P o
- i o] <
w & E = 3
4 2 g g =
. o “ < .

£ Q -

- =3 w2

be i [

fo] : -

=4 5

=

Fig. 4- 1 Runoff Load from Each Area
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Table

from Each Area

4- 1 Details of BOD Load
SN(1921)
1991
Ko. BOD. Load
Namo
(t/d)
1| B. -CHAR{ITAS
2 | CANAL CANTO DO RIQY
River 3| B. ~CATEDRAR
4 | B. -RORTE CENTRO
5 | RI0 BOMBA
TSR, e .1 RI0_IMBOASSU . -
River Sub Teial
007
4]
004
098
009
ind 021
034
044
047
062
............................ LN
Industry Sub Total -
LAY .
skis -
Fasiern Sub Total
71 B. -1TAOCA
8| RIO ALCANTARA
91 R10 CAGEREBU
River LR | RIO GUAFIMIREN
1t | CANAL DE MAGE
1Z | RLO RONCADCR
13 [ R10 TRIRI
.............................. 14| RIO SURUL
River Sub Total __
disiny Sub etal L
WP
S¥DS
portheastern Sub Tota) 1112
15 | B.-MAUA 0. 40
i6 | RIO ESTREEA 12.92
River 171 | RID 1GUACU 31. 97
172 | RIO SARAPUE £3.40
.............................. 8| B.-CABO DO BRITO | 5.75.
River Sub Total 94. 43
0ts 1.92
0% 1.20
1nd 07s 0.33
029 0.79
111 9.31
e SO L1 R 015
frdustiry Sub Total {11
RW1P o
ST R 0.50
jorthwvestern Sub Total 58, 841
19 [ R10 S. J_DE MERITI 64.33
20 | R10 1RAJA 22.04
River 21 | CANAL DO CUNHA 3564
22 | B.~S. CRISTOYAQ 261
23 | CANAL DO MANGUE 21.95
.............................. 24| B -BoTaFoco 1 1.8
River Sub Total 162. 50
030 0.12
Ing G442 0. %2
............................ 08k ]l
[ndustry Sub Total 1.69
TP 2.43
S¥DS
¥ester Sub Tovral 166. 641
25 | E. DO GAVANAPOR 6. 66
26 | E. DO FUNDAD 0,23
Island 21 | E. DE PAQUETA 0. 14
: 28 F 1. DO ERGENHO 0. 50
o ooasbuopescriz L 022
Island Sub Tetzl 1.1%
.......... 111 NOUOUUURUUOY OURITSURURITRRPR SUNPORRPPR
Induskry Sub Total 0. 28
WATP 1.16
SWDs
Islands_Sub Tolal §.195
Tolal 360.53
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Table 4- 2. Details of BOD Load from the Basin

Runoﬂ. Load : Direct Rumff. foad - .Total
froa the basin(A) ; fros Point Source(8) CAYH(B)
River(L/d)  Industey(t/d) WTPCLAD)  SIOSCL/Y |~ (tfday)
Eastorn Basin .79 18. 32 1. 63 -~ 4.
(-6 1~
Northeastern Basin 44,11 ¢ - -- -- 44. 11
€7-14) i
Nor thuesteen Basin Wt A - 0m| 9w )
(15-19) : '
Yestern Basin 162.50 ° 1.69 2.45 .- 166. 64
(20-24) (RSD:36. 60)
Island 115 0.28 116 - 219
(95-29) : :
Total 330,59 ¢ 2%.40 5.24 0.30 360,53
Remarks

BRTI* : ¥astewaier treatrent plant
SIS : Solid wastc dispoesal site
RSP : Raw sewage drain-pipes

L40. 004 ' | | Ve
160. uu~/

140. 00 . ' _
120. 00/ . [ ] swps
100. 00 _ | IR w¥Tp

8. 00f” .

50.00?/ -7/“_#. // I_ Industry

40. 60 r (] River
/ Y

20. 00F

0_004_,,.__ // . /n// //‘Q‘/

Island

Vestern Basin

[
‘@
=
B
4
s
8

Northeastern Basinl
Korthwestern Basin

Fig. 4- 2 Estimated Runoff lLoad (BOD) from Each Area
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Chapter 5

The: Future Runoff Load from the Basin

5.1 Caleculation Method

"In Chapter 12 of the Main Report, the future socioco-economic
conditions. in the basin were forecast and population was estimat-
ed for two different scenarios using the Merkmal parameter. In
this c¢hapter, the future runoff loads from the Guanabara Bay
basin will be estimated for 3 cases (2000, 2010-1, 2010-2) in
accordance with the scenarios.

The estimated basin population in each scenaric is based on the
population by administrative unit shown in the Main Report, Table
12.3-1, and if every basin populations are determined using the
weighted mean method, the basin population and population density
are as shown in Table 5-1 to 5-2, Fig.b-1.

The future runoff load calculated in Chapter 3 (Potential Model
of pollutant runoff load) will be used along with population
density as parameters. :

Finally, the present statistical relation of the BOD/capita in
the estimation model is assumed to remain the same in the future.

5.2 Estimation Results and Evaluation

The runoff load calculations for 19981 and the two scenarios,
2000, 2010-1, 2010-2, are shown in Table 5-3. Further, Fig.5-2
indicates the annual changes in runoff load for the worst case
scenerio (2010-2). Along with population increase, the BOD load
"in 2010 was estimated to be 415 t/day, that is an 85 t/day in-
crease from 1991.

Fig.5¥3 shows the runoff loads for BOD and TN from each sub-
basin.
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Table 5- 1 Future Popﬁlation in the Basin (1991-2010)

{8 [ Geooy | (z010-17_ ] (2010-2)

Basin Ho. Basin Area oo
Hane : NO. Population- Population Population Population
. (km2) {persons) . | {persens). [ (persons} | (persons)
1 | B. -CIARITAS . 8. 40 1 53,310 5T,042 | - 58,841 - 53,707
Eastern 2 | CANAL CANTO DO RIG 1. 40 2 i1, 145 44, 667 45,929 46, 7154
Basin 3§ B.-CATEDRAR 1.80 k] 37,458 40, 480 41,20 41,953
4 | 8. -NORTE CENTRO 7.9 q{ 43, 607 46,659 47, 968 43,840
5 | RIO BOMBA 6. 20 H 183, 099 221,043 256, 339 258, 170
6 | RIO IMBOASSY ~ & .80 LU S 138,636 1 180,227 ) .. 09, 340
7 [ B. ~1TAGCA 6. 40 ki 30,925 [ {1,303 18,207
Rortheasler 83 RIO ALCAHTARA 144, 60 ) 470, 420 592, 129 -612, 701
Basin 7 [.RIO CACERERY 846,70 9 336,193 450, 499 534, %41 534, 5§47
§0 | RIO GUAPIMIRIM 1253.10 114 69,853 33.524 107, 684 102, 684
11 [ CANML, DE MAGE 18, 30 1t 8. 453 1o, 150 12,349 12,348
12 | R10 RONCADOR 111. 40 12 3%, 370 43,644 53, 100 53,100
131 RI0 IRIRY 2. 80 12 - 10, 634 12,811 15,594 1§, 509¢
CNE{RIOSURGL o esse ) 2,900 o as.a92| 18849 ) 18,849
15 1 B -MALA 28.90 15 8, 541 10, 24% 12, 4% - 12,470
Horthwester . 6 | RiO ESTRELA ) 342.5¢ 16 302, 495 362,994 §23. 4931 . 435,593
Basin 17.175% RID IGUACE - 562. 80 11-17% 758,010 0%, 61217 1,023, 314 1,096,374
17.6 | RIO SARAPU! ) 165.50 © 17-6 1,012,279 ] 1,153,994 4 1,255 221 ( I, 305, 835
.................. 18 ) . ~CARO ho BRETQ ¢ 22.00 08 | 332,0911. "138,5094 178,323 187, 563
19 REO 5. 1 DE MERETY 164. 50 3 1,492,458 | L. 610,855 B 6715837 ), T8, 327
20 F RIO TRAJA 35.70 20 500,276 535, 295 - 550, 304 560, 30% |
Weslern 21 f CANAL DO CUNIEA 63.60 - 2t 815, 388 872, 166 8498, 928 %13, 236
Rasin 22 | B.=S.CRISTOVAO 6. 60 22 S0, 011 64, 212 66,012 87,212
23 | CANAL DO MANGUE 42.80 23 500, 876 536,937 550, 984 560,981
24 | B-BOTAFOGO. | 96.00 2 358,622 | 385,726  39G:484) _ 401,657
. 25 | I. BG GAYANADOR 38. 20 25 153, %03 184,676 169, 293 172,371
Island 26 | L. 1M FUNDAD 5.40 16 . 5,211 5, 646 5, 803 5,810
271 b DE PAQUETA [.70 27 3,254 3,482 3,319 3.544
28 | k. U0 ENGENIO .30 1 11,034 11, 896 12,137 12,353
298 1. DE S, CRUZ 1. 40 29 4,851 5,191 5,336 5,433
Total 4080, 50 7.594,031 | B, 4§36, 0281 9,335.661] 9,564,782

Table 6- 2 Future Population Density in the Basin {1991“2010}

CJLaeshy b tzeeo) 1 (ze19nl) ) (2016-2)
Basin No. Basin Arca :
Name ' RO. Populialion [Population [Population Population
(Kn2) Densily ensity " Pensilty bensity
(10" 3/%m2) |(10"3/3m2) (10" 3/km2} [(10°3/ka?)
1| B. ~CHARITAS §.10 i 5. 617 £.07 6. U §.35
Eastern 7 | CANAL CANTO DO RIG 1.40 2 5. 64 6.04 6. 21 §.32
Basin 3 | B. -CATEDRAR 1.80 3 4. 50 5. 14 5. 28 5. 38
4 | L, -NORTE CENTRO 1. 30 [ 5.52 5.91 6.07 6. 18
5§ RIO TOMBA 26. 20 5 6. 9% 3.6 9.78 9.85%
e B RIO DavOASSE | 30.80 8 LASob o sas) o ss0d 680
7§ B ~1TAOCA 6. 40 1. {.99 §.43 7. 53 7. 53
Northeaster 81 RIO ALCAHTARA 144. 60 8 3.2% [ 1] [ 168
Hasin 9 i RIO CACERERY 846. 10 9 6. 40 t. 53 0.§3 0.63
L0 RTO GUAP IMIRIM 125%, 10 10 . 08 0.07 0.03 0.08
11| CANAL DE BAGE 13. 30 il 0. 46 4. 53 0.41 0. 87
12 | REO XONCADOR b 40 12 0.33 0.39 0.48 0. 48
p3 | RIO IRIRI 21.80 13 0.18 0. 45 6. 36 0,56
BpRIOSURWL b ess0 ng o 0ael o wesd nanfo .21
15 7 B -MAS 8. 90 1% B30 0.35 943 943
Northvester 16 1 R1I0 ESTRELA 342.50 16 6. 38 1. 06 .24 1.27
Basin 17. 178 RI0 IGUACY 562. 80 17-17% 133 b 62 1.2 1. 91
17.6 | RIO SARAPUI 165. 50 17-8 6. 12 6. 97 T. 58 7.8%
18 [ B.-CARO Do BRITO | 22.00 18 | 4891 5. 8% 6.50 6.9
19 | R10 S.J.IE MERITI 164, 50 19 9. 071
20 | RID 1RAJA 35.70 20 14.01
Kestern 21 | CANAL B0 CUNIIA 53. 60 21 12.82
Basin 221 B. 5. CRISTOYAO Co6.86 0 22 5.09
23 | CANAL DO MAKGUT 42,80 i3 11,78
a4 {mo-motaroge | oee0e [ 3.7
25 [ 1. DO GAVANADOR 3. 20 25 4,03
Tsland 26t 1. DD FUNDAO 5. 40 26 0. 98
27 1. DE PAGUETA L. 70 21 1. 91
28 | 1. DO EXGERHO 1. 30 28 LA}
o 29 | 1. DE S CRUZ 1. 40 29 3. 417
Tolal 4080, 50 1. 8§
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Lidex 1951 2000 2010-1 2010-2
{Scenario L)[{Scenario 2}
Population . :
__{persons) 7.594,031 | 8,636,028 §, 336, 66! 9,564, 782
Baasin Area
(Xn2) 4. 080. 50 4,080, 50 4,080.50 4, 080. 50
Discharge
(ad/s) 230. 16 247. 16 258. 60 262. 21
BOD Load ‘
) 130,591 375,40 405, 42 415. 33
CoR{Mn) Load
(1/d} 280, 34 314 21 336. 83 344,37
T8 Load
{t/d) 116.18 130. 24 139.62 . 142,18
TP Load :
{(t/d) 20. 317 23. 117 25.04 1 - 25, 68
SS Load -
_(l/d) 2, 33707 2,650, 46 2,821.82 2, 886.12

Fig. 5- 2 Future Runoff Leads from the Basin (1991 - 20190)
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Table 5- 3  Estimation Runoff Load for BOD and TN from Each Sub-Basip

(ROB} )
L ,,,,, s | (zo0e) 1 (z010-1) [ (206-2)
Basin No. asin Area .
Naac KO. BOD Load BOD Load BOD lLoad BOD Load
{Xn2) {1/ {1/4) (/d {(1/4)
. 1| B -CGHARITAS 9. 40 1 2.3% 2.5l 2.5% 2.63
Eastern 2 | CANAL CANTO DO RIO 1. 40 z RN 1] 1,97 2.03 2.07
Basin 3 | B. -CATEDRAR 1. 80 3 1.65 1.1 1,82 1. 85
4 | B. -KORTE CERTRO 7.90 4 1.92 .06 2.12 2. 16
5 RIO BOMBA 6. 20 5 §.00 9. 08 11,26 11.34
......................... G RIQ IMBOASSY L 90.80 6 SRt 2% FUUURURRRRCRS T8 SRRUUOU vt 13 SO " ¢
7| B -1TAGCA 6.40 1 1.4 1.84 LU 2. 14
Kortheaster 8 | R10 ALCAHTARA 144, 60 8 20. 07 25.33 28.79 28. 99
Basin 9| RI10 CACEREBU 846. 70 9 14. 80 19. 4% 22.90 22.80
: 10 | RIO GUAPIMIRIN 1253.18 - 10 4. 61 5. 22 5.97 5.97
11 | CAKAL DE MAGE 1€. 30 il 0. 38 0. 45 0. 5§ 0.5%
12 | RI0 RONCABOR 111. 40 12 1. 66 1.9% 2.35 .35
13 § REQ IRIRI 71, 80 13 0.49 0. 58 0.6% 0.69
A4 {REQ SURMY . 68.80. 14 ... 083 LT 0.88 ¢ 0.88
© o 15§ B -MAUA 28,00 1% : 0. 40 0. 47 0. 56 0. 58
Korthvester 16 | REO ESTRELA 342. 50 16 12.92 15. 44 17. 66 18. 47
Basin 17.1"% RIO 1GUACU | 56780 17-17% 31.91 18. 30 43.06 45.2%
17.6 | RI0 SakaPu! ©O165. 50 11-6 43.40 49. 56 53.97 56. 17
.18 | B.-GARO DO BRITO 4 21.00 W S. 731 BN T 820
19 1 RIO S. . DE MERITA 164. 50 19 64.33 £9.56 2,11 414
20 | R10 [RAJA 35. 70 20 22.04 23. 61 74. 28 24.13
Western 21 | CANAL DO CUNHA - §3. 60 | 35. 66 38.20 |- 39.29 10.02
Basin 22 | B.~S. CRISTOVAQ 6. 60 72 2.67 2.8% 2. %4 2.99
23 { CANAL DO NANGUE 42.80 73 21,96 23,582 24.19 24.54
........................ 1B -woTAROGO | 2600 a4 . | IS.B4) 16,87 ALAS| 1778
25 { 1. DO GAVANABOR 38. 20 75 6. 66 1.13 1.33 7. 41
Istand 26 ] L. DO FUNDAD. 5. 40 26 0:29 0.25 0.26 0.28
27 { 1. DE PAQUETA 170 27 0. 14 0.15 0.1 0.15
28 1 I. DO ENGENHO 1,30 28 0.50 0.53 0.55 0.55
29§ 1. bE S.CRUZ 1. 40 28 0.22 0.23 0. 24 024
Total 4030, 50 330,589 375 40 105. 42 415, 33
IB IGEI I (a0l0-1) ] _(2010-2)
Basin Ho. asin Area
Name No. T Load T4 Load TN lLoad T lLoad
(kn2) (v/d) (v /d) {t/d) (1/d)
: 1| B. -CHARITAS 940 1 0. 19 0.8% 0.87 0.89
Eastern 2 | CANAL CARTO DO RiQ) 7. 40 ] 0. 62 0.67 0.59 0.70
Basin 3 | B. ~CATEDRAR 7.80 3 0.56 0. 60 0. 52 0.63
4 [ B -NORTE CENTKO 1. 90 4 0. 65 0. 170 0.72 0.73
5 | REQ BOMBA 26, 20 5 2.65 3.2% 3.12 1.1%
b3 RIC 1MBOASSU ) 30.80 . 6. ooz00q o neof .00l 301
7| B. -1TAOCA 6. 40 1 0.48 0.62 0.72 0.12
Northeaster 3 | R10 ALCANTARA 144. 60 8 6. 60 8. 25 9.33 9. 39
fasin ¢ | R10 CACEREBU 846.70 ] 1.08 .43 3.43 9, 43
. 10| RI0 GUAPINIRIM 1253. 10 10 5.28 5. 46 5. 10 5. 70
11 | CANAL DE MAGE 18. 30 11 0.18 0.21 0. 24 0.24
12 | R10 RONCADOR 11t 40 12 0.88 0,97 1. 09 1. 909
13 | 810 IRIRI 21. 80 13 0.25 0,28 0. 3t 0.3
........................ 14| kIO SURMY [ 6880 M4 b 0.43)  0.46) 0.5 08t
15 | B. -MAUA .90 15 0.22 0. 25 0. 2% 0.28
Northeester 16 | RIO ESTRERA 342,50 16 496 511 6.47 T 662
Basin 17,178 RIO iGRACY 562, 80 171-178 11. 26 13. 14 14. 56 15,23
17.6 | RI0 SARAPUI 165..50 17-6 B ERT] 15.88 17.28 17. 99
A8 [ B -CABD DO BRITG | 21,00 | 18 ] Lavy ey o @.se) 271
19 [ R1G 5. ). DE MERITI 164. 50 19 20059 L6 2310 23,13
. 20| RIO IRAJA _ 35.70 20 1.26 1.18 8.01 “B. 15
Western 21 § CANAL BO CUKHA 63. 60 21 1. 62 12,45 B 3 13. 05
Basin 22 1 B, -5. CRESTOVAO 5. 60 22 0.30 0. 87 0. 39 1.01
23 | CARAL DO MANGUE . £2.80 23 7.20 (. .1 1. 94 5. 08
...................... 24 | B.-BOTAFOGR 1. @600 24 ) S.44) 562  8.T8)  5.89
25 [ 1. DD GAVAHADOR 38,20 pA] 2.22 .37 7.43 2.48
Istand 26| 1. DO FUNDAD - 5. 40 26 0.04 0. 10 0.10 0.10
27| 1. DE PAQUETA i. 70 27 0.05 0.06 0. 06 0.06
28 | 1. D0 ENGENHO 1. 30 28 0.17 0.13% 0.19 0.13
291 L. DE §. CRUZ 1. 40 29 0.08 0.08 0,08 0.69
Total 1080, 50 16, 18 130. 24 135, 62 142. 75
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CHAPTER 6

RUNOFF LOAD ESTIMATION RESULTS
THROUGH INFLOW LOAD REDUCTION
MEASURES
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Chapter 6

Runoff load estimation results through
Inflow load reduction measures

6.1 Rupoff leoad estimation results through reduction measures
Runoff load was estimated for the following 4 cases:

(1) Runoff load in 2000 (primary treatmént) and 2010 (secondary
treatment) if the sewage treatment plants are completed under
the IDB/OECF Program. :

(2) Runoff load in 2010 if the sewage treatment plant (primary
treatment) are completed in urban areas ocutside the target area.

{3) Runoff load in 2010 if the ocean outfall system is complet-
ed following the construction of the treatment plants (primary
treatment) by 2000 under the IDB/OECKF Program.

Ocean outfall (1) draft: To discharge the waste from the

{B~-1) southern part of the Meriti basin’
and the southern part of the TOQUIE-~
TOQUE sewage treatment district
utside the bay.

Ocean outfall (2) draft: 7To discharge the waste from the

{B-2) southern part of the PENHA sewage
treatment district and the southern
part of the TOQUETOQUE sewacge
treatment district outside the bay.

Ocean outfall (3) draft: To discharge waste from the
(B-3) southern part of the ALEGRIA and
: FUNDAO sewage treatment district
and the eastern area of southern
TOQUETOQUE sewage treatment dis-
trict outside the bay.

Ocean outfall (4) draft: To discharge the waste from the
(B-4) ~southern part of the BOTAFOGO
' sewage treatment district and the
southern part of the ICARAI sewage
treatment district ocutside the bay.

Ocean outfall drafts are shown in Fig.6-1.

(4) Runoff load. in 2010 with the construction of a retarding
: ‘ ponds
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Adopted Design

ITEM ' 1 2 3(B-1) 3(B-2) 3(B-3) 3(B-4) 4

Target Year 2000 2010 2010 2010 2010 2010 2010 2010

Project Area(kn®) 271.4 271.4 752.4 271.4 271.4 271.4 271.4 271.4

Measures

Primary Treatment X X X X X X X
Secondary Treatment X X

Additional

Primary Treatment X

Ocean Outfall X X X X

6.2 Points to be considered for the calculation

The runoff ratio in areas with sewers varies from that without
sewers., Runoff loads are determined using the runoff ratic as a
parameter, however the results of the calculations may largely
differ according to the actual set up of the sewers,

The sum of the areas with sewers and the areas where sewers are
to be constructed with sewers under the IDB/OECF Program will be,
for calculation purposes, called the area with sewers, and the
runoff load will be determined by multiplying the area with the
runoff ratio of the area with sewers(Fig. 6-2).

This study assumed that population in the basin is evenly dis-
tributed. Given this assumption, the population: In areas with

sewers and therefore the evaluation of the load reduction could
have heen underestimated.

Areas without Sewers’

Areas with Sewers

Sarage
treatment
plnat

River

Fig.6-2: Runoff ratio of the areas with and without sewers
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6.3 Terms of Calculation

The parameters for the calculation were established as shown
below:;

(1) Runoff ratio of the areas with and without sewers

Using the WADA (1980) data, the runoff ratlio in areas with sewers
is as shown below, while the runoff ratio of the basin will be
the welghted average of the areas with and without sewers.,

In addition, the present runoff ratio of areas w1thout sewers 1is
~assumed not to change.

Parameters Areas with Sewers Areas without Sewers

Primary Secondary

Treatment Treatment
Discharge 100 % C 100 % 100 %
BOD | 49 18 100
TN ' 90 82 100

TP : 35 91 100

The. BOD value was determined by using the value (#1) obtained
from the results of a study on the drainage system {combined
sewer system) of Yabata river basin. The BOD value used is shown
in Fig.6~3. TN and TP values were determined by using the BOD
value actually measured.

#] Source: - Yasuhiko Wada: Non point source load quantity and
its impact on the water environment, the 16th Health Enginecering
Research Institute Debate Article, Vol. 16, 1980.




Runotf load on tainy days Runoff load on clear days Awenual mean of runoff load{total)

{326days and lS5hours}

187

=== Store overflow

C: chanber

" Primary
treatment

River

River

River

(a) {b) {ei={a)+(b)

<:j Discharge (x10% per year) €C===]BOD Load (ton per year)

Observation period:lgszflﬂfl)

Coverd basin area:5.42 Km?’

Fig.. 6- 3  Material Balance on the Sewer System in Yabata River Basin

(2) Waste Removal Ratio of the Sewage Treatment Plant

The waste removal ratio of the sewage treatment plant used to
determine the yunoff ratioc of areas with sewers 1is as shown

below:

Parameters Areas with Sewers _
Primary Secondary
Treatment Treatment

Discharge 160 % 100 %

BOD 50 90

TN 10 20

TP 5 10




(3) Ocean Outfall Runoff Ratio

The runoff ratlic of areas with sewers to be adopted in the ocean
outfall was based on #1 data and shown below. The remalining
runoff load in areas with sewers is assumed to be discharged
outside the bay through the ocean outfall.

Parameters Arcas with Sewers
BOD 2.9 %
TN 9.5

5

TP 9.

TN and TP values are estimated to have a ratio similar to Dis-
charge, ' '

(4)_ L.oad Removal Ratio of the Rethrdation_?onds

. The load removal ratio of the retardation ponds was established
as shown below. The load removal ratio for the first flush of
the retarding ponds of Matsuura (1987) (%2}, which has a storage
capacity of 200,000 m®, ratio of COD removed is 24%, 8% of TN,
and  16% of TP. These values were used to determine the load
removal ratio of the retardation ponds. The COD (Mn) ratio will
also be used to also cobtain the BOD ratio.

The maximum rainfall to be used for the calculation of the stor-
age capacity of the retarding ponds will be set at 20mm/day  for
the effective use of the facilities. '

Parameters Areas with Sewers

BOD 24 %

TN B

TP 16

+2  Source: Mushliake, ed. : Conservation and Recuperation of the

water environment. Sankaido (October 1987}
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6.4 Estimation Results and Evaluation
(1) Estimation Results

The runoff load estimation results with countour measurments are
shown in Table 6-1 {Appendix X ).

Fig.86-4 compares of runoff load of areas with scwage treatment
and area without sewage treatment (1991-2010).

(2} Evaluation

The discharge load results based on the inflow 1load reduction
countermeasures are shown in Fig.6-5, and Table 6-2. The ef-
fects of each reduction countermeasure for 2010 will be compared.

- Number (2} countermeasure will be used For BOD; the ocean
outfall countermeasure (3) which will discharge treated
sewage outside the bay will be used for TN and TP.

- Countermeasures that are highly attainable are {(a) secondary
treatment under the IDB/OECF Program, and (b) the ocean
outfall (2) draft. The Inflow load that can be removed
through these countermeasures, in terms of BOD, is approxi-
mately the same at about 100 t/day.

- However, for the improvement of the bay water «quality,
countermeasure (3) is supposedly very effective, and cost-
effective in terms of maintenance and management.

- The previously mentioned countermeasure (1) alone will not
be enough to attain the target bay water quality (to reduce
the BOD in the load inflowing to the bay to 280 t/day).
Hence, the primary treatment under the IDB/OECF Program
intended for urban areas (614.8km2) outside the target area
will be added to the secondary treatment under the same
program. This is considered effective in possibly attaining
the target bay water quality. '

- The load reduction effects of the countermeasure Involving
the <construction of retardation ponds is lower than the
estimated value,

Even through the construction of a retarding pond totaling 9.4km*
(water  depth .2.0m), an annual mean load of only 10.4 tons/day
(3%) can be effectively reduced,.



The Comparative Table on Countermeasiras (2010)
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Fig. 6-4 Runoff Load of Area with Sewage Treatment and
Area without Sewage Treatment
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Table 6- i

6-9

Runoff Load with the IDB/OECF Program
Fon-SeretagdPr bnary Sewerage Pecondary Sewerage
Index Treatment  [Treatwent Treateent
1981 2000 2010
Population Kpersans) | 1,594, 031 |- 8, 636, 028 9, 564, 182
[¢3] L 14 126
Dischatge | (zd/s) 20,16 241, 16 262. 21
R 100 107 114
BCD Load |  (t/d) 330.59 316.38 313.87
L (%) o % 95
N Load (t/d) 116. 18 126. 45 135. 47
(%) H | 108 17
P Load () 20. 87 22.80 24.96
{%) i 12 123
Table 6- 2 Runoff Load with the Ocean Outfall Draft
_ Man-Sewcragd Ocean autfal1(}) [ Ccean outfal1(2) | Ocean outfali(3) | Ocean outfall(4)
Endex Treatnent | ®ith Sewerage wvith Sexcrage with Sewerage with Sewerage
Treatzent Treatment Treatment Treatment
Population Xpersons) | 9, 564, 782 9,564, 782 9, 564, 782 g, 584 182 9, 5164, 182
(%) 100 100 100 100 100
‘Discharge (nd/s) 262. 27 225.78 231 18] 235.70 253.73
' ® 00 86 88 90 07
BOD Load | (t/d} 415.33 309, 53 31.36 324. 02 348 23‘
’ % 100 75 76 78 8.4
TH Load (t/d) 142. 76 4. 28 118.08 122. 49 136. 37
(x) 100 &0 83 86 96
TP Lead (t/d) 25. 68 2015 __________ 20. 94 2. 67 ) 24. 42
%) 10 8 B2 84 95’
Table 6- 3 Runoff Load wifh Retardation Pond Program
_ Non-SeverageRetardation Reduced
Index Treatment pond Runoff Load
: _ Program
Population ((persons) | 7,594,081/ 7,834,031 9,
(%) 100 100 0
Discharge | {a%/s) | 230.16) - ) ool
(%) 100 0
BOD Load | (t/d) [ 7830.5¢ | 32016 | 10,48
. (%) 109 Y| 3
TH Load } (t/d) 1 ] 116.18 ) 116074 0.1
(%) 100 100 0
0 Load | (t/d) ) 20,311 ... T T,
{%) 100 0
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Chapter 7

The Water Quality Observation Method
Proposed for Tidal Rivers

River water quality monitoring will be carried out based on the
following two objectives: to maintain the river water quality
standard and to determine the runoff load in Guanabara Bay.

The. river observation staticons established in this project are
either located in non tidal or tidal zones. The observation
stations. of rivers discharging large water volumes and loads into
Guanabara Bay are mainly located in tidal zones. The water
gquality and discharge of tidal rivers undergoes complex changes
due to tidal effects, therefore, the establishment of monitoring
stations within this area should be avoided.

In terms of accessibility, only a few stations, apart from those
to be established,  are considered as suitable monitoring sites.
However, since water quality monitering in tidal =zones must be
continuously carried out, the following observation methods are
deemed appropriate.

7.1 Observation to Determine the Pollution Level in Rivers

The river water quality standard was established as the govern-
ment's target to maintain the water quality appropriate for the
use of the river.

It is, therefore, desirable to carry continuous observations on
rainy dayvs, once every month, 1 - 4 times a day.

The pollution level in tidal zones should is best measured by (1)
selecting ebb tidal periods from the tidal level chart, (2)
confirming that sea water influence is minimized a electric
conductivity and salinity concentration meter should be used.

Although samples from non tidal rivers should be taken at a depth
.of 20% of the river depth from the water surface, 1t is necessary
to take samples from several depths in tidal rivers in accordance
with the degree of mixting of the water in the upper and lower
layers. :

For example, a total of 4 samples were taken from the upper and
lower lavers on the right and left banks of the Rio S5.J.de Meri-
ti, a comparatively deep and wide river, is very much desired to
analyze water quality 1In terms of the degree the water from the
upper and lower layers has mixed.

The proposed water quality measurement plan Tor each river
(sampling frequency, sampling water level, lateral flow velocity)
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is as shown in Table 7-1.

7.2 Measurements to Determine. Runoff Load in Clear Days

Due to the complex changes in the discharge and water quality in
the tidal zones and the periodical use of the current, tidal
influence can be removed by measuring the mean discharge and
water quality in two tidal perilods and in similar tidal phases,
and by taking the mean of these two meéasurements.

Therefore, it 1s better to determine the lcad of tildal rivers
through the quasi-constant analysis of the results of the. 24 hour
continuous measurement {continuous measurements carried out in
the 2 tidal periods at an interval of 1 or 2 hours).  There are
specifically 3 methods used for analysis: the tidai prism method,
‘the method using the mixing coefficient, and the method using the
dispersion equation: Since these methods may not bring favorably
accurate results, the numerical value of the non-constant disper-
sion equation method will be used for precise calculations.

As previously mentioned, the state of the water quality in the
tidal zones, which varies due to the mixture of fresh and sea
water, ‘should be fully understood.

Generally, a weakly mixed type 1is indicated when the ratio of
natural flow and tidal prism (difference between the water volume
in the tidal #Zone during high tide and ebb tide) eXxceeds 0.7; a
ratico ranging from 0.2 - 0.5 indicates a partially mixed-type,
while less than 0.1 possibly indicates a well mixed type.

The caleulation method that can be presently used is one for
tidal rivers categorized under the well mixed type. Hence, the
other mixture categorlies will either be treated 1ike the well
mixed type by using the mean concentration of salinity measured
at different depths, or will be calculated as being made up of 2
layers which are divided by the boundary of salinity discontinui- -
ty. . _ .

The mean flow and load discharged into Guanabara Bay will be
actually determined by calculating the flow and load of the 9
large tidal rivers, starting with the Rio S$.J.de Meriti. The
tidal 1level disparities of these rivers will be calculated by
carrying out 24 hour measurements on clear days (continuous
‘measurements in the two tidal periods at 1 or 2 hour intervals)
in average periocds, once in the rainy season and again in the dry
season; the measured wvalue should be subject to quasi-~constant
analysis. Recording all sampling times  is, therefore, very
important.

7.3 Measurements to Determine the Runoff Load on Rainy Ddys

The runoff load on rainy days will be determined using the runoff
load estimation mwodel, and the method to be used to determine

7-2




regression is simple and accurate (see Fig.7-1).

In this survey, the Rio Acari and Rio Macacu were selected as the
urban and natural type model rivers, and the relation of the
urban area ratio and runoff load was determined. In the future,
the relation of the urban area ratio and runoff 1load should be
further studied by carrying out observations on clear and rainy
days in model rivers (non tidal rivers) whose land use conditions
are neither urban nor natural, but somewhere in between.

Jt is also important to determine the runoff load in the first
flush which -occurs due to shift in seasons.

The folléwing points should be heeded upon in the water quality
analysis on rainy days: .

{1) The concentration of poliutants is well known to be high in
the first stage of rainfall. Therefore, a 15 minute interval
should be taken for observations in medium and small size rivers,
30 - 80 minute interval for large rivers; aTter the appearance
of the peak flow volume, measurements in medium and small size
rivers should be carried out at an interval of 30 - 60 minutes
and 1 - 3 hours for large rivers.

{2) As a rule, measurement on rainy days should be continuously
carried out from the time directly prior to rainfall until the
flow has returned to the amount it was before rainfall.

T.4 Measurements to Determine the Annual Runoff lL.oad

Annual runoff load will be determined by summing the runoff load
on c¢lear days and rainy days.

The load discharged in Guanabara Bay should be measured monthly

and seasonally as water guality in the bay 1is consldered to also
vary monthly and seasonally.
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Table APP. I-Sbionthly Runoff Load of Regular Survey (May 1892 to Dec, 1993)

. (May. 1992)
Tater Qualiiy Runol{ Load _
§0 Fasin Area | Discharge L 11] QO{Cr) [eenq B3] ™ i 00 Load COB{Cr)load COD(NnYLoad TN Load TP Load
: ®e2) . | (a¥/5) (671}~ (eg/1) {og/1}  (ag/1) (eg/1)  [(3/day)  (thday)  (/day)  (Wday)  (tdan)
1 Cio 7.40 2,375 2.¢ 38.0 9.3 .65 1.00 4.93 14 1.9 L.5¥ 0. 2%
2 EN760 340 0109 80.0 B80.0 20.2 502 3.00 0.5 0.15 0.19 0.08 0.63
3 18610 11.60 2.3%5 12.0 i3 316 0.60 2.41 0.0% 221 0.63 0.12
PRI 53,50 0.067 149.0 140.0 2.5 5.50 2.5 0.81 0.81 012 0.03 0.01
5 ¥BX 5.50 0. 208 0.0 §0.0 1.5 2150 3.00 0.2 L 0.3 0.33 005
6 6w 1.80 0. 000 12.0 20 %1 5.02 1.50 0,00 0.49 0.0% 0.00 .00
1622 58. 40 1. 148 20.0 25.4 8.4 Lt 0.20 §3.92 635 2195 3.26 0.54
3 GPROD 123310 2218 80 9.0 8% 0.50 0.09 18.31 21 18 1693 212 0.21
g ¥C987 256. 00 4,505 2.0 6.4 2.1 0.75 0.68 0.90 2.55 0.84 0.30 0.03
19 80 £5.20 1019 9.0 .0 s 1.04 9.20 845 2311 2.86 0.09 0.02
i1 §6580 4.60 0. 166 4.0 180.0 25.5 12.03 2.00 0.60 2,58 .37 017 0.93
12 R360 101.60 504 2.0 RN 4.5 0.52 0.10 0.47 14l 1.96 0.27 0.04
13 18540 240 0.062 20 61.0 21.5 143 0. 35 002 0.3 .12 0.0 000
14 5RSGl 52.20 4.943 30 52.0 5.1 X 0.15 1.28 FER 218 0.40 0.08
15 65400 2,50 4. 063 §.0 8.0 7.9 2.8 0.35 129 4618 9.60 3.45 0.43
15 M0 139. 00 0.934 2.4 13.0 31 183 0.20 0. % 1.05 025 913 0.02
1154w 136.60 251 13.0 3.0 5.5 2.43 .20 2.82 225 119 0. 54 Ry
18 1A%60 544. 20 0.8 8.0 5.0 a1 243 0.50 425 158.91 28.60 8.58 L77
19 5P300 159.80 £.919 2.0 8.0 %.3 2016 2.00 .35 272 5.56 12.05 1.20
20 §5220 163. 50 29. 455 20.0 9.1 20.01 2.00 50, §0 0.00 7316 51,08 5.03
FI ST.80 7.410 0.0 49.0 9.4 9.03 20 75.61 £ T 5.84 578 1.28
2 120 230 .57 90.0 9.0 2.0 1 300 1. 84 1184 2.76 a1t 0.39
23 P80 - 0.683 40.0 540 10.0 nw 300 236 18 0.59 13 018
24 CNLOO 60.50 4.853 50.0 56.0 9.7 151 3.00 2055 23.48 L0 6.75 1.26
2% B0 42.80 3.018 0.9 100 0.1 19.08 3.50 18.25 18.25 .68 4.9 0.9
Total .04 10| 115052 23024 7.2 126.58 100.28 12.53
#Tributary rever
(Jun. 1932)
! Iater Quality Recatf Laxd
)] Basin Area | Discharge 1] C0(Ce) CO0{kn} ™ TP B00 boad OGD(Criloed COD(Ha)laad TN Losd TP Load
(3n2) (n3/s) g/} {eg/) (eg/1}  (2g/1) G/} |{uday)  Cday)  Cday) L (tiday)  Cjday)
1 1780 7.40 0.428 26.0 51.0 10.5 mn ] 0.95 1.89 .39 .
2 BATS0 340 0.12¢ 105.0 119.¢ 35 10.05 L0 112 . 1.51 gas g?g 3:346
3 1nsp 15,60 1.000 0.0 - 9.5 9.08 100 0.45 0.60 0. 82 0.78 0.03
4 MG 58.50 0.051 150.0 249.0 23.5 2203 L0 0.65 1.10 6. 10 0.ty 0.02
5 NISE0 5.50 0.167 116.0 124.0 25.% .01 4.00 1.67 .78 038 043 0.06
6 G20 11.80 0. 000 8.0 28.0 9.3 15.07 2.00 0.00 0.0 0.00 0.09 am
1 e 158.40 9.59) 50 k5.0 6.5 2.43 0.10 LM 0% 5.3 171 0.08
8 GP609 1233. 10 10.592 2.0 9.8 35 0.3 0.0% 1.90 2.3 132 0. 0.05
3 X097 256.00 158 2.0 37 1.9 0.5 0.05 481 1.13 0.5 0.15 b.02
10 $BY9R 45.20 0.7 160. ¢ 230.0 52.5 2.15 9.40 5.91 “Hn L] 0.13 0.02
1E X6580 4.50 0. 440 50.0 8.5 2.5 3.57 00 1.50 2.93 0.9 0.15 el
12 ¥X560 107. 09 2. 785 40 5.8 1 1.12 .03 .96 2.3 0.75 .27 .07
13 IRS{D .40 0.018 3.4 23.2 12,5 191 0.20 2.0t 0.04 0.02 0.00 6.00
i Ss0n 53,20 Z 9Nl 6.¢ 5.6 5.3 9.91 0.25 164 §00° 1.3 0.73 0.05
15 ES{60 342.50 23,354 12.9 - 85 4.09 108 H.2) 0.00 1213 8.26 2.02
16 18460 139. 00 0,39 2.0 9.2 33 L7 0.20 .01 0.2 (11 0.65 n.01
1T 0420 186. G0 2.29¢ 5.0 1.5 2.7 2.0 0.10 0.99 341 0.53 0.4 0.0
1§ . 1250 514.20 i2.163 2.0 15.0 1.7 415 1.50 12.61 15.76 8.0 ThET 1.58
19 5P300 159. 8¢ 9.237 35.0 0.0 10.3 24.03 3.50 71.92 391 8.2 817 279
20 81920 163. 50 10. 4i7 8.0 3.0 4.5 110 2.00 U0 370 .55 15.33 1.8¢
2 AUl 57.90 8. 504 68.0 84.0 25 18.71 3.0 12,95 6172 15. 80 1.1 2.20
72 H20b 77.30 5. 367 £5.0 4.4 125 21 .00 Hu .St FX 9.75 L%
23 PRISO - 0.682 110 159.0 8.5 19.64 3.00 659 5.3 168 112 618
W00 60.50 8. 140 3.0 51.0 10.5 .05 200 anu 40.0% T.38 9.39 LAl
25 WNOOO 12.80 104 55.0 8.0 5.0 1251 2.00 169 2103 5.5 3% 0.52
Totak 3604.10 | 100.938 205. 02 24,21 118.45 6. 85 12.2

#Tribulary rever
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Table APP. 1-3 Monthly Runoff Load of Regular Survey (May 1992 to Dec. 1993)

.- Chug, 1982)
Eater Quality . Runoff Load
¥ Basin Area | Discharge BOD CON{Cr) [aci ( 4Y] ™ wr BOD Load QOICr)load CO0{¥nlload TN Load 1% Load
(Xe2) (=d/s) (wg/1}) (e2/1) (og/1) {ag/l}) {eg/1) (tiday) (t/day) (t/day) (t/day) {t/day)
1 CI7se .40 00 1080 10.2 20.05 1. 40
2 BMTe 340 9.0 L0 0 9.2 24.13 300
3 IB3I0 11.60 40 - 10.6 394 0. 60
i ANHD 58.50 - . - 10, 14 2. 00
5 NTRZO 5.50 a0 120.0 9.8 017 320
§  Grrzo 1. 80 0.0 70.0 9.9 16.09 2.50
T ochR2 158. 40 12,0 - B.8 1.43 0. 10
& CPSO0 1233.70 20 10.0 3.8 0.7 0.04
§  H05T 256.00 20 10.0 1.8 0.75 0.04
10 SB9%8 15.20 120.0 220.0 36.0 1.55 0.2%
1F  X6580 460 30.0 50. ¢ 10.2 18.04 © RS0
12 ENSEO 107. 00 2.3 W0 40 i.53 02.20
13 iRMHD 840 1.0 - 8.6 .29 0.25
14 SR500 53. 20 56 300 3.6 1.31 0.20
15 ESiG 342.50 0.0 - ‘.0 1M 0.70
16 INI§D 138, 00 1.0 20.¢ 4.8 2.06 L&)
17 SCd20 186. 00 20 40. 0 6.6 a0 0. 10
18 1A250 544. 20 0o - 16.0 0.u 140
18 SPIGD 159. 80 40.0 1600 20.0 1018, 1.60
Wn S 163.50 40.0 130.0 240 13.03 .00
21 i 51.90 - - - - -
b VY] 21.30 30.0 0.0 25.0 10,46 1.20
23 PNIRO - 0.0 - 28.0 10.22 1.30
24 AL 60. 50 5.0 100. 0 20.0 10.50 110
25 WNG00 42,80 w0 130.0 4.0 8.41 1.10
Total 3504. 10 0. 000 0.90 0. 00 0.20 0.00 0.00
*Tyibulary rever
(Sep, 1332)
. Tater Quality Runoff Load
5 Basin Area{ Discharge et ] CONCr) COB(¥En} ™ 1P P00 Load ODD{(Cr)icad OOD{dn}load TN Load TP Load
[{{¥3] {ed/s) {eg/1) (=g/1) {sg/1) Ceg/l) (ng/1) (t/day) Ct/day) C(u/fday) (t/day) {t/day)
1 Clso T.47 2.0 §0.0 10.2 £0. 51 0. 65
2 BEIGO 340 40.0 149.0 1.3 15.4% 21
3 IR0 11. €0 %o - i2.6 24 230
4 ANT4D 58.50 §50.0 350.0 92.0 11 60 4.30
5 W30 550 40.0 140.0 iLg 1. 40 2.9
6 G720 .80 4.6 40.0 10.4 5.93 0. 60
T 622 758. 40 2.0 40.9 0.4 2.2 0.40
8 GP300 1233. 70 L 20 55.0 4.6 0.9 0.1
9 K957 256. 00 20 15.0 T ad 0.5 0.01
10 SB39B 45.20 13.0 60.0 .2 i.42 0. 10
I X6580 480 6.6 860 22.0 715 1.30
i2  BN560 107. 00 20 10.0 54 0.81 0.03
B3 1RS840 A 40 i0 40.0 t.2 0. 91 0.20
M SR500 53.20 20 15.0 4.6 1.E0 0.07
15 ES400 42,50 1.0 - 9.2 1.32 0.20
15 NGO 139.00 2.0 15.0 1.0 131 0.09
17 SC420 186. 00 24 6.0 2.8 L4l 0.08
I8 INZ60 544.20 5.0 40.0 19.8 339 0.60
19 SP30 159, 80 20.0 75.0 10.4 10. 40 I.2¢
0 51220 163.50 16.¢ §5.0 10.0 9.9 0.80
21 Ac24t 571,50 - - - - -
2 HY 27.30 wo 50.0 0.0 8.00 L G0
23 PANi30 -, 1.6 £0.0 10.4 9,60 0. 80
M N 60.50 14.0 60. 0 9.8 8.80 0.70
25 MNGGO 12.80 1.0 £0.6 18 .35 0.70
Total 3604, 10 0. 060 2.00 0.00 0.0 0. 00 0. 40

#Teibutary rever

Al-15



Table APP. 1-3 Monthly Runoff Load of Regular Survey (May 1992 to Dec. 1993)

- {0ct. 19927
: . Tater Quality Runolf Load
L] Basin Area | Discharge o e (0O Ka) ™ il B0 Loag COXCrdload (0D(M}Load TN Load TP Load
(Fe2) (n3/s) {ag/1) (sa/1) (er/1) (eg/1) {eg/1) {1/day) (t/day) (t/day) (t/day) - (t/day)
| C1780 1.4 0.5%9 0.0 130.0 1.5 w12 b PR §.61 0.59 .13 {91
2 BENGO 3.40 0. 129 0.0 350.0 56.0 B 4.20 111 L.01 0. 62 0.3 0.09
3 1m0 1. 60 358 8a - 10.9 403 670 2. 46 00 3.01 LA 0.22
£ ANH0 58, 50 0.081 350.0 925.0 116.9 15.03 11.00 2.66 B.41 0. 81 o 0.03
5 N8 5. 50 0. 159 90.4 260.0 5.9 2005 430 124 3.5 0. 69 0. 40 0.0
§ Gxd 11, £ 0. 063 12.4 60.0 1.2 1.60 1.20 001 .33 .06 0.03 0.01
T 822 758. 40 2,54 8.0 an.o 0.0 175 0.20 15. 58 8.4 19. 48 4 0.3
B GPEOO §233.70 39.847 2.0 15.0 1.2 1. 36 0.15 6. 85 51, 64 M7 €55 0.5%
9 KCOE? 246,00 1. 530 2.0 10.0 3.0 4.90 0.0 k21 6.33 1.80 - 097 0.05
10 $8%08 15,20 108 0.0 75.0 1.8 1.31 0.20 [+ 6.83 1.47 01 0.2
1t Gss0 .60 0741 12.0 "0 1.8 809 0.60 LR 4.52 0.58 .52 004
12 RHSEG 102. 00 1L, 205 20 w0 8.8 L N [§:7) 19.38 £39 089 008
13 1540 B. 40 0. 603 12.4 63.0 12.0 4.30 X 0.63 .46 0. 63 0.23 0.02
1§ SR500 51, 10 5418 2.0 20.0 8.4 LB 8.10 ¢ 4.3 h L] 0.63 0.05
15 ES400 342,50 54223 0.0 - 7.8 2.42 0. 45 9370 0.00 38.54 11.35 211
15 15460 139.00 5. 1712 3.2 o 6. ¢ 112 0.id 1-60 14.95 a9 0.B5 0.95
7 s 145, 00 3803 20.0 360 1.0 3.0 0.20 6.57 9.8 2.30 0.99 007
18 1a%60 S44.20 Ti. 148 0. ¢ - 2.0 502 .15 61.949 0l 55. 79 313 1. 65
1 5P 159. 80 33.0% 30.0 5.0 8.6 10.0i .70 Wi. 07 252,68 3z k.13 573
2 s 163, 50 56.067 10. ¢ 220.0 2 10. 04 120 4B. 44 1065. 12 15. 50 48,55 5.1
2l 51.90 6. 661 0.0 1i0.0 .2 11.04 1.65 2302 63 31 645 8.35 095
2 N 0.3 3.062 8.0 210.0 1.6 14.05 2,15 iy 55.56 0. 42 312 0.57
23 RIS - 1.318 .0 420.0 5.6 2104 343 83 810 0.67 2.51 0. 41
H oo £0.50 12.921 80.0 180.0 LR 11.03 2.0 89.35 20004 514 19.02 2.23
bR L] 2.4 5175 30.0 185.0 iz.0 12.08 2.50 [ER ) 81,92 531 53 L15
. Total 850410 3i.467 463. 26 1862. 14 213.28 188. 88 225
$Tribotery rever
{%ov, 1992)
Yaler Quality . Runoft load X
0 Rssin Area | Discharge EOD (X Cr) COD{En) kb w 80D load OD{Cr)load COXMn)load TN Load TP Lead
- | (K2} (nd/s) (rg/1} (zg/l) (xg/i) (2g/1) (=g/1) (tfday) (1/day) (t/day} (1/day) {t/day}
I Chigo 1.40 0792 4.0 0.0 {60 10 68 1.0 627 479 0.63 073 o407
2 Brigh 349 0. i52 8.0 e %8 2318 260 0. 67 2% 0.14 032 0.03
1 1msie 11.60 5.520 8O 1.8 0.85 6. 45 382 0.9 112 0.4 0.2
4 ANHO 58.50 0.065 140.0 250 160-0 13,50 0.0 0.80 t14 262 0.22 0. 17
5 B} 5.50 0.333 %0 90.0 HN 19,39 2,50 G.83 L3 0.33 0. 61 0.0%
6 GNTE0 11.80 Q.12 1.0 40.0 9.6 5.51 1.90 LX) R {] en 0.66 0.0i
T e 758, 40 64, 621 0 0o 9.4 o.72 0.45 [INY 223. 85 4 R 2,581
LI ] 1233.70 6. 34 0.8 15.0 5 0.54 010 528 95.93 3.2 3,57 0.55
9 W9 256. 60 1. 154 &4 15.0 Le 0.0 0.08 0.59 2.3 2.61 .33 012
) $8998 15. 20 2.651 10 50.0 10.4 0.33 0.08 2.93 1L 45 238 0.08 002
1h 46580 4.50 0. 608 20.0 70.0 10.2 2092 1.50 1.05 368 0.54 1.0 008
12 RS0 W6 18.135 1.§ 15.0 i [T ] 0.0% z.51 p£RU] 595 0.53 0.13
13 1540 340 0.808 12,9 0.9 .0 .70 0.3 0.34 34 [N 0.05 0.02
14 SRS0G 53.20 4118 2.0 15.90 (R 0.32 0.19 0.72 5.35 L72 on (]}
15 #5400 34250 21,848 10 0.0 5.4 1.4 0.20 9.62 1218 12,99 3.54 0.48
16 1RGO 139.09 4,566 1.2 0.0 2.2 en 0. 08 0.47 39 0.87 0.30 0.0%
17 %420 13690 3.523 30 15.0 A1) 1.2 0. 08 0.9t 1.57 0.30 0.97° 602
15 A28 544. 20 1575 8.0 40.0 l.& [E}] 0.33 52,36 261.81 1.78 3.15 269
19 SPIN 159. 80 41.830 18.0 60.0 9.2 1211 .00 60,59 221,21 Hs 46,33 1.51
0 sRA 16350 53. 595 16.0 170.0 29 9.2 .0 T4.09 T81. 20 11113 1275 9.26
21 Mt 57.90 6. 367 6.0 50.0 Ly 3. 5% £ 50 3.3 2151 .55 Ln 0.83
2 10 mnHn 1546 8.0 120.0 1.8 15 60 2.00 19. 61 36.76 ra 418 .51
23 PRLEO - 0.951 Az0 160.0 HL0 16.24 200 2.63 1515 0.42 1K G 16
N 54 50 17, 692 #Ho 80 0 B0 4 12,15 200 61.76 121.57 15.90 iy 105
25 NGOG 4250 4636 76.0 160. 9 0.5 123t .00 57.04 120. 08 1.9% 9.5 1.50
Total 360410 403.61% FH N 025.68 306.09 52, &5 2895

tTributary rever
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Table APP. 1-3

Monthly Runoff Load of Regular Survey (May 1992 to Dec. 1993)

- {Feb, 1943
Tater Quality funeff Load
il Basin Area | Discharse BOO COD(Cr) COCitn) ™ i B9 tosd  COB(Cr)Load COD(NnM.oad TR Load T Load
(Xz2) {2d/s) (eg/1) (eg/1) (eg/1) {ng/1) (eg/1) (t/day) (U/day) (1/day) {1/day) (t/day)
1° CI780 1.40 0. 739 40.0 75.0 4.0 13.08 L&D 2.5% £79 0.26 0. b4 0. 10
2 BATED A4l 0. 095 130.0 a0 6.0 3,03 6. 0b 1.07 2.6% 0.51 0.28 0.0%
3 IEl0 “1LE0 6. {8Y X - 2.6 1.8 0.50 1,58 0. 00 5.3 .02 0.28
4 AN 58. 50 0. 035 2600, 0 - 620.0 35,40 200 .02 0.00 1.93 1 | X1}
5 ¥ 550 0122 0.9 He 0 w0 23.02 £00 07 E 16 0.23 1321 004
§ GO0 13.80 €. 013 8.0 30.0 1.2 16.01 320 6.0 0.03 0.01 .02 Y]
T CCB22 758, 40 21. 851 2.8 50.9 9.0 .35 0. §% 5.4 91.80 16. 52 194 0.28
8 GFSOO 1233.710 31.23% 2.0 0.0 34 046 0.09 540 26.99 918 1.23 0.%4
9. MC96T 255. 60 LT 2.0 10.0 .2 0.4§ 0.08 1. 41 7.03 1.5% 0.28 0.6
10 58993 45.20 0.832 50.0 5.0 4.0 0.52 0.0 3.5% 5. 1% 113 0.0 0.0
11 WG580 4.60 0.542 40.0 50.0 1.4 1000 2.20 L. 87 2.31 0.53 0.47 0. 10
12 ®Ns50 107. 00 4, 285 2.0 10.0 1.0 0.8! 0.07 LU 31 1. 48 0.30 0.03
13 18540 8. 40 0.291 3.2 30.¢ 1.6 146 0.30 0.08 1.25 0.21 0. 0.0l
i4 SR560 5380 2.45 5.2 30.0 52 1.01 0.20 1.12 545 L2 [ H 0.4
is  ES{CO 250 41.178 0.0 20.0 0 1.63 0.36 {.23 82,56 arls 6.1t 1.24
1 LR 139. 00 1. 162 I3 20. 0 L] 1,24 615 0.31 kN 0. 46 0.1% 0.02
17 sc420 186.00 2405 1.2 B0 .2 1.63 0.15 1.50 519 - 046 2.3 0.03
18 1A260 544. 20 37904 6.4 £5.0 1.1 1.0 1. 60 20.95 212.87 21.58 13.20 3.87
TSP 159.80 28.230 18.0 10.0 104 10.08 310 1390 11U £5.31 24,58 1.56
2 81220 163. 52 9. 106 2.0 0.0 10.2 9.03 .70 10.06 50.32 4.55 .57 1.43
2 ACL 57,50 6.955 8.0 30.0 1.4 10.03 170 451 i8.09 6.25 6.9% 1,02
2 NN 21.30 2.3 15.0 T0.0 S1L2 14.01 20 LM 14.17 .21 2.8 0.45
23 PKI80 - 0 880 1.0 20.0 10.6 13.01 240 0.91 L5 0.81 0.49 18
24 (K10 $0.50 3.852 2.0 0.0 10.¢ 10.04 2.0 6. 66 16. 64 R AU 0.67
25 N0 42.80 aut 30.0 130.0 10.4 16.03 2.00 8. 63 4L T3 A1 5.15 0.6
Tolal 260410 201.9%4 167, 97 132. 19 141 81 71.07 15. 68
Tributary rever
(Kar. 1930)
Yater Quality Ripotf Lozd :
N Basin Area | BPischarge it 1) 00 Cr) O ¥n) T w D load COD{Cr}load COD{¥ndlead TN Load ¢ Load
(Xe2) (2)/s. {e2/1) (eg/1) {cg/l) (e2/1) Leg/1) (1/day) (1/day) {1/day) (1/day) (t/dayd
1 Chigo 1.40 [R0) BO.0 0.9 nao 12.13 1.00 5.22 5.09 208 105 0.09
2 BN 340 0. 050 20.0 190.0 L8 1.1 .20 0.41 0. 52 0.08 .08 0.02
3 IBjte 11.6D 5. 492 4.0 1440.0 %4 LA 1 0.45 2.24 807.71 5.27 .74 0.25
{4 Ao 58. 50 0. 121 980.0 - iL6 2101 9.00 10. 04 5.0 0.12 0. 22 0.09
5  ¥g 5.50 0110 45.0 £0.0 1.0 9.30 .20 0.43 0.51 0. 10 2. 09 .01
6 GXI120 11.80 013! 180 40.0 14, 8 5.50 1.40 0.20 0. 45 0.7 0. 06 0.02
1 el 758. 40 6L 415 26 0.0 1.2 Ly 0.60 63.68 212.25 6474 1.64 318
§  CRO0 1233.70 133. 665 2.4 30.0 1.2 1.05 0.35 .12 6. 26 B1.15 1222 4.04
9 567 236. 00 12,000 2.0 10.0 5.8 1. 3¢ 0.25 2,08 10.40 6.03 L 36 0.26
o 5BY0s 45.20 1.9%0 1.z 15.0 8.2 0.81 0.20 221 2.58 1.58 ¢ 14 0.1
11 NGSED 4,60 0.439 i2.0 10.0 9.8 1. 00 0.80 .46 1.52 0.37 0. 21 0.03
12 RN550 101. 00 10. 930 2.0 15.0 50 0.32 0.20 1.89 HEN) 472 0. 30 0.19
13 18540 840 1. 505 4.9 5.0 9.2 0. 44 0.30 066 576 1.51 0.07 0.05
14 SE500 53.20 T.5M 3.2 5.0 8.2 0.37 0. 25 2.01 9.73 5.32 0.24 0.16
15 ES400 3250 49. 166 20.4 0.0 (2] 1. 08 0.40 69.41 138.81 26. 31 175 i35
15 INGD. 13500 2540 40 0.0 40 286 215 LD2 2,54 Loz2 .99 0.0f
1T 5420 186. 00 2. 630 10.¢ 10.0 20 1.25 . 06 210 2.10 0. 63 0.89 0.91
18 . 1R260 544,20 36. 044 50 25.0 1.9 6. 0% 0. 46 24.91 71.8% 2880 18. 62 1.2}
19 SP300 159. 80 26. 463 0.0 20.0 3.6 i5. 65 .10 45.73 §5.73 .55 3441 4.80
o sz 163. 50 28, 905 40.¢ 40.0 3.4 13.01 L 90 99. 90 99, 90 20.93 32.4% 4.75
21 Ackt 590 5. 785 »o 30.0 .0 .05 1.86 15. 0% 25.00 350 4.03 0. 90
2 230 3. 968 40.0 40.0 .2 9.12 2.3 13.71 (R 3.84 L 618
2 PHIgG - 0. 681 50.0 8.0 1.6 .04 2.7¢ AL 3.53 062 0.41 0.16
24 CHIOD £0. 50 5. 873 45.0 45.0 LN ] 5.06 1.90 38.39 /.39 3.01 13 1. 62
25  UNOLD 42.80 8.605 300 £0.0 1.5 13.02 1. 80 22,30 £4.61 5,65 9.63 1.3
Total 30410 378, 434 432.30 1867. 15 225 83 130. 87 .22
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Table APP, 1—3 Monthly Runoff Load of Regular Survey (May 1992 to Dec. 1993)

- CApr. 19933
Tsier Quallty Funolf Load -
Ra. Discharge BOD 00B(Cr) COK lin) ™ i BOD load COM{Cr)Load (O0(Hn)}load TN Load TP Load
* (’:g feen (rd/s) ‘ (eg/1) (og/1} {eg/1} (eg/1} {eg/1) Cifday) (ilda)')_ (t/day) (t/day) (t/day)
"""""""" . . 140 0. 20 147 5.70 0.84 1.01 0.0
2 S vol  coml .0 50 e we 245 2.40 293 0.09 015 0.02
3 Ie3i0 1L 60 1.202 25.9 1445.0 150 (84} 0. 65 EA L] 160. 75 ety 045 8.01
4 ANMD 58.50 012 90.9 - 28 150 270 0.94 0.00 - 024 019 0.08
LI ) £V41] - 550 0194 0.0 180.0 26 15.01 2.80 L7 2.68 0. 36 0.25 0 gg
6 6X720 180 0.297 20.0 5.0 0.0 5.10 0. 65 0.51 L4l 0.26 01 0
1 622 15840 5. 595 18.0 0.0 10.4 1.65 .30 “wn 125.02 3,98 5.07 ¢.92
8 GPEOD 1233.70 §5. 268 40 0.0 [X| |11 0.07 19.10 143.25 333 6.24 0.33
9 KC967 256.00 8.561 20 10.0 0.8 0.40 0.05 1. 48 140 0.59 6.30 0.
10 SBY%H 4520 2.020 1.8 3.0 7.0 0.51 0.05 2.02 £ L.22 008 o0
Il %6580 4.60 0. 209 30.0 120.0 210 & 0.80 LR ER TS 0.38 [T (L9}
§2  RN560 07,60 6.028 20 .0 34 [} 215 LY .29 LT 0.3% 08
13 IRS{0 8. 40 0. 142 10.9 40.0 12.0 9.60 6. 20 A H 043 [ AH 0.01 000
1€ SRS0O 53.20 3.65% 29 6.0 5.4 0.60 e.10 0.63 505 L1 0.1 0.03
15 ESI00 1250 2 20.0 40.0 24 200 0.30 38.57 mH 4. 63 .86 . 058
16 1#460 139,00 2.4 2.9 10.0 . 24 0.6 0.08 .42 Y] 0.50 016 0.02
17T, SC420 186. 00 393 6.4 5.0 2.6 1.2 0.0t F R L] (18] 0.88 0.43 0.0z
18 1A260 51420 27403 4.0 3.0 5.6 o iu 045 9.47 7L03 13. 26 1.43 107
19 5P300 159,80 [EAES 3.0 140.0 © 00 16.01 2,20 348 174.92 24.99 20.00 215
20 Site 163.50 1.887 .0 140.0 5.0 12.02 1.45 BI. 84 469,90 43.92 3518 425
21 AL LA 1496 50.9 130 19.5 10.03 235 T §4.20 i2.63 &350 k.52
2 X0 21,30 I 158 650 190.0 2.0 M £ 980 650 1.0 2 - 0.5 018
23 g0 - 2.095 0.0 210.0 20 12.01 2.00 12.61 FLE ] 3.95 21 0.3
24 CRIOD T OB050 3039 120.0 250.0 .0 el L0 52.24 108.84 1575 T4 0.1
25 NNOOR {2.80 3.620 65.0 185.0 18. 4 13.03 115 2.3 ST.E6 575 4R X ~0. 5
Total 3604, 10 213758 342,94 1410.76 §84.93 $5.30 12.06
tTributary rever
CHay. 1993}
Tater Qualily Runoff Load .
Ko Basin Area [ Discharge BOG LO{Cr} C0Cin) ™ w BXr Load  CO{Cr)load COMYm)load X Eead ™ Lead
(K92} (s3/5) {xg/1) (sg/1} (e3/1} (»g/1} {eg/1) {t/day) {t/day) (t/dayy (1/day) (4/day)
1 Cl1g0 T.40 0. 875 720 50 ¢ 8.4 18.09 1,36 sS4 18.80 0.64 L3 &12
2 BH6D 140 012t 310.0 530.¢ 1.8 32.08 2 355 55 0.03 L1} LR 1)
3 - 1B8lo 1. 60 0. {3 izt 7.3 EA .43 o4 096 0.28 0.3 204
& AN 58.50 0. 064 160. 0 500.0 14 16.32 L9 {88 278 0! 049 0.0t
§  AT820 350 0.044 146. 0 300.0 1.8 24.09 215 0.5 LK 03 .09 . 0.0
6 6Xi20 F. 80 0.6 12.0 9.0 5.4 19.5¢ LU 002 0.16 0.0 0. 04 0.00
T CcHee 753.40 2307 8.0 20.0 16 .35 0.1 i6. 04 40.10 L2 22,78 0.32
8GR0 1233 16 21.908 4.0 1.0 20 0.72 0.08 5 .71 119 1.36 .15
¢ ¥C95? 256. (%} 5.45¢ 0.4 6.0 0.8 0.5t 0.0% 0.19 283 0.23 .M Q.02
I $839% 45. 20 1028 8.0 ¢ 3.0 085 0.1 243 2.65 044 0.9% a0l
o 9633¢ 4.60 0. &68 0.0 130.4 2.6 158 1.85 L. 16 o D46 on LR ]
12 Ex580 101. 00 290 2.8 60, 0 2.0 1.19 0,08 0.7 3525 Q.57 0.3¢ 002
13 1R3{0 4.49 0. 108 [(X1] 40.0 i3 0.86 0. 26 0.09 o3 oM 0.4 €00
14 SR500 320 2.020 8.4 60.0 .6 1.2 ok 140 10. 47 0.45 0.23 0.9
15  ES10 32,56 19. 037 6.0 - 8 282 0.4l 987 0.00 4.6t 4.64 0.67
16 1u4s0 139. 06 1. 984 30.9 0.0 12 L85 413 514 514 0.55 0.32 0.02
11 5420 186. 00 2053 8.0 40.0 4.8 260 G.06 (13 .03 0.84 0.3 0.0
13 uz 56430 %88 2.0 60.0 19 605 0.80 .33 8218 5. 48 8.8 1o
1% 59300 159. 80 6. 359 0.0 80.¢ .o 119 1.5 .08 H. 15 15. 56 9.4% 6.83
20 s:20 163. 50 JLAN 50.0 HO.¢ 40.¢ t6. 3 143 161, 59 355.4% 129.27 5.1 {.62
21 AC241 51.%) 6.733 .0 160.9 2.0 17.22 162 40.72 908 1513 10.62 094
2 120 .30 5921 80.9 200.0 60.0 M0 1.40 36.78 9% 21.58 1. 13 0.43
23 PRI - 0. 663 2.9 119.0 52 12. 42 L3 08 6. 030 0.7 0.68
2 CNI00 60. 50 1. 692 50.0° H.Q 3.0 1581 L4 41.92 M. 17 2.7 t4.67 1.4l
25 ENCO0 42.80 1.254 {0 1.0 .0 15. 29 i.19 %07 a4 12,53 9.58 [ )
Total J604. 10 154. 991 311.58 97815 238 63 138. 41 11. 66 |

tTributary rever
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Table APP. 1-3 Monthly Runoff Load of Regular Survey {(May 1992 to Dec. 1993)

CJun, 1993)
Yater Quality Runof [ Loagd
¥0 Basin Area | Discharge oo O Cr) o0{An ) 1] " MO0 Load  €O0{Cr)Load OOD(Mn)toad  TX Load ™ Load
{Ka2) (ed/s) (zg/1) (eg/1) {ogfl) (/1) {og/1) {t/day) (t4day) (t/day} (t/day) (tfday)
POCligd 7.40 0.608 1.¢ 930 4.6 11. 35 L. 05 0.58 489 0.24 0.60 0.05
2 BATGO 3.40 0.116 145.9 596.0 58 28,59 2.28 1. 48 5.81 0.06 029 0.02
3 IB8IQ 11.6¢ 1.627 12.8 5.6 5. 72 0.8l 1.68 0.00 Q. 7% %50 0.1l
4 ANTAD 58,50 0.036 280.9 kI A 62" 2137 283 0.87 I. 16 0.02 07 [131]]
5 NTB20 5.50 0.161 124.0 29.9 6.2 38.28 216 172 458 Q.09 ¢ 53 0.03
§ GXT20 1. 80 0. 065 8.0 2.0 40 117 |} 0.04 0.3 {.02 0.05 LN ]
T 00622 758. 40 32.228 29 20.0 a0 1.§! 0l 5.87 55.68 835 4. 48 0.39
B GPS00 1233.70 21. 234 1.6 1.0 1.8 0.63 0.09 3.76 40.00 L 1.62 021
9 ¥O67 256. 00 5.628 0.6 50.0 | %] 0.92 o 0.2% 24,31 0.68 0. 45 0.02
| [ L 45. 20 0.933 3.2 70.0 56 .05 0.09 L. 87 5. 64 0.45 0.08 0.61
I NG580 4.60 0.322 52.0 142.0 5.2 13.62 K49 1. 4% 3.9 0.17 0.38 0.04
12 RN350 107. 00 2756 1.2 9.0 24 110 0.08 0.29 214 0.57 0.26 0.02
1 IRS40 8. 40 101 20 28.0 4.8 0.81 0.18 002 (1] 0.0 0.01 0.00
14 SR500 53.20 2.891 L6 16.0 L8 .11 011 0. 40 4.00 0. 45 0.8 0.03
15 ES100 342,50 31,980 12.8 - 18 3.30 0.32 19. 38 .00 12.47 10.83 108
16 IK{&0 139. ¢ 2. 568 4.0 13.0 3.8 1.45 0.16 0.82 2.65 0.78 0.30 0.03
1T SC4z0 186. 0% 2. 661 48.0 85.0 14 2.52 0.0% -10. 58 14. 54 1.7 0.58 002
18 1A260 544.20 {4040 160 208.0 34 2.4 0.6% 50. 88 8L 45 12.94 104,37 247
(L ] 159. 40 1168 30.9 8L G 4.8 10.03 1.50 w2 20,73 4.84 10.12 {901
W snn 1650 16.614 40.0 2i10.0 5.2 12,61 1.3 57.42 301.44 1. 46 17. 33 .87
2 oacedl 51.90 6. 716 30.0 100. 0 4.2 10.05 1.5 17. 41 58.03 24 5.83 0.87
2w 23 4. 150 110.0 400. ¢ 58 .02 1.50 39. 44 143. 42 2,08 395 0.57
21 PNIBD . 0.294 60.0 210. 0 5.8 15.01 1.60 1.52 6.86 014 0.38 0.0
HONR £0.50 . 190 25.0 250.0 5.2 8.04 1.30 19.85 198, 50 413 638 1.03
25 WNO0O 42.80 3.159 £0.0 200.0 5.2 1. 09 120 12.99 64. 96 1.69 .28 0.39
Total 3604 19 195. 852 219.71 1710. 34 60. 79 166. 02 9.87
#Tcibulary rever
(Tul. 1593)
Tater Quality furof [ Load
» Kasin Area { Discharge 50D COR{Cr) [Li.e )] ™ i BOD Load  (0D{CrMoad QOB{Na)load T¥ Load TP Load
{¥s2) Ge3/s) (eg/1) {=g/1) (ng/1) (zg/1) {=g/1) {t/day) (tiday) (t/day) (t/day) (1/day)
1 CI780 1. 40 1.643 18.0 106. ¢ 13 2. 98 0. 8% .00 5.8¢ 0.43 0.72 0.9%
2 BEIS0 240 0.243 0.6 0.0 .4 (N 189 AT 1.47 0.16 0.5 0.4
3 |E310 11. 80 2 268 12.9 54 6. 65 0.36 338 0.00 152 .88 0.24
4 ANIO 58.50 0.062 150. 0 2240 1.3 14. 82 i 88 0. 80 L 0.H 0.08 0.01
5 K820 5.50 0.0 2.0 80 12. 38 2.01 0.33 0.00 0. 02 0.04 (8]
& CRT20 11.80 0.053 20.0 77.0 1.4 15.90 210 0.09 0.35 0.03 0.07 0.0t
T. 022 T53. 40 31,504 @9 8.0 34 213 6. 13 0.0¢ 15. 00 9.25 5. 80 0.35
& Ere0D 123370 20. 46t 3.6 12.9 1.0 0.9 0.08 6. 36 2 117 1.61 [t ]
$  XC8ET 256. 09 3. 856 1.4 20,0 2.9 0.57 0.04 0.47 6. 66 0.67 0. 19 0.01
1 $B99S 45. 50 0.839 60.0 68.0 8.2 098 .16 4.66 5.38 061 0.03 0.01 |-
It NG580 460 0227 5.0 132.0 74 15.91 1. 6% 1.02 2.5 0.15 0.1 0.83
12 &§560 107. 090 1.604 32 160 2.3 138 0.12 0. 44 1.9 0.3% 019 0.02
B IRSHG 8. {0 0. 153 6.0 5.0 £0 0.95 0.22 0.21 .67 0.08 0.01 0.00
14 SR50% 53. 20 a1 FA] 9.9 2.4 0.59 0.13 0.47 4.48 0.57 0.2 9.03
15 ES400 342.50 18.923 8.0 - 2.2 3.5% 0.52 13.08 0.00 3.60 5.80 0.85
16 ER{G0 139.00 1. 715 1.0 6.0 1z 1.25 0.28 ¢ 59 237 0. 47 0.1% 0.
17 S [36. 00 1.416 o 1.2 1. 48 017 0.00 5.3 0. 88 0.18 0.02
18 1280 544.20 29.428 6.0 68.0 5.2 6.32 1.1 £0.63 HL %0 13.22 16.67 2.51
19 SP3G 159. 30 1. 475 10.0 96.0 "2 16. 34 2.52 60-39 144.94 10, 87 24.67 1.8
W S0 163, 50 31 26% 63.0 238.0 7.0 13. 67 154 183. 36 641.76 18.88 36. 88 415
21 AC241 57.90 6. 521 38.0 62.0 5.8 121 1.22 21 41 31.93 an 118 0.63
@ g nuw 1. 620 Ho.0 268.0 1.0 23.61 1 1%, 60 3151 0.93 130 0.30
23 PEIED - 0.372 {40.0 1421.0 H.¢ 22,08 3.87 4. 14 45. 35 0. 45 07l 012
24 NI 60. 50 2.9 $6.0 223.0 5.4 12.96 1.3} 1. 15 56. 34 1.62 3.27 0.33
25  ENGOO {2.90 g a0 339.0 1.0 10.17 1. 1% 20.81 83. 1% 1.82 2.30 0.30
Tolal 3604 10 165. 941 381. 80 1216. 33 5. 84 101. 96 13. 36
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Table APP. 1-3 Monthly Runoff Load of Regular Survey (May 1992 to Dec. 1993)

{hug. 1993)
C . Fater Quality | Runof{ Load .
5t} Basin Area | Discharge BOD ooD{Cr) {ob{¥n) ™ ™ B Load O0Crlload COD(Nndlozd  TH Load TP Load
’ (Xu2) (edis) (re/1) (r2/1) (eg/1} (sg/1} (eg/1} (trdayy  {(1/day) (t/day) (t/day) (t/day)

I €180 7.40 0.557 36.0 103.8 2.0 .47 L2 .73 4.9 10 0.55 004
2 BuISD 1.40 6. 152 [EENT 385.0 6.2 26.09 244 1.89 5.08 0.08 0.3 [ 41]
ERE EL 60 2.51¢ 60 5.0 188 0.12 1.34 0.00 I LG% 0.1
4 MG 58. 50 0.037 0.0 112.0 6.2 1594 2. 0.30 132 0.02 0.6 0.01
$ M2 5.50 0.0%2 100.0 180.0 6.0 2295 2.3 0.79 143 0.05 0.1% 0.02
6§ £X720 180 0.039 8.0 9.0 5.4 1453 223 Q.12 0.41 2.2 0.08 0.0l
T Ce22 738. 40 3.806 6.0 8.0 2.2 169 04 17.01 [ T ! | 419 &40
§ GRG0 1233, 70 20. 858 2 5.0 " Lo 0.83 Lo 0.00 10. 8¢ 1.80 1.50 013
9 KT 256.00 3. Ti6 | X ] 20 0.4 .53 0.06 0.45 0.84 013 0.11 0.02
10 5B%98 45.20 0. 225 60. 0 82.¢ 6.0 122 Q.16 1Lt 1.59 0.12 0.02 0.0
1 KG580 - 4.60 0. 190 4.0 250.¢ 6.0 18.23 .12 L 419 0. 16 ©0.30 0.0
12 RNS8D 107. 10 0. 509 iz 10.0 2.2 o491 LN E] 0.25 0. 79 0. 17 0.07 001
13 IRS40 340 0. 016 63 3. ¢ 6.2 1.65 Q.40 .M L &7 (i8] 0.1 C.00
14 S%50Q 33.20 2.053 0 210 1.4 0.80 0.16 .53 A1 T 02 0.1 003
15 K0 342.50 1% 622 0 ) 2.4 L1 0.31 34.30 0.00 16. 29 7.5 158
15 1X460 139. 00 L. 163 2.4 2.0 1.8 L61 0.2 0.3 L 018 017 0.02
17 SC420 186. 00 & 420 32 4.0 e 136 0.08 0452 0. 51 012 0.05 0.90
13 1A260 54. 20 16. 336 10.0 M0 1.6 104 1.4 15.11 04 41 6. 49 4.2% 185
19 SP3CG 159, 8¢ 4. 069 220 8.0 6.6 12.86 23 4515 163.44 13.13 26.74 4.82
20 Sie 163.50 22188 50.0 I8L0 B.O 11.26 1.83 95.58 346. 02 £5. 29 215 361
21 Al 57,50 S 38 48.0 130.0 5.4 7.68 1.51 2211 LXK 253 155 8.10
2 NG 2130 1.824 15.0 456.0 6.4 29.40 (1 249 15.80 . 06 {.89 0. 32
2 PNiED - o418 360. 0 850.0 1.5 45.47 2.52 1284 30.91 049 1. 63 0.09
2 CHIgD §0. 30 3706 56.0 146.9 6.0 285 I. 41 17.63 46. 75 i.92 i 045
25 ANDOD 42.80 2 933 110.9 LN T4 13.40 1.54 .88 9l. 48 L83 4. 66 0.3%
Total 3604, 10 181,179 203. 65 971811 61. 12 34.57 14. Ok

) sTributary rever :

{0CT. §3283)
. J ¥ater Quaiity . Runof{ Load

X0 Basin Arex Discharge BOD cop(cry  COD{MN) T-X 1-* 84D LOAD CODerLOAD CCDanl,0AR T-X LOAD T-P LOAD

(ka?) (n3/s} (ne/1) {ag/1) (2g/1)  (=g/Y) {eg/1} | Q/day)  {t/day)  (1/dsy}  {t/dsy)  (4/day)

1 Cléo .40 G. 85T $0.9 30.0 & 18,871 1. 70 511 511 0.36 1.07 .10

2 BM740 5. 40 0. 164 164.0 2509 1.2 37. 85 2. 56 n L8 010 @47 0.

3 iBBID it &0 2.303 12 @ - 50 LK $. 53 .4 0.9% B.62 010

4 ANT4D $6.50 0054 §2¢.0 508.90 .0 26143 3.30 0. 56 .37 0.0%7 G612 202

5 MiE20 550 0.ie! - 121.¢ i.? 2.9 .83 . 1.1 0. 04 §. 21 Q.02

5 GX720 §1.80 0.038 0.0 36,9 6.£ 13, 85 t. 32 0.07 912 0.02 8.0l .01

1 CCB2 758,40 14858 3.0 TE.Q {2 L0% g% H/N ] 96, 32 &. 08 1.13¢8 L 5]

§ GPE0D 1233. 70 15110 2.0 15.¢ i.6 f.08 G.08 .81 16. 47 .09 Y 4 N 1]

9 MC9%T 256,00 $.173 2.0 35.0 1.0 A1} .03 1.01 18,57 0. 53 .18 9. 03

1¢  SB%32 48,20 G. 878 ik ¢ 5.0 .2 | L] B 23 LIt i.30 0. 38 6. 08 .01

11 MG530 4,60 0.0%1 30.¢0 145.¢ 6.0 13. 48 i. 18 212 L 1] 9.03 e. 06 ¢.01

12 RYNS560 107.00 0.6M 1.6 28.0 2.0 .8 ¢ 13 0.0% 1.64 9.12 0.1t ¢.01

13 1R3¢0 8.40 0. 08§ 4.0 - 6.4 1.12 3. 23 0,03 {.0% g. 0t ;.00

14 SR30D 53 1. 783 1.0 - 3.8 2,17 .79 L 4,58 D.53 .. 04

15 ES{00 342. 50 46, 318 0.6 - 3.6 2.0% 0. 46 50 1¢ 14.42 3.2t | %1

16 1N4§60 12800 0 3B 5.6 5.0 3.0 .08 0. 46 a.18 0. 26 2010 §.07 0.1

17 SCLEd 186. 00 0. 496 <2 11.0 0.8 1.%8 0.19 Q.08 0.47 $.97% 0.03 [N ]

18 1h280 544,00 44.24¢ 5.0 83.0 .8 5. 14 £ 29 2293 315,26 15,76 23,44 §.52

19 3Pi0G 159, 89 18, 2817 20.0 2240 LI} 14.0% 2.08 3160 355. 50 £ 83 21220 3. 85

0 81 163, 5¢ 15, 845 0.0 3780 5.8 12,04 1. 8% 4.7 845, 5% 12. 53 26.94 5.76

&l AC24E $71.99 5. 331 80.0 32.0 4.4 13. 54 1. 3% 35,83 42.48 .03 6. 1% 0.62

21 ij0e 1.3 1. 228 0.0 282.0Q 1.4 8,92 107 12 .U .15 0.9% 9.11

13 PhisO - 1.3%0 0.0 386.0 .7 8.45 1. 78 1.10 {5.87 0.T% 112 0.21

¥ CNi00 B, 50 6. 95% 10.0 §0.0 5.6 B2 1. 54 24,07 30.0% 3. 87 i84 0.85

5 NG00 12. 30 3. 83 .0 $%5.0 {.4 7.40 1.1% L8 1580 1.3% 2.50 0. 3
TOTAL 3604, 10 155 324 ¢ 241,37 1765.33 £2.348 95. 10 16. 01
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Table APP. 1-3 Monthly Runoff Load of Regular Survey (May 1992 (o Dec. 1993)

(N0Y. 1293}
Water Quality Runoff Load
o Basin Areaj Pischarge BGD Cek{Cr)  COD{¥n) T-X T-P BGD 10AD CORerLOAD CODantOAD T-X% LOAD T¥-P LODAD
(X2} (»3/s} (ag/1)  {mg/1) {ag/1}  {az/1} (ag/1) | (Lfday)  (tiday)  {t/day}  (t/day)  (1/day)
1 Ci7180 LA 0.70% 4.4 102.0 6. & .44 6.21 040
2 BMTED 340 0.078 1%.0 187.0 5.5 ¢ 4% 1. 26 .04
37 iBs10 E1. 80 6. 333 N - 4.4 1,10 2.41
4 - ANTEQ 58.50 0.029 3rac. o 1464, 0 6.4 711 11. 11 0.02
5 MT420 5,50 0123 §0.0 181.0 $.2 0. 64 1.9% 00§
4 GX1%0 11. 30 0.014 {0.0 125.0 5.5 0. 9% 0.15 0. 01
7 CCb22 153,40 24.121 a0 - 0.6 1687 0. 00
8 GPEGO 1233.70 21,334 1.1 1.4 2.4 9.45 10. 1% 5. 67
9 MCe61 258, 00 §.824 1.8 <ie 5.8 G.31 5.03 2.92
10 $Bese 45. 70 913 5.0 HA 86 0.3% 2.63 0,44
1l MGis0 i.50 0.11% 40.0 544,90 5.6 1.43 19,51 0.24
12 RN5SO 101. 00 4. 7593 10 16.0 2.8 1. B 5. 58 113
13 IR540 40 0627 16. ¢ - 5.6 0.44 0. 38
14 . SR500 53.20 £.121 22,0 - 5.0 15.59 3N
15 ES400 342. 50 66,412 6.6 - 49 .43 22.9%
16 X460 139,09 9. 867 - - -
11 3C4N0 186.90 1. 08 - - -
15 FAZ60 544. 20 18. 34% 30.0 511. ¢ 36 49,11 314, 46 5.8%
1% SPHQ 159. 80 13. 867 0.0 141. ¢ 5.4 2413 170,15 1. 00
2 SHEL0 143, 50 44,353 5¢.0 326. 0 6.2 191,60  124%.25 3. 15
21 Acidl 3190 5.609 - - -
iz 11200 21.30 1.432 6.0 266.0 L3 §.19 .91 o 87
231 PyI&0 - 1.023 60 237.0 6.4 1.42 .95 047
24 CXi00 60. 50 2,708 41.0 it 0 5.8 1¢. 2% .1 i.3%
25 MNOGO 12,80 1. 761 20.9 163.9 4.4 304 a0 G 8T
TOT4L b 3604.30; . 223.872 382.02  2568.33 75, 97
{DEC. 1393)
\ Waley Quality . Bunotff Load '
XG Bastn Area { Discharge BOB COD(Cr}  COR{Mn) X i-¢ BOD LOAD €ODcrLOAD CODanLOAR T-N LOAD T-F LCAD
(Xa2) (x3/s) (ez/1)  {rg/1) (ag/1)  (ag/D) (ag/1} | (t/day)  (t/day)  {t/dayd  (tfday)  (t/day)
1 C1780 140 6. 857 85. 0 250. % T4 5,45 14. 1% 0.42
2 BuI60 Rl 0. 184 60.0 185. ¢ 1.4 4. 35 z. 0 0.10
3 18810 11. 60 2,303 2.9 - 6.8 2.39 1.35
§ ANTA0 53,50 0.054 1600.0 2136.10 NG T.46 9,94 0.18
5 MI3Z0 5.50 0.101 a0 194.0 &4 9.38 1.6% 0.06
Rt EFAU 11.8¢ .ot §.0 128.9 5.2 Q.03 0. 4 0.02
1 Cisiz 148, 40 14. 859 1.¢& - 5.8 3.87 1.3%
3 GPpsoe 123370 15. 110 10, 0 0.0 3.0 13. 06 26. 11 3.492
9 M¥CI67 255.00 & 173 - - -
10 sByse . 4520 0.9%8 - - -
i1 ¥G5B0 4. 60 0. 053¢ .0 100.0 1.2 ¢.22 0.44 9.03
12 RYS60 107. 00 0.677 12.0 11,0 4.2 0719 .99 0. 25
£3 IRS54D 3. 40 0.099 20.0 - 7.8 0.11 ¢.07
14 SR309 $3.20 1.763 i2.0 - 5.8 1.83 0. 38
1% ES400 3.5 46,3719 12.0 - 4.4 43.08 17.83
15 INdGG 135,00 0,381 10.0 30.0 3.4 ¢33 099 o
171 sC42¢ 18600 0. 49¢ 30.0 0.0 3.2 .27 1.27 2 i4
13 1A260 84,207 44,248 - - -
14 5p300 159. 80 18,287 - - -
0 51220 . 163,50 25. 849 . - - -
21 AC241 §7.9¢0 5.331 14.0 83.0 7.0 20.27 {652 3.2
22 L)200 21.30 1.228 - - -
23 PN180 - 1319 - - -
4 CNio0 £0.40 6. 988 - - -
25 MNO00 £2.30 3.283 - - . -
ToTAL 3804, 10 183. 324 89. 49 35,98 32,28
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