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| Tabla_' 1.4-1 Miembios del Equipe de Estudio y delPanelde Consejeros

Study Team
Name Designation
Yoshiharu MATSUMOTO | Leader :
Keiji SASABE Asst. Leader/ Water Resources Development Planner
| Susumu HONDA Sabo/ Turbid Water Specialist
Sachio TAKAHASHI Industcial Wastewater Specialist
Atsushi MURAMATSU Sewage Specialist
Akiko MUKADE Water Quality Specialist
Shoichi IMADO Water Purification Specialist (March-July, 1996)
Shuji ARAKAWA Water Pusification Specialist (Nov., ‘96 - March, *97)
Valerio GUTIERREZ Legal and Institutional Specialist _
Naomichi ISHIBASHI Economist ]
Andrew DORMAN Structure Design Engineer
Kazuyoshi KAGEYAMA | Environmental Specialist |
% 'Masashi SUZUKI Geodetic Engineer
Tomoko SUZUKI Coordinatot
Hiroaki OSHIMA Dam Planner
Akira FUJIINO Geologist

Advisory Panel

Name Designation
Shuuhei KAZUSA Chairmar/ River Environmental Management
' | (January, 96 - September, '97)
Yoshiaki MORIKITA Chairman/ River Environmental Management
: ' (November, 96 - July, "97)
Taizo YAMADA | Environmental Economics
Shuichi OCHI Water Pollution Control
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Tabld 2.1:3 (1/2) Inventario de fas Granjas Poicinas

Upper Basin : ‘ | R
\ Mame Location Anims} Treatment Water source g‘:f::e;r re:.e'ia\l:';fazte Wi;k;:s \Y;;n:s ‘Wgzi:ig Nm;}b"
N munters | system | oo | weer L oo | e even | wosen

1| skt | tasToeis | 425 | speas | o Linon | 6 Notdisharged || 8 | 7 ws |

2 Cuayss | LasTejesins | 3,000 "’ﬂ"fi:m':’“ Deep well 20 LT I 3 35; 4

3 | i sensoge | Mocooopo | 3603 | Meneesist | Duepen 0| QuuMaae] 8 | 7 | 3&5 7

a| corea | Moo | 54 3 ponds, good | Spving wier |10 | Noldishwgsd | © 8 ' "‘ 7 sss 3

5 | S ;:nn:inde Motocope | 5,500 3%5‘* Gida, EtLimon 60 qda Merocopo s' 7 355 ¢

6 Ganacer Moiccopo | 2,650 4ponds | Qda. Ei Rusario 16 Qda Moreops | 9 ? 365 )

7 Dastin Maccopo | &7 ’mr;"“ Qi ElLinen 5 Qs Macceopo | 8 7| s | 1 '

8| Vatearo | Mouoipo | s0 [PEPFN G pine | 6 Jom Mesocego | 12 7 35 1

9 | LaMilagross Morocopo 1,856 3 ponds " Spring water 10 Qda Morocopo  } 1 385 1=

10 | csomnes o ad Mxosopo | 7,000 |6 poods, goot|Oa Agus Bues » ;m‘g?;m s | 9 RN B

n “f‘,mi’"‘ Mocccopo | 4700 | 2poods ?"Jﬁﬁ? 20 Qda Morooope | 10 7 | s -: 7.

12] Moocope | Maocope | 4520 |4 poods, good] Oda. Bl Resario s h?"’:d";‘m K 365 | ¢

1B Mutite | Mocoope | 1500 Taks | QaBllimon | 10 | QdaMacco | 8 165 3

18]  Grmics | Guwiaipwo | 2318 | 3pouds |  Decpuead 25 Tuy River P 7 165 y

15| ElSasiScio | Gusictipwo | 134  |Sscplictacks| Deepuwell 1 Qda. Guayas 10 7 365 % 3

16 | LasMescedes | Ouaicsipwo | 255 (2 poods,good] Spring water s Q:;g“s:m:‘ 8 ) 65 | s

17 | Agropecuaria 67| Boca de Cogua] 1,400 Q%E S"ﬁ;’;::;“‘" 5 Ty River 8 7 363 3.
15 s”";h‘f;“ © 1Boca de Cegua| 2400 :c_?"ﬂ;wﬂ Deep wel 0 Tuy River g 7 ®s 3

1o | ABORTEA | gt o268 . . 6 Quaous | s 71 s 4

20 [ AR oo, Guapas | 350 . Deep vl 3 ecu | 8 s | owes [ 6

# Yolume of wastewsier wasteported s same as vsing water volume

@




Tabla 2:1+31(2/2) Inventario dé las Granjas Porcinas

Middle Basin L =
_ - ;. | Yohume of [ Vokime of [ Water body] Working] Working | Werking | Nurbes
MNarms Locetion B\L”ﬂbﬁ’l! Trn{!mmt ::::Z * Jusing wutes | wastewater receiving | hours deys | days o
[No : System fonside) |_Cons’day) 2w O ) el | dhead) | werlers
. . 2 poods
N} ElMargues Ticala 2,000 pode 2 wells 7 0 Tuy River 8 &5 EEL tH
. . Qda.
22 | Gurianipare Cwa 00 3 poneds _ ) A 8 7 ki3 2
. : | Ocumare N IR Not
13 { Rancho Cv(pde dck Tuy 2,000 _Ponc!s Well 10 7 discharged 3 7 355 3
- Oclrnere . 1 . Not ‘
2.4 Langieans 2d Ty - 3,000 Ponds Well IOAS‘ 9 discharged 1¢ 7 355 2
25 [ SanBemardo { CVTHEL 20y 3 poods Wel) 15 10  For g [ 2 365 5
: : del Tuy : _ irrigation
26| Avcirerse ‘:‘:‘l“l,““w‘ 1500 | 3ponds | TuyRiver | 40 2 | ToRee | 3 6 32 1
) . Ocunsie R . . . . B} ) }
HyJ Nichiia del Ty .3 pols Tuy River ? %5
38| Camose | %l 5000 | 3pents | 1wt 15 v | Torive | s 7 5. | 4
del Ty
73 Qcumare Municipal | Nor.‘
(: é 291 Cotmtes | G 80 Zpoets | Sy 4 3 ischarged | 3 7 365 |
30 { La Chicham l}an.l] None exi ' il 7 165
. p Lve - one exst - - - Can . E .
. R Well, . *da :
31 | l2s Goodolas | Chanllawe 4,000 None exist delivered 35 20 Can 8 7 365 6
. o | Ditivered by Mot :
32 | La Coopentiva | Chanallave 13 Nooe exist tanker 3 3 discharged ] 7 385 3
Delivered by Not :
X} LaMats mnl!a\t 235 2 ponds 3 3 ] discharged 8 7 365 H

*Wastewater does it flow into Quetvada Charellave in the dry seazon,




Tabla2.1-4

Nuriero de Granjas Porcinas; Cerdos; ¥ Cursos de :
de Agua Receptores de las Aguas Residuales :

| | N T P B e
Wa ter body an Treatment condition  [Piggeries{ | p?:s ¢ ::\.\-asgt:g w:.tes ) u'.ea_tm:enl '
ftocation (tonstdsy) | Gronsiday)|  (1OPS/da9)
Tuy River and Well treated ] 2318 . 28 -
Boca de Cagva '{ Noné or poot tréatment 2 3.800 - - 35
| No discharga of wasies 0 0 0 . -
Subtota} 3 ol o 23 | s
Oda. Morocopo Well treated 4 10.700 - 66 .
None or poor treatraent 4 10,300 . . .
Nodischargsofwastes | 3 { 12000 85 . -
Subtotal 1 33.500 85 65 11
Qda Guayas Well treated 4 425 - 1 -
No.na or poor ireatment (1 .0 - - ﬁ\?
No discharge of wastes 2 4544 12 - ' -
Subtotal 6 8795 12 1 29
FS-;;)loial in the upper basin 20 48413 97 92 - 135 .
Tacata Well treated 0 0 . 0 .
- {Tuy River) None or poor treatment 1 7000 - - 50
No discharge of wastes 0 | : 4] 0 - -
Subtotal 1| 2000 o 0 50
Cua Well treated 1 300 - ? -
{Tarma River) None ot poor treatment 0 -0 - - . :0- -
Nodischarge of viastes 0 0 0 - -
Subtota} t 3000 0 2. 0
Ocumare del Tuy Weil trea.‘:ed 2410 4,500 - 55 -
{Tuy River) None 0f poor treatment 0 0 . - 0
No discharge of wastes 4 6380 o - -
Suttots] ? 11380 0 55 O"'—'"'""
Charaliave Well treated 0 0 - 4] -
{Qda. Cantarran) None or poor reatment 0 0 - - o
No dischasge of wastes it 4388 31 - -
Subtotal 4 4388 31 1) 0
Subtotal in the middle basin k! 23.068 31 $5 50
Total in the basin 33| 24m 128 147 185

* 3 ponds existin this piggery, but no information of pig numﬁg:s of treatment condition
Note: No infoimation of good ot poor about treatment efficiency, therefore
in case the treatment exist it was dealt with good treatment efficiency.
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Tabla2.1-5 ° - Comparacion del Numero de Granjas Porcinias y Cerdos
entre los Afios 1988 y 1996

_ _ Upper basin | Middle basin |  Subtotal| Total
No treatment 16 14 30
1988* | Piggery With treatment 12 4 16
swtod | 28] 13 6
T’igs o _ 38,000 ¢ 32,000 70,000
' ‘None or poor treatment " 6 | '
Piggery Well treated 9 4 13
- No discharging ww - _ .5 8 i3
1996 Subtotal .20 13 33
~ 'None or poor treatrei 14,600 7,000 21,600
Pigs  Well weated 17,269 a800| 22,069
No discharging ww 16,544 11268] 27,812
Subtotal 48,413 23,068 71,481

*: After "Diagnostico de las Fuentes de Contaminacion en Ia Cuenca del Rio Tuy",
E.R. Gunwald. A. (1989)



Tabla2.1-6  Poblacién'y Hogares en.Ciudades y Localidades del Area de Bstudio

, : Population o
\ Population | Area(km?) | density | Households I;}ersons pet
Cityor Town . . (Pikm®) : 1 ousebold
Colonia Tovar - 3,373 14.3 236 - 9351 38
El Consejo 13,171 29 4,542 2875 46

‘1Sabaneta - 14,498 6.3 2,301 3,005 48
Sto. Domingo and N _ E
La Concepcion 2,670 22 1,214 613} 44
Las Tejerias 23,819 30.4 84| 5217 46
Paracolos . 6,068 ol  607) 1490 aa
Tacata 1,198 19 631 337 36
Cuaand Las Mercedes | - 62,836 63.0 997 15594{ 40
Charallave 599390 | 144.1 416 14000] 43
Ocumare del Tuy and _ . ' .

Colenia Mendoza 76,880 839 916 17,396 44

San Fran. de¢ Yare and L S

San Ant. de Yare 18,902 913 207) - 4604 41
': Mean - 4.2

Note: Population of most of the cities and towns include the population
of surrounding rural areas (OCEI-1990). ‘




Tabla 2.1-7 . ¢ Poblacién y-Dénsidad: Poblacional en Sub-cucricas'(1995)

_ N Population densitf
No. Area nai Population 2
°a . ne p Atea (km®) P/km?)

1 Toval and other 5,281 240.7 22

2 El Consgjo, Cario Tiquirito 27,450 46.0 597
: i% and others _
h o |Las Tejerias, Qda. .
3 Morocopo and others 4]’8-37 1328 s
4 {Qda. Guayas and others 4,836 106.9 45
5 [Paracolos, Qda Maitana 1 g 50, 284.8 102
and others o
s anje River (including 5 1,783 181.8 10
- JTacata)
7 |Tacata-Tazon (Sabaneta) 754 55.8 14
g |‘amnaRiver, parl of Cua 16,193 218.0 74
and others
9 Charallave, part of Cva and 143,185 3574 401
% others ‘
1o [Qeumaredel Tuy, S.F.de [ g5 09 268 421
- |Yare and other :
Total 365,859 1,851.0

oy




Tabla2.1-8 .CondicionesSanitarias

Mixanda State

w: | 1000- ] 2500- [ 5000- | 16000- 20000- | s0000-] Tooo0n-|
_ 1 <1000 | 2495 [ 4999 { 9999 | 19999 | 49999 | 59939 | 499999 [>s00000
. Total houscholds (x100) | 4049l i165] | e8] 17s| * 120] amo| v2s2] 1726 -
Type of sanitation , : No. of households with tanifary serviee (§100)
'Flushtoilet to sewer system | 3168] 15| 16| 33 so|  sal  aes] 1030] . 160s| - G
- Flush toilet to septic tank dqe0l  s2| 4 | 88| 3| m 911 = 49 -
Latririe ‘ R K] 1 B BN | BN T BT BT BT ) N
None exists ' 2] [ owl st el as) 23] el o3l L
- Not declared 58 4 3 | 2 2l 7 T |
Type of sanitation ' % of bouseholds with sanitary service _
Flush toitet to sewer system [ ol 18] - 49| 29| 45 76| 84 sl -
Flush toilet to septic tank il 3z sl onl oso] m 15 8 3[ -
Latrine - 3 14 n] 12| wu 10 2 3 ]
None exisis 6 43 15 7 9 13 5 4 2 .
Not declared 1 2 4 1 ] 2 °1 1 1 -
Aragua State ‘ ' o . . '
wf\ ’ 1000- | 2500- | 5000- | 10000-| 20000- | 50000- | 100000-
_ - _ | <tooo] 2499 | 4999 | 9999 | 19999 | 49999 | 99999 | 499999 | >s00000
. Total houscholds (x100) 2219] 84| . 4% 38| 46] 149]  106] 404 - 1350
Type of sanifation No. ef households with sanitary service (X100)
Flush toilet 1o sewer system 1654 8 8 121 27 69 581 351 - 1120
Flush toilet to septic tank 331 34y 22| 17| 0] 44 26} 20| - 158
Latrine 17l 13 st 4 s| 24 13] 18] - 34|
None exists 87 27 6 4 4 10 8 9 - 21
Not declared 30 2{ 06 1} ©¢2 i | 4 - 17
Type of sanitation % of households with sanitary service
Flush toilet to sewer system 75 16 200 32f - s9| a6t ss|  s7| - 83
Flush toilet to septic tank 15t 40| s4f 45| 22| 30| 25 51 - 1
Latrine s| st 120 o] 1l 6] 12 4l - 3
None exists 4 32 w4 10 9 7 8 7] I 2
Not declared | R . | | O | i - ]

Note: Data is from QCEI-1690



Tabla2.1-9" Porcentaje de Hogarés con Seivicio Sanitario: en los Gentros Poblados

Miranda State .
_ Ct'ty_ Pajacotos Smg?:' de Charallave OCUI';}“R;C del Cua
_Total households 1490 . 4604 14009 17396 15594
Type of sanitation . ___% of houscholds with sanitary service
Flush toilet to sewer system 29 45 60* 60 88+
Flush toifet to septic tank - 50 31 - - -
Latrine _ 1 10 . - -
None exists 9 13 - - .
Not declared . i 25 25 1
‘Aragua State
Colonia Tovar | Tacatz Guacama Sarfto Las E] . | Sabaneia
ya__|Domingo| Tejerias | Consejo ..
935 337 931 613 5217 2825 3005
Type of % of households with sanitary servi
sanitation » O puse olds wath santtary service
Flush
foilet to 0 20 32 32 55 8¢ | sar
sewer .
system
) " Flush
b3 toitet to 100 sa | as | 45 | 2 | . .
septic ) : .
tank
- Latrine - ' 12 | 10 B (1) 12 - .
. None ex|. - 14 10 10 7 - .
‘Not dec - 1 3 3 1 1 1
*. After "Updating of Environmental Investlgalmg Pro_;e-:l in Tuy River basin and its Influencing Area",
:Efren Guedez (1994)

#: All flush toilets are connecled to septic tanks or cesspool.
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Tabla2.2:1* - Normas de Calidad de Agua segiin Decreto No. 883

Type . - Type | Type 2 Discharged Water
== Sob-typel 1A B 2-A 2B foRiver  [io Sewer
Parpmeler : ele Met
Do ) 40< . | 40< . - . .
pH 60-85 1 6.0-85 - - 6090 [ 6090
| Color (UPt-Co) : - 50> 150> . 500 "
Turbidity . N1 25> 230> - . -
| Fleoride {mgd) L7 17> . 390 R
Pheriolic Compounds (mp/l) . o002 | . 4 T 95 b os |
Total Coliforms MNP0ty | 2000 10600>_ | - 1000> 000> - . .
Fecal Coliforms (MNP/100m)) - - 100> - 1 000> . S B
BOD (mgi) . - - 60 .. 350
COD (mp/l) - . 350 900
| Toted Suspended Sotids (mp/1) - .. .' ‘1600
Suspended Solids {mg/) - - 10 400
Total Pissolved Solids (mp) 1500 3600 - -
Mineral il (mg/l) 03 - 0 . 20
Mincra oil 2nd ' ' .
hydrocarbon (mpit) - - 20 150
Ofls ard greases from o _
veg/animals - (wg/) - - 20 130
Ayl Mercury (mg/?) - - Undetes, {  Undetes,
Aldchydes {mg/ly . - 2.0 -
Total Ahminum {rg/l) - .. 02 1.0 50 30 .
Total Arserie {rag/t) 0.05 0.05 05 ~ 03
Total Barjem (mpidy 1.0 1.0 30 5.0
Boron (o) - .75 5.0 -
Tetal Cadntinim {we/t) 0.01 0.005 02 02
Tela] Cyanide (mgfi) 0.1 0.2 02 02
Chloride (mgit) €00 - 1.000 - g
Total Cobelt (mz) - - REN 08 i
Total Copper (mg/ly 1.0 0.2 1.0 1.0
Total Chiome {mg/} .05 0.05 2.0 .20
Detergents {roa/1) 10 . 20 19
Drispersives . (opy | 10 . - 20 8.¢
Hardness (as CaC03) {=g/) 3060 - - -
Tin (mglly - - - 30 100
Extract of carbon at f-
chloreform {ngfl) 0.15 - - -
Total phasphorus (ss F) (mgf) . . - 10 19
Total Irca (mei) 1.0 10 10 25
Total Manganese (mp /1) 0.1 0.5 20 10
| Tota) Mercury (mg/l) 0.0} 0.01 0.01 2.0l
Total Nickel {mg/l) - . s . 20
T-N(withoul NO, NOY) {mp/l) - - 40 40
Nitrites+Nitrates {ogil) 10.0 - 10 .
Tolal Sitver {me/l} 003 0.05 01 0.1
Tolal Lead (rogd}) 0.03 0.05 o5 0.3
Selenjum (mg/l) 0.01 0.01 0.05 02
Sodiwa (mgll) 00 - - -
Sulfetes (ogsl) 400 - 1080 - 400
Sulfites {me/l) - 20 -
Sulfides {eag/l) - - 03 20 ]
Vasadivm (/1) - 10.0 50
[ Zinc {mg/1) 5.0 50 50 50
Temperatwre (°CY - - - 40
Biotides .
- Organophosphates :
and carbamastes {rapil) 0.1 1§} 015 025
- Crgancchlorates {mg/l) 02 02 0.0% 0.05
Rdicactivity
- Alpha sctivity Bgl) 0.2 0t 0.1 01
- Beta aschwaty (Bgl) 1.0 1.0 1.9 1L
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Tabla 2.2-2 (1/2) - Néméro de:Sitios de Muestreo para el Analisis

de la Galidad dél Agua Diiranite'el Estudio

Parameter “Tuy River _ ﬁbntary Sand quarry Total
_ flushing water
_ Water Discharge 10 14 24
_Qdor 10 14 - 24
__Color 10 14 - 24
Water Temperature 10 14 - 24
pH 10 14 - 24
EC 10 14 - 24
DO 10 14 - 24
BOD 10 14 - 24
COD 10 14 - 24
TOC 10 14 - 24
S8 10 14 - 24
_ Tusbidity - 10 14 - 24
B TN 10 14 - 24
TP 10 14 - 24
NH4 10 14 - 24
_NO2+3 10 4 - 24
PO4 10 14 - 24
N-Hexane Extract 10 14 - 24
' Hg 10 - - 10
As 10 - - 10
_d 10 - - 10
Pb 10 14 - 24
Se 10 - - 10 |
Cr 10 14 : 24
Cu 10 14 < 24
Zsi 10 14 - 24
| Ni 10 14 - 24
B TS 10 14 - 24
VS 10 14 - 24
B VSS 10 14 - 24
Total Coliform 10 14 - 24 3
Fecal Coliform 10 14 - M
Cl 10 14 . M
Sedimentation test 12 6 1 19



Tabla 2.2-2 (2/2) Numero de Sitios d¢ Muestreo pafa ¢l Andlisis
. delaCalidad def Agua Durante ‘el Estudio

Livestock

Parameter Industrial Wastewater Domestic Total

-1 . Non-food Industsial A:'eal Food Wastewater | Wastewater .

Water Discharge 26 4 17 13 10 70

__Odor 26 4 17 13 10 70

Color 26 4 17 13 10 70
Water temperature 26 4 17 Loy o e 10

pH 26 4 17 i3 10 70

EC 2 4 17 i3 170

BOD 2 - 4 17 13 10 70

CoD 26 . 4 17 13 10 70

TOC 26 4 17 13 10 70

| 8§ 2 4 17 13 10 70

Turbidity 26 4 17 13 10 70

TN 26 4 17 13 10 70

TP 26 4 17 13 10 70

NH¢ 4 17 13 16 70

NO2+3 26 . 4 17 13 10 10

POs_ 4 17 13 10 70

N-Hexape Bxtract 26 4 17 13 - 60

Hg 26 4 | . - 30

As 26 4 - - - 30

cd 26 4 - . - 30

Pb 26 4 - . - 30

Se_ 26 4 - . - 30

__ Cr 26 4 . - 30

Cu 26 4 - 13 - 43

Zn 26 4 - 13 - 43

Ni 26 4 - - - 10
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. Tabla 2.2.3 Resultados Previos de Metales Pesados en ‘Aguas del Rio Tuy
Sampling Spot Year Cdlue/h Gl g/f) Pb{s g/
[Colonia Tovar 12-1987 20> 20> 20>
Las Caballerizas | 05-1985 9,11 - -
Guayas 05-1985 8 57 .

'07-1985 . 140 .
- 08-1985 - 100
_ 09-1985 _ - 100 _ ‘-
Bocade Cagua | 08-1990 20> (3 results) 20> (3 results) 50> (3 results)
| 091990 20> (4 results) 20> (4 results) 50> (4 results)
10-1990 20> (5 resulis)| 63, 94, 20> (3 results) 50> (5 results)
02-1592 1 70-110 (7 results) 20> (7 results) 5.00-1800' (5 results)
Los Cujies 07-1985 - 9% ' -
o 08-1985 . 100 -
09-1985 - | 100
02-1992 60, 100, 100 68, 20>(2 results) 600, 800, 1800
Pinango 05-1985 9,19 .
Cuz 105-1985 9 .
Ocumare del Tuy | 05-1985 15 - -
02-1992 110, 100 90, 20> 600, 4000
San Fco. de Yare | 12-1987 20> 40 20>
San Antonio 05-1985 9 - -
| 07-1985 : . 117 .
08-1985 10 (6 results) 133-203(7 results} 100> (5 resulis)
09-1985 . 100-128(6 results) 100> (3 results)
08-1550 20> (3 results) 50, 55, 187 50> (3 results)
09-1990 20> (4 results)] ~ 566,20> (3 resulis) 50> (4 results)
10-1990 20> (S results)| 50, 220, 20>(3 results) 50> (5 results)
11-1990 20> {2 results) 120, 220 50> (2 results)
. : - (42-1992 60-90 (9 results) 20> (9 results)]  400-1700 (9 resuits)
~ |[Water Quality Standard 10 ' 50 50




Tabla2.3-1 i Inventario de lds Bstaciones Hidrometeoroldgicas

Climatological Station _ . S : o
Serial Location Type | Organization | Latitude | Longitude | Altitude | Time in operation
' °'N | °-'W | ELm =

0632 |Colonia Tovar . | CL SM 1025 |- 67-18 1,435 193]
0673 [Agua Fria PR | MA 1024 67-11 1,741 1943-
0465 |Ei Consejo PC AC 10-15 | 67-16 570

0671 |Las Tejerias PR MA 10-16 67-10 ' ;

0672 |Insti. Pignatelli PR MA 10-22 6702 | 1,240 1958-
0676 {Paracotos PR'| - MA. 10:16 | 66-58 620 1961- -
0675 [Rio Arriba PR MA 10-09 67-01 395 1959-
0455 |Macaguita PR MA 1007 | 6656 | 480 1961-
0182 |Cua-Tovar CL MA 10.09 66-52 230 1951-
0579 |Palmira PR MA 10-05. | 66-51 440 1991-
0661 |Charallave PR MA 10-16 66-51 400 1946-

0460 |La Veraniega PR MA 10-09 66-46 170 1969-
10299 |Santa Teresa PR MA 10-13 66-39 {58 19_54-

Note: PR= Pluviograph, PC=Pluviometer, CL=ChmatoIog1cal Station, SM=Aeronautical Meleororoglca] St
MA=MARNR, AC=Tuy River Agency

Hydrometric Station - o B
Seriall  River Location Latitude | Longitude | Altitude| C.A. | Timein operation
SN | eaorw | kan?
- [ 0682 |Tuy Colonia Tovar 10:25 67-17 1,635 2]1948-79
| 0579 | Tuy Las caballerias 10-16 67-15 575 122 {1986-

0455 | Tuy Hda. Barrios 10-15 | -67-16 552 213 {1941-77
0460 [Tuy Hda. Tazon 10-08 | 66-55 415 1,143 [1941-78
0182 |Tuy |Ocumare 10-08 66-46 1,711 |1992-
0675 [Tuy Hda. San Antonio” | 10-13 6643 1341 1,843 |1967-
0299 iTuy Pte. Sta, Teresa 10-13 66-39 2,348 {1943-47
0661 |AguaFria |Agua Fria 1025 | 6711 - 9 11951-64, 1974
0671 |Guare Rio Ariiba 10-09 | 67-01 |  395| - 92]1958.75,1993 |
0676 |Guare Tacata 10-12 6700 | 297 185 |1961-77
0672 |Ocumarito - {Desecho 10-06 | - 66-48 189| 123195976, 1980
0673 |Sucuta La Cochinera 10-06 66-44 204 65 |1951-64, 1974
0674 [Talma  |Hda Souss 10-08 66-53 239 78 ]1972.75, 1981

Note: C A Catchment Arca




Tabla 2.3-2- " Caracteristicas dé las Subcuehcas

Catchment River
Basiﬁ - River Area Max. Length Name of the
Height o Major T\;'on
&y | €9 | G | )
1 |y 1650] 89| - 2430 21.5{Colonia Tovar
1-1|Lagunetas 730 39 2,340 200
2 - |Qda. El Socorro 105.0 sl 1,520 5.0[El Consejo
2-1{Qds. Morocopo | 350 19| i,500 80
Upper |3 [Qda Guayas - | 1400 7.5] 1,640 13.5|Las Tejerias
4 [cagoa £20 44| 1360 11 -
5 |Qda Maitana | 2030 109| 1,460 219
6 |Guare 19s0| 10| 1380 22.0|Tacata
Sub-total 99s0] 538 2420 55.0
7 - |Qda. de Sacua 83.0 4.5 1,020 9.0|Cua
8 |Qd. Aniagua 920 - sof 1320 11.5{Paracotos
8-1[Tarma 98.0 sa| 1600 IR
9 lOcumarito u6o] 75| 1420 210
Middle |10 [Qda. de Mume 670] 36| 1020 12.0
11 {Qda. Charalfave 145.0 7.8 1,100 33.0|Charallave
112 |Sucuts 152,0 82| . 1,160 22.5|Ocumare det Tuy
| _l_‘o'_ Qda. Seca - © 159 49 660 7.588an Francises de Yere o
Sub-total cesso| 462 1600 50.0
Total 18560| 1000
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- Tabla2.3-3 (172) Caudal Medio Mensual del Rio Tuy

Hd. Barrios, Tuy River (C.A.~248 km?) . _  Unit: m¥%s
Year | Jan | keb | Mar [ Apr TMay | Jun | Jul | Aug | Sep | Oct | Nov | Deo Annual
1958 1 0.47] 0.27] 025 0.13] 090 201 170] 147 1.08[ 1.03]0.61) 031 0.835
1959 1 0.26] 0.36] 051 0.235] 1.06) 0.70] 0.64| 068 0.77] 0.86] 0.63] 041 057
1960 1 0.32] 0.35] O.1%| 0.60| 0:63] 099 109 1.39| I.35| 1.03] T.13] 083 0.8
1961 0.17] 0.12{ O.18[70.13] 0.07 611|077 119 1.05] 0.53 0.83] 031 048
1962 | " 0.13] 0.09] 0.135| 00| 0.21] 0.63] 0.78] 1.39] 1.19] 0.73| 043[ 0.0, 0.37]
1963 | 0.07] 0.05] 005 021 1.45] 2.10{ 093] 065 1.64] 0.82 001 0231 0.96
1964 | 0.12] 0.08| 008 0.13] 0.24f 052 1.07| 1.14] 1.24] 1.20{ 0.14 018 051
1965 | 0.18] 0.11] "0.08] "0.12] 059 1.40] 107} 148] 0.79] 1.10|1.06{ 039 . 070
1966 | -0.12] 0,08 "0.06| 0.09| 0.30] 1.59] 219 "1.95[ 1.34[ 1.53| 175" 149 -~ 1.04
1967 | 071 0.45] 0.28| 0.38]. 7044 073 061 1.25]0.32] 095 0.70/050]  0.85
1968 | 0.25] -0.21] 0.15]0.40] 0.37] 1.07| 085 106] 0317 0.23] 0.34] "0.12] - 0.53
1969 | 0.13] 0.10] 0.09] 088 T1.14| 231[ 185 2.17| 134 213 243 074 1.9
1970 | 038 026] 043} 0.21] 036] 193] 200| 163 1.35| 1.17] 0.76| - 0.89] 099
1971 | 028 O.18] 0.15]0.49] 075 0.53] 042 038 0.69] 069] 0.33] 0.14] 045

1972021 013 024 0.33[ 1.02|7 040] 035 0.30] 0.28] 040 0421 037 037
19737 020] 018 027044 0.27] 0.13 029 0.25 0.32] 0.54]" 110 016 035
1974 | 019) O.19] 0.17] 0.30] 0:22{70.09] 022} 063] T.61] 2331 123 0.40[ 067
19751 0535 0SI1°052] 0.32] 043 048] 0.16] 035 1.39 204] 1.98 -
1976 1 0.90] 0.50} 0.10] 0.70] 0.30] 0.10] 0350 0.60] 050 }.20 .20) 0.20] 048
1977 | 601 001f O0If 0.0f] 002 008 - 0.08| 0.18] 0.03] 001 ~
Max. | 090] 0531 0.52] 0.88) 143 231 2.19 2. 17 L85 233243 1,98 1.79
Min. [ 0011 001]" 0.01] 0.01| 0.02| 0.08] 0:16] 025] 0.08 O.18[ 0.03] 0.01] - 033
Ave. U.28) U020 UZU] 0.30] US6] 0907 02 TUSI T.O3] 10O U%e] VA7 Us7
Hd. Tazon, Tuy River (CA=1,180km’) . - . . . Unit'm¥s
Year | Jan | beb | Mar | Apr { May [ Jun | Jul | Aug | sep | Oct | Nov | Dec Annual
1958 17181 T17| 087 0.94] Y44 9.00[76.10] 10,60] 11.90] 727 4351 2851 357
1959 | 2.06] 162 1.2%| 072\ 224 373 2.93] 5.02[ 409 332 346|277 303
1960 | 1.28] 0.92] "0.57} "1.36| 3.01] 8.03] 10.40] T8.80] 12.20] 635 636 665 636
1961 { 277 206) 1.61] T31] 082 "166] 7.70] 644| 848| 665 6.66] 352 417

1962 1 2.32] 2.06] 182 0.78] 1.80] 481| 341| 6.77 498 376 4.13[ 191 3%
1963 | 1.44] 0.89] 0.79] "1:84] 9.10{ 13.20] 9.54] 6.92| 12.30] 767| 3527 347 604
1964 | 223 1711 10| 095|117 279 378] 10.80] 860 599 327 224] 389
1965 | 1.69| 1.60] 0.90[ 0.57] 1.35[ 10.50] 15.10] 14.50] 9.68] 1220/ 1120 5.19 7.08)
1966 | 3951 2371 "1.54] 1.55] 1.5 1330] 13.00] 16.00| 1050[ 1430 1230|864 835
1967 | "S.535] 3.78] 237 3778] Z59| 3728 47 7130 389 305 297 313 3D
196871 1.37) 123] 074 117312 1091[ 11.98] 1210 11.98] 8354 4.62] 2.86) 6.0
1969 | 431 4.0f] 403 379] 434[20.02 3T R I 17| 1178 1123 .-
1970 | 4.76] 3.30] 290 1.65 245/ 922 14._0] 18.58{ 1347} 10067 661 8380 ,7.9‘94
1971 | "7.05] 3.05| 1.15| 2.86| 1.84]| 1.48] 239 €83 807 693 401 228 -4.09
1972 1 4331 233 2.09] 194 6.09] 1.38 3757629 3551 483 2351 183 358
1973 | 1.65| 1.09] 0.77] 0.96] 070] 053] 0.35{ T.14]" 3.1 5.83] 653 2.69 2.20]
1974 1 "1.68] 0.84] 0.51] 031 0.80; 020 0.57] 2728 331 371|151 088" T3
1975 1 0.68] 0.52] 0.28] 0.T7| 021 041 0.12| 250 218 12.77( 4.¥4] 240] 2.2

1976 | 1.70] 130] T130] 130 1.10] 1.20] $40[ 3.70] 1.60114.00 470 340)  3.64]
1977 | 2231 1.07] 0.68] 0271 064 5.06| 345 6.49] 6.20| 390 9.43| 3337 356
Max. | 705 401] 403|379 9.10] Z0.02| T6.10| 3183 W8I0 17.01[ 1280 11.24{ 83
Min. | 0.68{ 052] 0.28] 017] 021] 0.20] 0.12) T.14[ 1.60] 3.90| 151 088 138
Ave, 2.76] 183 1.36] 14T] 248 604|706 Y7 S0 8221 597 300 3.57
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Tabla2.3-3 (2/2)' Ghudal Me‘*dio‘rM'enéiial_ del Rio Tuy

Toma de Agua, Tyiy River (C.A.=1,856 km?) . Unitm’fs
Year | Jan | Feb | Mar [ Apr | May | Jun | Jal - Aug | Sep | Oct' | Nov | Dec | Annual

1958 | 23531 184" 137] " 1.48] 3 84| T418] 2532 16,67 8. 721 T1367 705 448008
1959 | 340 255[ 7190 1,131 3353 5.87| 4,61 7.50] 643|663 330 337 423l
1960 | 201[ TS| 0.90] 214 4.73[ 12.63| 16.36| 29,57| 19.15| 1030, 1033 10.46] "10.00
1961 |~ 436] 324] 2.33[ 206/ 1.29] 2.61) 12.11] 10.13[ 1334| 10.43] 1048] 601 538
1962 | 3.49] 3301 2.86] 1.23] 2.83| 7.25] 83| 1065 7.80] 9.06] 6350 3.00| 5.54
1963 | 2.26] 1.40]" 1.24] 780] 14.31{ 20.76] [3.01| 10.88] 19.35[ T2.06] 8.39] 548[" ~5.50
1964 | 3511 269) 173 140] " 1.84] 4.39 9.09| 1699] 13.53| 942 504 353 612
1985 | 266 232 T 142|050 2.97[ 16,52 2375|2281 15.23] 19.19] 1763 816 1713
| 1966 | 621 373|247 2.44] T307[ 20.92] 204%] 25.07| 17041 2233 20.03( 1359 1313
1967 | "8.73]” 553|"3773] 595| 4.07] 5.16{ 746 T1.23 5.80 628 467 492617
1968 | 2941 193] " 1.16| _1.84] 6.48] 17.16| 18.81) 19.03] 18.84] 13.43] 7.7 450~ 945
| 1969|678 631|634 3.96| 7.14| 3T.4Y 0.06] 2861| 2691 18531 17,63 :

TTI970°| " 7.49] 5.19] 4361 260| 3.85| 14°50{ 22041 2997 21.19| 15.84] 10,40 13.98] 1257
1971 | T1.09] 4.80] T.81] 450" 2389 233 407[ 10.74] 12.65][ 10.90] 7.72{ 3.9 643]
1972 | 681] 366 "329| 303 9.58] 7.49| 3.90| 0.89] 867 70| 370 286 553
1973 | 2.60] 171 121 151 T.10] 0.87] 087 1.79| 6.15] 917 10,28 423 34¢
1974 | _2.64] 1321 080 0.45] 1.26] 031 090 "3.59] 363 741 2380 138 217
1975 | 107|082 0.44] 027 0.33] 0.64] 0.19] 3.93] 3.431 2008 651 377 34%
1976 | 267 2041 204 204] 1.73| 1.89] 1321 583|252 22.05( 7391 535 5713
1977 § 3511 168" 1.07] 042 T.01| 796] 5.43[ 1021] 9.75] 6.13] 14.83] 3231580
Max. | 11.09] 6,311 8.34] 596 T4 31| 37.49| 2532 3006|2861 2631 2013 17831313
Min. | 1.07] 082| 0.44] 027] 033] 031 0.19] 1.79] 232 6.13] 338 138 2171
Ave, A3 290 2147 222 339 99 127 1531V 1260 1293 9391 6729 7.19;
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Tabla 2.3-4° ' Caudal Medio Mensual del Rio Ocumarito
Bl Desecho, Qcumatito River (C.A=122.7 km?) _ o T Unitm's
Year | ‘Jan | Feb | Mar [ Apr [ May | Jun } Jul | Aug { Sep [ Oct | Nov | De¢ JAnnua
1960 {026] 0.12] 0.05] 0.42[ 033|178 225|481 2.80] 1.52[ 1.5 “1.18[ 140
| 1961 § 0.78] 0.53] 039]7 025 0.16] 051 247 533 3.13] 143| "1.65] 1.13] 149
196271 0.79] 049 045 023] 032 1.83] 331 429 368 1.79| 095 0.64] 1.57
1963 | 047\ 031 0.37] 038 2.17] 7333 2721 227 331 209 "125] 085 1.6
1964 | 0.62{ 0.47[ 035 029] 031 0.66] 146{ 207 . 1.72|1.i6] 0.75] 031] 037
1965 | 035 0.85| 037 0.26] 029 181 389 5.18[ 418 3351 "210[ 1.59] 263
1966 | 1.74] 0.73| 0.50{ 0.33] 030| 142] 424 4.29] 4.16] 3.18] 285 4.06] 228
1967 | 2.08] 1.35| 0.84] 0.64] 050 0.60] 1.35| 2.03| 099 091 0.81] 1.39] 1.13
Max, | 2.08] 135 0.84] 0,64 2.17] 3,33 4.24] 5330 4.18] 351 2.85| 4.08] 2.2_sl
Min. | 0.26] 0.12| 0.06| 0.12] 0.36] 0.51] 135 2.03] 0.55 0901] 075 0.51] 087
Ave_ | 083 061|042 031 055] 149 2.71| 3787 3.02] VOS5I 149 T.42|7138

"




Tabla 2.5-1° Tasa del 'ﬂﬁjdde Contaminacién  para Aguas Residuales Industriales

() . 2)
CHu Pollutipn ﬁo'\i'rate' of CIu Pollution flowrate of
e BOD (kg/day/employee) ‘ BOD (kg/day/einployeg)f
31173 0.08 32112 1.35
31342 . 0.01 ' 32113 121
3211t ) 128 32311 2.00
35131 1.08 : 32321 2.00 :
35135 _ 108 - | 36200 4.00 ;
35234 0.54 | 3620 400 |
35295 o042
36991 0.03
3699 0.03
37102 . 0.05
37201 0.5
38191 0.03
38193 0.03
38431 0.27
38433 027

g

T-25



 Tabla2.6:-1 (1/2)-

Principales Caiacteristicas dé los Embalses Existentes

T-26

Jtem Ocumarito | ~Lagartijo | Taguacita | Camatagua
Pam ' -' .
Stait operation 1969 1962 1986 1968
;Name of river ‘Ocumarito Lagartijo Taguacita | Guarico |
Location: ' _ . 3}
Longitude (W) 10°04°38” | 10°100217 | 10°11°27 | 09°48°32"
Latitude (N) 66°49°437 | 66°41°53” | 66°3330” | 66°55°08”
Purpose U U,F,R U,F "U,LLF.R
Type Concrete. | Rockfill - Rockfill
arch
Height
Crest length
Design discharge (m’/’s) .
Maximum - 9.0 9.0 19.0
|___Norma! - 38 - -
- Spillway (m*/s) |
___Norma 860 1,200
Emergency 1,000
| |__Operation Hidrocapital | Hidrocapital | Hidrocapital | MARNR
Reservoir
Capacity (miltion m®)
Surcharge 390 -33.00 172.11
Effective 6.00 70.00 119.10 1,532.09
Dead 10.00 3.30 41.80
Gross 10.85 113.00 12240 1,746.00
Water level (EL m) |
High 248.30 192.85 304.00
Normal 24550 189.75 172.40 301.66
Low 232.80 '104.00 | 261.00
Operation Rule
 Purpose:  U: Urban  I; Irrigation  F: Flood controt  R: Recreation




- Tabla2.6-1 (2/2) Principales Garacteristichs dé los Embalses Existentes
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_ Item Qda. Seca | La Mariposa | laPereza AguaFria_|
Dam
Start opération 1961 1949 1969 1949
Name of river Qda. Seca Valle La Pereza’ Jarillo
Location: :
Longitude (W) 10°14°43" | 10°25°21” | 10°26°43” | 10°2043”
Latitude (N) 66°43°47" | 66°56°29” | 66°43*47” | 67°09°51”
Purpose U U U U
Type
Height
Crest length
Design discharge (m’fs)
‘Maximum - - L
Normal 4.0 5.0 3.0 1.75
Spitiway (mn’/s)
_Normal 725 380
Emergency 500
Operation : Hidrocapitéh _Hidrocapital | Hidrocapital | Hidrocapital
Resérvoir - ‘ s
Capacity (million m®) ]
Surcharge 1.25 1.00 - 0.60 -
Effective 6.50 7.00 5.75
Dead 0.75 0.05
Gross 8.50 9.00 $.00 - 6.40
Water level (F:L m) : SRl
High | ) 170.40 984.20 | 1,068.50 | 1,718.00
Normal 169.50 981.00 1,716.50
Low ]
Operation Rule
Purpose: U:Urban  [:Irrigation  F:Flood control  R: Recreation




“Tabla 2.6-2

** Principales Caracterfsticas de 1as Fuentes de Agua

River

Guare

Aniagua

Ave. r'egulate.d Q (mjls)_

Cost

T-28

Cagua

Location _ Técata
Catchment Area (km?) 53 183 62
Discharge (m*/s). i

Average monthly 025 0.75- 025
Dam _ :

- Studied Neo Yes “No -
| Type - Rockfill .-
|- Height (m) - - 61 -

Ave. regulated Q (m’/s) - 1.5 .

Cost - -

River Tanma Sucuta

Location

Catchment Area (km?) 57 71

Discharge (m’/s)

Average monthly 0.23 0.29

Dam

Studied “No No
Type - -
Height . -




Tabla2.7-11 * Pardimetrosy Métodos '_Anal{ticos;'Utflx"zéEi.os% en ¢l Laboratorio

Parameter : Method

No
-1 |Oil and grease Extraction by organic solveat
2 |Aluminium |Atomic absorption spectrometry
3 |Alkalinity Voluinetric method
4. |Bromine (Br) Disco Hellige
5 [Calcium (Ca). ISE method
6. |Cyanide (CN) iSE method
7. |Chlorine (Cl-) Polarography
8  [Residual Chlorine (Ci2) " |Onthotsidine
9 |Copper (Cu) Atomic absorption spectrometry
10 [Conduictivity - [Potentiometer
1t [Chromium (Cr) - {Atomic absorption spectrometry
12. [MBAS - [Methylene Blue
13. {BOD Electric measuring method
14 [COD - [Potassium Dichkromile titration
15 |Total Hardriess EDTA titration
16 . [Calcium Hardness EDTA titration
17 = JPhenot _ Direct extraction by Chloroform
18 |Total Phosphate Ascorbic Acid
19 |Rtuoring (F) ESE method
20  [Specific Gravity Gravimetoric method -
21 Jiron (Fe) - '|Atomic absorption spectrometry
22 . |Langumuar Index Electorometric method
23 [Manganese (Mn) Atomic absorplion spectrometry
24 - |Nickel (Ni) Atomic absorption spectrometry
25 :|Total Nitrogen Kjeldah! method
26 |Nitrate _ ~ [Blucine spectrophotometric or ISE methed
27 |Nitsite o Colorimetric (NEDA)
28 |Ammonium Nitroge Nesler titration or ISE
29 ipH Potenciometric
30 lAgro-chemicals ~ |Gaschromatography
31 [Silver{Ag) ISE raethod _
32 {Lead (Pb) Atomic absorption spectrometsy
33 ([Potassium (K) ISE method
34 |Silicate (Si0;) - Molibden-silicate
35 [Total Solid Gravimetric method
o 36 IDissolved Solid Gravimetri¢ method
37 |Total Suspeaded Solid Gravimetric method
38  [Sedimentable Solid Volumetric method
39 |Sodium (Na) ISE method
- 40 |Sulfate-ion Gravimetric method
- 41 - 1Sulfite-ion ISE method
42  [Turbidity Turbidity meter
43  1Zinc (Zn) Atomic absorption spectrometry
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- Tabla2.8-1 Historia y Programa Ft}turo de} Snstema dc
R Abastéélrmi?eint(; de Agua!en la mctmpolls de Caracas
YEAR | WATER RESOURCL SYSTEM SurrLY |- S_ERViCE
- CAPAClTY POPULATION
m’fsec _
1950 | LaMariposa (Yalle River) 1.63 704,567 .
Macarao,
' Fmabkrw
-Wells _ e
1965 | Tuy River | Tuyl 4.33 11,780,000
1968 | Tuy River Tuy ! 9.50 12,050,000
Lagaitijo Reservoir S Tuy 11 :
| Camatuy o :
1980 | Tuy River ‘ Tuy I 13.00 3,000,000
Lagartifo Reservoir - Tuy I
Qda, Seca Reservoir Tuy I
Camatagua Reseryoir (line No. 1) -
1983 " Tuy ! 16.00 - 3,200,000
Tuy it
Tuy Il
(line No. 2) o )
1992 | Tuy River _ A Tuyl 16.00 3,400,000
Lagartijo Reservoir Tuy I -
Qda, Seca Reserveir | Tuy I
Camatagua Reservoir (line No. 5)
- Taguacita Reservoir .
1994 " Tuy1 19.50. - 3,500,000
Tuy Il ' '
Tuy I
(line No. 3) ‘ S
1996 " Tuyl 22.00 - 3,600,080
Tuy I :
: Tuy I _
2000 | Tuy River, TuylV 26.50 - 4,200,000
Lagartijo Reservoir :
Taguacita Reservoir
Qda, Seca Reservoir
Camatagua Reservoir
L Taguaza Reservoir

T-30




ojuelne; . Bumno 27 esoduwyy vy el uouaessy,
. . ] QDMOSIY INTM |
TILE08 TEoE T 0TE WO SeOTIR]) 03 oduTstY
; . ®0P°8T0°] W OE'E6 WBEYLOT PUsH dumd 1e10),
SEm - MY 0S8°E X W /9T X 205/ W'Y
. GOREIS pI'ON
mg - AN 000°ST X WOTE X VI[WOE | |mEMP - MY 000'F X WS X WSS | SIEn - MY OCR'E ¢ T L3T X Le AT
GonES £E'ON wonug £TON wonmg C1oN
SN = AI000°ST X WOTH X WY WO'E | SHNY - 40000 X W95 % MWW | SRy - MY OSE'L X W LT X 985/ W o]
. UOHTIG TEON uonYg TTON ToR®G TION
! SR g - MI000°8 X WLIZ X REYWEL | [WRY - M 0L6'S XWOST X 9GSy ¢ \WNS - MY QTLE X WL X R’ Pg
o . moneg [£ON ‘ RS 1TON UoRES 110N wogwg Surdumg
RoawsIy wwenfer IoAssy endvyewrey |-
TOAISRY BIOS EPRIQIND) TI0AI50Y 209G TPRIGIN])
_ HoAesey ofaredey noasssey ofaredey
Joatsssy enfeearen) ._9.».& Ang 20ATy Any SOIMOSTY INTM,
205/t g1°L : 98ezeny 35/ 69°6 oBuroay /LT SBraoay (s661)
808/ T (09" * wmUIORlY 095/, (7', * WRGEXT 208/, 48 5/°¢ 1 IRCETREI Amede) Emoy
It Ang, L ] 4oy, wmNshG _

“eny op OJUSIWIOANSEAY: 9P CWASIG N (GG » 78T TIGRL

g

T-31



- Tabla2.8.3 1 Causas de Suspeasion de toma en Toma de Agua (19§5)

Month| Suspension . - Causes

Time { Total | coler odor | chlorine | turbidity [ detergent | other

Hour | demand " | chemical
Jan 4| 33 3 2 2 0 1 0
Feb. | 2| H 0 2 1 0 3 0
Mar. 2| 17 0 0 2 2 2 0
Apr. 0 0 0 0 .0 0 ¢ 0
May o] o 0 0 0 0 0 0
Jun. 4 26 2 2 1 2 0 0
Jul. 31 15 0 3 0 0 0 0
Aug. 2| 1t 0 I 0 0 0 1
Sep. 2 15 0 1 1 0 0 1
Oct. 6| 63 3 5 0 1 "3 0
Nov. of o 0 0 0 0 0 0
Des. ol o 0 0 0 0 0 0
Total | 251 191 8 16 7 5 8 2
Dry g8t 44 3 4 4 2 4 0
Rain_| 17| 67 s 12 3 3 4 2 &)
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Tabla2.9-1. (1/2) Poblacion del’Area de Estudio.

Town : Population :

No.  Nanic 1981 | Age:0-17 [ Age:18-64 | Age6s- 1990 -
1{La Mora | 10,624] 5,085 5,193 346] 11,599
2|El Consejo 10,914 5,127 5363] 24| . 12,19
3|Sabaneta-Los Cerritos | 11,289 5,873 5,075 341 13,527
_ 4{La Guruta-La Concepcion 43) 21 20 2 2,670
_S|El Conde B < N - R v < 399
_6[Tovar 2,675 1,132 1,406 137) 3,373
arillo | 1,104 525 539) 40 1,034
8]Curiepe - 4,783 95 776 56 12,490
9|Las Tejerias - 14,461 7,156 6,844 461 20,246
10/Morocopo , 354 180 165 9 608
i1|La Esperanza ) 160 56 99 E; 455
_12|Boqueron (La Penita) 721 347 350 24 968
13/San Daniel 293 159 113 21 299
14|Aniagua - 379 205 158 16 521
15|Los Chagudramos 769 - - 390 353 26 967
(D ‘ _1’6 La Providencia 402 205 182| 15 477
17|Tacata 1,002 460 481 61} 1,198
i8|PaloNegrio 370 18 174l 1 498
|_19[Lagunctica B 177 75 95| 7 258
20[Carrizal 21,012 9,794] 10,715 503| 30423
21|San Diego 1,215 477 682 56 1,634
| 22[Paracotos 4,540 1,892 2424 224 6,038
23{Parques del Sur 92 39 49 4 200
_ 24|Sabaneta 271 144 120 7 633
25|Los Amarillos 535 289 234 12l
26|Cortada de Maturin-Maitana 69 34 13 2 361
27{Agua Fria 570 293 266 11 769
' 28[cua 23,590 11,557 1,259 174 50,520
29/Las Mercedes de Cua 2,794 1,373 1,323 98 5,969|

Source: OCEL



Tabla 2.9-1 (2/2) Poblacién del-Area'de Estudio.

Population

_ Town _
No. . Name 1981 - | Age:0-17 | Age:18-64 | Age: 65- 1690

30/La Siempre Viva 847 377 441 29 1,822
31]Quebrada Honda 436 217 206 13 550
32|La Palmita | 102 55 44 3 128
| 33|Cotonia Mendoza - 1,020 488 484 48] 1,538
34/Piloncito (La Cabreia) 2,711 1376] - 1288 411 4075
35|Ocumare del Tuy " 40,666 19,302 19,967 1,397] 61,043
36{Los Cajones 504 251 241 12 769
37|Las Yaguas 147 85 55 71 2si
38[Sucuta 1,238 665 537 36| 1,845
39|San Francisco de Yare 5,152 2,369 2,577 206 9905
40{Parcelamiento de Yare 535 260 255 20 1,021

- 41|Pinango 541 310 218 13 338
42San Jose de Los Altos 1,171 395 728 48 1,571
43|Charallave 294100 13822 14744 844, 51,807
44/Santa Barbara 497 284 191 221 1,691
45| (Tuy River Upper Basin) 85,355 40,640 41,890 2,825] 113393
46|(Tuy River Middle Basin) 112,103) 53774 54,692 36371 196,070
47|(Tuy River Basin) 197,458 94,414] - 96,582 6,462| 309463

48|(Caracas) 2,577,1270  908222| 1,576,028 92,877) 3,124,171

~ Source: OCEI ' )
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Tabla 2.9-2 (1/2}) Numéro dé Habitahtes'por Rangos dé Ingreso

Bs 200000-

Town - NoIncoms |- <Bs 200000 >Bs1000000 Total
No. _ Name /month  [1060000/montl{  /mouth Tnhabitants
_1|LaMora n.a. nal  na n.a. " na.
| 2|El Consejo 3,793 2,735 256 276 7,060
3|Sabaneta-Los Cetritos 13,740 2,526 127 337 6,730
__4/La Gruta-La Concepeion 13 12 1 2 _ 28
5|El Conde ' 103 58 1 13 175
| 6|Tovar - 806/ - 876 67 81 1,830
7|Jariflo L 318 386 7 26 137
3iCuriepe 646 398 17 53 1,114
9|Las Tejerias 5,058 3,636 286 348 19,328
10]Morocopo 101). - 110 7 2 220
11{1.a Esperanza 55 45|. 2 2 104
_12|Boqueron (La Penita) 2 186 14 20 222
_13/San Daniel 961 - 67 0 6 169
14{Aniagua 135 5| 0 7 147}
- |_15]Los Chaguaramos . 279 39 1 29 348
- |._16|La Providencia 176 69 1 5| 251
|, 17|Tacata 357 262 21 15 655
| 18!Palo Negro 94 123 8 2| 2
" 19|Lagunetica 54 61 1 4 120
1 20/carsizal 6,883 5,832 776 354 13,845
21|San Diego 446 388 52 13 899
22|Paracotos 1,355 1,608 149 57 3,169
23{Parques del Sur 29 34 2 1 66
24|Sabaneta 75 69 2 ] 147
25|Los Amarillos 207 125 4 $ 344
26|Cortada de Maturin-Maitana 23 20] ! 0 44
27|Agua Fria 209 129 6 10 354
28{Cua - 7,632 6,082 645 481 14,840
29[Las Mercedes de Cua 907 632 57 66 1,662

Source: Based on 1981 data prepared by OCEL



Tabla 2.9-2 (2/2) Nimero de Habitantes por Rangos de Ingreso

Town NoIncome | <Bs200000 | Bs200000- [ >Bsl000000 |  Total

No. ‘Name | fmonth _1000000/monty  hcath | Inhgbitants

30|La Sietnpre Viva | 279 187 6 44f 516
31|Quebrada Honda 183 53 . 3 - 246
32[LaPalmita _ 2 2 of 3 4 @
33|Colonia Mendoza | 364 275 2 14f 674
34/Piloncito (La Cabrera) J 851 - 698 46 . 97| 1em
“35(Ocumare del Tuy | 1367 10,868| 1,283] 864] 26,686
36{Los Cajones 155 133 4 250 317
37|Las Yaguas . 52 24 1 0 i
38{Sucuta _ 407} 258 20! 25| 710

39{San Francisco de Yare 1681 - 1290 - 301 i44) 3386

40 (Parcelamiento de Yare 194 148 . 9 7 358
41{Pinango 164 115 5 9 293

42{San JosedeLosAltss | as0| 241 157 25 913
43|Charallave 9,426 8,196 1,049 640] 19311

" 44[Santa Barbara 159 96 R Y
_7’ﬁ_4s (Tuy River Upper Basin) 24,849 19,824| 1,960 1,654] 48287
46|(Tuy River Middle Basin) - 36,831 29,273 3,462 2,492 72,058
47|(Tuy River Basin) 61,6800 49,097 5,422 4,146]  120,345)
48|(Caracas) 19456 725403] 335392 5,604] 1,085.855

“Source: Based on 1981 data prepared by OCE.




- Tabla2.9-3 (1/2) Estructusads la’Empleo pata ¢l Afto 1981

o Town Sector Total
No. Name Agricttture | Industry Services | Employees
__lLaMora n.a. n.a, n.a, na.
2|E1 Consejo 81 1,649 1226 2956
3|Sabarieta-Los Cerritos 178) 1411 984] 2,573
4]La Guruta-La Concepcion 2 10 2 14
_5|El Conde | 3 8 20 60
6| Tovar 383 126 471 980
7|Jarillo 329 28 54 411
8|Curiepe . 50 235 155 440
9{Las Tejerias L 236 2,048 1,610 3,894
10|Morocopo 101 8 16 125
- 11|LaEsperanza 16 6 30 52
_12[Boqueron (La Penita) 23 43 136 202
13|San Daniel 56 0 9 65
14| Aniagua 7 1 2 10
15}Los Chaguaramos 31 20 21 72
16]La Providencia 25 30| 19 74
17|Tacata 35 86 153 274
18[Palo Negro 27 32 ! 130
19/Lagunetica 7 21 26 541
20|Carrizal 181 2,847 3,587 6,615
21|San Diego 52 148 231 431
22|Paracotos &8 762 880 1,730
23Parques del Sur 3 23 7 35
24|Sabaneta 2 44 27 13
25{Los Amarillos 8 49 55 112
26|Cortada de Maturin-Maitana 6 10} . 6 22
_ 27|Agua Fria 1 s 35 78 131
28/Cua 129 3,244 3,214 6,587
29|Las Mercedes de Cua 53 358 259 670}

Source; OCEI
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Tabla2.9-3 (2/2) Estrictura de ¥ Empleo pari'él Afio 1981

Source; OCEl

T-38

- _Town Sector Total
No. ~ Name Agricuture | Industry - | Services | Employees
30/La Siempre Viva 24 113 62 199
31|Quebrada Honda 21| 25 15 61
32|La Palinita 4 2 2 '8
33[Colonia Mendoza 71 125 100 296
34|Piloncito (La Cabrers) 18 423 291 732
35|Ocumare del Tuy 409 5,327 6,230 11,966]
36{Los Cajones 134 11 9) - 154
| 37|Las Yaguas 12 9 B L 31
38/Sucuta . 61 143 75 279
39/San Francisco de Yare 41 812 745] 1,598
“40}Parcelamiento de Yare 19 83 54 156
41|Pinango. 8 86 30 124
42|San Jose de Los Alfos 34 94 266 394
| 43|Charallave 158) 4,053 4,708 8,919
' 44|Santa Barbara 43 20 351 o
45|(Tuy River Upper Basin) 1,943 9,656 10,066] 21,665
46|(Tuy River Middle Basin) 1,275 14952]  15915] 32,142
__47{(Tuy River Basin) ] 3218| 24,608 25981 53,807
~ 48|(Caracas) 10297]  268,224| 670358| 948,879




Tabla2.10-1 ¥ Personal queconforma dela-Agencia de Ia Cuenca del Rio Tuy

Admin. Unit Secretary | Adminis- | Environ. | Chief Mirager [Adviser | Total
tration ment Gperative
| ' | unit
] General Manager 2 - 6 - 2 3 13
. |Adorin. and Budga 2 13 - . 1 - 16
Man. Educ./Participat. 1 - 3 - 1 . 5
Man. Planning/Profect i . s -1 . .
Man. Protection Zooe s -{ n 2 1 1 20
Man. Federal District 8 6 | 3 2] 1 . 51
Man, Miranda i | - 5 30 4 1 - 3l
TOTAL: 30 24 | 88 8 7 4 161

Sources: a) Plan de Entrenamiento y Desarrollo de Persoral Soc. Fanny Parilli, Caracas, June, 1995
b) Tuy River Agency

Tabla2.10-2 1'Personal de la Oficiha de Gerenciamiento-de Miranda

Category Tersitorial | Administa- | Los®  } Middle |Rio - | LowTuy | Tote!
Manage- | tion/ Budget Teques | Tuy! Gran:id Baslo-
ment : /High . : . Guatire yento
Tuy B S
Professional : 6 1 5 3 1 3 19
Technician 1l 3 4 7 2| 1 16
Administration 3 3 2 - 3 16
TOTAIL. 10 7 12 12 -3 7 51

Sources: a)Plan de Entrenamlenio ybesarroﬂ'o de Personal, Soc. Fanny Parilli, Caracas, ;Iune, 1595
b)Tuy River Agency, Miranda Office.



Tabla 2.10-3 . Numero de Personal por Profesion que conforman
la Agencia de la Cuenca det Rio Tuy

Profession ' Number
'{ Hydrometeorologist Technician
Agronomist Technician

| Draftsman

| Forest Technician

Agriculture Technician

Surveyor.

Geology and Mines Techmman :

| Social Worker

Assistait Engineer and Planmng
Superior Tech. of Publicity
Superior Tech. Civil Constructions
Superior Tech. Agriculture
Superior Tech. Marketing
Bachelor in Education

Lawyer _

Agronomist Engineer

Agriculture Engineer
Hydrometeorologist Engineer
Hydraulic Engineer

Hydrologist Engineer

Cwil Engineer

Chemist Brigineer

Geologist c
| Porest Engineer o
Bachelor in Geography

Urban Expert

Biologist

Architect

Sociologist,

Bachelor in Chemistry

Secretaries and Clerks

Medium Tech. Administration
Univ. Sup. Computation

Bachelor Administration
University Sup. Tech. Social Work

Total _ 16

Sources: a)Plan de Entrenamiento y Desarrolio de FPersonal, Soc. Fanny Parilli, Caracas, June, 1955
b)Tuy River Agency

.&c\_—um_q—mqu-mn—\o
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Tabla2:10-4' (+Presupvesto asignado a la-Agencia de la Cuenca
del Rio Tuy para el aflo 1996

CONCEPT : BUDGET
_ . Bolibares USS * . %
REVENUES ' - ' _
Contribution National Government 311,720,000 { 670,366 95
- Conlribution Federal District 5,000,000 10,753 2
Own Revenues 4,000,000 8,602 1
__ Fiscal Stamp ** ' _ 6,000,000 12,903 2
TOTAL . 326,720,000 702,624 100
EXPENSES ' _ '
Personnel Expenses 224,758,253 483,351 69
- Materials and Supplies - 27,140,000 58,366 8
Non Persorinel Services 27,273,000 58,366 8
Real Assets - - - 9,150,000 19,677 3
Services of Debt and Dim. of Passives 38,038,747 | 81,804 12
___Transference ‘ 360,000 774 -
TOTAL - 326,720,000 [ 702,624 100

Source: Office of Administration and Budget, Tuy River Agency
¥ Asof 13/05/1996 exchange rate: USS 1=Bs. 465
** According to a Resolution of the Treasury Ministry of May 29, 1995, it
authorize to the Agency of Tuy River Basin to use 75% of the revenues
D due to Fiscal Stamp, ‘

Tabla 2.10-5 . Présuptiesto.Estimado para el Proyecto."Saneamiento
Integral de la Cuenca‘del Rio Tuy”

Total
WORKS/YEAR 1996 | 1997 | 1998 | 1999 USS$ miilion
Sanitation lagoons, Low Tuy = | 20 : 20
Treatment Plants 50 - 50
Collectors and Urban Networks | 20 20
| Hydraulic River Infrastruciure - ' 30 30
TOTAL - 120
Source: Proyecto: Sancamiento Integral Cuenca del Rio Tuy, Tuy River Agency,

MRNR, Caracas, February, 1996.
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Tabla 2.10-6 Clasificacion dé Personal que Cohfornia a:Hidrocapital

Category Number
Management ] 22
Corporate 163
Metropolitan System 194
- | Litoral System _ - 82 éﬁ%ﬁ"
| Panamerican System 79
Losada-Ocumare System 83 -
Fajardo System 44
Barlovento System 41
| Contracts 8
TOTAL:. : 716
Source: Oﬂice of Human Resources, HIDROCAPITAL
T_abla 2.10-7 Presupu'esto' de Hidrodapital dyrante el iPeriodo 1993:1995
5 . ' Unit: US$ -
_CONCEPT 1995 1994 1993
REVENUIS: Lo 5
Selling of Water 27 280, 326 20,984,866 - 6,392,676
TOTAL: 27,280,326 | 20984,866| 6,392,676
EXPENSES: o _ L 1 : s . é)
Production & Distribution of Water 51,739,881 | 39,799,508 2,876,704 <
Admon. & Commercialization " 596,745 459,034 | 3,835,606
Personnel - 1,260,539 969,645 -
Operation - 7,820,444 6,015,726 -
Depreciation & Amortization 113,787 87,528 .-
TOTAL: . 61,531,395 | .47331,842| 67 12,310
DRFICIT: 34,251,069 | 126,346,976 315,634
Tabla2.10-8 ' Presupuesto Estiniado de Hidrocapital parael aflo:1995
CONCEPT - Bolivares | - US$ | %
' RBVENUES o o
Selling of Water _ _12,685,351,779 | 27,280,326 - 100
TOTAL 12,685,351,779 | 27,280,326 | ~ 100
EXPENSES C o '
* Cost of Production-Distribution - 24,059,044,621 | 51,739,881 84
- Admon. and Comtnercialization 277,486,254 596,745 1
Personnel 586,150,461 | 1,260,539 2
Operation 3,636,506,594 | 7,820,444 13
Depreciation and amortization 52910847} 113,787 0
[ TOTAL 28,612,098,777 | 61,531,395 100

Source: MEAfORIA Y CUENTA, HIDROCAPITAL, MARNR, 1995



Tabla2.10-9 (1/2) ElSistema de Caigo por:Uso'de’ Agua

Type of Charge Minimum Monthly Charge | Monthly Payment per
per l5m® - - Consumption of 120m?
(Bs.) {Bs)
(a) Residentially
Type 1 112,56 1,662.50
Type 2 140,75 2,078.25
“Type 3 - 168.75 2,493.75
Type 4 - 197.00 2,909.50
Type 5 + 225,00 '3,325.00
Type 6 281.25 4,156.25
(b) Social : : .
Type 1 56.25 1,497.00
Type 2 56.25 1,822.00
Type 3 56.25 2,147.00
Type 4 - 5625 2,297.00
Type 5 56.25 2,797.00
, Type 6 5625 3,447.00
(c) Commercial Consumption upto 30 Bxcess (Bs/m®)
m*/month(Bs/n’) .
Type 1 - 15.00 25.00
Type 2 . 18.75 " 3125
Type 3 22.50 " . 37.50
Type 4 26.25 43.75
- Type 5 3000 5000
Type 6 37.50 - 62,50
(d) Industrial A Consumption upto 50 Excess (Bs/m®)
m*month (Bs/m*)
- 20.50 .
Type 1 25.60 32.50
Type 2 30.75 40.60
Type 3 35.90 48.75
Type 4 41.00 56.90
Type § 51.25 65.00
' Type 6 8125
(e) Industiial B Consumption upto 40 Excess(Bs/m")
m/month (Bs/m’)
Type 1 17.00 27.00
Type 2 21.25 33.75
Type 3 25.50 40.50
Type 4 29.75 47.25
Type 5 34.00 54.00
Type 6 42.50- 67.50

Source: Gaceta Oficial No. 35,161 of March 1, 1993, Prices of Water Supply.
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Tabla2.10-9 (2/2) EfSistema de Cargopor Uso'de Agua

Any adjustment of these charges will be exccuted according to the fbllb\,ving equation:
Pmrs= Priri(axS/Si + bxB/Ei + cxQ/Qi + dxC/Ci)

Where: Pira= Mean adjusted referential price, Pmri= Mean initial r,éfeféﬁt_ia! price, a=
rate of personnel costs to the total, b= rate of costs of electricity to the {otal, c= rate of
costs of chemical substarices to the total, d= rate of costs of maintenance to the total

The sumimation of theses factors should be 1.0.

Total Cost=Personnel ExpensestElectricity Charges+Chemical Substances Costs
-“+Maintenance Expenses :

Where: 8= Current minimun salary, Si<Inicial minimum satasy, E= Expected mean price
of electricity (Bs/kwh), Ei=Initital mean price of electricity (Bs/kWh), Q=Expected
average price of chemical substances, Qi=Initial average price of chiemical substances,
- C= Current price index for wholesalers of construction products, Ci= Initial price index

- for wholesalers of construction products

~Values for Pmri used in ihé_'&.ﬁgr’ént price list were as follows:

Tariff - _ Pmr (Be/m®)
Social-Residential vse : . 7.0
Type | , ' 10.00
Type 2 o L : 12.50
Type3d 15.00

Type d 17.50

Type 5 : ' 20.00

Type 6 : 25.00

Source: Gaceta Oficial No. 35,161 of March 1, 1993, Prices of Water Supply.,

T ~44




®

Tabla 2.10-10 (1/2) Legisléciéﬁ Ambiental Venczolana

Classification Title Date . Feature and Main Purpose
{Environment Law of Environment{16-6-1976 * [The main principles for the conservation,
- defense and improvement of environment on
behalf of the quality of life.
Forestry Law of 26-1-1966, [Regulales the conservation, promolion and
Soils and Water  |28.4-1977, jexploitation of the natural resources and their
6-10-1989  |producis.
Law of Protection 6f 166-1976  [Répulates the protection and rational
the Wild Fauna exploitation of the wild faunas and their
products.
Decree no.1302 I.0-10-86 Establishment of incentives for the persons who
' make investments in equipment, civil works and
facilities for the conservation, defense and
improvement of the environment{derogated).”
Decree no.1221 2-11-1990 [Regulation of the Environmental Corps
{(Reglamento sobre Guarderia Ambiental) and
the organization, operation, assignments and
coordination of the institutions and officials to
work in the corps.
Penal Law of 3-1-1992  [Classification of the environmental crimes
Environment which violales the regulations related to
conservation, defense and improvement of the
environment and establishment of the
coriesponding penal sanctions.
Decree n0.2213 27-4-1992  |Pastial by-laws of Organic Law of Environment
on the environment impact assessmients.
Water Decree no. 283} 20-10-1978 |Partial by-laws no.4 of thé Organic Law of
Environment on classification of waters
(Derogated by Decres no.883).
Resolutionno.3i - [28-5-85 Standards on liquid efftuents .
Decree no.238 29-1.92 |Sanitation standards of drinking water quality -
Decres no.883 18-12.95  |Establishment of the standards of the
' - |classification and quality control of the water
bodies and liquid residues or effluents
Decree no.t,400 10-7-1996  |Regulation and contro) of the exploitation of

hydric resources and watersheds
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- Tabla2.10-10 (2/2) Legislacién Ambiental Veﬁemlana

- [Human Activities Decree.'no. 635 25-1-1990 Regulation of plggery actmt:es at the national
: ternitory, accordinig to the pnnc:ples of
conservation, protecuon and better option
regarding the uses of resources such as
mentioned in the slate's and regional plans of
 [tetritorial ordination

Law of Mines and its{18-1-1945  [Regulates the expimahon and exploitation of

by-laws mines

Dectee no.2216 27:4-1992 Standards of the management of solid residues
from domestic, commércial, industrial or any
other nature which is not harmful

Decree n0.2219  [27-4-1992  [Standards to re gu]até the influence of the natural
renewable resources, associated to the
exploration and exploitation of minerals.

Decrée n0.2220 27-4:1992 Standards to’ regulate the activitics which can
produce changes of flow, obstruction of river
beds and problems of sedimentation.

Decree no.2224 27-4-1992 Standards to regulate the discharges of hqmd
residues to water bodxes(derogated by Decree
n0.883).

Law of Urban 16-12.1987 |The ordinatibn of the urban developmentin all

Ordination states in order to make a smooth development of]
the populaled centers.

Human Activities|Decree no.125 22-4-94 Complememazy standards for the phased
improvement of activities which produce llC]Uld
pollutants affecting environmental quality
(derogated by Decree no.883).

[Decree no.2211 27-4-1992  |Standards of the control of generation and

o management of toxic residues
Administration Law of Central 28-12-1976 [defining the duties of the MARNR

Adninistration . : = : _

Resolution 27.2-81 pMﬁMdﬁMww&wwmmmhwwi

Law of Territory 1 I-'8-1983 States the :egulahons which will rule the process _

Ordination of ordination of the tertitory in accotdance with
the economical and social strategies of the nation

Resolution 304728 [1-3.93 Pnce list of the services of aqueducts, collectmn
treatment and disposal of residual waters.
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Tabla 2.10-11; | Leyes, relevantes para:la Cuenca del Rio:Tuy

Classification

Title

Date

Fealures

Conservation

Decree no.1010

20-7-72

Declaration of specially affected zone by the
construction of a new urban center in the valley
of Tuy with the area of approximately 4120 ha.

Decree no.1046

2077
* {anid waler in the tersitory around the

Declaration of zone protective of Soils, forest

metropolitan Caracas.

Decree no.2299 :

18-1.93

Ordination plan and by-laws of the use of the
protective zone of the metropolitan Caracas,

" [Decree no.2306

29-3.93

Declaration of critical area with priority of
Ireatment on the Tuy River basin,

Detree n0.2308

26-3-93

Plan of ordination and regulation on the use of
the critical area with priority of treatnienton the
Tuy River basin;

Purpose: the improvement, recuperation and
ordination of the basin, establishing the
guidelines for the administration and
orientation of the permitted land use and
activities.,

IDevelopment

Decree no. 1039

20-7-72

Permission of a nev urban center in the valleys
of Tuy, City of Diego de Losada,’

'[Réselution no.318

20-11-81

Regulations for the use of the sector of El Jan'lio
(Upper Tuy) for agricultural uses.

{Administration

Decree no.2307

12-4.93

Foundation of the Unique Authority of Atea
Agency of Tuy River Basin and the Nosth
Region of the Littoral Ridge of the Federal
District and Miranda State. :

Decree no,3240

16-12-
1993

Reform of Decree 2307; Incorporating the
administration of the office of Protection of th
Metropolitan Caracas. ;
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Tabla 2.10-12 Penalidodes Establecidas du Varias Leyes

Law / Activity Penalty .
-Prigon Fine - Others
__{years) '
Law of Foresl. Seils and Walers [26-] l966) .
Setiing fire to forésts : 1.6 .
THegal explottation of forest products or 1,600-
destroy vegetation : 50,000 Bs . : ,
Orgauic Law of Environment (1- 61 9761' ' - _
For the enforcement of the law 10 1,000,000 | -Temporary, totalor - 1
(max) Bs parhal occupation of
{max) the polluting sources
{riot exceed 6raonth)
-Temporary or
permanent closure of
the factories
-Temporary or
permanent closure of
the activity
-Medification or
demolishing of
buildings
-Any other measure o
co rrect/repair
: _ damages
Organic Law of Territory Ordination (11-8-1983) :
Activities conlrary to the present law, to 1,000 - - 2 years disability to
the plans of tersitoiy ordering and to the 500,600 obtain authorizations -
administrative authorizations. Bs. - Confiscation : %
/1,72 | equipment ' )
- Demolition
installations
~ Repair of the
y e damages
Penal Law of Envircnment (3-1-1992) :
Discharge of  noo-biodegradable | 1/4 -1 300 -
materials, biological/chemical = agents, _ 1,000
effluents/waste  waters without DSM*

treatment, to water bodies, niver sides,
beds or basins

Produce change of flow or sedimentation § 174 - 300 - 900
in the rivers 4. DSM
Exploitation of granular materials /3 2/3 400 - 800
Pollution of underground water -2 1,000 -
month 2,000
DSM
Setting firc to plantations, pasture, | 1/2-6 600-6,000
forests, ete. DSM
Geperationfuse  of  toxic/dangerous | 1-3 1,000-
substances. Transforming of toxic or 3,000
dangerous residues which <¢an be | DSM

transported to other receplive mean,
Mixing/operation/discharge  of - toxic
materials with domestic or indushial
waste to unauthonzed sites, eic.

* DSM (Dias Salario Minimo)y=Minimum Satary per Day~1 US Dollar as of Feb/97,




5
£

Tabla 3.3-1 i“;zPr‘byeccidh de:la Poblacion-Base para la DRO

{BOD: kg/day)

-E_fﬂueniload
3990 | 1995 | Standard High_ Low ‘
2000 | 2005 | 2010 | 2000 | 2005 | 2010 | 2000 | 2005 2010
Tovar as9) sz 2100 23] am| ;8| 2 3581 151)  197] 208
R:2 |Elconsejo | 9.077] 9,275] 27,113] 53,636] 93,814] 29,216 69,1841139,453| 21571 34,744/ 350,003
R4 [LasTejerias) 7,234] 7,496] 9,028] 11,196] 14,351 9.437] 13,014 18,8#5’ 8,350{ 9,381] 10,552
qR3 QCuayas | 1,764| 1,800] 2,138| 2627] 3350 2201 2979 4204] 202 2,253| 2,518
%-4 |OMaitana | 1820 2,027 2536 3.195] 4,085 _2,6‘15 3,523] 4933 21741 2435] 2727
Upstream | 20,055] 20,784] 41,026] 70,892[115,876] 43,697] 88,982]167,922{ 34,309) 49.011] 66,005
R-6_1Q.Guare 1.235) 12550 1263] 127 1219] v2e7f 1,279] 1293] 1236] 1.236] 1237
R-8 |Cua ~76t) 9a7] 128)) 1729] 23330 1320] 1346 2,592 L146| 1,378] 1655
§R9 Charallave 1 9.614) 11,518] 35,586] 21.291) 29,389] 16,075] 23,390] 34,665] 14.088] 17,071 20,667
R-10 [Gcumare 5876 6,970| 9352| 12,639) 17,203] 9,672| 14,071) 20,893] 8:342| 9.866| 11,614
Middle 17,487| 20,690] 27.483! 36,928 50.204] 28,334 10,586 59,443 24,812] 29,551| 35,173
Total 37,542 41,474 68,508 10'7,320 166,080] 72,031]129,5681227,165] 59,121} 78,562]101,178
Water Quality (BOD: mg/l)

1990 | 1995, Standard High ‘Low

2000 | 2005 | 2010 | 2000 | 2005 | 2010 | 2000 | 2005 | 2010
IR-2 [El Consejo - 686 | 1,843 13,345 | 5335 | 1874 § 3815 | 6,523 | 1641 2,525 | 3468
R-4 |Las Tejerias| - 563 | 1,091 | 1731 | 2,518 | 1,090 | 1,885 | 2,886 { 1.012 1,406 | 1314
R-5_|Q. Gusyas - 598 | 1,100 | 1,706 | 2,440 | 1,097 | 1,845 | 2,776 | 1,031 | 1,406 | 1794
X4 |Q. Maitana | - 3] e 95| 13| e2| 1! ues| s1| 78| 100
R-6 JR Guare | .- 2] ) eo] or]| sof | mol 4s| s1| 0
R-E [Cua - sof w2 511 ] | e) | | 4 38
R-9 [Charallave | - s whoast ool il el 2| el 2|
R-10)0cumere . k ol 12| u ol 2] s 9] 10! 1




Tabla4.1-1 (1/2) Resumen de: los Principales‘-Resul!ados’?Asocia_dos

ala Calidad de Agua

Major Problem
B . Oiganic Pollution Toxicant _Turbigdity
- Destruction of original - Potential damage to human - Destruction of esthetic

function (place of aquatic life)

- health

enivironmént of the river

treatment plants of several

of the river - Problem on water supply - Piobléni on water supply

- Problem on water supply - Suspension of intake - Suspension of intake
- Suspension of intake = Effect to human health - High pre-treatment costto
- Use of much chlorine {effect ' - remove Sediment :

to human health)
- High treatment cost for
color, odo‘r, glc.
Tndicator _ i
. Organic Pollution | - Toxicant Turbidity
“BOD {coliform is represented | - Heavy metals (Pb, Cr, Cu, Zn) =8S '
|_byBOD) -
Pollution Source
Organi¢ Pollulion _____Toxicant Turb:d:ty
"1 Factory: Alcohol, Food, Textile, Faclory ‘Metal plating, Factory Sand quarry, organic
Others 'i‘annery, Others pollution _
Piggery Basin: Basin erosion
1 Residence _ :
Ongoing Pollution Control Efferis (Technical Measure) -
....Organic Pollution . __Toxicant , Turbidity
| Factori¢s and Piggeries Factorigs S Factory (Sand Quarry)

-« Most of the factories have - Treatment is basically - Some are installed with sand
plans to install treatment conducted settling ponds, and in these
plants prepazed with the factories, turbldnty of effluent
assistance of a consultant is less

- There are also studies by GTZ Other Factories
for the instatlation of - Same with the items in the

column of factories for

- Only 50% of the factories
have treatment plant and
actual installation of treatment
plants is not progressing well
due to lack of funds

- In addition, necessity of
treatment 1o meet the water

= Due to bad maintenance,

toxicant flows from some
factories.

- Factories Jack in techmcal
staff for maintaining treatment
plants and O&M is not
properly conducted

- NBCCSSit)(IOf trealment to

representative factories and organic potlution
for improvement in Countérmeasure for use
production process - Hidrocapital uses pre-
Domegstic Wastewater tieatment for removal of
- Sewerage networks (could be turbidity
used in the future) have been Basins erosjon
established in major urban - No countermeasures are
cenlers conducted o
Present Problems (Technicaf Aspeci)
_ Organic Pollution - Toxicant Turbidity
Factories and Piggeries Factory I;‘ac;o;x {Sand Quargy)

L Actual mstallahou of the
- plants is not in good progress
~duetolack of funds

- Neoessnty of treatment to meet

* the water quality standard is
not well recognized by
owners, thus education is
necessary

(to be continued)
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Tabla 4.1-1 (2/2) Restnen :de! los Principiles Resultados Asotiados
(continued from the previous page) & ta Calld.ad de AS_Uﬂ

‘quality standards is riot well meet the waler quality - 'The same with the items in the
- tecognized by owners, thus standard is not well * column of factories and
education is necessary recognized by owners, thus piggeries for organic pollution
- Factories lack intechnical education isnecessary . | Countermeasure foruge
staff for maintaining treatment - Cost for pre-tréatinent is high
plants and O&M is not ' for the removal of sediment
properly conducted Basing etosion _
Domestic Wastewater : - No countermeasures are being
- Treatment plants are eithernot | conducted
installed or inoperablé except -
in some residential complexes
“and the overall treatment rate
is very low C

Institutionel Measures already Undertaken and Present Problems _
Oiganic Pollution Toxicant Turbidity

Laws and Regulations

Laws and regulations are sufficient fo a large extent.

Current water quality
standards Decree No.883 do
not include a limit for BOD;
it should be included _
a0 - Instaliation of treatment plants by factories is not progressing well; provision of necessary laws
? and regulations for a support system is needed
‘ _ {

.

: . Enforcement of Laws .

- Enforcement of these laws and regulations are not adequately conducted.

- Application of punitive action is necessary in combination with a stron g support system.

- Monitoring is conducted with the assistance of GTZ; strengthening of the monitoring system is
necessary for the enforcement of the laws. '

T |
. Organization and Operational Management

- Tréinihg in environmental aspect is needed for the technical personnel of ACRT
- Strengthening of function of ACRT is heeded ‘
Budget of ACRT is not sufficient

I I
Public Awareness of the Environment
- Environmental education is performed by ACRT; it should be strengthened
- Seminars focusing on manufacturers have been conducted by the program of GTZ; it should be
strengthened _ :
- Appropriate countermeasures should be taken for forest fire that cau se devastation of the basin
and resultant erosion and sediment discharge

[] I .




Tabla 4.1-2 ! "Producéion de DBO‘y Carga en ¢liEflunte por
_ Subcue‘nc&éy Fuente de Cohtarninacion

Production load

Basin Industrial | Livestock | Domestic |  Total | Ratio _ @
_{kg/day) (kg/day} | (kg/day) (kg/day) | (%)
Upper 58812 | 8554 5958 | 73324 743
- (%)L 80.2 11.7 8.1 100.0
Middle 7,859 3,758 13,799 25417 | 257
(%) 309 14.8 54.3 100.0° ]
Total 66,672 12,312 19,756 98,740 | 100.0
(%) 615 12,5 20.0 oo |
Efﬂu'entmg_g _
Basin Industrial Livestock Domestic Total Ratio
Ge/day) | Ggday) | (kefdny) | kefoay) | (%)
Upper 1,817 | 3222 | ssa0 [ 20880 | 503
(%) 56.6 15.4 28.0 160.0
Middle 5,046 1,878 13,670 120,594 49.7
oo 245 91 66.4 100.0
Total 16,864 5,100 19,510 41,474 | 1000
(%) 40.7 12.3 47.0 100.0



S

Tabla4.1-3  it¢Produccién .y Carga dek DBO en los Efluentes.
de Diferentes Sectores (1995)

Production Discharge :
Area Category | Load | Rate(l) | Rate(2) Load Rate(1) | Rate(2) Area
_Name g (kg/day) | - (%) (8) | Gefday) | (%) (%) {km2)
. Industrial . 38 11.7 19 10.1 -
Tovar Livestock 0 . 0.0 ] 0.0
ard other Domestic 285 333 _ 168 . 899
. Sub tolal 323 100.0 03 187 100.0 0.4 240.7
El Consejo  [Industrial 51,949 9.3 7,792 24.0
CTiquisito  |Livestock o 00 | ol 0.0
" and other Domiestic 1,482 . 2.8 1,482 16.0 :
__{Subiotal 53431 '100.0 54.1 9,275} 100.0 224 46.0
Las Tejerias ~ |Industrial 5,083 - 313 2,948 393
. QMorccopo  |Livestock 6,240 455 2,286 30.5
" and other Domestic . | = 2,262 168 2,262 30,2
Sub total 13,485 100.9 13.7 7,496 100.0 18.1 1328
Industrial 173 30.% . 603 335
Q.Guayas  |Livestock 2,414 62.7 93] 520
and other Domestic” - 26l 68 261 14.5 . _
Sub total 3,848 100.0 39 1,800 100.0 4.3 1069
Paracotos - {Industrial 370 26,6 456 22.5
‘QMaitana . |Livestock 0 0.0 0 0.0
© and other Domestic 1,571 73.4 1,571 77.5
Sub total - 2.141 160.0 22y 2027 100.0] . 4.9 284 8
Industrial 0 0.0 0 00
R.Guare Livestock 0 00 ) 00
(including Tacata}|Domestic 95| 1000 96 100.0
. Sub total 96 100.0 0.1 96 100.0 0.2 181.6
Industrial ] 0.0 0 0.0
Tacata-Tazon {Livestock 1,134 96.5 L134) 979
(Sabaneta)  |Domestic - 41 35 24 21
Sub iotal L175) - 160.0 1.2 1,158 100.0 28 55.8
RTarma - {Industrial 74 75 59 6.2
patofCua |Livestock 49 4.9 15 1.5
- andother  |Domestic 874 877 . 874 923
' ' Sub total | Q97| 140.0 1.0 947 1000 - 23 2130
Charallave,  [Industral . 4,512 33.2 : 3,135 272
patt of Cua Livestock 1,458 106 - 329 63
and other  [Domestic 7,732 56.2 7,654 664
Sub total 13,762 100.0 13.9 11,518 160.0 278 3574
Ccumare del Tuy {Industrial 3213 339 1,853 26.6
S.Fde Yare |Livestock 1,118 118 _ 0 0.0
and other Domestic 5,352 543 _ 5117 73.4
: Sub total - 9,483 100.0 9.6 6,970 100.0 16.8 226.8
- TOTAL ' 98,740 - -100.0 41,474 - 1000 11,8508

© Note: Rete(l) is against each areas
" Rate(2)is against whole areas



Tablad.1-4 * Produccion de DBO y.Carga en el efliente por Subcuenca(1995)

Factory S _ ' - : (mg/l)
- | BOD . cob [ ssTT

Category | before | after | rate(%)] before | after |rate (%) | before | after [ rate (%)

- {F-1 67,200 = 2220 967 | 110361 | 11496 896 § 14,700] 2453 333

1 B3 4,320 141 97| 2,13 73] 956 [ 1,630 3| 998

|Food |F-4 | 1920 3| es2| 413 32f 992 | 1083] 206 197

1F8 300 Ml 953 | 3% M3 620 288 188f 347

|F9 . 288 s| 983 | 413 s8] 60| 256 28] 109

F-10 35| issy 413 7es]  335| . se2 179 e8] 620

Ave 1 882 _ 81.6 N I By

N-26 1] 4| 600 53 0] s28 24| - 92| s70

N-18 20 0| 00 166 oo} 398 | 190) 36| -¢63

N4t 192 4,035 3242| 197 | 456 324{ 289

Non- [N-42° | | 184 376 -1043 192 24| -167

Food [N-27 - 150 _ 428 317 259 92 280| -2043

N-34 8] 2] s 54| 6,110] -7103 522 1,768 -2387

N-35 635 1rf 721 114 547p 234 | 40 224| ~160.0

N-40 42 54 0.0 120 280 -1333 '3 8 0.0

Ave j 439 046 -112.5

Piggery . , : (mg/l)

BOD COD - 'SS :

before after |rate(%)| before | afer ]rate(%)] before after - | rate (%)

P-8 8,976 471 995 | 20,800 640| 969 ] 22,625 81 996

P-5 300 nef 93| 1370s{ s96| 935} ssrof| 1as] ens

P-13 145001 1L170f 919 ] 11,049] 1.832] 8341 590 333 o944

Ave 95.9 - | 91.3 : | o2

Househoid ) . ' (mig/7)

BOD - CQOD : . 88§ o

before | afler | rate (%) | before |  aRer - | rate (%) | before | after | rate (%)

D-7 10} S6] 446 601 - 119] 983 48 32] 333




Tabla4.1-5 ' Eficiendiade Rélitocion'sdc'Metalek Pesados en las Industrias

L g/l
Pb (SD=50) Cr (SD=50) Cu (SD=1000)
Category | before | after | rate | before | after | rate | bofore | after rate
CIN=26 | <250 | <250 - 1333 | <50 15 168 64 | 38
N-18 | <250 | <250 - <56 | <s0 | . 63 <50 79
IN-41 | <250 | <250 : 200 | <s0 | 25 <50 | 100 | 200
. Non-  [N-42 | <250 | <250 | - 150 | 150 | 100 [ <50 | 100 [ 200
:; Food N-27 | <250 | <250 - | <s0 90 | 180 | 100 | -80 | s0
N-34 } 7270 | 3450 | 47 1100 | 2100 | 191 -§ 3900 | 1100 28
N-35 | <250 | <250 | - <50 | 400 800 70 | <50 71
IN-40 | <250 | <250 . <50 | 177 | 354 | <50 | <s0 .
Ave j 53 -138 . 0
. Zn (SD=5000) Ni Hg (8D=5)
Category A before | after | rate | before | after | rate | before | alter “rate
' N-26-] 83 65 22 465 | <50 89 | 17 1.4 18
N-18 | 1915 9 |- 95 | 20837 | 255 9 | 38 33 13 .
- N4 | 248 | 83 67 | 80 | 98 | 23 | 25 25 | =iz
Non-  IN-42 | 40 } 2228 | 5470 | 130 | 100 |28 | 27 | 26 1 4
Food N27 | 48 | ‘48 0 <50 <50 - 1 S -400
IN-34 ] 2843 | 229 | &1 697 | 1230 76 | 99 z- 80
- IN-35 ] 200§ 7300 | 3550 [ <50 | <50 - 1 19 - -
IN-40 | 500 | 400 20 <50 | <50 | . 29 - -
{Ave | - . : -1093 |- ' 23 | 50
b As (SD=50) - Cd (SD=10}) . Se {8D=10)
Category ‘| before | after rate | before | after rate | before | after rate
N-26 | BLD | BLD . BLD | BLD: . BLD [ BLD -
N-13 | BLD 10 . BLD | BLD . BLD | BLD
N-41 { BLb | BiD | - | BLD | BID . BLD | 05:
Non- N-42 11. | BLD - ND | BLD . BLD | BLD .
Food N-27 1 BLD - | BLD | BID [- .- | BLD | BLD -
N-34 29 13 45 BLD | BLD - | BLD | BLD -
IN-35 | BLD 10 . BLD | 41 . BLD .| BLD: -
N-40 11 BLD . BLD | BLD - BLD | BLD.
Ave 55 i} : ]

(SD=) : Standard for effluent to fiver




Tabla6.1-1  Costo para 1a Instlacién de las Plantas de Tratamiento
en las Industrias y en las Granjas Porcinas
_ ' Production | Waste Water Volume
Industrial “Areas Wastewater to be Treated Cost*
Category Volume  [(1) m3/day - [(2) m3/day
m3/day  fwithomt TP | withT.P. | $1,000
: . Bt Conseje 929 306 158 492
Food Factories {___Las Tejérias 2034 671 246 ‘878
: QdaGuayas 681 225 116 361
| Paracotos 48 | 16 8 25
o-Cua e 2 1 -3
Charallave - 2,949 - 973 501 1263
2 Ocﬁmare 427 . 141 73 226
S.F.de Yare - 70 - 23 12 37
Total 7,142 2,357 1,214 2,786 -
_ El. Conseijo 0 0 0 A
Non-food _Las Tejerias 2,770 . 1,274 305 2,800
Factory Qda.Guayas .9 4 1 9
Paracotos 286 131 31 289
_Cua 192 88 21 o194
Charallave 4,301 - 1,978 473 13,348
Ocumare 357 164 39 _ 361
' S.F.de Yare 1,490 __685 164 " 1,506
“Total 9.404 4,326 1,034 2,507
- . El. Conssjo Q- Q. 0 0
Piggeries Las Tejerias 409 123 205 341
: Qda.Guayas 161 48 - 81 154
Paracotos 0 0 0 0
Qda.Guare 76 23 38 73
- Cua 3 1 2 3
Charallave 98 29 49 87
Ocumare ~ 49 15 25 47
S.Fde Yare 0 0 0 Q
Total 796 230 398 705
Total 11,998

Note: *Cost={1)x(Unit ¢ost) + (}x(Unit cost)x0.5

Unit cost of Food factory 1 1,277 (US$/m3/day)
Unit cost of Non-food factory 1,963(USS/m3/day)
Unit cost of Piggery 1,739(US8/m3/day)

s



Tabla 6,1-2

Costo para la Instlaci6n de las Plantas de Tratamiento
“en las Industrias recientemente construidas hasta el 2002

: Production Wastewater
Industrial Areas Wastewater Volume to be Cost*
Category Vohlmg treated
mi/day (1) m3/day $1.000
: ‘El. Consgjo_ 521 521 673
Food Factories “Las Tejerias 904 904 1,155
: Qda.Guayas 298 298 380
Paracotos 28] 28 36
- Cua 2 2 3
Charallave 1,288 1,288 1,646
_Ocumare 254 254 34
S.Rde Yare 33 33 42
Total 3,335 3,335 4,260
El. Consejo 0 _.a). 0
- |Non-food Las Tejerias 986 986 1,936
Factory Qda.Guayas 6 6 13
__Paracotos 180 180 354
Cua 70 70 138
Charallave 1,507 1,507 2,958
__Ocuinare 116 116 228
S.F.de Yare 461 461 905
. Total 3,327 3,327 6,531
El. Consejo - -
Piggeries Las Tejerias - - -
Qda.Guayas - - -
Paracotos - - -
 Qda.Guare - - -
Cua - - -
Charallave - - -
Ocumare - -
SF.de Yare - - ]
Total - - -
Total 10,791
Note :
Unit cost of Food factory 1,277 (US$/m3/day)
Unit cost of Non-food factory :  1,963(US$/m3/day)
Piggery will not increase in the future.
T - 57



Tabta 6.1-3

Costo para Ia Instlacién de las Plantas de 'I_‘raiamiento

en las Industias a ser construidas entre el 2002 y 2010

: Production “Wastewater :
Industria} Areas Wastewater Volume to be Cost¥
Category Volume treated : :
. m3/day . (1) m3/day | $LOOO
o El. Consejo 909 . 909 1,161
Food Factories Las Tejécias 1,559 -1,559 1,901} - @
Qda.Guayas 513 - 513|° 656 2
Paracotos 49 45 62
Cua .4 -4 5
Charallave 2:221 2221 2,838
Ociimare 438]. . 438 559
S.F.de Yare 57 .57 13
" Total 5,751 5,751 - 1,346
" El: Conseio 0 0 .0
Non-food Las Tejerias 1,700] . 1,700 3338
Factory Qda.Guayas 11 11 22
- Patacotos 311 31 610
~ Cua 121 -121 238
- Charallave __2.598 2.598 5,100
Qcumare 200 200 393
$.B.de Yare 794| 794 1,560
Total 5.736{. 5,736 11,260
: El. Conseio - - -
| Piggeries Las Teierias - - -
Qda.Guayas - - -
___Paracotos - - -
Qda.Guare - - -
. Cua - - -
Charallave - = -
Qcumare - - -
§.F.de Yare - - -
Total - - .
Total 18,606
Note :
- Unit cost of Food factory 1,277 (US$/m3/day)

Unit cost of Non-food factory @ 1,963(USS/m3/day) -
Piggery will not increase in the future




Costo de Instaiamon de Pla.ma de Tratamnento para

-quz!é!,ﬁ 14
' rf;dllQlI Olor y Color en las Pabncas bxnstentes

Item | - Industrial . Discharge which kava to be (3) Unit- | Treatment

Category treated by new treathent cost cost*
platit (m3/day) _ _

Owih TP, |@wibout TP, | $idray |  $1000

Toxicant | Tamneryand - | 166 10 1,963 365

| Metal plating 8

Odor and | Distillery 474 220 1,277 746

color Synthetic sesin 430 - 104 1,963 946
Total - - 2,057

note:: *Treatment Cost=(1 )i(3)+(2)x(3)x0. 5

T.P. is Treatment plants




Tabla6.1-5  Comparacitn de los Costos en el Sistema Cloacal Integrado
Case [Integrated System Cost(US$ Million) S -
“Land | Treatmént |DrainagePipe| Total
Acquisilion -Plant between Urban
_ Centers
1. 10ne Integrated System 2.4 2131 .29.83 39.55]
-2 |TwolntegratedSystem | 2.66 3035 1875} 5176
.3 _{Several Integrated System 298 34 . 1S4S| 5243
4 |Individual System 3.51 40.02 ' 0 4353
Tabla 6.1-6 . Relacién entre Costo y Efectividad (Sistema Cloacat)
Areas ) , (2) Cost D) Economic
: Effectiveness | (US$ thousands) | (US$ thousand | Priority
_ (ton/day) . ____Jton/day) —
|__El Consejo 2.30% 1,741 757 -2
Las Tejerias 4.07* 1,716 . 422 1
Cua 0.27%* 3,081 11,500 3
Charallave 0.214% 2,283 11,100 s
Ocumare del 2.70%% 3,601 1,333 3
Tuy _ -
S.F. de Yare 0.55%% 1,892 3,440 4

* Effectiveness is evaluated at Boca de Cagua
& Effectiveness is evaluated at Toma de Agua




Tabla 6,1-7 .. Estimacion-deliVolumen de Solidos'Suspendidos por Reforestacion

Sub-Basin " Area Actual Reforestation

(km?)  [SS(mvear (km?)  [SS(mlyeanisfiectmivearii| Efect Rte
No. Name G )] (8) @ .| _«reye ey
1/TUY RIVER 238| 81229 90| s0735 339 5.4%
2|ada; EL SOCORRO 13¢] 43810 72| 24800)  268|  34%
3lada. guavas 136] 61767 18] 41910b 0 h e '

4|CAGUA RIVER 84| 43474 46| . 1egaok o

§|ada. MAITANA 205| 85629 40} s873THEil wva

6|GUARE RIVER 194] 69753 92| 38786 337 5.5%
UPPER TUY RIVER -998] 375761 356] - 231168 408 266%
71Qda. de SACUA 83| 25985 34| 14274 344 21%
8|Qda. ANIAGUA 188] 46221 64| 36209 156 1.8%
8|OCUMARITO RIVER 150] 64016 88| 31982 250 3.8%
_10lada. demumE 67] 4344 39]  3e51| 18] 01%
11/Qda. CHARALLAVE 141] 23112 13| 19338 290 0.7%
12|sucuTa rivER 155 32528 118| 10861 106 22%
-13|Qda. SECA 77l 2825 31 2340 18 0.1%
 MIDDLE TUY RIVER ' ~861| 189032 38| 127655 158]  10.9%
| Toa 1857) 564773 744| 358823 277]  36.5%




Tabla6 1-7 Eatimesien del Vol e Salidos Spspendidi. por Boforosticion

S e T S

Sub - Basin Ares __k_gg_lg_a_.'___ e _ f{eﬁf_:rns(e‘ntnn

{km?) SSimtyear))  (xm?Y) SN )T festimtyiaha] Thec Rap

Mo fooNawe Loy o ey LAZY L e e e

1TUY RIVER 238 Biz2gl  s0| | spras|  33s]  sas

21Qda EI. SOCORRO 1301 4s90l 72| 24509

3{Qda GUAYAS oo 138 S176E 18] 41910
4

4)CAGUA RIVER By 43era

et EEE A

4By 16839

[ 21Qda MAITANA | 205  ssezel 4o 58737
e SGUARERIVER | 194 69783) e2| 3sres|  a3r|  ss

QPPE@WTUY RIVER 9u6] 375763 JO6| 231168 e

/jQda. de SACUA | 83| 2595| 34l 14774
8,Qda. ANIAGUA 188 4b22n, . 84l 3e209) 156l 1

8
JQCUMARITORIVER | 150 _sd016! 88|  31982| 250f a5y
10[Qda. de MUME G7f _A4%dal

LAUQda CHARALLAVE | 141]  23v12) 13| qoass|  2o0]  eow

AZSUCUTARNVER 1 1550 3258} t19]  aeser|  es| s
Q02 SECA T eeesl sl osaol o e
- MODLE TUY RIVER (8611 189012;  asgl 1o76ss|  anel ipex
i d OB ek 1B87) SGATISL  Taai sme SRS B



Tabla6.1-8 . Capacidad y Costo de los Tanques de Sedimentacion dé Arena

Case § Dischargs | Sed. V (m*| Cut Sed, V| Dimenslon WxDxL & EOM 1 umt cost
_ Cut Rate { fyear} {1 Volume (m'} of Pond | seyeanzpf (USSHRN1)
Tuy-Hda, Barrios 70% 81,220]  40.105]  100x2.10%225 , :
(213kmY) . 49% cut ] 36,000 597,352 14.9
" Cegua 0% 43.474] . 24815 70x1.80x225 '
(84km) _ 57% cut - - 22,400 454,751 18.2
Mzilapa 70% - 856290 - 41911] 100x2.10%225
- (205km?) - 48% . | . 38000 . | . e0i.060 14.3
_Guare 70% ] - €9,763] 34684 100%1.80x225 = L
© (194ion) - 50% cul 30,000 655,186 16.0
~Tolal 563,109 143518 126,400
{(1857km?) 25% cut
{ Discharge | Sed. v (m*| Cut Sed. v| Dimension WxDxL & | WHOM [ yagose |,
CutRate | hea) | () | Volume (mt)ofPond | ussyearizy] USSXRH1) | PR
“Tuy-Hda. “50% 81,226] _34503]  100%1.80x200 ' »
| {243km*) - . 42% cut 35,000 501,304 _145] 2
Cagua 60% 43474] 21350 70x1,60x200 . X
[ (4km?) ' ' 49% cut 22,400 386,993 181 4
Mzitana 60% 85628] 36055  100x1.90%200 , -
{205km?) 42% ot 38000 - | 514718 143] 3
Guare 60% 69,763] ~ 26838]  100x1.50x200 _
{184knv) 43% cut - 30,000 ©- 454 B854 - 156] 3
Total 583,100 121746 1267400 .
(1857km?) 22% cul
sca 3 Cul Rate | S84 V(M| Cut Ses. V| Dimension WxDxL & | IntaOm | pp 0 o
Case VRS Thean [ () | Volume m) ofPond |seitygl USSKR1
Tuy-Hda. Barrios " 50% 81,229]  39058] 100%t.70x176 D
213k} W% ot 28,750 452,055 15.6
Cegua 50% 43474 17685 70x1.50x175
{84km?) 41% cut 18,375 . 357,235 19.9
Mzeitana 50% 85,626] 30483 100x1.60x175
(205%m) 35% cul 31,500 461,630 15.3
Guare 50% 69,753] _ 24086]  100x1.50x175 T L
(194%n) 36% aut 26,250 423810] - 17.0
Total FE3T00] 102219 105.675
(1857km?) 18% cut’




Tabla f 1-8 Capacidad v Costo de los Tanques de Sedimentacion de Arena

TN gt LA MR Sy e 4 S P S T e s me_d et T AT S 43 W AT A Ll e BT e oo

Discrarge | Sed V (in| Cut Sed V) Diriension WaDsL & | M200% | o
E

(Caee By
-9% Cul Rate | fyear) a1 Vol (1) of POnd | | sgray,| (LS

fuyids Bares | 704 3| attos| T io0kz 10x025
1233’y i % cut _..3wpos | 567352 149

Cagus 43474] z4818] 70<180x225

Cemewy b Ty Ter%ent 1 apaee | asivst|  ssn
NMatara it | ese2a] a1g1d] 400210025
Rz A 9% cit .. 38000 €03063) 143
) (Jjéa}{" R T T Y T _7;@___7_3&;}84: 100%1.80x225" }
{(124%m7) J 50% cut 30,000 £55 186 16.6
g e g e e B e o SRR 12
SN LA 2. 0o SR N NS A

Dscharge | Sed vm‘v Cu:Sﬁd Vi Dimnens:on WxDxL & ME&:SN Lnd Cest Prioity
Cut Rae I)eaf) {1; Volurme (m*) of Pond s syeati?,| SN2} y

B1Z290 T 3as0d TAmexIEGs200 | T [T
42% cut 35,000 501.304) 145 2

R LV I
Cngus CBGLe
Bskmn . 49% cut 22 400 O B A O LY S I

a3474] 21350]  70x160%:00

Mz tana 1 sse29]  3spss 100%1 392200
L I o %ew 1 38000 | sta7ig) M3
Guare 69,753] " zosas| 1001 50x200

1168um?) ©T43% cut 30000 £54 854 156 3

e B 1= (o ) N A2 I VT3 1+ VI I A S e
(8 7kn b B eu el b |
A L Sea v indl oot Sej V| Dimenson WxDxL & | ™20 b ces:
(tase 3 1Tt Rate Cos' ek g a
1 tyear) {1) Volume (s} of Fond |, LSS Heark?] BrsE {2,
ORI CB1220l 26058 TGO« Fox175 v T [T

36% cut 29750 _A5205% 56

43474] 17885 TTIOx{50x17& T

3 o 8%ent | 18375 357235 199
; : _B5626] T 30143 100~1 E0x175
:: __35% cut 31500 | assesof 153

[ st )T mrfﬂ[ 24566] T 10051 50x175
Lo 36% cut 25250 473810 7.0

8 B - ] B 17 51) BT v/ A Skt St
IELLA I N 18% it



Tabla6.1-9 ':':!nghhygij de sedimento.cn el Tanque de Pre-tratamiento por un aric

Pond{- Date of Cleaning Pond . Sediment Total V
No, Starl -] . End Depth (m) | Volum (m)] ()

1. [1995/11/20 | 1995/11/23 1.15 2263

1| 1995/12/28 | 1995/12120 -1.00 1968

1 | 199676117 | 1996/6/19 1.00 1968

1) 199677115 | 1996/7/16 1.80 3542

1 | 1996/8/8 | 1996/8/12 150 2952

1| 1996/9/18 | 1996/9/19 1.50) - 29521

1] -1996/10/7 | 1996/10/10 1.30] 2558

1 [ 1996/10128 | 1995/10/29 L0 2165

1 | 1996/11/18 | 1996/11/21 1.20 2362 22730
2 | 1995/11722 } 1995/11/22 100 1968

2 l996/lf2 '1996/1/3 1.10 2165

2 {1996;6/20 1996/6/2t 100 1968

2 | 1956/7/17 | 1996/7/18 200] 3936

2 | 1996/8123 | 1996/8/28 2.50 4920

2 | 19969120 | 1996/9/23 1.00] 1968

2 11996710/ |1996n0/1t| - 120] 2362

2 | f996/10/30 { 199610731 | 120 2362

2 | 1996/11/22 | 1996711733 1.20 23621 240096
3 | 1995/11/24 | 1995/11727 1.10 2165

3| 1996/7/8 1 1996111 1.50 2952

3 | 199677119 { 199612123 1.60 3149

3 | 1996/8729 | 1996/9/4 12.50 4920

3 | 19969725 1996927, - 1.00 1968

3 |asesnut | 199sity| 0 crio]l 2168 173184
4 | 1995711710 |1995/11/125 1.00 1968

4 1 1996/1/4 | 1996/1/5 1.00] 1968

4 | 19961771 | 1996/7/3 120 2362

4 | 199612730 | 19967131 200 3936

4 | 199695 | 1996/9/11 2.00 3936

4| 1996/9/24 | 1996/9/25 1.00 1968

4 | 19981345 | 19961117 130 2558 18696
5 |19951)/16 | 1995711717 - 1.50 2952

5 | 1996/6127 | 1996/6128 1.00 1968

5 | 1996/8/6 | 1996/8/7 1.80 13542

5 | 199619130 | 1996/10/] 1.60 1968

5. [1996/10/22 19967110724 120 2362

5] 1996/11/8 | 199671178 1.00] . 1968 14760
6 | 199s/i120| 19951120~ 120 2362

6 ' | 1996611 | 1996/6/13 1.00 1963

6 | 19963811 - 1996/8/6 2.40 4723

6 | 1996/9012 | 15961718 2.00 3936

6 | 19961012 | 1996/10/4 1.10 2165

-6 | 1996/10/24 | 1996/10/25 1.10 2165

6| 1996/11/81 | 199671111 - -1.10 2165| 19483
Total (Average intake voluime = 3.27m/s 116998
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Tabla6.1:11 . < Costo Asociado,al Sistema de Manitoreo

(Unit: US$ thousand)
_Category Ttem ' Cost
Initial Cost . [Monitoring Facilitics 946
and Equipment

Labotatory Eqiipment 671
Office Equipment 10

Transportation Facilities -
_ _[(Total) 1,652
- |O&M Cost - |Monitoring 23
1 Laboratory 30
Transportation 3
Office 1

|Personnel Expense 35
(Total) " 92




Tabla 6.3-1

¢ Prioridad Economica

Category {Measures Sitéfarea Effccii%ncs%hﬁnual'cos.t”l Cost- Economic
: (USS thousan eﬁ'ecﬁv?gess*Z priogity .,
Improvem Treatment plant Whols area 1232t0niday| 6,395 lUS$275640n/dd] 4
of (factory, & piggery) o ' | '
Water  |Sewage system El Consejo*3 1.30ton/day L741 [USSTSTontdny] 2
quality Las Tejerias®3 {.07ton/day 1716 _|USs422tonidad 1
Ocumare del Tuy | 2.70ton/day 3,601 [US$1333/t61vda 3
S.B. de Yare _ 4.55ton/day 1,892 {USS3440rondd - 5
Afforestation for 3 Tributaries*4 | 115mg/s 916 | us$emenl 1
Sandsettlingpond [for 4 Tributaries*S | 225mp/f 1,880 | USSEAmpnl 2
in tiibutarieg ' .
SecuremedPunping and Dam . [O-Tuy Il system | Approx. 12,579 | Usse290/miss] )
of Water " and Guare dam {2.0m3/s)
Lessening color/odor  |Whele area 0.75mcovyr 316 {US$13739/ml/s 2
0.02m3/s) :
Sand settling pond Toma de Agua 0.72mcmfyr 348 [US$14500/mY/s 3
{0.02m3/3) 'U

*1 Annual Cost = Initial Cost x Annuity Factor +O&M Cost
*2 Cost-Effectiveness = Annua) cost / Effectiveness

*3 Effectiveness is evaluated to Boca do Cagua (not Toma de Aguz)
*4 Maitana, Guayas and Cagua river basins

*5 Maitana, Hda Banios, Guare and Cagua
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Heavy Metal in the Tuy River

0.2 —
0.18 <T-Crin the Tuy River>
g-:g i O Srandard: TypelA M Anatytical resoh
—f, o
E’O,I‘Z
LA
KIJO.OS -
Hoos |
004
0.02
1] - : t } + : 1 —
K1 ‘R2 " R3 RS R7 R9 R10
0.15
<T-Pbin the Tuy River>
O Siandard: TypelA B 7oatyticat resum
5 0.1 |
&
il
005 |
0.
0 .l : ¢ 1 4 t 1 b 4
R1 2 R3 R4 RS RS R7 RE . RY moJ
14 ¢ _ <T-Cy in the Tuy River>
12 ¢ OIStandasd: Type A B anoyicaliesyl
%1.0 =
Eog |
506 |
Coa b
02 | . : ;
00 { mhlmﬁﬂ_l&ﬁgﬂ_
Ri R2 R3 R4 RS R6 R? RS R R10
6 : .
<T-Znin the Tuy River>
S |-
% 4- L O Standard: Typt1A ‘Am'l)u'calnsu!l
g
s 3 |
8 .
2 B
£
L]
0 —-._4.__—:_.}_“_ AR WeGIce . WM. peoawy
23] R2 R3 RS R? R3 R R10
' THE STUDY ON
THE ENVIRONMENTAL IMPROVEMENT PROGRAM OF THE UPFER AND MIDDLE : _ :
STREAM OF THE TUY RIVER BASIN : ‘ . ;
IN THE REFUSLIC OF VENEZUELA | Fig:-2.2-3 Metales Pesados en el Rio Tuy
JAPAN INTERNATIONAL COOPERATION AGENCY

F-1t




Turbidity & SS in the Tuy River
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Organic Pollution in the Tributries

10 i
g DO in Tribitaries
2 6
8y
[ L] O FIREF —~B~REFL
0 .
1
106404 -
O  Famh
EJI-E-HD‘} ©
gﬂ . 4*‘—““"'8 g & & r)
Bieiom 4 Q- W & &
81.&5«:1 i o
;M . . . .
L6 40 BOD in Tributries . - Cl
Ti T T2 T12 T3 T T4 TS Té6 Ti4 T8
HoEss o o O Feah g Stndard: Rhar
e fm Sincland: Sewiy :
Py 1 CE4+43 ] t el xgly e *a.nm;* i i & : é
' -3 & =} ~ fi B = - u
L LoE+R
0O
8 1OE+01 e < : <
Q- 14
- COD ia Tributaries O
108400 + t R e e R + $- ; : +-
Ti ™ T2 T2 T T13 T4 TS T6 T?7 - Ti4 T8
3006
: Flow in Triburiaries
2500 -
e B0
2
=500
B _
0
¢ %Mwﬁ-mﬁ_—p_ﬁm_,ﬂ_,_w—
T T T2 T2 T T3 T4 TS T6 7 T4 T8 5

THE §TUDY ON T
THE ENVIRONMENTAL IMPROYEMENT PROGRAM OF THE USPER AND MIDDLE . N . : i
STREAM OF THE FUY RIVERBASIN Fig. 2.2.6 inacién Organica en los
IN THE REPUBLIC OF VENEZUELA g ' C°,"'a".1 .. Org :
JAPAN INTERNATIONAL COOPERATION AGENCY ' _ Tributarios




st

Tusbidity (NTU)

3

400

B Tud

Turbidity in Tributaries
""'TypelA m-Ty]‘.‘GlB

..........-...-........'..'......-......!...--..

0 - b 3 2 ! B n- - -8
T1 T T2 T2 3 T13 T4 TS T6 T7 T14 T8
ILELS
" SSin Tribulzries
10E+4 - :
N
g:.cna-s ? @ " -
g
& I.UEfi —]
" g
10E+] = B BTTR - ‘T
10E40 et 4 1 } s + ¥ ; } ¢
T Ti1 T2 Ti12 T3 T13 T4 TS Té T? Ti4 T8 .

THE STUDY ON _
THE ENVIRONMENTAL DMFROVEMENT PROGRAM OF THE UPPER AND MIDOLE
STREAM GF THE TUY RIVER BASIN
"IN THE REPUBLIC OF VENFZUELA

Fig:2.2-7 Turbiedad y SS enlos Tributarios

JAPAN INTERNATIONAL COOPERATION AGENCY

F-15




o A B T o

THE ENVIRONMENTAL PAPROVEMENT FROGRAM OF THE UPPER AND MIDDLE

STREAM OF THE TUY RIVER BASIN
¥ THE REPUBLIC OF YENEZUELA

JAPAN INTERNATIONAL COOPERATION AGENCY

Other Qualities in Triburtaries
_ Total Coliferms in Tributaries
BOB48 — —
" A N
. [ | #
gwem_ :!— —————— o e e o
& <] . .
. n. :
gl.OE’l4 rier @ty B raie - - - : A&Iﬂ —n—rﬂ-——-——-gn—--—-n-n-——-—mﬂ
§ 10B+2 §—— e - -— .
. ] B T-Coli = R TyptlA tw=n & Type 3B
1.0E40 3 : ' } et } } ; - 1
T1 T11 T2 Ti2 T3 133 T4 T5 T6 7 T4 TS
- 12 pH in Tributaries
; 11 : . : _—
‘ B pH v TynlARIBMax) % % ® (min)
! 10
i
N S —
{ o 8 g . - 2 - _ ]
7 +———nA " —
6 e 4 Ty — B o —pamay—— iy
t
5 |- R, _ —_—
4 - . ; ' . } - —_— : +
T1 TH T2 T2 T3 T13 T4 TS 16 17 T14 T8
THESTUDY ON

Fig 228 Otras Cualidades del Agia en los
- Tributarios :

.16

e
.



Water Quality in Non-food Factory Wastewater
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Water Quality in Non-food Faclory Wastewater
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