





JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
THE GENERAL DIRECTION OF CONSTRUCTION AND HYDRAULIC OPERATION (DGCOH)

GENERAL SECRETARIAT OF WORKS
THE FEDERAL DISTRICT OF MEXICO

THE FEASIBILITY STUDY
ON
WASTEWATER TREATMENT
IN
THE FEDERAL DISTRICT OF MEXICO

SUPPORTING REPORT
JEN LiBRARY

IRARARIANA

111958114}

2 }ethb

DECEMBER 1994

PACIFIC CONSULTANTS INTERNATIONAL, TOKYO



B4 FXE

27646

In this report, project cost is estimated at May 1994 price and at an exchange rate of
1US$ =¥ 1050 = N} 3.20



SUPPORTING REPORT

TABLE OF CONTENTS

Page
TABLE OF CONTENTS i s e s e s rane s seaonsessssssasenss s i
LIST OF TABLES ......ccoocoenn. bbb e s bbb e bbb nee viii
LIST OF FIGURES ....ooitiiiniriaesiis ionitisestraeetaist s bas sestnasanssraesoss sissantsbsssssessesiaessnnnns xii
ABBREVIATION
APPENDIX A STUDY AREA
1 AGIMINTSIAVE ATBA ...viiii i et et e e re s e A-l
2 POPULALION ...t e s e s a e s s e bt e e e aan A-1
3 LANG USE coiiieiiiiiiiiieii i esiciissressess s e e e s essiner e se e an e s s nsass sanrobbranoa s s sranas A3
4 Land Subsidence ... e e A4
5 B COMOIMY .rvuterieniietireniessaerisesitieresssstnsssrsnssssnntessstasensstntssrnnsssnssannsersnnrsensennes A-5
6 Climate, Topography and GEOIOZY .....coovviriiiiiiirinnriicen st s A7
APPENDIX B WASTEWATER GENERATION
A0
1. Water CONSUMPHON ...iiioeirriiii i iimieerersse s rtrrstrsnsr strr s snnrasres tenranser saabres B-1
1.1 Water RESOUICES .ottt s sass s s s B-1
1.1.T 'Water Resources of the AMUM ATEa ..vviieonierciecni i e ce et s B-1
1.1.2 Water Resources of the Study Area ......ooovveiiiiiiniicninice e B-2
1.2 Existing Water SUPPLY ...viiiiiiiiiciic i er bt s e s enasssst e s s s ee s e snas B3
121 DF MeXICO viviiiiiiiiiiiiiii i e e B-3
1,222 MeRICO SHAIE .orveiiriiieieiicincceeecris e ersrnee s s snes st rae s e e resennr e ran s B4
1.3 Future Water SUPDIY .ooveeuieiiie e veccierner s rrerr s s e ss s venesesaesesssnssasaneessasanans B-§
2. Wastewaler GENCTAUON L..vuvee i viiiee s e ar e er e e e rr e saaan e e s s B-7
2.1 Quantity Of WaSEWAIET ......vvriiriiniiiriiiis i cerrsririteer e crscevaranrereannsrnnrnrssnannerasares B-7
2.2 Quality of WaSlEWAIET ......oovvvmimmniiiiiiiiiriiiis i s e bbbt B-8
APPENDIX C WATER ENVIRONMENT
1. River NBIWOIKS oot cre s snrns s e s e C-1
2. River Water Quality ..........ccoovvvnirrenivenrnnn ereeerenes e eeeeesrheeesasrsaeerinesiesenas C-1
2.0 Natral RIVELS .uuiiiiiiiiii it es e ae s C-1



2.2

SO

6.1
6.2

DrAINAZE CAIAIS (reeriiveruressvicsesrietsiiin s anrs b e sy pa st n e an s pasa st e aae bebsbara s e s ar s C-2
RIVEE USES 1uvveeesiis ittt bbb s C-3
Ground Water Quality and USE ......ovoveveeevvineniiniiimsssns i ssinssessesssesasnns - 623

Water-BOME DISCRASE .ivvivereiireriieresrsetraessreraeierersaistssnniarsasntasssasssnrnnasesrnes e C-4
Water Quality S1andards... ..o s C-4
Water Quality Standards for the Preservation of Water Environmen ... C-4

Waler Quality Standards for the Reuse of Treated Waler ... C-5

Proposed Efftuent Quality Standards for the Water Bodies
to be Used for HIZAtion ... i C-7

APPENDIX D SEWERAGE SYSTEM

11

1.2

2.1
22

ey
.

3.2

4.1
4.2

5.1

5.2
53

8.1
82

9.1

Setvice Area and Service POPUIAHON «.oveve'veviiiiiiiiiiiiie e errrreaaaes D-1
Existing Sewerage SYSEIM L.oivviiiiiiierie e is st s D-1
LI DUF MEXICO 1ooovieeiieirienree e ereeretssbannsnsnsssnss s snssesessnesasssenonenenss -1
112 MEXICO SHEAE ceooevorereeeesresesssesessecssrssmsesssasssssss s sssnsssnns st ensssissanssacesses D-2
Sewerage System in FUIUIE ..o v e sinsnsenenns - D73
Discharged WasteWater ........cceveiiiiiioiimiaririnrrirrnrer e rrsesrssen s e s rsseaaan e aeees D3
Quantity of Discharged Wastewaler .........ccvviuniremii i D-3
Quality of Discharged WasleWaIBr .....coviiiiiieeieminicn i D-4
SEWEr INEIWOIKS ooviiieviiitierrrsses i iieesenerarnee e estoniasacesanesaenenb s raanrrabanres sassbasansns D-5
Sewer NEtWOIKS i D.E. MERICO ©.v.evvereiieseessecessonsssemessesessessasasesesssesssnassecnses D-5
3.1.1  Existing Sewer NetWOrKs ....uoviivrcemm i eeness s D-5
312 Fulre PIAn oo et D7
Scewer Networks in Mexico Stale ... e D-8
Wastewater Trealment PIANS ... e sres i saassaas e D9

Waslewater Trcatment Plant in D.F. MEXICO vovrviiiiiiinin i iennraneresssnssessnsrens D79

Wastewater Treatment Plant in Mexico S1ate .ot D-10
Trealed Wastewater Quality and Reuse s et D-10
Monitoring of Reuse Water QUALY .......cvevevreemirecmiiciiae i snssias s s as s eneees D-12
FUIIEE REUSE .eeveeeeeerreciie i ee et er s e ern i eersaer b s tmrass rsaasecar et sarnanne e sanrenebrannaee D-14
Water Quality Standards o REUSE....vvvvvvrviin v D-15
REUSE OF SR ..eii et rieveere e e e ettt cr e r e et s b e D-16
Design Conditions and Criteria of Existing Treatment Plant ... D-16
Operation and MainIeHARTE ... e s D-17
Operation and Maintenance in DUF, Mexico v D-17
Operation and Maintenance of Cerro de Ia Estrella Wastewater Treatment Plant ... D-17
Organization 800 LAW ... it D-18
OFZANIZALION  oviieiererniiees e esrn s s essimee s e e e s rr e s r e b sass s srans s st b D-18
9.1.1 DGCOH ettt as i s s s s s r b D-19



0.2

D12 CEAS i e e e e e s ree s are st e
Law ..

9.2.1 Laws and Regulations Concerning Water and Sanitation ........ccocceeeivienennnnnn
0.2.2 Water TArifs ....ooviriirrii e s e e e s

APPENDIX E STUDY OF RELEVANT REPORTS

Wastewater Disposal for the Valley of Mexico (The Master Plan, 1993) ..o
Treatment and Reuse Master Plan, 1990 (TRMP) ..o,

APPENDIX F WASTEWATER AND SLUDGE TREATMENT PLANT

1.1
12
1.3
4

2.1

22

23
24
25

34
3.2

33
34

35

4.1
4.2
4.3
44
4.5
4.6

FOR THE FINAL PROJECT

Treatment PInt SHE ...t e s ae e
LOCALON ..o e et s e e e e e e en e s s
Land Use Plan of the Treatment Plant SHe ......ooocooeviininiinnni e,
Land EIBVALION ..ot ireecie et ase s s e e e e srasnnern e
S01l ConditiOn ..coooivvrrerirerrernnenrreess e ree s ra s e er s s s e s bere s es s resarne s
Formulation of Design COndiHONS .......ccorevivviviiiinrerrnene e reinnssrsesnisssssasanseresns
‘Wastewater Bischarge to the Treatment PIAnt ........occovcveecinvnieccninnnennesinncnennn
‘Wastewater QUANLLY .....oooiiiiiiiiiiii e rres s e e per e eae
Wastewater QUAlItY ..o e s e e e s aar e aa s
Design Effluent QuUAality ....ccoiviiviemimien e ereerrresnrerrereree s scisanne
Treated Wastewaler DISCHATEC 1vvvivieeriiiiiiieisseiirresie s iessessnessieressnsesasersssessrseens
Alternative Study for Wastewater Treatment .........ccivciiiineiineeniiinnnn e
GBIETAE ..o cr s er e irr e e rreerrres e rsranases s raeessasers s reers rrsenerane
Wastewater Treatment System Proposed by the Master Plan

for the Year 1997 ..o e e e e e
Review of Alternatives Praposed by the Master Plan ...
Alternatives of Wastewater Treatent Process

for the Final Project (YT, 2015} it cccssine v s sbn e s evareaes
Design Criteria Considered for the AICIMARYES ..viveir i e e
Alternative Study for SIudge Treatment .......ccocvvvvvveeeiii e rer e e eeeeae s
L1 (T3] ) O O O OO PR PR ORI
Sludge ThICKCNINE ..ooviieiiiee et ee e e e e e een s
STUAE SADIHZANON vvvvveorreveosreereereneerrssnesseseessssesessessesssesserserereesmeseseseonene
DIEWALETINE .oieeiiiiiiiiiriiii e ces it riersere e retrressiesisstaesasaessesesbesseesnnsntesnnnstrnnen
UHUMALE DHSPOSAL L.oiiiiiiiiiiiiii e e s aer s e e e s v rr e s e baees e e maaas
Alternatives of Sludge Treatment PIOCESS ....vvvrereciovirerircressniiersssiminniresnireneas

- il -



4.7

5.1
5.2

5.3

34

6.1

6.2

6.3

Design Criteria Considered for Alternative Process ......ccvveiceveninvinsninioinann,. . B=16

Comparative Evaluation .........ccoiiiiin o aea e F-19
GENETAL 1iieiiiiretiit st c s b b e a et b e e s e s sk e e s e r e b e e s sae e e s aesraeesntenees F-19
Wastewater Treatment System .....oveveevvinnee. Fettesretrerreririeieeeirr e aasann v F-19
52,1 Allernative T .o it en s et s ee s e a s e o F-20
322 Alternative 11 .o e F-21
5.23 Alternative 1II ._............ e rrr e e e e s e e e d s e s e e enratne F-22
Sclection of Appropriate Sludge Treatment System ....ocvecvvecvcinvcececin s, F-24
5.3.1 ThicKeNInE PrOCESS coieeeeeioiirsiirenientiereesreersrsssnseeraerasesssssnsesessssnnans F-24
5.3.2  Stabilization ProCess .......oiceeiivimiiinninirsiiiin it ce et in e ceee e are e ene F-28
5.3.3 Dewalering PIOCESS ...ooviiiiiiris i icrieee e e s ssee st ererr s s ra e menan s F-32
5.3.4 Appropriate Sludge Treatment § ystem for Altemative I

of Wastewater Treatment SYSIEIE ...ovuiiiiieiiiiicriiciiiiic e csaeeeranneens F-35
5.3.5 Appropriate Sludge Treatment System for Alternative 11

of Wastewater Treatment SYSICIN ....oooviiiiiiiceiiiieeiiiinscie e F-38
5.3.6 Appropriate Sludge Treatment System for Altemanve 11l

of Wastewater Treatment SYSIEIM ...t cii sttt e emeeen s F42
Financial Evatuation for the Selection of Optimum Wastewater
and Sludge Treatment System for the Year 2015 .....cvvviininininnnccsincenisie s F-43
Proposed Wastewater and Studge Treatment SYSIEM .veoiveeeerevvrvreernesevreneerersesnens F-45
Design of SUUCIUIES .........ocoeiiiiiimiiniiii s, . F-45
6.1.1 Wastewater Treatment SYSIEM .......veveiiieiiiiniciciinieirreaesereereressasessssesnies Fedd
6.1.2  Sludge Treatinenl ....coiiv ittt iieiires e e rccunneeeeaessaseresssressarsssnrasns F-47
Layout and Hydrawhic PIOfIE .....evevveveiveseesrescerneerseeeeeesessos o ssesesssesenensonensss | Fod8
6.2.1 Proposed Ground Height of Treatment Plant ......covivcivveiicnncse e, F-48
0.2.2 Layout and Hydraulic Profile of the Treatment Plant .........ccooeviivirviviiiiiannn, F-49
Praject CoSt ..o e et e e e ar e s s F-50
6.3.1 Basis of Cost ESUIMAIE ...occcocvieeciiiinir i e snsesss s s snses s F-50
6.3.2 Estimated Project Cosl i ercnisvecssesessenae s saesvaeesn F-50
6.3.3 Estimated O/M Cost .....veeenne L E e eb e et e e e s e h g e e n peaanee g F-51
Selection of Urgent Project { Year 1997 ) oo et aecre s s seene F-52

APPENDIX G DESIGN OF WASTEWATER AND SLUDGE

2.1
22
23
24
25

TREATMENT SYSTEM ¥FOR URGENT PROJECT

GEREIAL it e e e s bt e e et e e eenteeee G-1
Wastewater Treatment FACIIHES ......ooooooviemiiiiicci e et et G-1
Receiving Tank ...ttt era e oo G
Connection PIPE ....ooiiiei it s e e s G-2
DEStribution TAnK ..ooeiiiiiiii et e e r e a e e G2
Aeration TaBK ..o e e G-2
Sccondary Sedimentatio”n Tank ... e e saras G-3

. iy -



2.6 Disinfection ...... ST G-3
3. SIudge Treatment FACIHHEES .....ccocecveveveeisiiersiereeresssessesesssessassssesasssseassesessassoens G-3
3.1 Cenlrifugal ThICKENEr ..ocoiiiiiiiii i s s s a s e G-3
B I AN 11T o1l 3T T O U P TSP PR G4
3.3 Belt Filler PYESS ..ot i s eenae e s G-4
3.4 Land DiIsposal .o s e e e e ran s G-4
3.5 Power Generation by Digestion Gas et e et er e r e G4
4. EICCHTICAL DESIRI veveeverrereremseneererseseeesnesssnenns ettt e es et G-5
Design of Foundation ........c..ccociiimmin i e e e G-6
5.1 Design Considerafions ... e e G-6
S0 SOH CONGIONS .orvrvvvveersrnrseessesssssssesesssssesssssss s ssssssesessseseases s G-6
5.1.2 Design Load of SUperSIMUCIUIES .o e e ens " G-6
5.2  Design of Foundation .......civiminii s s e G-7
5.2.1  Pile Foundation ........cccooiiiiiiiiiiimntii i s nesins i s enaan G-7
6. Construction Plan, and Operation and Maintenance of Facilities .............ccooeiiiian. G-9
6.1  Construction Method, and Operation and Maintenance .........cveeeevvvvnvevsararrareransanss G-9
0.2 Mitigation Measures Against Potential Negative Impact ..., G-11
1. Cost ESHIMALES ...evveviiiiiierieiiiiiiiiin s s e s st e e reanas s s G-12
7.1 Basis of Cost ESHMAE ......coevriiiiiiiiiiiiiiiniiicniiiiiis vt e s ren e b G-12
7.2 Basic Unit COSL i s e sna s e n e e e rrae s G-13
7.3 Estimated Project CoSt .......ovviiiimmiiiiiim e G-13
T4 BSOS OM COSE crrrrrreeersieeisisssssossossssssensensssssssen e G-14
APPENDIX H IMPLEMENTATION PROGRAM
1. Implementation Schedule ..o eevmrrereeasrenranranas H-1
2. Disbursement Schedule ........ccocociiinii e H-1
APPENDIX | EVALUATION OF PROJECT
1. Economic, Scocial and Environmental Evaluation ..., I-1
L1 General oo e e e e I-1
1.2 Number of Bencficiaries ..o I-1
1.3 Reduction of Water-Bome DISEases ..o cece e mrmrncam e e ee e 2
1.3.1 Results of Sampling Questionnaire SUIVeYS ....c.ccccevivrecviiniciinninncnn, - 1.2
1.3.2 Reduction of Medical COSES .....vviiiiiiriiiniriiniinnn s I3
14 Increase of Agriculural Produicts ....coooceieiiiiiiiiiiiimnis e 14
1.4.1 Resolis of Sampling Questionnaire SUIVEYS ..o.ocovivvvciiiriiiniecnneincinene, 14
1.42 Increase of Agricultural INCOME .....ccccovvriirimemniniinisc et I-5
1.5  Economic Evaluation ..........cccviiieiiiuiciiniiniirsrevnnnisn e s ssbiiee st et I-5



1.5.1 Quantitative EVAIIAHON ......ocoueiviivireriieeiieiscsscsctemseonae st ese e ceeees -5

1.5.2  Justification of (he PLOJECt ....evveirriiiiiic v e e ee e ena 6
2. Financial Evaleation .............. ereetre et ieeeetieseeeia et re e r e e p ARt ab e e st b er e rbe s berra ey o
2.1 Analysis of Water Price in the SWAY AIE8 vt assserstrs e ass e vanstereens - 1-6
211 Analysis of Current Water Price (1993) (ot veveneanns I-6
2.12  EBstimation of Water Price Fully Covering O/M Costs ....ovviiiiiinniiinicinien 17
22 People's WIllingness 10 PAY ..ccoevviieiiriiiiii et e I8
221 Results of Sampling Questionnaire SBIVEYs ...occcveieerere. OPTOTURRUOTN I-8
2.2.2 Willingness to Pay as Percentage of Household Income ............. COPR 19
223 Willingness to Pay per M3 eererresrtirin i ereearrerere e anea s ST ROTON 19
23 Proposed Sewerage CHATZE ......uviieiieii i iicesieeeriesiraetieeee e rea e esenessmntesaaarens 10
24 FIRANCIAL ARALYSIS ..ovoiiveciiiieicieeissssssnss bbbt snssssanesssessens I-11
2.4,1 Project Costs, Financial Resources, Lending Terms
and Establishment 0f ARSINAUVES .....ocoviiiiiiiiiiiisecin i ae e I-11
2.42  Preconditions and ASSBMPUONS .....oovovviireniicinnirnnananas e 12
243 FADANCIAL ANATSIS ©evrrrocerreeeerseressseseeessessseeesesereseess s esessoeresreen e 114
244 TIHEENE PIOIECE ooiiiieeneeceeere e eree et s e R I-16
3. Institutional Aspeet et et et ettt e et e e e et e eeeseemeent e I-18
3.1 Overview of Institutional MAUETS il WAIEE SECIOT —..vvevivererresseressesreseersrseeesenns 1-18
3.1.1  Cunrent Administration and Water Sector ............ R . - I-18
3.1.2  Important Institwtional ISSHES ....c.viiiviiiiiiicni e e 1-19
3.1.3 Recommended Institutional f Organizational Measures ..........oooeeveeeeineennnn, 1.20
32 Required Activities for Sewerage Organization ...........coooiviiiccininn e nsnicnirenin 123
3.3 Exisling Organizafiin .......cccveieiiiiiiineiines s cienee s ieee s e e e see s e e nerbaeeraeeae 1-25
3.4  Allernatives of Scwerage Organizalion ....oovvevcceeieceee e cecccerien et 1-26
APPENDIX § SUPPLEMENTARY REPORT
I WASIEWRICT REUSC....ooiieireiiieiiererr et eses s s stesrse e s s esr e es s e seesereeesrennses J-1
1.1 Categories of WastewaleT REUSE ...oovoviiiiiiiniriiiiir e en e s enieseee. 31
1.2 Water Quality Criteria for VAMOUS REUSES.....ccoiviieirvirirrirearinesrirseesresrssnresssersens 13
1.2.1  Agricultural and Landscape IMIgation .........cceivieenieinies s v s eninneerenens 33
1.2.2  Inustiitd ROUSC.....couviareeiiies i siiirtsiraestassrensiin st enanseseesnsanresescsssnsanens 14
1.2.3  Groundwaler ReCharge...........o oot e ssannee s J-4
L2.4 Potable REUSES.....iciiiiciiiiiiiininiis e e s s s srae e nrne e e en s J-4
1.3 Problems Associated with the Respective Reuse. ..ot scrmeanne i 14
1.3.1  Agricelture Irrigation and Landscape Imigation............cooviviiiisiiererennereeninnns I4
132 Industial Reuse........coovmeviieeiminiiniiinnnd) U PO 15
1.3.3  Groundwater RECHATZE....ccccovcriivviimnriininnie s isresssreest e s enessnsessrran J-6
1.3.4 Recreational and Environmental ReUSCS........oivvvcviriiinieriininssmessssssincsnsens J-6

-yi-



1.4

2.1

2.2

23
24
25

206

27

1.3.5 Non Polable UrBan USES ...vuueireiiiisaseeerranssirsrierisieseenonerrirsesteononsanesss J-6
1.3.6 Potable Reuses....oouivvivrevinnerinnicninne, LA S RS e et e e e e s enenen s J-6
Possible Measures to Avoid Problem of Treated Wastewater Reuse......ovvvveivvveenneen J-7

1.4.1  Agriculiural and Landscape Irigation .....oooeeciiiinennnnrcninneen J=7

142 Industial REUSE........coovveiiiiiiiiiiiininnencneranannn [OOSR UU U OO RUTOTORRO J-7
Ny L LT YT O SOy SOOI J-7
Land ApPHCAION. ..o i et r e J-8
Animal Feed Production ........ccooiiiiieiciiiniccciiniecnneenirie v iese e eneese e aeenea 3-8
“Biobrick PrOGUCHORN.....ovuiiiiiic e s 19
Cement from SIIBZE ... oo rre e e e sanae e e e e s I8
Earthworm Conversion (VermiCuliine) ... siisseiiae s aeemeeenmeen s J-9
Fuel from SIngge ...oovvie e e e e e 19
Apgpregate PIoduction . ...t I8
Advanced Wastewaler TTeatment PIOCESSES ...vvviiicruiciritrit i eeraeieie s vereesrae e e J-10
Comparison of Helminth Eggs Removal EffiCIERCY ..vvvvvivinviii e vreinreerssasieenanin J-11

Comparison of Wastewater Treatment System with and without Primary
Sedimentation Tank for the Final Project ...........cooiviieniiici e e J-12

- vii -






APPENDIX

Table
Table
Table

APPENDIX

Table

Table

AFPENDIX

Table

Table

Table

' Table

Table

APPENDIX

Table
Table
Table

Table

Al

Al

A3

B.1

B.2

Cca

C.2

C3

C4

C.5

D.1

D.2()

D22

D3

SUPPORTING REPORYT

LIST OF TABLES

STUDY AREA

Area and Population by District / Municipality

IR SHUAY ATBA ..o e s ssrras et et aesas e

Existing Land Use by District / Municipality

AN Study ATEA ..ot s e e

Economy of the Study A2 ... e

WASTEWATER GENERATION

Future Development Pian of Water Sources

in AMCM as Reporied in Agua 2000 ...,

The Amount of Water Supplied by Different

Qrganizations in Mexico S$1ate .....cocvvivivininrivsnininenonn

WATER ENVIRONMENT

Maximum Flow Ratc Observed in Rivers and

Canals of the Study Afa . ..coooivvinreiinii e

Comparison of Incidence of Water-Bome Diseases

in the Stwdy Area and in the District of Tuia, the State of Hidalgo

Maximum Limits of Parameters in the Treated
Water to be Reused ( Reglamento para el Reuso

del Agua en el Disirito Federal, 1987 ) ..o

Maximum Permissible Limit of Pollutants in the
Treated Water to be Used for Irrigation

{ Nom-CCA-032-Ecol/1993 ) ..ovvrriiriiiiiiiii s

Restriction on Growing Crops with Treated Water

(Nom-CCA-033-ECOL993 ) i reinvrer v e eenren e enaes

SEWERAGE SYSTEM

Existing Sewerage Service Area and Population

by District / Municipality in Study Aréa .......oooevvvvivviiinniniinnie e,

Length of Main and Secondary Sewers of

Each District in D.F. Mexico ..ccovviviiiiiviiiiiririiiiceiinenen

Length of Main and Secondary Sewers of

Each Municipality in Mexico State ...........ocoociiiiiiin

Deep and Intermediate Level Sewer .......coooivniininnninnnnn

- viii -

Page

A9

A-10
A-11

B-1t

B-12

C-9

C-10

C-11

C-12



Table

Table .

Table
Table
Table
Table

Table

Table

Table

Table

Table

Table

Table
Table
Table

APPENDIX

Table

Table

Table
Table
Table
Table

Table
Table

Table

APPENDIX

Table

D4 (1)

DA4(2)
D4 (3).

D.4 (4)
D4 (5)
D.5 (1)

D.5(2)

D.o6
D7D

D.7@)

D.B (1)

D.8(2)

D9 (1)
D9 (2)
D.93)

E.1

E.2

E.3
E.4
E.5
E.0

E.7
E.8

¥

F.

Pumping Station Operated by DGCOH .....oocoeivoiivicionacie e
Pumping Station Operated by DGCOH ...,
Pumping Station Operated b'y Mexico S1Ale ..o,
Pumping Station Operated by Mexico S L
Pumping Station Operated by Mexico S1ate ....viiiienin,

Existing and Planncd Wastewater Treatment
Plant in DB, MexiCo ..covviiirrcir s et e

Existing and Planned Wastewater Treatment
Piant in Mexico State ..o iereinr it

Design Criteria of Cerro de 1a ESUElla ......co.o.oviveeeeeeierenseenserenns

Excerpts of "Regulation on Water Supply
and Sewerage Services for the Federal District”
with Particutar References to Sanitation ........cc.ocoeviiiicniicininniiniennnns

Excerpts of "Regulation on Water Supply
and Sewerage Services for the Federat District”
with Particular References to Sanitation .....ooocccviiiiiiiiiiiiiniciinn e,

Excerpts of ‘Law of National Water" with
Particular References to Sanilation ......cc.coiiiveieiiiiiicvincicrcrnveecicnens

Excerpis of "Law of National Water" with
Particular References t0 Sanitation ... ..covvvvveeeciie e

Existing Water Tariffs in the Study Area .....cooeviniiiiiiiiniiiinin
Existing Water Tarlffs in the Stady Area .....ocooiiviiiininnee

Existing Walter Tariffs in the Study Area ..ot

STUDY OF RELEVANT REPORTS

Breakdown of Censtruction and O/M Costs for
the Texcoco Treatment Plant Proposed by CNA ...

Unit Water Supply Charge and Annual Revente :
i1t the Mexico SIS ..o e et e e e

Mumber of Sanctioned Pollmtants for Different Treated Water Use .........
Comparison of Drinking Water Demand for Different Altematives ...
Potential Demand of Treated Water in the Federal District ....ooooveveenit.

Actions Inciuded in the Proposed Scénes and Projected for
Two Different Development Alternatives of the Master Plan ...............

Treatment and Reuse System Development (supply in m/day) .............

Financial Programme of Development :
(Millions of 1989 pesos per year) .oovvvvvennenees eree e nr e er e s

Financial Programme of Development (1989 pesos) coveeceeeci v

WASTEWATER AND SLUDGE TREATMENT
PLANT FOR THE FINAL PROJECT

Comparative Study of Proposed Wastewates
Treatinent Process by the Master Plan ..o, erreeeesresara e anns

- % -



Table

Table

Table

Table
Table

Table

Table

Table
Table
Table
Table

APPENDIX

Table
Table
Table
Table

APPENDIX

Table

APPENDIX

Table
Table
Table
Table
Table
Table
Tabie
Fable
Table
Table
Table

E2 (1)

F.2(2)

F2(3)

F3
F4 (1)

F4(2)

E.5

Fea ()
F6 (D)
E.7
F.8

G.1(1)
G.1(2)
G2
G.3

H.1

L1
1.2
L3
L4
L3
L6(1)
1.6(2)
L7(1)
L7(2)
L7(3)
L8 (1)

Comparative Study of Design Criteria

for the Wastewater TICAINEIL .....uiviiinrirnviarmrcriensererrosar s e e esnsienns E-55
Comparative Study of Design Criteria

for theWasterwater TYCAMIENL ....ooviiiiii i e e ee e eas E-56
Comparative Study of Design Criteria

for the Wastewater Trealmend ... ciinincician s s E-57
Design Criteria of tho Final PROJECE v..voivvvvieeniviirrieririesnncrenraassrasrness E-58
Construction Cost of Wastewater Treatment

Facilitics for Comparative Evaluation ........oocoiviieiiiinec i ceeeinnns F-59
Construction Cost of Sludge Treatment

Facilities for Comparative Evaluation ...........cooooiviiio e F-60
Summary of Construction

and Operation & Maintenance COstS ... F-61
Unit Cost for ConstrocOn ........coovviiiiiiiiinservresnenierenrerneasens s F-62
Unit Construcion CoSt ..o sene s e s s F-63
Breakdown for Direct Construction Cost for Final Project ................... F-04
Breakdown of Operation & Maintenance Cost ... F-65

DESIGN OF WASTEWATER AND SLUDGE TREATMENT
SYSTEM TFOR URGENT PROJECT

Required Electrical Power of.Each Facility for the Urgent Project ......... G-15
Required Electrical Power of Each Facility for the Urgent Project ......... G-16
Brecakdown of Direct Construction Cost for Urgent Project ....eveveveene. G-17
Breakdown of Direct Operation & Maintenance Cost ...ocoveveveeveeeen. G-18

IMPLEMENTATION TPROGRAM

Disbursement SCREAIE ......ocoviiiinieii e et a e saes H-2

EVALUATION OF PROJECT

Important Values for Estimation of Economic Benefits ...................... 1-29
Annual Incidence of Water-Bome and Water Related Diseases ... 136
Kinds of Caltivated Crops ...o.oueeiniiiiiiiiiii v icsi e ee e 131
Calculation of Standard Conversion Factor ......cccocvinieencicennen, 1-32
Analysis of Water Price in the Study Area ..o 133
Willingness to Pay for Water Supply and Sewerage Service ................ 134
Willingness to Pay for Water Supply and Sewerage Service ................ I35
Financial Statement - Proposed Plan .......cciiiiiieniiiicicnnneneennn. [-36
Financial Statement - Proposed Plan ..........ccoeovevveeivcincvesineenininn I-35
Financial Statement - Proposed Plan ...........ccoovviviciiinicvicnnnens 1-38
Financial Statement - Alternative T ... 1-39



Table
Table
Table
Table
‘Table
Table
Table
Table
Table
Table
Table
Table
‘Table
Table
Table
Table

APPENDIX

Table
Table

Table
Table
Table

Table
Table
Table

18(2)
18 (3)
L9 (1)
19(2)

19(3)

1.10(1)
L1 (2)
L1033
.11
£12
L13
L14
L15(1)
L15Q2)
L15(3)
L16

J1
12

13

14

L5

1.6
J.7
1.8

Financial Staternent - ANSMALVE T (.ovvuivniiriiinsirsirennctnrsensesenrernsene 140

SUPPLEMENTARY REPORT

Financial Statement - Alternative I ...ooeveeeaneea. et I-41
Financial Statement - AHSnAtVE Il ..........oivveeerseesessrssrenns S 142
Financial Statemen - ALCrnalive IT ....ooviiiiiiiieiiceneees s vee e 1-43
- Financial Statement - AREIAUVE L ...vv.vcovvererverreosreseseseereesmserseens 144
_Finz_mcial Statement - Alternative I1H ......... [ SO U UPUR 145
Financial Statement - Altemative I ..., RSO 1-46
Financial Statement - Allernative THL .......ociiveeiieiee e 47
Cost Benefit Streams - Proposed Plan ......ccooovviviiiiicin e 148
Cost Benefit Streams - Alenative T ..., 149
Cost Benefit Streams - Alternative I .....coooovvvviiiiien e I-50
Cost Benefit Streams - Alternative IIT ...oooovveiinnieeeinieeein s I-51
Financial Statement - Proposed Plan (Urgent Project) .......ccooivveeeeen... I-52
Financial Statement - Proposed Plan (Urgent Project) .........cecevvvvnnne.. I-53
Financial Statement - Proposed Plan (Urgent Project) ........... v 1-54
Cost Benefit Streams - Proposed Plan (Urgent Project) .oooooceeevenreene, I-55

Guidelines for Interpretations of Water Quality for Irrigation ................ 317

Recommended Maximumn Concentrations of Trace Elements

in Irrigation Waters ..o e e reraeat e anaab e J-18
Water Quality Requirements at Point of Use for Steam Generation

and Cooling in Heat EXCHARGErs ..ot J-19
Factors to be Considered in the Formulation of Groundwater

Recharge Guidelines in the United Sates.....coociovii i cinccecccninnciiiennn 120
Quality of Water from Renovation System for Producing

Potable WaleI ..o s e eena e esar e J-21
Relative Salt Tolerance of Landscape PIAns...........coovviriiiiciniieninrieennas J22
Relative Boron Tolerance of Agricultural Crops and Landscape Plants.... J-23
Chloride Tolerance of Some Fruit Crop Cultivars and Rootstocks......... J-24

- % -



APPENDIX

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.
Fig.

APPENDIX

Fig.

APPENDIX

Fig.
Fig.

Fig.

Fig.

Fig.

APPENDIX

A

Al
A2
Aj

Ad

AS

A6

AT

A8

A9

Al0
All

B.1

C.1
C2

C3

C4

C.Ss

D

SUPPORTING REPORT

LiIST OF FIGURES

STUDY AREA

SHIAY ALSA i e rrar e saaera b iaraaan s ensrastart s asn e ran
Metropolitan Area of Mexico City ( AMCM ) .o,

Existing Population Density by District / Municipality
L L T T U SO AR

Future Population Density by District / Municipatity
L I O OO UUUSPVVORURV OO PRV URIURUIN

Future Population Density by District / Municipality
{ 2015 ) oot e e s e e srmt et e e et e e aa b e abe s

Share of Exising Land Use by District / Municipality
in the DE MEXICO i i s s e

L.and Subsidence for the Last 10 Years (1983 to 1992)
INSIAY AR ..ot e et e s

Land Subsidence along Gran Canal for the Last 5 Years
(198510 1990} ..oiiiiiiiii it e e

Monthly Average Air Temperature
and Average Monthly Rainfall ...

Topographic Map of Study Area .....ccooivviiiiniiii e,
Geological Map of Study Area ..o

WASTEWATER GENERATION
Water Sources of Sty AT€a ....vvveiviviiirinie et e eeaas
WATER ENVIRONMENT

Networks of Rivers and Canals ...o.ovvvviriiininiinieiiiin e reneaae

River Waier Quality in Terms of BOD, 88
and ColfOIMES ..o e e ar e e e ee s

Water Quality of Gran Canal in Terms
of BOD, 85 and Coliforms ..........ccoecvimeiilinii e,

Water Quality of Emisor Central in Terms
of BOD, 88 and Coliforms ..........coovvvmmeiiiiiiiii e

Major Irrigation Areas of Untreated Wastewater in the
Mexico and Hidalgo SIA1ES.....coovier e ccrrrnrer e sreee e

SEWERAGE SYSTEM

« Xii -

Page

A-18

C-16



Fig,
Fig.

APPENDIX

Fig.

APPENDIX

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

APPENDIX

Fig.
Fig.
Fig.
Fig.

APPENDIX

Fig.

D.1

D2

. D3
. D4
. D5
. D6
. D7
. D8

E.l

E.5
F.6
E.7
F.8
E9
F.10

G

G

G2

G.3
G4

H.1

Exisiing Sewerage Service Area and Collection System .....coevvina D44

Percentage of Exiting Sewemge Service

Population by District / Municipality (1993 ) .............. rererreeereaeneea. D-45
Location of Intermediate and Deep Level Sewer in DF...ccieniernns. D46
Location of Existing Wastewater Treatment Plant ... D47

Existing and Proposed Pressure Pipe System of Reuse WaterinD.F..... D48

Organization Struciure 0f DGCOH ..o, D-49
Organization Structure of CEAS ..o D-50
Organization Structrure of CNA D-51

STUDY OF RELEVANT REPORTS
Flow Diagram of Advanced Primary Treatment of Master Plan ............ E-29

WASTEWATER AND SLUDGE TREATMENT
PLANT FOR THE FINAL PROJECT -

Location of The Proposed Treatment Plant Site .....o.occoviiiinninninns F-66

Wastewater Treamnent Process for the Project ...voevvvvneecnenncciee. F-67
Altematives of Wastewaler Treatment System

“in the Master Plan ....oiiiiini e e F-68
Selected Altermalives of Wastewater Treatment
System for the Final Project ..o F-69
Studge Treatment Processes for the Project ....coccevcvvveeveececicn. F-70
Solid Balance of Separate Thickening and Combined Thickening ......... F-11
Layeut of the One (1) Unit for the Final Project ... E-72
Hydraulic Profile of the Treatment Plant for the Final Project .............. F-73
Solid Batance of Proposed System for the Final Project.......oovvveiiineens E-74
General Layout of the Treatment Plant for the Final Project ................ F-75

DESIGN OF WASTEWATER AND SLUDGE TREATMENT
SYSTEM FOR URGENT PROJECT

General Layout of the Treatment Plant for the Urgent Project ..., G-19
Hydraulic Profile of the Proposed System for the Urgent Project .......... G-20
Solid Balance of Each Unit for the Urgent Project ........coceciveiiinnninnann. G-21
Power Generation System for Digestion Gas ..., G-22

IMPLEMENTATION PROGRAM

Implementation Schedule .. H-3

- Xiii -



APPENDIX

Fig.
Fig.

APPENDIX

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig

I

L1
L2

I

1.2
I3
J4
15

J.6
1.7

8
1.9

EVALUATION OF PROJECT

Financial Statement - Proposed PEn ... 1-56
Proposed Structure of Sewerage Organization ........cceeeeniiinnnion 1.57

SUPPLEMENTARY REPORT

WHO Guidelines for Treatment Processes to Meet the Given

Health Criteria for Wastewater Reuse ..o i J-25
Type of Sludge Required for Different Type of Reuse Purpose............... J-26
EPA Regulations for Using Processed Sludges on Agriculural Land...... 127
Schematic Flow of Composling PYOCESS .....ovvvvvvrerinnieneesiiisrrsrerrrennes 128
Treatment System for Producing Renovated Water Suitable for

Groundwater ReCharZing.....covuerrrersrieiionineinnesess e J-29
Treatment System for Producing Recreational Lake Water.......oovveeener 130
Conceptual Flow Diagram of Advanced Wastewater Treatment

System Capable of Producing Potable Quality Water Supply ............... -3
Solid Balance for the System with PST.....ccovvvirissnenccnnncnnnn 32
Solid Balance for the System without PST .....cooovvvimiininn. 1-33

- Xiv -






BOD
CEAS
- CNA

DF
DGCOH

DO
GDP
DM
JICA
M/E
MLSS
MPN
oM
SARH
SEDESOL
SRT

SS

TC

TSS
W/E
WEEF

ABBREVIATION

Biochemical Oxygen Demand

State Committee of Water Supply and Sanitation
Nationat Water Commission |
Chemical Oxygen Demand

District Federal

The General Direction of Construction and Hydraulic
Operation

Dissolved Oxygen

Gross Domestic Product

Japanese Design Manual on Wastewater Treatment
Japan International Cooperation Agency
Mechanical and Electrical Works

Mixed Liquor Suspended Solids

Most Probable Number

Operation and Maintenance

Ministry of Agriculture and Hydraulic Resources
Ministry for Social Development

Sludge Retention Time

Suspended Solids

Total Coliforms

Total Suspended Solids

Wastewater Engineering (Metcalf/Eddy)

WEF Manual of Practice No.8 & ASCE Manual and
Report on Engineering Practice No. 76






APPENDIX A






APPENDIX A  STUDY AREA

1.

" Administrative Area

The Study Area of approximately 2,740 km? covers a drainage area of the Gran

~ Canal. The Study Area consists of all the 16 Districts of Federal District of

Mexico (D.F.) and 15 MunicipaiitieS of Mexico state. The location of the Study
Area and the boundary of District and Municipality are shown in Fig. A.1.

Some portions of the two (2) Districts of Milpa Alta and Tlalpan in D.F. Mexico
and the five (5) Municipalities of Amecameca, Ecatepec, Jilotzingo, Juchitepec,
Ttalmanalco in the Mexico State are not included in the Study Area because they
are located out of the boundary of the drainage area of the Gran Canal.

The seven (7) municipalities of the Mexico state covered in the study area are
included in the boundary of Metropolitan Area of Mexico city (AMCM) and
remaining eight (8) municipalities are located outside AMCM as shown in Fig.
A2,

Population

Existing Population

According to the information obtained from the General Direction of Construction
and Hydraulic Operation (DGCOH) and the State Committee of Water supply and
Sanitation (CEAS), the existing total population of the Study Area in the year
1993 is estimated to be 13,426,700. QOut of which §,662,600 (64.5% )
population is in the D.F. Mexico and 4,764,100 (35.5%) population in the
‘Mexico State.

The average population density of the Study Area in 1993 is 50 person/ha. The
average population density of the D.F, Mexico and the Mexico State are 65
person/ha and 35 person/ha, respectively.

The population density in the Districts of the D.F. Mexico ranges from 4
person/ha in Milta Alta to 204 person/ha in Iztacalco. The three (3) Districts of

~ Benito Juarez, Cuauhtemoc and Venustitano Carranza neighboring Iztacalco and

District G.A. Madero have more than 150 person/ha. While, the six (6) Districts
of Cuajimalpa, Magdalena Contreas, Milta Alta, Tlahuaqe, Tlalpan and
Xochimilco located in the south have less than 50 person/ha.



The population density in the Municipalities of the Mexico State ranges from 1
person/ha in Jilotzingo, Temamatla and Tenango del Aire to 160 person/ha in
T]alriepantla. The two (2) Municipalities of Ecatepec and Nezahualcoyotl located
in the north of the D.F. Mexico have more than 100 person/ha. While, the eight
(8) Municipalitics of Amecameca, Ayapango de Gabricl R. Millan, Cocotiltan,
Juchitepec, 'Tcmamatla., Tcnangd del Aire, Tlalmanalco located in the south east
and Jilotzingo located in the north east have less than 10 person/ha.

The exisiing population and population density in the District/Municipality are
shown in Table A.1. The regional distribution of the existing population density
in the District/Municipality is shown in Fig. A3.

Future Population

The future land use plan in the year 1997 and 2015 for the District/Municipality
has not been prepared. However, the future population of District/Municipality
has been projected by the DGCOH and the Mexico State.

The data related to future population till the year 2000 is available for the D.F.
Mexico and the Mexico State. Following the same trend of population, JICA
study team has predicted the future population, in the D.F. Mexico and Mexico
State, for the year 2015. The estimated future population is shown below ;

1993 1997 2000 205"
D.F. Mexico 8,662,600 9,277,200 9,776,600 12,774,800
Mexico State 4,764,100 5,612,900 5,898,600 7,560,800
Total 13,426,700 14,890,100 15,675,200 20,335,600

Note : JICA estimation

Assuming that the trend of population in the district of D.F. Mexico and in the
municipality of Mexico State will also be same.

The future population and population density in the District/Municipality are
shown in Table A.1. The regional distribution of the future population density by
District/Municipality for the year 1997 and 2015 is shown in Fig. A.4 and A.5
respectively. '

The average population density of the Study Area in 2015 is 75 person/ha. The
average population density of the D.F. Mexico and the Mexico State in 2015 are
96 person/ha and 55 person/ha, respectively.



The population density in the Districts of the D.F. Mexico in 2015 ranges from 5
person/ha in Milta Alta to 301 person/ha in Iztacalco. The population density of
the Districts, except the six (6) Districts of Cuajimalpa, Magdalena Contreas,
Milta Alta, Tlahuaqge, Tialpan and Xochimilco, portions of which are protected as
"the ecological preservation area", will be more than 100 person/ha.

The population density in the Municipalities of the Mexico State in 2015 ranges
from 1 person/ha in Tenango del Aire to 310 person/ha in Ecatepec. The
population density in the two (2) Municipalities of Atizapan de Zaragoza and
Tlalnepantla located in the north of the D.F. Mexico will be more than 150

person/ha.
Land Use

The existing land use map and data for the D.F. Mexico were prepared by
“Direccion General de Reordenacion y Protection Ecologia™ in 1987.

In these maps and statistical data, land use of the D.F. Mexico is classified into
five (5) categories: (1) residential use, (2) commercial use, (3) Institutional use,
(4) industrial use and (5) other uses.

The other uses is allocated the biggest share of 57.21%, the second biggest share
is that of residential use which is 28.78%, the existing residential usc shares
28.78%. The shares of commercial, institutional and industrial use are 6.85%,
4.79% and 2.37%, respectively.

The existing land use patterns in 1987 for the Districts are shown in Table A.2,

The main futures of the existing land use in the D.F, Mexico are summarized

below,

(1) Residential area is concentrated in the central pait of the D.F. Mexico. The
share of residential use in District Benito Juarez, Coyoacan, G. A Madero,
Iztacalco and Iztapalapa is higher than 50% as shown in Fig. A.6.

(2) The share of commercial use in District Cuauhtemoc is higher than 50% as
shown in Fig. A.6.

(3) Other area including "the ecological conservation area" is concentrated in the
southern part of the D.F. Mexico. The share of other uses in Districts of
Cuajimalpa, Magdalena Contreas, Milta Alta, Tlahuaqc, Tlalpan and



Xochimilco is higher than 50% as shown in Fig., A.6. In those Districts the
shate of "the ecological conservation area” in other uses is more than 70%.

The existing land use map and data for the Mexico State were prepared by
"Secretariat of Urban Development and Public Works, the Mexico State
{Secretaria de Desarrollo Urbano y Obras Piblicas, Eatado de México)':' in 1990,
The JICA Study Team summarized and classified these data into five (5)
categories same as the land use of the D.F, Mexico as shown in Table A.2.

The residential uses is allocated the biggest share of 49.28%, the second biggest
share is that of the other use which is 35.88%. The shares of commercial,
institutional and industrial use are 3.78%, 5.49% and 5.58%.

Residential areas are concentrated in the north of the D.F. Mexico. The share of
residential use in four (4) Municipalities of Atizapan de Zaragoza, Ecatepec,
Naucalpan and Amecameca is higher than 50% as shown in Fig. A.6.

No fuiure land use plan is available for the Study Area.
Land Subsidence

Recently, the land subsidence problems have occurred in the central to the north
eastern part of the Study Area because of excessive withdrawal of groundwater.
The land subsidence observations have been conducted by DGCOH for the last
10 years. '

According to the results of the observations, the isohyet of land subsidence is
shown in Fig. A.7. The solid lines are made based on the observation data by
DGCOH in D.F. Mexico and the dotted lings are made by JICA Study Team
based on the following study and observations ; "Estudio Geotecnico en Posibles
Stitos de Ubicacion de Obras Hydraulicas en Los Afluentes de Dranaje en La
Parte Norte del Ex-lago de Texcoco” conducted by CNA in 1994 and the
observaticns of land subsidence along the Gran Canatl and Dren General del Valle
by DGCOH.

Land subsidence of the Study Area ranges from 20 cm to 250 cm for the last 10
years (2 7 25 cm/fyear) and declines from the central to the north east. In District
Venustiano Carranza and Municipality Nezahualcoyotl, the land subside up to a
depth of 20 cmfyear to 25 cm/year, | '

The District Venustiano Carranza, in which the Gran Canal starts, the depth of
land subsidence becomes shallower toward downstream along the Gran Canal.

A-4



The depths of subsidence at the starting point of the Gran Canal and around the
ex-soda plant site are about 20 cm/year and 5 cm/year, respectively (See, Fig.
A.8). And the biggest land subsidence along the Gran Canal is 24 cm/year
which is found at connection with Remedios River,

Economy

The economy of the United States of Mexico underwent disturbances in a greater
part of the 1980's due to drastic declines of oil prices, political factors and others.
As a consequence, it can be said that the decade was economically hard to the
Mexican people.

The GDP of Mexico in 1990 is calculated to be N$ 1,066,051 million at 1993
prices, while the population of the country in the same year was 81,140,922, It
means that the per capita GDP was N$ 13,138 or US$ 4,106 at the exchange
rate of N$ 3.2 to the US. dollar.

On the other hand, the national GDP in 1980 works out to be N$ 903,090
million at 1993 prices. In other words, the national economy grew at the average
annual rate of 1.67% during the 1980's. Demographically, the nation was
composed of 66,846,833 people in 1980, growing at the average annual rate of
1.96% during that decade.

It is to be noted that the demographical growth slightly overtook the economic
growth from 1980 to 1990, As a conscquenée, the per capita GDP of the country
in 1980, which is calculated to be N$ 13,510 or US$ 4,222 slightly declined a
decade after.

From the latter part of 198('s up to the present the economy of the couniry is
growing smoothly at the average annual rate of about 3%.

Turning to the economy of the Study Area, the relevant data are available only up
to 1980. Thérefore, it is not sure about the econdmic trends in the Study Area
from 1980 onward. However, it can be assumed that the general economic
climate of the Study Area goes hand in hand with that of the country in light of the
fact that the Study Area constitutes the politico-economic center of the country,
having occupied 29.30% of the national GDP in 1980, |

Supposing the above assumption holds true, it can be said that the economic
situation of the Study Area may not be very much different between now and



1980. That is to say, what the economy of the Study Area-in 1980 tells may be
useful and worthwhile in estimating the existing economy of that area.

The Study Area is composed of the D.F. Mexico and a part of the Mexico State.
The GDP of the D.F. Mexico in 1980 is calculated at N$ 217,389 million at
1993 prices. From 1970 to 1973 it grew at the average annual rate of 5.9% and
from 1975 to 1980 its average annual growth rate was 7.9%.

The shares of the primary, secondary and tertiary industry in GDP in the district
were 0.3%, 33.8% and 65.9% respectively in 1980. It is to be noted that the
proportion of the primary industry is negligible and at the same time the
proportion of the tertiary industry 1s marked reflecting the highly urban nature of
the district. Furthermore, it can be said that the proportion of the secondary
industry is comparatively big when one considers that the D.F. Mexico is the
political and administrative center of the country.

Sub-sector wise, "Industry, Manufacturing” tops with 27.0%, followed by
"Community, Social and Personal Services" with 26.0% and "Commerce,
Restaurants and Hotels" with 25.7%.

The population of the D.F. Mexico was 8,831,079 in 1980. The per capita GDP
of the district in the same year is, therefore, calculated at N$ 24,616 or
US$ 7,693. 1tis by 82.2% higher than the national average in the same year.

The GDP of the Mexico State belonging to the Study Area is assumed to be 50%
of that of the whole statc based on the population ratio. It is calculated at
N$ 47,249 million in 1980 at 1993 prices. From 1970 to 1975 it grew at the
average annual rate of 10.8% and from 1975 to 1980 its average annual growth
rate was 10.2%.

The shares of the primary, secondary and tertiary industry in GDP in the area
were 4.8%, 47.8% and 47.4% respectively in 1980. It is to be noted that the
proportion of the secondary industry is the biggest slightly surpassing that of the
tertiary industry. It can be no exaggeration to say that the Mexico State is an
industrial state.

Sub-sector wise, "Industry, Manufacturing" tops with 38.1%, followed by
"Commerce, Restaurants and Hotels" with 23.7% and "Community, Social and
Personal Services” with 12.0%. |



The population of the Mexico State belonging to the Study Area was 3,782,168 in
1980. The per capita GDP of the district in the same year is, therefore, calculated
at N$ 12,493 or US$ 3,904. Itis about 7.5% lower than the national average in

the same year.

Demographically, the shares of the D.F. Mexico and the Mexico State in the
Study Area are calculated at 70.0% and 30.0% respectively in 1980, while
econosically, they are calculated at 82.1% and 17.9% respectively in the same

year.

The GDP of the Study Area as a whole sums up to N$ 264,638 million for 1980,
whereas the population of the area adds up to 12,613,247 for the same year. It
follows from the above that the per capita GDP of the Study Area was on average
N$ 20,981 or US$ 6,557 in 1980. It is about 55.4% greater than the national
average in the same year (Refer to Table A.3).

Climate, Topography and Geology

The Study Area is located in the southern part of the Valley of Mexico situated in
lat, 19°24" N. and long. 99°12" W.

lima

"The climate of the Valley of Mexico is the Temperate one due to the high altitude
of abont 2,200 m and characterized by two (2) seasons ;

Rainy season : June " September
Dryseason : October =~  May

Monthly average air temperature of the Study Area ranges from 12.9°C in
December to 19.3°C in May with an annual average of 15.0°C (See, Fig. A.8).
The fluctuation of air temperature in a day is wide due to the high altitude.

Average annual rainfall of the Study Area in the last twelve (12) years ( 1982 -
1993 ) is to be 720.4 mm of which more than 80% concentrates in the four (4)
rainy months from June to September.

Monthly average rainfall of the Study Area is shown in Fig. A.9.



Topography
The 'altimdc of the Valley is more than 2,200 m and closed in the south, west and

east side by mountains with an altitude of more than 3,000 m. The land of the
central area gently declines toward north (See, Fig. A.10).

The maximum area of the six (6) Districts in D.F, Mexico of Avam Obergon,
| Cuajimalpa, Magdalena Contreas, Milta Alta, Tlalpan and Xochimilco and the
nine (9) Municipalities in the Mexico States of Amecameca, Ayapango de Gabriel
R.Millan, Cocotiltan, Chalco, Temamatla, Tenango del Arire, Juchitepec and
Tlalmanaco is shared by the mountainous area.

Geology
" According to the geological survey undertaken by F. Mooser, the Study Area is

covered by four (4) stratigraphies of Alluvial Deposits, Volcanic Basaltic Series,
Tarango Formation and Andesite (See, Fig. A.11).

The low-lying part of the Study Area is covered by the Quaternary Alluvial
Deposits. The volcanic Basaltic Series blocked the Valley of Mexico at the south.
The Tarango Formation and the Andesite lie in the highland parts of the east and
west of the Valley.



Table A.1 Area and Population by District / Municipality in Study Area

Name of Area Existing (1993) Urgent (1997) Fature (2015}
No. District / Municipatity (kan 2) Populstion Poputation Population
Population Density Population Density Population Density
(personfha) (person/ha) (person/ha)
District in Federal District R D )
1. Alvarc Obregen 94.50 690,100 74 739,100 79 1,017,800 108
2. Azcapotzaleo 33.50 493,000 148 521,900 158 721,000 218
3. Benito Juarez 26.60 426,100 161 456,300 2 628,300 237
4. Coyoscan 54.40 656,700 123 713,900 132 283,100 181
5. Cuajimalpa §0.90 127,300 16 136,400 17 187 800 24
6. Cuauhiemos 32.44 625,700 193 670,100 200 922,700 285
7. G. A. Madero 87.00 1,326,100 153 1,420,100 164 1,955,600 225
8. Iztacakeo 22.90 467,000 204 500,100 219 688,700 301
9. Iztapalapa 117.50 1,567,900 134 1,679,300 143 2312200 197
10. Magdalena Contreras 68.00 204,200 3 218,700 13 301,100 45
11. Miguc! Hidalgo 42,50 430,900 102 461,500 109 635,500 150
12, Milpa Alta 222,16 67,000 4 71,800 4 98,800 5
13. Tlahuage 93.00 221,300 24 236,900 26 326,300 36
14. Talpan 21223 515,500 5 552,100 21 760,300 36
15. Venustiano Carranza 3242 547,200 169 586,000 181 806,900 249
16. Xochimileo 122.00 286,600 24 307,060 26 422,700 35
Total of District 1,342.05 8,662,600 85 9,277,200 70 12,714,800 6
Municipality in Mexico State 3) 3 2)
17. Amecameca 181.20 38,100 3 48,400 3 53,600 3
18. Atizapan de Zaragoza 48.13 330,700 69 475,300 99 783,600 163
19, Ayapango de Gabriel R. Millan 42.50 4,400 2 5,700 2 7,000 2
20. Cocotitlan © 40,00 8,500 3 10,800 3 11,000 3
21. Chako 20315 296,800 15 467,000 23 BS50,400 42
22. Ecatepec §9.69 1,022,300 147 1,376,200 198 2,157,400 310
23. Huixquilucan 122.50 138,400 12 207,100 17 426,000 35
24. Jilotzingo B5.00 5,100 1 6,400 1 9,300 2
25. Juchitepec 40.94 4,200 2 4,900 2 5,800 2
26. Naucalpan 158.13 825200 53 872,500 56 1,001,400 64
27. Nezahualocoyotl 93.13 1,317,800 142 1,322,300 142 1,362,000 147
28, Temamatla 56.88 5,600 1 7,200 2 9,90 2
29. Tenango del Aire 90.31 6,500 1 8,300 1 8,800
30. Tlalmanalco 119.06 23,200 2 35100 3 23900 3
31. Talnepantla 4634 737300 160 765700 166 850,700 184
Toal of Municipality 1.397.56 4,764,100 35 5,612,900 41 7,560,800 35
Toal of Study Area 2,739.61 13,426,700 50 14,890,100 55 20,335,600 75
Source: 1) DGCOH

2) Comissién Estatal de Agua y Sancamiento (CEAS)

3) JICA



Table A.2 Existing Land Use by District/Municipality in Study Area

Total

No.  Nameof Residential Commercial Institutional Industrial Others
Dristrict (km2)
District in Pederal District
1. Alvaro Obregon 4.7 3317 9384 3.572 33.510 94.50
47.32% 3.51% 9.93% 3178% 3546% 100.00%
2. Azcapotzalco 16.315 3.082 4.858 8275 0.970 33.50
48.70% 9.20% 14.50% 24.70% 2.90% 100.00%
3. Henito Juarez 18.286 2820 3.352 0.479 1063 26.60
T.00% 10.60% 12.60% 1.80% 4.00% 100.00%
4, Coyorcan 32,096 0.544 1.632 1.632 18.496 5440
55.00% 1.00% 3.00% 3.00% J.00% 160.00%
5. Cusjimelps 5.178 1038 1537 0.000 67.147 T B0SO
640% 8.70% 1.50% 0.00% 83.00% 100.06%
6. Cusnhiemoc 7.043 16,454 3779 1.246 0913 3244
21 71% 59.971% 11.65% 3.84% 2.81% 100.00%
7. G. A. Madero 45.649 8204 6560 4,080 22.507 87.00
5247% 943% 1.54% 4.69% 2587% 100.00%
8. Iztacaloo 13740 1.832 4.422 2.519 0.687 22.90
: 60.00% 3.00% 18.00% 11.00% 3.00% 100.60%
9. Iztapalapa 63.568 18.213 7.520 4.935 23.264 117.50
34.10% 15.50% 6.40% 4.20% 19.50% 160.60°%
10. Magdalens 23310 2.870 0000 0.000 41.820 68.00
Contreras 34.28% 4.22% 0.00% 0.00% 61.50% 100.00%
11. Miguel Hidalgo 28185 3222 5657 -3.392 9.043 42.50
49.85% 7.58% 131% 7.93% 21.28% 100.00%
12. Milpa Alta 3.430 2922 1124 0.060 . 200.684 222.16
3.00% 1.4% 040% 0.00% 95.56% 100.00%
13. Thhuage 14.638 3274 0.586 0.000 4,502 93.00
15.14% 3.52% 0.63% 0.00% 80.11% 100.00%
14. Tialpan 38.376 5616 4.368 0.000 163.870 2§2.23
12.30% 1.80% 140% 0.00% 84.50% 100.00%
15. Venustisne 13.941 6484 9.564 0.648 1783 3242
Camanzs 43.00% 20.00% 29.50% 2.00% 5.50% 100.00%
16. Xochimilco 19.215 3062 . 0.244 1.061 98.418 122.00
15.15% 251% 020% 0.87% 80.67% 100.00%
Totat of District 386.288 91.954 64.287 31.839 767.682 1.342.05
28.78% 6.35% 479% 237% 57.21%
Municipslity in Mexico Stete
17. Amecamsca 114.66 2.57 i7.13 15.94 26.90 181.20
61.28% 1.42% 845% 11.00% 14.85% 100.00%
18. Avizapan de Zarsgoze 3238 1.06 1.95 09 11.84 4813
) 59.88% 220% 4.05% 1.87% 32.00% 100.00%
19. Ayapango de Gabsiel 18.31 1.22 2.83 237 17.m 42.50
R. Milian 43.08% 287% 6.66% 5.58% 41.31% 100.00%
20. Cocolitlan 2255 0.86 3.46 Q.52 12.61 40.00
23.10% 2.15% 8.65% 1.30% 64.80% 100.00%
21. Chalco 74.06 6.34 i1.67 71.68 035 203.75
3635% 3.36% 513% 3% 50.80% 160.00%
22. Peatepes 36.55 339 436 8.57 16.82 69.69
5245% 4.85% 6.26% 12.30% 24.14% 100.00%
23. Huixquilucan 35.61 699 392 2.87 71211 122.50
29.89% §71% 3.20% 2M% 5887% 100.00%
24. Jilotzingo 56.6 0.93 21 0.79 2394 85.00
3041% 1.09% 0% 0.93% 6435% 160.00%
25, Juchitepec 16.26 1.27 254 1.91 1896 40.94
NN% 310% 6.20% 4.67% 46.31% 160.00%
26 Neucalpan 10423 10.15 n 244 3754 158.13
65.91% 642% 2.38% 1.54% 23.74% 160.00%
27. Nezshualcoyol 23.16 6.44 1.1l 10.02 414 9313
30,24% 6.92% 1.19% 10.76% 50.90% 100.00%
28 Temamatls 2637 1.57 4.09 144 2341 56.88
45.26% 276% 7.19% 2.53% 41.16% 100.00%
29. Tenango del Aire 40.43 2.48 6,22 544 35.74 2031
29.34% 2.15% 6.89% 6.02% 54.80% 100.00%
30. Tlalmanakco 59.31 284 9.04 879 39.08 119.06
3548% 239% 1.50% 1.38% - 47.16% 100.00%
31. Tlalnepantia nu 4.15 195 4.27 13.76 45,34
419% 92.0% 4.2% 9.2% 29.1% 100.00%
Total of Municipality 633.69 52.76 76.78 7195 501.38 1397.56
49.28% 3718% 549% 5.58% 35.88%
Tots! of Study Arca 1074978 144.714 141.067 109.789 1269.062 2,739.610
19.24% 5.28% 5.15% 401% 46.31%
Source: DEPARTMENTO DEL DISTRIO FEDERAL
PROTECCION ENCOLOGIA

DIRECCION GENPRAL DE RECRDENACION URBANA Y
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Table A.3 Economy of the Study Area

1. Federal District
. (Unit: N§ million at 1993 prices)

Activities 1970 1975 1980

Gross Domestic Product 114,702 148,488 217,389
(100.0%) (100.0%) (100.0%)

i. Farming, Forestry 302 483 534
and Fishing { 0.2%) ( 0.3%) ( 0.3%)
2. Mining 368 565 1,510
( 0.3%) { 0.4%) ( 0.7%)

3. Industry, Manufacturing 30,905 39,521 58,617
( 21.7%) { 26.6%) (27.0%)

4. Construction 5,300 6,424 11,933
' { 4.7%) ( 4.3%) { 5.3%)

5. Eleclricity 859 955 1,263
{ 0.3%) { 0.6%) { 0.6%)

6. Commerce, Restaurants 34,059 42 466 55,786
and Hotels {31.3%) (28.6%) (25.7%)

7. Transport, Warehousing 6,408 10,487 17,295
and Comnunications { 5.7%) ( 7.1%) { B.0%)

8. Financial Services, 9,487 . 11,02t 13,998
Insurance and Real Estate ( 8.3%) { 7.5%) { 6.2%)

9. Community, Social 23,482 36,566 56,453
and Personal Services { 21.0%) { 24.0%) ( 26.0%)

Sources : Anuario Estadistico del Distrito Federal, 1984 and JICA

2. State of Mexico o
{Unit: N$ million at 1993 prices)

Activities 1970 1975 1980

Gross Domestic Product 17,465 29,111 47,249
{ 100.0%) { 100.0%) ( 100.0%)

1. Farming, Forestry and 1,076 1,590 2,256
Fishing ( 6.2%) ( 5.5%) { 4.8%)

2. Mining 69 127 208
( 0.4%) ( 0.4%) { 0.4%)

3. Industry, Manvfacturing 8.404 11,509 17,983
{ 48.1%) ( 39.5%) { 38.1%)

4, Construction £,130 2,555 3,932
{ 6.5%) ( 83%) { 8.3%)

5. Electricity 173 349 485
( LO%) ( 1.2%) ( 1.0%)

6. Comunerce, Restaurants 2,843 6,026 11,197
and Hotels ( 16.3%) { 20.7%) ( 23.7%)

7. Transport, Warchousing 713 1,504 2,662
and Commuasnications { 4.4%) { 5.2%) { 5.6%)

8. Financial Services, 1,514 2,147 2,881
Insurance and Real Estate { 8.6%) ( 7.3%) ( 6.1%)

9. Community, Social and 1,483 3,304 5,645
Personal Services ( 8.5%) ( 11.4%) ( 12.0%)

Note: GDP of the study area is assumed to be 50% of that of the entire area.
Sources: Anuario Bstadistico det Distrito Federal, 1984 and JICA
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Land Subsidence along Gran Canal
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Fig. A8 Land Subsidence along Gran Canal for the Last 5 Years
_ (1985 to 1990) |
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Monthly Average Air Temperature in 1989
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Fig. A9 Monthly Average Air Temperature and Average Monthly Rainfall
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APPENDIX B WASTEWATER GENERATION
1. Water Consumption
1.1 Water Resources

1.1.1 Water Resources of the AMCM Area

Metropolitan Area of Mexico City (AMCM) consists of entire D.F. Mexico and
17 municipalities of Mexico state. Seven (7} municipalities are same as that of

study area (ref Appendix A, section 1). Existing water sources in AMCM are

classified into three (3) categories; groundwater of Mexico Valley and Lerma

Valley, spring water of Magdalena and river water of Cutzamala (refer Fig B.1)

Based on the annual report of water for D.F. Mexico "Agua 2000 Estrategia

para la Ciudad de Mexico {Agua 2000)", existing iotal capacity of water sources
of Metropolitan Area of Mexico City (AMCM) is estimated to be 59.0 m3/sec

and the quantity of cach water source is as follows:
(unit : m3/sec)

Water Source D.E. Mexico Mexico State Total
Groundwater of
Mexico vailey 21.7 19.0 ' 40.7
Groundwater of
Lenna 4.9 1.0 59
Valley
Spring water of
Magdalena 1.1 0.5 Lo
River water of
Cutzamala 1.6 3.2 10.8
Total 35.3 23.7 59.0

AMCM consists of entire DUF, Mexico and 17 municipalities of Mexico State. Existing and

future population in the year of 1993 and 2000 in 17 municipatitics of Mexico Statc is

estimated to be 8.0 million and 11.57 million.

The annual report of Agua 2000 has proposed the future development plan of
gach water source till 2000, which is shown in Table B.1. Based on the annual

report of Agua 20(0), the capacity of Cutzamala water source will be increased
by 8.0 m3/sec in 1994 and 6.0 m3/sec in 1998. Hence in Yr. 2000, the
* capacity of Cutzamala water source will be increased to 24.8 m3/sec. However

the amount being withdrawn from groundwater in the D.E. will be reduced by



7 m3/sec in 1994 and further 6 m3/sec in 1998. While Mexico State plans to
increase groundwater withdrawal of 1.0 m3/sec in Mexico Valley from 1994.
Hence in Yr. 2000, the capacity of groundwater source in Mexico Vatley will be
reduced to 28.7 m3/sec,

From the above discussions, the total capacity of available water sources for
AMCM in the year 1994 is found to be 61.0 m3/scc. AMCM consists of D.F.
and 17 municipalities of Mexico state. Table B.1 shows that water supply
available in D.F, is 36.3 m3/sec in the year 1997 and 2010 and water supply
available in Mexico state is 24.7 m3/sec in the year 1997 and 2010.

Water Resources of the Study Area

The municipalities of Mexico state included in AMCM and study arca are not the
same. As mentioned in the Appendix A, section 1, seven (7) municipalities of
the Mexico state covered in the study area are included in the boundary of
AMCM. The remaining eight (8) municipalities of Mexico state covered in the
study arca are located outside AMCM. These cight (8) municipalities are listed
below.

Amecameca, Ayapango de gabriel R.Millan, Cocotitlan, Jilotzingo,
Juchitepee, Temamatla, Tenango del Aire and Tlamanalco

Total existing (Yr, 1993) and future estimated (Yr. 2015) population in these
eight (8) municipalities is 95,600 and 129,300 respectively. The existing and
future estimated population of these eight (8) municipalities are rather small
compared to the population in other municipalities of the Study Area. The
population, of these eight (8) municipalities, is about 2.0% and 1.7%, of the
total population of the Study Area in Mexico State, in the year 1993 and 2015
respectively. Hence the effect of the population of the above mentioned eight
(8) municipalitics on the water sources of AMCM is ncgligible.

Thus for studying the available water resources in this project, population of
these eight (8) municipalities is included in AMCM.

Existing and future estimated population of the Mexico state, in the 'Study Area
and in AMCM is compared, as shown below.



Year Population (million) Ratio

{A) Study Area (B} AMCM (A)/(B) (%)
1993 4.76 8.60 59.5
1997 5.61 992 56.6
2000 3.90 11.57 51.0

‘The ratio of population in the Study Area to that of AMCM is decreasing from
59.5% in 1993 to 51.0% in 2000. In other words the trend is of increasing
proportion of population in the ten (10) municipalities of AMCM which are not
included in the study area.

The existing water supply provided in the study area of Mexico state is
16.59 m3/sec which amount to 70% of the total capacity (23.7 m3/sec) of the
available water sources in Mexico state in AMCM. Now assuming that in
future, for allotting the proportion of water supply to the study area of Mexico
state, the trend of population decrease will be followed. The expected available
capacity of water sources, in the study area of Mexico state, for the year 1997
and 2000, is described below.

Year Available Water Ratio of Study Areato AMCM Water Supply in
Source in Mexico (%) Mexico state
state (AMCM) {Study area}
(m3/sec) Population Water Supply {m3/soc}
1993 237 50.5 70.0 16.59
1997 247 56.6 66.6 : 16.45
2000 24.7 51.0 60 14.82

Hence total available capacity of water sources in the Mexico state of study area
is estimated to be 16.45 m3/sec and 14.82 m3/sec for the year 1997 and 2000
respectively. And total available water sources in D.F. is estimated to be
36.3 m3/sec for the year 1997 and 2000.

1.2 Existing Water Supply
1.2.1 D.F. Mexico

The water supply in D.F. Mexico is being provided by DGCOH through pipe
distribution system. This pipe distribution system covers the entire area of
D.F., ie., 1,342 km2, having population of 8.66 million (Year 1993). In
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other words, the area belonging to D.F. in the stady area is fully covered by
pipe distribution system.

The total amount of water supply being distributed in D.F. in the year 1993 is
found to be 35.30 m3/sec. Hence unit per capita water supply in the year 1993
is calculated as 352.1 Ipcd. The proportion of water supply, being used for
domestic use, commercial and institutional use, industrial use and water
leakage, are summarized below.

Water Use Wate:r Supply (m%/sec) | Proportion of Water Use (%)
Domestic _16.88 47.8
Commercial & Institutional : 405 11.5
Indusirial 3.78 10.7
Water Leakage 10.59 : . 30.0
Total 35.30 100.0
Mexico State

In the Mexico state, water supply through pipe distribution system is being
provided by four (4) organizations namely; CNA (National Water
Commission), CEAS (State Committec of Water Supply and Sanitation),
Municipality and Private Sector. As mentioned earlier, study area consists of
fifieen (15) municipalities of Mexico state. The amount of water supplied, in
the year 1993, by the above mentioned four (4) organizations, in these fifteen
(15) municipalities of Mexico state, is described in Table B.2.

In the municipality of Cocotitlan, Jilotzingo and Temamatla, the water supply is
provided by municipality only. The water supply in the remaining 12
municipalities is provided by CNA, CEAS and municipality itself. In four {4)
municipalities of Atizapan de Zaragoza, Ecatepec, Naucalpan and Tlalnepantia,
private companies have their own well to get water for their own purposes.

The proportion of water supply by these four (4) organizations is described
below:

CNA : 41.9 %
CEAS : 200%
Municipality 29.7 %
Private : 84 %



The 15 municipalities are not fully covered by the pipe distiibution system. The
service ratio and service population c_overed' by the pipe distribution system
along with water supply quantity and unit per capita water supply, for each
municipality in the study area, are described below.

Municipality Population | Service Service Waler Unit per
in 1993 Ratio (%) | Population { Supply capita water
(m’/sec) | supply (Iped)
Amecameca 38,100 90 34,250 0.07t 178.9
Atizapan de
Zaragoza 330,700 96 317.472 1,493 406.3
Ayapango de
Gabricl R.millan 4.400 90 3,960 0.017 370.9
Cocaotitian 8.500 o0 7.650 0.022 248.5
Chalco 296,800 95 281,960 0.611 187.2
Ecatepec 1,022,300 89 909,847 3,848 365.4
Huixquilucan 138,400 89 123,176 0.657 460.8
Jichitepec ' 5,100 o 4,590 0.021 30953
Juchitepec 4,200 90 3,780 0.017 388.6
Naucalpan 825,200 98 808,696 3.439 367.4
Nezahualcoyotl 1,317,800 97 1,278,266 -3.284 222.0
Temamatla 5,600 90 5,040 0.020 342.9
Tenango del Aire 6,500 90 5,850 0.036 531.7
Tlaimanalco 23,200 90 20,880 0.071 - 2938
Tlalnepantla 737,300 98 722,554 2.983 356.7
Total 4,764,100 95 4,528 011 16.590 316.6

The unit per capita water supply ranges from 178.9 lpcd (Amecameca
municipality) to 531.7 lpcd (Tenango del Aire municipality), with an average of
316.6 Ipcd.

The population of 236,089 which is not covered by pipe distribution system,
gets water supply through water truck. Hence effectively the total water supply
of 16.59 m3/sec is being distributed in the population of 4,764,100. Thus
average unit per capita water supply in the Study Area of Mexico State is
calculated as 300.9 lpcd.

1.3 Future Water Supply

From the discussions of foregone sections, the total available water supply, in the
study area for D.F. and Mexico State, in the year 1993, 1997 and 2000, is

summarized below.



Year  Available Water  Supply (m3/sec)
‘D.F, Mexico State (Swudy area)
1993 353* 16.59
1997 36.3* 16.45
2000 36,3* 14.82

# Ref. Table B.1

The population in the year 1997 and 2000 for D.F. and Mexico state (study area)
is summarized below.

Yex | Population

D.F. Mexico State (Siudy area)
1993 8,662,600 4,764,100
1997 9,277,200 5,612,900
2000 9,776,600 5,898 600

Taking into account the forecasted population for the year 1997 and 2000 in D.F.
and Mexico State (study area), the unit per capita water supply in D.F. Mexico
and Mexico Statc::' (study area) are estimated as follows.

{Unit : Ipcd)
1993 1997 2000
D.F. Mexico 3521 3381 320,
Mexico State 3009 2532 217.1

Unit per capita water consumption is estimated by subtracting the amount of water
leakage from the unit per capita water supply.

At the existing conditions, water leakage is found to be 30% in D.F. (ref.
Appendix B, section 1.2.1) and 35% in Mexico state, of the total water supply.
However JICA Study Team has assumed that existing water leakage condition
will improve in future. The percentage (%) of leakage amount to total water
supply amount in future is assumed as shown below.

(Unit : %)
1993 1997 2000
D.F. Mexico 30 28 28
Mexico State 35 30 30
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Then existing and future unit per capita

water consumption are estimated as

follows.
(Unit ; 1pcd)
1993 1997 2000
DLE, Mexico 240.5 2434 230.5
Mexico State 195.6 177.2 152.0

Unit per capita water consumption in 2015 of both D.F. Mexico and Mexico State
are assumed same as those in the year 200{.

Future water consumption in both D.F. Mexico and Mexico State are estimated by
multiplying per capita unit water consumption with population served. Future
water consumption in 1997, 2000 and 2015 are shown below.

(Unit : m3/sec)

D.F. Mexico Mexico State Total
1993 241 10.79 35.50
1997 26.14 11.51 37.65
2000 26.14 10.38 36.52
2015 34.08 13.30 47.38

Wastewater Generation
Quantity of Wastewater

Wastewater generation is assumed to be the same amount of water consumption,
Hence the total wastewater generation for the Urgent Project (Yr. 1997) and the
Final Project (Yr. 2015) is estimated to be 37.65 m3/sec and 47.38 m3/sec
respectively. The breakdown is shown below.

(Unit : m3/sec)

D.F. Mexico Mexico State Total
1993 24.71 10.78 35.50
1997 26.14 1151 37.65
2015 34.08 13.30 4738




2.2 Quality of Wastewater

No data regarding unit pollution load generation in D.F. Mexico and Mexico State
is available. JICA Study Team has estimated the existing unit pollution load
discharge based on the characteristics of Gran Canal (ref. Appendix C).

Water quality data of Gran Canal at the station of San Cristobal, which is located
near the proposed treatment site is available for five (5) years from 1989 to 1993.
Seasonal average of BODs and S8, for five (5) years are shown below.

Year BOD; (mg/l) $S (mg/)
Dry Season. | - Rainy Scason Dry Seaéon Raiﬁy Season

1989 194 ' 160 169 178

1990 223 252 181 290 .

1991 241 212 190 238

1992 235 199 239 196

1993 233 178 196 408
Average 225 200 195 262

Not much fluctuation of water quality, in terms of BODs and S8, in dry and rainy
seasons, has been observed. Average BOD:s in dry season is about 12.5% higher
than that of rainy season. And average SS in rainy season is about 34.4% higher
than that of dry season. These fluctuations do not much affect the designing of

wastewater treatment plant.

Annual average BODs and SS of Gran Canal at the station of San Cristobal are
defined as existing water quality of Gran Canal. The figures are as follows.

BODs : 215 mgh
SS i 230 mg/

In this study, pollution loads of commercial and institutional, and industry are
considered to be included in domestic pollution load as unit per capita pollation
load.

To estimate unit pollution load, the quantity of wastewater discharged to Gran
Canal is estimated. '

Wastewater Generation : (Ref. Appendix B, section 2.1)
D.F. ;2471 m3fsec
Mexico state 10.79 m3/sec



Existing sewerage service population ratio :  (ref. Appendix D, section 1.1.1

and 1.1.2)
D.F. : 94 9%
Mexico state : 85 %
Discharged wastewater
D.E. Mexico : 24.71 m3fsec x 94 % = 23.23 m3/sec
Mexico State ¢ 1079 m3/sec x 85 % =  9.17 m¥/sec
Total : 32.40 m3/sec

At present about 2.97 m3/sec of wastewater is being treated by existing treatment
plants. About 2.30 m3/sec of treated water is being reused for irrigation purpose
and 0.67 m3/sec is being reused for industrial purpose. Reused wastewater of
0.67 m3/sec for industrial purpose is discharged again to sewerage system, i.e.,
to Gran Canal with same quality of other municipal wastewater. However treated
water being reused for irrigation purpose is not returning to the sewerage systen.

Hence total discharged quantity of wastewater to Gran Canal is calculated as
follows:

32.40 - 2.30 = 30.10 m3/sec

Besides municipal wastewater, Gran Canal receives sludge from the existing
wastewater treatment plants. Hence existing treatment plants are one of the
pollution load generation sources.

From the material balance of BODys for Cerro de la Estrella, it has been found that
BQDs of sludge is 45% of the influent BOD5 and S§ of sludge are 80% of the
influent SS.

BODs of the municipal wastewater (BOD) is calculated as follows:
30.10xBOD+2.97 x 45 % x BOD =30.10x 215
Hence BODs = 206 mg/l
Similarly SS in the municipal wastewater are estimated as 213 mg/l.

As described in Appendix B, section 1.3 unit per capita water consumption (unit
per capita wastewater generation) for D.F, and Mexico State are 246.5 Ipcd and
195.6 Ipcd respectively.



Hence unit per capita pollution load of BODjs and S8 in D.F, Mexico and Mexico
State are shown below.

: BODs ' SS
D.F. Mexico 50.8 g/ed 52.5 gfed
Mexico State 40.3 gfcd 41.7 gfed
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Table B.2 The Amount of Watcr Supplied by Different Organizations in Mexico State

Mumicipality CNA State Municipality Privaie Total
m_/s m- /s m3 fs m3 /s m3 /s
17. Awmecameca 0.002 .042 0.027 0.000 0.071
18, Alizapan de Zaragoza - 0.716 0.003 (.389 0.383 1.493
19, Ayapango dé G.R.M. ¢.010 0.006 0.001 0.000 0.017
20. Cocotitlan 0.000 0.000 0.022 0.000 0.022)
21. Chalco 0.024 0.000] - 0.387 0.000 0.611
22. Ecatepec 0.781 0.408 2.348 0.311 3.848
23. Huixquilucan 0.458|__ 0.000 0,199 0.000 0.657
24, Jilotzingo o 0.000 0.000 0.021 0.000 0.021
25. Juchitepec 0.607 0.007 0.003 - 0.600 0.017
26. Naucalpan 1.302 1.002 0.690 0.445 3.439
27. Nezahulcoyotl 1467 1.817 0.000 0.000 3.284
28. Temamatla 0.000 0.000 0.020 0.000 0.020
29. Tenango del Aire 0.015 0.014 _0.007 0.000 0.036
30. Tlalmanalco _0.000 0.019 0.052 0.000 0.071
|31, Tialnepantia 2,169 0.000 0.559 0.255 2,983
Total .
" 6.951 3.320 4.925 1.394 16.590
41.9% 20.0% 29..7% 8.4% 1060%
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APPENDIX C WATER ENVIRONMENT

i.

2.1

River Networks

The study area has two types of rivers; Natural rivers and Canals for drainage as
shown in Fig. C.1. The major Natural rivers are La Picdad river, Churbusco
r_iver, Remedios river, Consulado river, Magdalena river, San Buenaveniura
river, National Canal of Chalco. The major canals for drainage are Gran canal,
Emisor Central and Emisor Poniente. The maximum flow rate observed in these
rivers and Canals are mentioned in Table C. 1.

With the urbanization of Mexico city the characteristics of many Natural rivers
have changed. Most of the existing rivers are being utilized as a part of drainage
system for wastewater. As a result many rivers are converted to either closed
rivers or open sewers. Also the Tula river on downstream, which receives the
discharge from these rivers, has been polluted. The characteristics and the uses
of various rivers have been described in the subsequent sessions.

River Water Quality
Natural Rivers_

The River water quality has deterioratéd substantially due to the wastewater
entering from the surrounding areas. River water Quality for La Piedad river,
Churbusco river and Remedios river, in terms of BODs, S8 and total Coliforms
has been described below:

River BODs SS Total Coliforms
(g (mgM) (No./100mb)
La Piedad 100-125 50-100 5.00 E+07
Churbusco 250-300 220-225 2.00 E+07
Remedios 200-250 300400 5,00 E+07

The river quality variation in dry and rainy season was studied with respect to
BODs, 8S and Coliforms. As shown in Fig. C.2, not much variation in the
water quality was observed except total coliforms of La Piedad river. High
BODs, $S and Coeliforms concentration indicate that these rivers are no longer
suitable for the conventicnal uses. lLa piedad river and Churbusco river have
been converted to box culvert and are closed rivers, to avoid bad smell and other
environmental hazards, Consulado river is also closed river. San Buenventura
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river and Nationat Canal of Chalco have also high concentration of BOD3, 58 and
Coliforms.

The untreated wastewater discharged to downstream Tula river has caused very
serious environmental impact in that area. The river after receiving wastewater
has BODjs as high as 50-70 mg/l, DO about 0 mg/l and Coliforms as high as 5.00
E+07 No/100 ml. The area has very bad smell'of sulfide and foam of detergents
could be seen flying around the area. This situation could lead to serious

“environmental impacts on the inhabitants of the area and has already resulted in

the ocutbreak of water borne disease.
Drainage Canals

Gran Canal, the major drainage canal accepts discharges from most of the
interceptors and small rivers. The water quality in the dry season, in terms of
BOD, 88 and Coliforms is shown in Fig, C.3. It is evident from the Fig. C.3 that
Gran Canal carries high concentration of BODs, §S and Coliforms. The BODs
load being discharged to Gran Canal has increased in the last five (5) years
however concentration of SS is almost same. Gran Canal San Lazaro, the
starting point has comparatively lower concentration of BODs and S$ but at Gran
Canal AV. Central, after receiving discharges from Remedios river and other
small rivers and interceptors, pollution load is increased considerably and high
pollution load is discharged to Tula irmigation area.

Emisor Central, another major drainage canal which was initially planned to carry
storm water is being used for carrying wastewater also. The major reason is that
due to Land Subsidence problem, drainage capacity of Gran Canal is reduced and
flow has to be diverted to Emisor Central. Emisor Central is Closed tunnel and
water quality is being checked only at the effluent point. As shown in Fig. C4,
Emisor Central also carries high pollutants with BODs of 150-200 mg/l, 5S of
200-300 mg/l and Coliforms as high as 2.0 E+07 No/ 100 ml. Not much
dilution was observed in rainy season, in fact suspended solids were found to
increase. The probable reason is that settled sediments in the dry season gets

resuspended with larger flows in rainy season.

Emisor Poniente is closed tunnel carrying wastewater and water quality is not

being monitored.



River Uses

As most of the existing rivers are being utilized as a part of drainage system for
wastewater, hence to get clear picture of river network and their uses,
understanding of drainage system is necessary. The drainage system is a
combined system which carries rain water as well as wastewater. The discharge
from study area is carried towards Tula irrigation area through canals, open
channels and closed rivers as shown in Fig. C.1. The wastewater discharged in

the study area is collected through interceptors and small rivers, Churbusco river,

La Piedad river, Consulado river, Remedios river, San Buenventura river and
National Canal of Chalco are being utilized to carry wastewater. La Piedad river
has already been converted into box culvert and discharges into Gran Canal.
Consulado river is also closed river and discharges wastewater to Emisor Central
through Central interceptor. A portion of discharge from Churbusco river is
treated at Texcoco Lake Treatment Plant and is used for recreational purpose at
Texcoco lake. The remaining wastewater is discharged to Gran Canal. Remedios
river accepts wastewater from various interceptors and discharges to Gran Canal
and Emisor Central. San Buenventura river and National Canal of Chalco also
discharge into Gran Canal. Emisor Poniente, the oldest in D.F. area, is another
major wastewater carrying canal. Emisor Poniente initially carries wastewater in
tunnel and then as open channel. Basically wastewater discharged in study area is
being carried by Gran Canal, Emisor poniente and Emisor central. Emisor
Central and Emisor Poniente discharges to Tula river through Salto river and
Gran Canal discharges to Tula river through Salado river. In dry season
wastewater is carried by Gran Canal only whereas in rainy season wastewater is
divided to Emisor Central and Gran Canal through discharge gates. Only
Magdalena river is being used for potable water supply after treatment.

Ground Water Quality and Use

Ground water is the major source of water supply and about 847 wells exist in the
study area. Ground water depth varies from 50 m to 400 m. No organic
pollution was observed. The major problem in Ground water quality is due to Fe
and Mn ions. The main reason is due to high concentration of these ions in the
soil itself. In few Ground water wells high NHz content was observed and is
treated by nitrification and filtration process. Ground water is being used mainly
for water supply purpose and very few wells are being used for irrigation

purpose.
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6.1

Water-borne Disease

As described in the previous sections, untreated wastewater generated in s'tudy
area is being carried to Tula in‘igation arga and has deteriorated the _watér quality
of Tula river. The untreated wastewater is being used for irrigating about 125000
ha of area. The major irrigation areas of this untreated wastewater covers the
states of Mexico and Hidalgo as shown in Fig. C.5. This wastewater irrigation
network incorporates the rivers and dams in their vicinity. The irrigation network
includes Rio Tula (Tula River), Salado River; Requena Dam, Endo Dam and

. Zumpango Lake. These rivers including the irrigation canal are visibly polluted.

They are black in color and emanate offensive odor.

Due to the public health concern of the consiumers of agricultural products and
high prcvalcnce of Ascariasis infection in these wastewater irrigation areas, crops
that cohld be produced are restricted to those that are, not traditionally consumed
raw, and are feed for livestock/animal husbandary. This administrative restriction
on cropping practice was introduced two (2) years ago by CNA (National Water
Commission). '

Environmeniaily deteriorated situation has led to breakout of water borne diseases
in that area. Cases of Water bome diseases in Tula irrigation area is compared
with that of Federal District and State of Mexico. The details are shown in Table
C.2.

Federal District where irrigation with untreated wastewater is not practiced in any
District, the total cases of waterborne disease are only 106, whereas the Mexico
State with only one municipality, Tecamac, in which untreated wastewater is
being used for irrigation, has 2,795 cases and Tula irrigation area in Hidalgo state
where untreated wastewater is being used extensively, the water borne cases are
as high as 5,696. The above mentioned cases of waterbome disease are for every
100,000 persons.

Water Quality Standards
Water Quality Standards for the Preservation of Waier Environment

Water quality standards related to the preservation of water body environment
have not been established. Only water quality standards related to effluent
discharges from industries have been established, without giving proper attention
to the municipal wastewater being discharged to rivers. As a result most of the
rivers in D.F, area are functioning as open sewers.



6.2 Water Quality Standards for the Reuse of Treated Water

The shortage of water resources has created the necessity to reuse the treated
water in D.F. At present 16 wastewater treatment plants are being operated to
treat 2.6 m3/sec of wastewater with the objective of reusing the treated water.
Various regulations on National basis as well as on D.F. basis, regarding the
quality of wastewater to be reused; have been established. These regulations are

summarized below.

(1) Regulations for water reuse in Federal District (Reglamenio para el Reuso
del Agua en el Disirito Federal 1987).

In 1987, DGCOH has established the Standards related to the guality of the
wasiewater to be reused in D.F. The reuse of wastewater has been
classified into the following seven categories.

A) Groundwater Recharge
- Direct injection
- Infiltration

B) Parkirrigation

C) Irrigation of crops to be Consumed by human
- Crops 10 be eaten raw
- Crops to be eaten cooked

D) Recreational purpose
- With Contact
- With no Contact

E) Irrigation of crops to be Consumed by animals
F)  Wastewater to be consumed by animals
G) Industrial purpose

The reuse standards cover physical, chemical and biological parameters.
Depending on the type of reuse, the maximum permissible limit for about
192 parameters has been prescribed. The major parameters of concern and
their maximum limits are described in Table C.3.



(2) Mexican Official Standard Nom-CCA-032-ECOL/1993.

3)

This law developed by Social Development Secretariat (SEDESOL), states
the maximum permissible limits of pollutants in the niunicipal wastewater
which is to be disposed as agricultural irrigation waters. The Agriculiure
and Hydraulic Resources Secretariat through its National Water
Commission (CNA) is responsible to supervise the fulfiliment of the present
standards. The parameters concerned and their maximum limits are shown
in Table C.4.

In case organic toxic and heavy metals, Mexican official standard Nom
CCA-001-ECOL/1993 is to be followed. Nom CCA-001-ECOL/1993 states
the maximum penmissible limits of poliutants in wastewater discharge from
thermoelectric centers. '

Mexican Official Standard Nom-CCA-033-ECQL/1293

This law, also developed by Social Development Secretariat (SEDESOL),
dictates the maximum permissible limits of bacteriological parameters in the
municipal wastewater to be used for the irrigation of vegetables and fruits.
The Agriculture and Hydraulic Resources Secretariat through its National
Water Commission is responsible to supervise the fulfillment of the present
standards.

Based on the bacteriological parameters (Total Coliforms and Helminth
eggs) present, water has been classified into four types as shown below:

Type of Waier Total Celiforms/100 m! Helminth eges/L
I < 1000 none
I 1-1000 1
I 1001-160,000 -
v > 100,000 -

Vegetables and fruits considered under this law are categorized into two
categories.

Category A: Beet, garlic, celery, cress, sugar beet, broccoli, onion,
coriander, cabbage, cauliflower, wormseed, spinach, bean,
mushroom, mint, lettuce, papalo, parsley, radish, carrot,
gherkin pickle, cucumber, gourd, tomato, green tomato,
strawberry, jicama, lemon watermelon and blackberry.



Category B:  Includes category A and the rest of the vegetables and fruit.

Based on the type of irrigation and type of water, minimum interval between
last irrigation and harvest and type of crops permitted, have been specified.
The Table C.5 describe the restriction about the crops to be grown,

Proposed Efftuent Quality Standards for the Water Bodies io be
Used for Irrigation

At present raw wastewaier is being used for irrigation purpose and has cansed
serious environmental hazards in that area. After studying the characteristics of
Tula river, the study team has proposed Effluent Quality Standards for the water
bodies to be reused for irrigation. The proposed standards have been developed
based on the treated water quality standards, required for the crops to be eaten
raw, as prescribed in the existing standard "Regulations for water reuse in Federal
District (Reglamento Para ¢l Reuso del Agua en el Distrito Federal 1987). The
proposed standards are described below:

Parameter Maximum Permissible Limit
BODs (mg/) 20
TSS (mgh) 30
Coliforms (No/100 ml) 1,000

The Tula river which will be used for irrigation purpose should meet the above
mentioned standards. After irrigation further above mentioned parameters may be
removed and the effluent is discharged to Moctezuma river. The basic concept is
that Tula river has been considered as irrigation canal and further downstream

river, i.e., Moctezuma river is considered as Natural river.



Table C.] Maximum Flow Raie Observed in Rivers and Canals of the Study Area

~ Name of River/Canal Flow Rate ( m> fsec 3
LaPiedad River _ 15
Chu_rubusco River 90
Remedios River 250
Consulado River M
Ma=gdalena River | 1.0
San Buella\;entura River ' 100
Chalco Canal 20
National Canal 0
Emisor Central : 220
Gran Canal 100
[Emisor Poniente ' 80




Table C.2 Comparison of Incidence of Water-Borne Diseases
in the Study Area and in the District of Tula,
the State of Hidalgo

1. Federal District (1990)

Name of Diseascs Total No. of No. of Cascs/

' Cases 100,000 Pop.
1. Typhoid and Paratyphoid 90 1
2. Amebiasis 435 5
3. Intestinal Infectious Diseases 5,161 70
4, Tuberculosis 88 1
5. Chickenpox 63 1
6. Measles 1,461 18
7. Parasitic Diseases 818 10
Total 8,716 © 106

Source : Informacion Estadistica del Sector Salud y Scguridad Social, 1993,
INEGI

2. Mexico State (1992)

Name of Diseases Total No. of No. of Cases/

Cases 100,000 Pop.
1. Intestinal Diseases 165,132 1,597
2. Amebiasis 82,460 797
3. Ascariasis 22,351 216
4, Dermatomycosis and Dermatophytosis 9,877 96
5. Chickenpox 9,182 89
Total 289,002 2,795

Source : Anuario Estadistico del Estado de Mexico, Edicion 1993, INEGI

3. District of Tula, Hidalgo State (1993)

Name of Diseases Total No. of No. of Cases/

Cases 100,000 Pop.
1. Intestinal Discases 10,895 2,503
2. Amebiasis 7.331 1,684
3. Ascariasis 2,547 585
4. Dermatomycosis and Dermatophytosis 1,053 242
5. Oxiuriasis 893 205
6. Chickenpox 858 197
7. Scabies 787 181
8. Paratyphoid and Other Salmonellosis 430 99
Total 24,794 5,696

Note: District of Tula: An irrigation disirict with the 1993 population of 435,350
incorporating the Municipalities of Tepeji del Rio, Tula, Antotonico,
Atitalaquia, Tlaxcoapan, Tiahuelilpan, Tezontepec de Aldama,Tepetitlan,
Mixquiahuala, Progreso de Obregon, Francisco I. Madero, San Saivador,
Ajacuba, Teiepango, El Arenal and Octopan.

Source : Jurisdiccion Sanitaria No, 3 Tula de Altende, HGO

c-9



Table C.3 Maximum Limits of Parameters in the Treated Water to be Reused (Reglamento para el Reuso del Agua en el Distrito Federal, 1987)
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Table C4  Maximum Permissible Limit of Pollutants in the Treated Water to be Used
for Irrigation (Nom-CCA-032-Ecol/1993)

s o

Parameter

Maximum Permissible Limits

pH |
Electric Conductivity (Micromhos/cmn)
Biochemical Oxygen Demand (BOD) (mg/)
Total Suspended Solids (TSS) (mg/l)
Alamirum (mg/h)

Arsenic (mg/l)

Boron (mg/1)

Cadmium (mg/)

Cyanides (mg/1)

Copper (mg/)

Total Chromium (mg/)

Iron (mg/l)

Fluorides (mg/l)

Manganese (mg/l)

Nickel (mg/l)

Lead (mg/)

Selenium (mg/h)

Zinc (mgA)

6.5 to 8,5
2,000
120
120
5.0
0.1
1.5
0.01
0.02
02
0.1
5.0
3.0
02
0.2
5.0
.02
2.0




Table C.5  Restriction on Growing Crops with Treated Water
(Nom-CCA-033-ECOL/1993)

inimImcrv(Das)ﬁ ' :
Type Type of Water | between Last Trrigation and Crops Not Allowed
of Irrigation Harvest
T e Em s R Zn———

I 20 ‘Those mentioned in category A,
except garlic, bean, ghetkin
pickle, cucumber, jicama, melon
and watermelon.

Flooding It 20 Those mentioned in category A,
: except melon and watermelon.

m 20 Those mentioned in categbry A.

v 20 Those mentioned in category B.

1 15 Those mentioned in category A,
except garlic, bear, cucumber,
gherkin pickle, jicama, melon
and watermelon; and green
tomato as well.

20 Free crop
Furrow .

1T 20 Those mentioned in category A,
except garlic, cucumber jicama,
melon and watermelon; and greent
tomato as well.

20 Those mentioned in category A,
J{H except melon and watermelon,

20 Those mentioned in category B.
v

1 20 Those mentioned in category A,
except garlic, cucumber, gherkin
pickle, jicama, melon and

Spray walermelon.
I 20 Those mentioned in category B.
HI
v
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APPENDIX D






APPENDIX D SEWERAGE SYSTEM
1. Service Area and Service Population

In the Study Area, municipal wastewater is collected by combined sewerage
system. Existing and future sewerage system in the Study Area of D.F. Mexico
and the Mexico State is described in the subsequent sections.

1.1 Existing Sewerage System
1.1.1 D.F. Mexico
(1) Service Area

The existing sewerage system covers about 71% of the administrative
area. The total area covered by the existing sewerage system is
956.11 km?, as shown in Fig. D.1. Existing service area of each district
is shown in Table D.1.

Among 16 districts located in the Study Area, the eight (8) districts which
are located in the central area of D.F. Mexico, are entirely covered by
existing sewerage system. These eight (8) districts with 100% areal
service ratio are mentioned below:

Alvaro Obregon, Azcapotzalco, Benito Juarez, Coyoacan, Coauhtemoc,
Iztacalco, Mibuel Hidalgo and Venustiano Carranza

Districts of G.A.Madero, Iztapalapa, Tlahuaqge and Xochirilco, which are
located surrounding the above mentioned eight (8) districts, more than
80% of the administrative area is covered by existing sewerage system.
Remaining four (4) districts of Cuajimalpa, Magdalena Contreras, Tl'alpan
and Milpa Alia have low sewerage service area with a service ratio of 20%
to 60%. They are located at the fringes of D.F. Mexico. In these four (4)
districts, according to Land use conditions (1987), ecological
conservation area constitutes more than 60% of the total administrative
area.

(2) Service Population

Existing sewerage system covers about 94% of the total population of
8.66 million in the Study Arca of D.F. Mexico. The entire population of
the above mentioned eight (8) district with 100% areal service ratio is



covered by existing sewerage system. G.A. Madero with 95% areal
service ratio has hilly area in the north with no inhabitants and effectively
entire population is being served by sewerage system. In other words
G.A. Madere, with 95% arcal service ratio has 100% popu:lation service
ratio. In Tlahvac and Tlalnepantala district, 90% of population is covered
by existing sewerage system. The lowest population service ratio of 30%
is observed in Milpa Alta district. 'Fig. .2 shows the regional
distribution of population service ratio for each district.

1.1.2 Mexico State

(1)

@

Service Area

The existing sewerage system covers about 42% of the administrative
arca. The total area covered by the existing sewerage system is
584.26 km? as shown in Fig. D.1. Existing service area of each
municipality is shown in Table D.1. The area covered by sewerage
system in each municipality, i.c., areal service ratio varies from 15-95%.
The highest service ratio of 95% is observed in Nezahualcoyotl and
Tlainepantla municipalities followed by Naucalpan municipality with
service ratio of 90%. The lowest service ratio of 15% is observed in the
cight (8) municipalities. These eight (8) municipalities are mentioned
below:

Amecameca, Ayapango de Gabriel R.Millan, Cocotitlan, Chalco,
Juchitepec, Temamatla, Tenango del Aire and Tlalmanalco

Service Population

Existing sewerage system covers about 85% of the total population of
4.76 million in the Study Area of Mexico State. The highest population
service ratio of 95% is observed in Nezahualcoyotl and Tialnepantla
municipalities followed by Ecatepec and Naucalpan municipalities of
90%. The lowest population service ratio of 15% is observed in the
following five (5) municipalities:

Amecameca, Ayapango de Gabriel R.Millan, Cocotitlan, Temamatla, and
Thalmanalco

Percentage of existing sewerage service population for the each
municipality is shown in Fig. D.2.
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