





CHAPTER -V
WASTEWATER CONTROL SYSTEM
1. PRESENT CONDITIONS
1'.1 OUTLmE OF SYSTEMS

' ('1)' - Sewer connections T

| ':T'abl;el Vll | '_S_e_;w_e'r conncctlons :

' : TR Increase rate -

Year Numbprofconneclions _ (%)
S 1993 ol o894 - o f e
S L7 S TN X3 AT - X
C1995 . 1 9584 S T N |

1996 | - 9,972 39
1997 11,066 110

1998 | 12,037 88

(2) Sanitary sewer 'neMork

Table V 1.2 Length of exnstmg samtary sewer pipes (1998)

Plpe diamctler - Lenglh
Branch sewer (150 mmn—200mm) -~ - | - 146 km
Trunk sewer (250 mm — 900 mm) = 12.8 km

(3) | Pusﬁp étafions :
N 4 pump stations opcratc in the ex13lmg sewer nelwork, mmcly Canctc, El Portcno,
Floral and Aziruni (Salccdo)
@ -Wastew_a_tér treatnj'e_nt plants

~a) bspmar stablluahon lagoon -
b) Chanu Chanu (totora) treatment planl (rcatmcm capacny 41fs
S ©) Chejona (loiora) treatmcnt plant freatment. capacuy 5 l/s

. d) _UNA (lotora) freatment pllol p]ant lrcalmcnt capacity =8 Ifs

R



(5) On-site system

1.2

Two types of on-sile systems exist in the area.
1.Pit latrines

2.Scplic tanks
EVALUATION OF PRESENT comjrrtons o

Around 46 % of the raw wastewater generated in Puno City is collcclcd by the

“sanitary scwer syslcm “The Espmar treatment phni which treats more than 80 %

of the sewerage collected by the scwcr nclwork removes 70% of orgamc matter

- (BODy), 30 % of nitrogen (T- N) and 30 % of phosphorus (T-P) Tt dlsohargcs its

effluent fo lhc interior bay of Puno

~ On-site syslems ar‘c not common among the houses without sewer connections.

" The sullage and lcachalc from on-site sy'stems pollute. grouhd ;water: dmimge

- canals and small nvcrs with orgamc contammants such as mlrogcn phosphorus

. and carbohydratcs :

1.3

IDENTIFICATION OF PROBLEMS

(1) Low colicction r}iloofﬂwgs;cw:a_tor_ ,':

2 Brokéllcovér§ofscxverpits_' o e

- (3) Removal rate of nutrients at the Espinar stabilization lagoon

' Q) Ovorload of Chanu Chanu lfcairocn( pl-a"n-l:

(5) Inﬂow of ramwatcr to lhc collccuon nclwork

. (6) Lack of on-site systcms -



2. MASTER PLAN

2.1 TARGET AND STRATEGY
The main objeclives df_ sewerage system (levéldprllcnt in _Puno City are as follows

- Improvcment of publlc he’tllh through collection of wastewater

- Improvcmcnt of watcr quahty of pubhc \vatcrs cspccmlly Puno
S m{erior b'ly of Tmcaca hke

(1) Targets of Mast_er P!éh
- a) Targét year: 2025
| b) Targét lwaste\"valer:
- Domcstxc Wastcwater

- Commercml wastewater ,

- !nduslrial waslcwatcr
¢€) Target eo_v_c‘ra'gc of saﬁilary sewer 'sy'slé_m_: 8_5‘ % in ycaf'ZOZS_ i
(2) { Strategy 6f.Més'terrPian
é) Sewer systcni selection: : sepa‘ré.tc systelﬁ o
- bj Stéged implcr_m:ri_lalion: |

Firststage .| 1998-2008 < (Phasel) .

 Sccond stage - 2009-2015  (Phase2)

Thlrd stage RN '2016—‘2'02‘5‘_ N (Phasq 3)

2 2 PLANNING CONDITIONS |

221 PLANNING AREA

i - Area served by samtary sewer (zoncs 1 12 14) 2831 ha

. - Ar’c_a s_crved by on—s:te sanitation facgln_les (zoncsi3, 1_5, 16): 539 ha



2.2.2 POPULATION

Table V.2.1 Target service coverage of sanitary sewer

Present Phasc 1 Phase 2 | Phased
1998 2008 2015 2025
Sanitary sewer - 46 % 18 % 85%

0% |

Table V.2.2 | _Sgrféed popiu}latiq.r_g _by salniféry ls_e_.\ver_sfs_teni '

223

Year 1998 2008 . | 2015 ..} 2025
Sanitary sewer 50,107 97,631 125',73_‘1 - 157,253
On-site facilities 58350 - 41,445 34,7977) . . 20751 ..
Total | 108457 139,076 160,508 | 185,004
WATER SUPPLY

'_I‘able V23 Revised wate.r consu'mpti'ofn proje__c,timi .

2.2.4 WAstWATER FLOW AND POLLUTION LOAD

(1) Wastewater flow projection

Year Population | Water consumption

' - Tolal Served | %served | Us - | leapitajday |

1998 | - 1084570 60,302 sl e 132

2008 139,076] * 112,930] 81| 160 . 122
2015 | 1e0508] 136432 cgsp 2000 126

2005 | 185004] 166504] . 90 258

134

Table V.24 ° Revised wastewater flow pfojeCtibn_ |

Population | Wastewater |, o ]__)_a:ily::.: Daily | Hourly

Year Total | % served | Served Mlow - | average maximum maxi.mum
i : (Ifs) ) - oSy | ls) ) (s

1993 | 108457 | - 46 - | 50107 |. 6130 | 14.60 | 7590 | 9428 | 124.93
2008 | 139076 | “ 70 | 97631 | 11032 | 1690 | 127.22 | 160.31.| 21547
2015 [ 160508 | 78 [ 125731| 147.08 | 2170 | 16878 | 21291 | 286.45
2025 | 185004 | 85 | 157253 | 19458 | 2830. | 222.88 | 28125 | 378.54




(2) Pollution load projection

Table V.2.§ Dosign per capita pollution load (g/capita/day)

BOD §§ | T-N T-p
| Per capita load 45 81 11 1.25
Ratio ' - 1.0 1.8 0.24 0.03

2.3 ALTERNATIVE PLANS FOR STRUCTURAL MEASURES
2,31 ON-SITE SYSTEM
O_n-sitc faéi_]ilic_g:_

~ < Pit latrine
- Pour fiush toxlcl

Pit cmplymg : small (vacuum) plt cmptying machmes + sludgc lrucks
Sludgc dlsposal “land (forcst) disposal :

2.3.2 OFF-SITE SYSTEM _
'a) Wastewater collection system
Conventional saniiary’ sewer sysfcm in combination with siniplificd sewer syslém
b) Waste water t'reatment_ system
Thrcc Altemalwc plans for wastewaler freatment and dlsposa] processes exist,
which mciude ones proposed by PRONAP (Allcrnalwc I, I-A) zmd INADE-PELT
(Altemallvc . . Schematlcs of wastewater lrcalmcnt proccsscs for ecach -

L allernahve arc shown bclow



-g_mmum o T Altamative 1A

on : : ) - :
.Elfﬁ Sewerage Arca S ' aa Iggli‘ : Sewerage Area

(Sewer)

| Pump IS“Ialu:- E

Sludge P;L‘:

I Chemlml thphomus Ren
i I (Coagulant Addition from 2010) i

Lgomtmaed Wetlind (Tolora)
.M./_:T
~ry i 1 S [ Discbarge te Puno luttmr Ba)r }’
Discharge to Puno Interior Bay j21 . _ . Slhutelusietaid
) (Provisiopal) - - i ‘ : : o o
B ._ E
Discharge to Puno Outer Bay
e Mom 2010) -]
Alternative Il . Alternative 11

oo R
C Ulj b Sewerage Area
(Se\ser)

S [Fump Stallon

Chemical Phosphorous Removal };
{Coagulant Addition)

Stedge

‘ Sludge Drrying Bed L?

Discharge to Puno Interor -Bay'

' Drr{galion Channels

D orest lmganon }




2,3.3 PRELIMINARY DESIGNS FOR ALTERNATIVE PLANS

The preliminary design for the wastewater treatment plant was prepared with the

following capacity.

Name Capacity at Year 2025

Alternative 1 20,400 m*/day (Average Daily Waslewater Flow)

~ Allernative I-A 20,400.1113/day (Average Daily Wastewaler Flow)
Allcrnative 11 36,600 m’/day (Hourly Maximum Wastewater Flow)
Alicrative I 24,400 m’!day (Maximum Daily Wastewater Flow)

'(1) Layoui
Tentative layouts for the above alternatives arc shown in Figures V.2.1, V.2.2 and |
V23 o o
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~ 7 Figure V.2.1  Wastewater Treatment Plant Layout for Alternative I, I-A
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UNIDADES DE MANEJO AMBIENTAL

ZONA DE QCUPACION FISICA DEL PROYECTO

Sub—Zona 1 de Bombes e Impulsitn

Sub—Zong 2 de Coaduccitn

Sub—~ZJona 3 de Trolamiento

Sub~Zona 4 de Servicios

20NA DE FORESIACION CON AGUAS TRATADAS

ZONA DE AMORTIGUACION

20NA DE SECURIDAD
ZONA DF INFLUENCH DiRECTA

COMPOHENTES AMEHENTALES ACTUALES Y PROYECTADOS

REUEND SINTARY) (Vemixipoliod Eiovicid de Puna)

sy

LUHA AR IOGEA (Ser Lu§ c2 Ala-20)

OFONA ATUNSIRAIMA DE FLANTR DE IRATUFENTO

EATICH VETROREOGHA

FAME SFOEMATRO

PUESTD OF CONTROE Y VERAA

PiResoR PARR VISFANTES

(CHIND BE MCESD

2004 0F FORESTACION FROYECIACA (Pn Director Curdad & Pur POCR}

AX AR K XX
03 A XX )

MO KA DE CRCUNALICCN (FOCr) -

CATRETERA TRANSOCEAVER (Trozp Frop sts) ' = .
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Figure V.2.2 Wastewater Treatment Plant Layout fo_rélfernat_i_\_'gnl_l
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(@ Spécitlcations of facllitles

Specifications for each facility of the wastewaler lrcatmchl plant togeihcr wiih

numbcrs dimensions and demgn pammctcrs arc shown in lhc tollowmg t‘iblcs

Table V.2.6-a Spe(:lflcatlons of Wastewatel T1 catment Phnt
' (Alternatlvcl I-A) S _

" Facilities : Speﬂllcallons R
- 1.Pump Station _ ' . I ;
. EBPuno : Submersﬂ)le Pump, 200 l/s 86m 30 kW 23els(+1) -
© 2. Aerated Lagoon ¢ . |3 basins R -
CType D _ |Rectangular Type .
. Dimension 640me800mLx40mD
- Aeration Power Level 22.35 kW (4 pot Basm) -
Reiention Time 2.43 days R
3. Existing anarj Lagoon 1 basin - o
- Type : - Facultative lagoon
CArea 13.4ha '
~ Depth A’vcragé fsm -
Volume : . : 204,600 m3-
o4 Exls{mg Secon(hry Lagoon : 1basin . - _
. Type ' . |Facultative lagoon 5
©CArea {7.9ha L
. Depth Average LSm
© Volume : 118,350 m3
5. Constructed Wc!land . 34 basins :
Type - ' Sub-surface flow - o
" Dimension - {23.0m W x 203, OmL.' E
" Depth Average - - {0.3-05m '
6. Sludge Pond . |2 basins | 3
o Type . |Rectangular Type  © - P
" Dimension | : '460me540mL R
~ Refention Time 13.07 days
-7 Sedlmcnnllon B"asm 1 basin ,
© Type ClruularType o
Dimension 30.0 m Dia. x30mD Lo



Table V.2.6 - b Specifications of Wastewater Treatment Plant

(Alternative I, I-A)

Facilities

Specifications

8.Punip Station (for I)

E.B. PRINCIPAL

9.Pressure line (for 1)

- [Submersible Pump, 951/s, 41 m, 80 kW, 2 sets(+1)

Table V.27

Diameter ¢ 400 min

Pipe Material - Ductile iron plpes
Length - 6,839 m
10.Underwater line (for I)_ g

Diameler | 500 mm

Pipe Material _IDuctile iron pipes -
Length - 7455 m '

Spec1ficat10ns of Wastewater Treatment P]ant

(Alternatlve Il)

. Facilities

1.Pump Station (EB 1)

Spec:ﬁcatmns s

“EB-1 .- -

Vertical Type Pump(Singlc Suction), 141 Vfs, 82 m, 187.5 kW, 3 sets -

2. Pump Station (EB 2)

- EB-2

g 3.Pump Station (EB 3)

- |Vertical Type Pump(Single Suclion), 141 /s, 82 m, 187.5 kW, 3 sels

EB-3 -

" 4.Pressure Line -

~ |Vertical T)%pe Pump(Single Suction), 141 I/s, 82 m, 187.5 kW, 3 sets - |

¢ 550 mm -

Diameter -
~ Pipe Material Polyethylcne (HDPF)
o Length - 1553m
S.Conduction line L
~+ Diameter 14750 mm
- Pipe Material = -~ - PVC .
Length 5,874 m .
" 6.Facullative fagoon 2 basins
Area - ' 55 ha (35 ha + 20 m)
Depth Average 30m - '
Volume =~ 1,617,500 m*
" Retenlion lime 75 days



~Table . V.2.8 . Specifications of Wastewater Tleqtmcnt Plant

(Alternatlve 1I1)

Facilifics : ' Specificalions -
1. Grit Chamber and Screen 3 basins (including 1 stand- by)
Type ' ' __|Grit Pit Type ‘
Dimension ' 0.7mWx80mLx05mD

- Average Velocity 0.32 mjscc
2.Pump Station
EB Puno ‘ " |Submersible Pump, 200 l/s 10.0 m, 13.85 kW 2 scls(+1)
3. Oxidation Ditch ~ " |6 basins :
Type . ' " |Horse shoe-shape Type
Dimension .~ 60me225mLx30mD 8
Acration Powcer Level ' 270 kW - S
Retention Time - - - 124.0 hours
4. Sedimentation Basin - |6 basins

“Type . ‘ : Circular Type
Dimension - 00 [255mDiax3.0mD -
Water Surlace Load - |7.9 m3/m2/day
Retention Time : 34hours
5. Disinfection Tank .~ |2 basins y
Type . Reclangular Type =
Dimension - 20me215mLx15mD 5

- Required Chlorine .~~~ }2.02 kg/hour -
RetentionTime ~~ .~ |15.3 min. .
6. Sludge Thickening Tank |2 basins
Type - . ~__|Circular Type .
Dimension - |6.0mDiax40mD "
Sofid Load - - " |64.2 kg/m2/day
7. Sludge Drymg Bed 10 basins

CType =~ . ' Rectangular Type -
Dimension . C 15.0mWx27.0mLx03m D ‘
Retention Time ~ [10.0 days '



(3) Cost estimation

a)Basic conditions
" Components of project cost are shown below:

Project cost B
——=—Civil Work

. —‘“ Construction Costs ———— Direct Cost — :
N R | (Site Expenses) Mech./Elec. Work
(Packing/T ransportallon Cost)
(¥mport Tax)
o - (Administration Cost, parllal)
' —_——'quiipm'ent Procurement 7' Eqmpmcm _
' " L (Packmg{l‘mnsport'mon Cost)
- (Import Tax) - ‘

R _ (Admnmslrahon Cost, pamal)
Engincering Services ——I—: Dclalled Design
B - Construction Supervision

- C‘bmmon'Costs' — — Gcncral/Admuuslrallon bxpcnscs
| s . | — Land Acquisition -
: Contiiigenciés : | o .
- _=IGV (18 %)

- The project cosl is cshm'ltcd bascd on Ihc prellmlmry dcmbn for the Master Plan
S ;'_facdlucs Unit prlces and Iump sum prices were dctcrmmed considering local
condmons sub-contractors, equipment, available construction equipment and

: malcrlals as wc}l as suntablllly of the proposed construcllon method. |

| _ Assumpuons and condlllons uscd for the cosi esllmatc are as follows
. Price lcvcl as of December 1998 _ :
Forc1gn exchange rale Pcruvnan S/ 1. 00 J':pancse ¥ 37 00

b) Unit cost

_'Typlca] unit costs arc as foliows

: _'Concrete '. ‘: 270 S//rn3 i
- Form Work: . 25S//m2
C Rcmforcement - 1.5 S//kg

. Pipe ($200PVC): 66.43S//m
. Pipe($200RC): 20.52S//m
o f;Electncuy {020 KWh

,I‘ V R 14 . |



(4)' Project cost

Total investment cost of the proposed project is estimated in Peruvian Soles as
follows (not including rencwal costs of equipment): . . -

Alternative 1 s .
o : Unit: Thousand S/,
* Phase 1 Phase2 . ‘Phase 3
5 (1993 2008) (20092015) | (2016.2025)
(1) Construction Cost Co 23440 . 17,703 . 18,844
' (2) I’rocurementqf Mainlenéncélﬁquipnmﬂl - 234 N :1.14 - _. 188
(3) Eogineering Cost _ : : , A
1) Detailed Design : 3 - 1,406 - 1,062 : 1,131
2) Construction Supervision Sl 938 708 | 754
- . SubTotal]l - 23440 | om0l - 1,884
{4) Common Expenses S IR e : '
1) General/Administration prenses 200 o200 . 200
Z)LaudAcqulsmon : I : R B SREH PR
S . SubTotal| | 2000 | c2000 - |2 200
(5) Contingency - . =: .+ oo | 13003 ) 2,938 - | 3,138
©®IGvV. . o 18% oo 8388l | 4,055 174330
' “Total -~ - . 3s506) - | 26780 - | 28,584
' ' ' ' ‘ Grand lotal 90,870
 AlternativeI-A - .
' Lo _ " Unit: Thousand S/.
Phase 1 - - . Phase2 .. | . Phase3
: L (1998-2008) | - (2009 2015) @016 2025)
(1) Construction Cost = -~ . - 23,440 11438 - 18,844
(2) Procurement of Maintenance I.qmpmcnl ol 2 ] 188
(3) Eugiuneering Cost . S O S L
1) Detailed Design ~- -~ .~ ¢ | - 1,406 . | 686 | . 1,131
© 2) Construction Supervision - B IR . .1 R o458 | 754
R Sub-Total| - 2,344} CLIddl e 1,884
: (4) Common Expenses . o I B E
1} General/Administration Expenses 200 200 S 200 B
© 2) Land Acquisition o o R o
L Sub-Total] . 200 S0l T 200
(5) Contingency _ . S30m)b o oLe0d o] 3,138
(6) IGV S 18% sas6l - ol o268 ] 4230
Total . 35,506| . |-17428 . o | 28584
' ' L | Grand'lotal . | 81,519

V- 15



- Alternative I1

U_uil: Thousand S/.

Phase 1 Phase 2 Phase 3
(1998-2008) (2009-2015) (2016-2025)
(1) Construction Cost 25,339 10,127 21,076
(2) Procurement of Maintenance Equipmeht © 253 101 211
(3) Eogineering Cost ' .
1) Detailed Design 1,520 608 1,265
2) Construction Supervision 1,014 - 405) 843
R Sub-Total| 2,534 1,013 2,108)
{(4) Common Bxpenses - : l
1) General/Administration prcus;s - 200 1060 100
2) Land Acqulsnlon - 100 67
: . - Sub-Total] - 300 100 - 167
(%) Coniiugeni:y - ' 4,219 1,686 3,509
®IGvY - - 18% 5,822 2,327 - 4,843
o " Total B agA67| - | 15354 31,913
(:rand I‘otal 85,734
~ Alternative 111 |
R 3 Ui_lit:-_’l‘housand St.
Phase 1 Phase 2 Phase 3
L (1998 2008) | (2009 2015) (2016-2025)
(1) Construction Cost . . 42,452( 17,690 23,286
~|2) Procuzement of Mainfenance Equipment . 425 - 177 233
(3) Engineering Cost L L N
- 1) Detailed Design - 2,547 1,061] - | 1,397
2)'Coushﬁcliou Supetvision - 1,698 708 © 931
_ L - Sub-Tolal 4,245 ;1,769 - 2,329
~ |(4) Commeon Expcnses . S ' ' : :
1) GeneralfAdministration Fxpenses = 200 200 200
2) Land Acqu:snlmn ‘ -0 0 0 ,
S " Sub Total £ 200 200 ' 200}
') Conlingehcy ’ o - 7,068 © 2,945 3,877
®IGY -~ L 18% - 9,754 - 4,065 5,350}
v Total : 64,145 26,847 35,275
o _Grand Total _| 126,266
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2.3.4  EVALUATION OF ALTERNATIV'E PLANS

{1) Environmental evaluation

Table V 2 3 '1 wated wastewater quallty dlscharged to the mncr bay

- BOD, Nllrogcn (T- N) Phosphorus (T-P)
_ Ycar ~mg/l Cmgfl - - mgll--
Alternative 1"~ | 2008 | . 12.7 8.5 - 29 .
R | 2015 | nodischarge | nodischarge | . no discharge
© | 2025 | no discharge o discharge * no discharge "
Alternative I.A™ | 2008 | 127 85 29
S ] 2015 187 87 .29
2025 | 261 9.1 29
Aliermtlvc ll o 0 po dlschargc L
Allcrnallvc ]li 2 Al 20 .10 S 1
pcrlod : s :

b * Aocordmg lo PRONAP ca!culauon

L ‘?. Desugn vaIues

I‘able V 2 14 Pollutlon load reductlon by proposed measures in year 2025

_BOD; T-N TP
With - Rcduclion With |Reduction| With Red_l_;clion
Projc(:t (%) . | Project (%). | Project | (%)
Without Project - 25412 0% | 129200 0% | 1ssa] 0%
Alternative ] | 73315 879% | - 317 98% | 119 92%
Aliernative I-A | 814.9] 8% | 2069| 84 % 67.7} - 56 %
Alternative Il | 3315 87% | 317 98%.| - 119] '92%
Allernative 11| - 716.6] 72% | 2243] 83% [ 312 80%




Table V.2.15 Initial Environmental Evaluation (IEE)

Alternative X " Alternative

E‘nvironlnlehial'c:dh;:ern Alternative | LA Alternative I1 i
Lake walenr_l;c_)iml;tion '
- Inner bay B -B D B
Outer bay™ B D D D
Studge disposal - C C C . C
Ground water pollution C C B D
Offensive odor generation B B B C
Ch'mgc of landsulpc "B B B C

. A senuusumpzcl is etpeded
B: minor impact is expected
C: extent of impact is unkrown
B: no impact -
o * Possxble drmking waler source con!ammatlon i

'_'(2) Technlcal aspect SR

Table V. 2 16 'I‘echmcal evaluatlon of aiternatlve plans :

-~ Alternative .
e I-A 11 1
- Pr_ei.fious opc‘raiion'éxpéri.cﬁceé in Peru - ' O e A % '_
Appr_bpria&ncss of tpch_nolt.)gy used o © O O
BaseofOSM | 0 | @ | A | A
Effective im fer lalo hedule f
lpmen 1n‘;c.eu or o e o o
m'mmum resulls '
Abllltyto respond to newtcchnology O - O o e
large sca[e wastewater pumpmg
, oxtdauondltch .7 Lo ST N :
: @ .,excellcnl_  O:god A tinferior X :nbgood

_ All of lhc altemaUVc plans are lcchmcally tcasxblc for 1mplcmenl‘1t10n in, Puno
- Clly



3

@

Financial aspect

l‘lble V.2.17 l*mfmcml Internal Return Rate (FIRR) and

Net Present Value (NPV) o

| e | ey
Alternative 1 : o .35 . -4,018
Alternative -A | os9l " 2,004
Alicrnative 11 R 44 R : -1,683
Al_t_cmativc'm S | '-3.5 SR ;44,703

Only alternative I- A is rcgardcd as ﬁnancnlly fcasnble unlcss '1dd1l10nal fmancml .

resources arc available for the pl’OjCCl

0v‘eral| evaluation

Environmental cvaluahon mdlcatcs that allhough Aitcmalwc l and II havc
maximized po]lunon reduction for the Puno inner bay, those may r’usc concern
over the cnvironmenl 1o whlch lreated water is fi nally dlschargcd Especna]iy, _'

Alternative 1 dlschargcs freated water to the Puno outer bay. - Its dlschargc poml k

is nol so far from the drmkmg water lnhkc This drmkmg waler source is most '
lmport'ml for lhc rcsulcnls of Puno Clly and should bc prolcclcd al, all cost.
Failure for this may rcsult in mcrcascd lrcaimcnt cosl for water supply

'l‘cchniml evalualion shows all four aItcrnalivc p]ans are fcasibic for Pu'no city

- although stafl training is rcqulred for thc all lhc a!lematwes cspccmlly for

Altcrnalwc 11L.

l*mancnl cvaluatlon shows that only '1ltcrnalwc [-A, Wthh costs mmlmum 1mong

the allcrmhvcs is llnfmcmlly fmmblc Olhcr allcmanvcs required- subst'mlm]

risc in scwcrage rates or subsullcs lrom lhc mumc:pallty or lhc govcrnmcm

From the above cvqlmllon the sludy tecam concludcs lh'll A]tcrmuvc A is

feasible for the- Puno cily, espeua]ly from thc nnancnal poml of view.

_AIlcrnalwc IA ]S further 'mflly/cd for opllmum pcrtorm'mcc An '\pp:__()_prmlt}

pI'm is proposcd in scctlon 2. 4



2.4 PROPOSED PLANS
2.4.1 STRUCTURAL MEASURES

(1) On-site system

a) Proposed on-site wastewater freatment/disposal sys.tem

Pit Latrine

L Pit Capacity: 0.7 WX0.7LX1.5[=

0 Sl'u'dge Collection : Every 3 years
O Installation: Each house

Smal l' Pit Empgﬁ ing M-ggh. ines

(d Capacity : 500 L/unit

0.74 m3

Q _Performan_ée 1 4.2 pits/dajr X 250days/year = l,OSO_pitleea_r

U Economic Life : 4 years
. Trug'_ ks for Sludge Transfer
o Loﬁding Capacity © 2 ton
0  Economic Life : 8 years

S Bty Fionale Fese
CavAheTrmnt B ETWEEY
Lt fSfionnnsd Ty ans

Pemory_Tesp -["“"—

¥ea viters

Boltion: & Pogss
FEOUR Vacuuem Purp,
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Ergine o CEDE 3581845
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Too1e toom sfa
PHCH SPROCKEN.
- !_] A&
! kW

#1085, A 3 GROOVE ¥ PULLEY .
e B %o Chitch Lever
'/ .
s Thepttie Lo
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720 e 11 C vaeme
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B x
1. Crive Faler
L -

&5 oK Feve 1395.0-
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Figure V.2.4 Small (vacuum)

Source: IRC(1999) -
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b) Sludge coilection cost for on-site system

Total operation cost for sludge collection is calculated as shown in Tuble v218.
Avcrage cost per collection is 78 soles.  Since the above cost calculation docs not
include administration cost and interests on capital cost, actual tarilf may be set

slighlly higher.
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{2) Off-site system

1) WasteWater édiléction system

T hc summ'lry 01 sewer 'md a pump slallon conducled in futurc plan are shown in
Ihe fo]lowmg tablcs '

a) Sewer SR L
T‘lble V 2 19 Summary of Sewer Plan

| Phas?_ SR Lcnglh (m) Pfer§e:1: ezf(s;;;vercd
Phase1(1998-2008) - .| - - 23396 - 36
Phase2(2009-2015) . | . -.deg%2| o 87
Phase3(20162025) oo espor| o T2
S Toal ) 136234 -

» b) PumpStation b SRS

Table V.2.20 * Summary of l:’tiiifnp_St:a_tii;)h Plan

CName .- Specnl‘lcauon : DR AR TR :
'EB.ELPUERTO = | Submersible pump,525 I/s 8.6m, 12kW 1sel (+1)

2) Wastewater tre-at:me:n-t plant _-: |
‘a) Possible im;irove'nient for Alternative A

ch:dlmentdlu)n l.lgoons o AR _
As rcqulrcd removal of '1c<.umu1atcd bO]l(IS from ih:, laculhtlvc lagoons IS qulle .
d]lllunll while conlmuous opcralmn 1s requnrcd mstallanon of scdnmenialton
1.1g00ns is proposcd [wo hgoons are- io be conslruclcd at Phqsc 2, which
opcratc altcnntwcly as a scdlmenhtmn lagcon and ‘1 sludgc pond Anotherr :

lagoon is conslructcd at the Sl'll’l of thasc 3. Accunmhted s]udge in lhc acraicd S

]ngOllS will be pumpcd lo lhc scdlmcntatlon pond wh:lc 1l is uscd 15 a sludgc o

pond



Inlets for faculfative lagoons

Inlets for the facultative lagoons are modlﬁed as shown in Figure V26 to
maximize the average retention time of the lagoons. '

- Outlet facility for the second facultative lagoons

At present, a large amount dlgae is observed in the effluent of facultative lagoons.
~ In order to minimize the release of algae into the effluent, outlet structure such as
Figure V.2.51s 1o be msta!led

: Base ofpoed 7|

Notkaseale

Flgure V 2 5 Proposed outlet weir structure |

* Source Mara and Pea:son 1993



b) Proposed wastewater treatment plant

Schematic of the proposcd wastcwater treatment plant is showh below.

oo
‘Ino
no| {oo

oo {oo (\\ Sewerage Area
(Sg:wer) -

[Pump Staton

Chemical Phosphorous Removal |
(Coagulant Addition) (from 2010)

"-““.‘”"'.'"'.'L

-Sedimcﬁtatiq'n Ponds };
(from 2010) - §}

Dischargé to Puno Interiof Bay |5

“Layout for the proposed wastewater treatment plant is shown in Figure V.2.6.
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ervice Area

)

- |+

i
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e e —

Kilometers

2

‘Proposed wastewater treatment plant layout

F_igu'i'é' _V;2;6~a
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EE Figﬁre V.Z,ﬁ-b_ Prdposed wastewater treatment plant layout
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Specifications for major wastewalter treatment facilitics are as follows: - -

TableV.Z_.Z_l _ Specifications of proposed wastewater treatment plant

Facilities Spccil‘tcalions
1.Puh1p Station
" EB Puno ' Submersible Pump 200 l!s 8.6 m, 30 kW, 2 scls( +1)
2. Aerated Lagoon 3 basins -
S Type Rectangular Type
- Dimension . 640mWx8.0mLx40mD
Acration Power chel {2235 kW (4 per B‘lSll’l)
Retention Time ' 243 days :
3. b\ustmg anary L agoon |1 basin '
Typc Pacull'llwc lagoon
- Area . . 13.4 ha
. Depth Average 1.Sm .
Volume . S |204,600m3
4. Existing Secondary Lagoon . |1 basin :
o Type 7 0 w70 |Raculative lagoon
 Area |79ha
 Depth Average - 1.5m s
- Volume {118,350 m3 -
s, Conslrucled Welhnd . |34vasing
CType ' " {Sub-surface flow
Dimension [23.0mWx203.0mL
- Depth Average 03-05m
6. Sedimentation ponds - |3 basins -
Type - Rectangular Type
C Dimension . . 63.0mWx630mLx4.0mD
* Retention Time - - 2 days in year 2025

V.32



2.4.2 NON-STRUCTURAL MEASURES

(1) Institutional and operative Capaoity slrengthenlng of EMSAPUNO

The on-going ‘;Prograrrl MIO”ﬁof EMSAPUNO scheduled to be r::ornplolul in
2001, shall be further extended to effectively 1mplcmenl the proposed Master Plan. -

' In addition to the above program staff fraining program shall be estab]rshcd to

. provide the existing and future staff to ‘upgrade their knowlcdgc and skrlls for

~ organizalion management, operation & maintenance of the facilitics.

Training prOgram may include:

_on Ihc ]Ob lr‘nmng al vanous facrimcs by cxpcrrenccd pcrsonncl of

EMSAPUNO or other organualrons

tralmng at oiher water compamcs, such as SEDAPAL for famiimrmng
with new management praclrccs and lcchnologres '

churrcmcnt of opcratron and mamlenancc slaff wrll be dlscussed in Sccllon 2. 7

(2) Sani_tatio‘n promotion

In order to achlevc 1mprovemcnl of publrc hc’rlih saml'mon promollon among the

residents of Puno C]ly is cssentral Possrblc slr'ttcgrcs of sanrlallon promolron '
are as follows: ' o

- Community nnnagemcnt Commumty members play a kcy role in

- managing the pro]ect

Involvement of wornen: Ensurc lhe acllvc partrcrpauon of women in cach B

stage of the prolect waq ensured

Latrine construction: Houschold lalrmcs to bc conslrunted by f'umly or =

commuugity pcrsonncl

. Commumty Lonlnbulron towards investment costs:  This facilitates local

" ownership 0[ the program allhough thc program m'xy need state subsrdrcs

Hygicne and samtatlon cducatlon and tralnlng Thls kcy aclwrly wrl] _
ensure the cffeclive 'md suslamcd usc of scrvrccs Trarnmg m’rlerlals _
such as I'rgure V.2, 7, shall be dcvclopcd for leachcrs and health workcrs

V-3



SE DEBE USAR SIEMPRELA -
HECESIDADES | LALETAINA

LETRINA PARA HACER LAS ' ENSERAR A GTROS A USAR

SE DEGE LAVAR LAS MANOS
DESPUES DE USAR LA LETAINA |

- — 7

—
| StTIENE PUERTA, MANTENERLA HO, BOTAR BASURA D
CERRADA - : T )

[

ENTRO LA

MANTENER LIMPIA "LALETRING |
. 3

Y SU ALREDEDOR

LETRINA

g I_"igljr'e V;2,7 Rules for co_r;*ét:fly using a latrine

" Source: WHO (1998) *
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(3) Control of sewerage system use

Sewerage systems are often damaged through public misuse.  This results from a

public misconception thal a sewcrage syslcm can be used fo carry away any

“unwanted objccl Adcquate regulations scttmg forth proper uscs of the system

and pub]lc cooperation arc required to propcr]y mamlam and comrol the sewerage
syslcm

chulaliéns shall.p'rohibil: '

y dlschargc 0[ cxplosnvc or ﬂammablc subslances mto lhc 5amhry sewer
- dlschargc ot cormswc or 'lbrasnvc wastcs
- roof dram conncchons to thc samhry sewer

Approprlatc regulall:)ns shall be adopied and enforced by Puno Provmcnl

' _ Mummpahty, LMSAPUNO and commumlws

2.5 _ IMPLEMENTA'_I'ION Pl..AN
) Cohstr}‘ipljgri works accordi'ng to the phases are as l_'dlioﬁf‘s_’: f,, :
_Facililiéé Sewer Pipe - | - Pump Station | 'Wz-lslc‘i\{r:a'tef Treatmeat Plant

CYear | o 2000-2002 ©20002002 | < o i2000-2002

Phase I = | ¢150-900, 1. =25,223m | EBELPUERTC | LB Puno

Acrated Lagoon X2
Constructed Weiland X 34

Phase 2 $150-300,L =46832m | . .= = - <2009>

Sudlmcntauon Ponds X 2

Phase3 | $150-300, L = 66,007m | <2017> = * ' | «2016-2017>

|EBELPUERTO . [EB Puno (Pump equipment
(l’ump eqtupment renewal) . . o
resewal) | Aerated Lagoon X1

Sedimentation Pond X 1 .

V-3s



2.6 COSTESTIMATE

Ilwcbimcni cost for lhc proposcd pr0]ccl is CSilmdlCd tollowmg the same

proccdurc cxphmcd in seclion 2.3.3.

Table V.2.22 Investmcnt Cost for Proposcd Prq]cct _
' S et o * Unit: Thousand Sf.

* Thase 2 -

V-36°

- Phase 1 . Phase3
(1998 2008) (2009 2015) _ (2016-2025)
(1) Construction Cosl ' 23,431 11,172 18,950
|€2) Procurement of Maintenance Lqunpmenl 234 112 S 189
(3) Engineering Cost o SR N ' '
. 1) Detailed Design "~ 1,406 . 670) 1,137
2) Construction Supervision " - . | . 937 . o 447 .- 758
S o - Sub-Total 2,343 L1117 1,895
(4) Common Expenses . ' S . '
1} Geaeral/Administration E)q}cnst‘s 3 - 200 200 200
Z)LandAcqumllonu SR Y0 : 0 . 0
- Sub-Tolal . 200 200 200
(5) Conlingcnc'y o c 3,901 1,860 3,155
G ;
O 5,384 2,561 4354
: - Total 35,494 17,028 28,743
e Grand Tofal - 81,265




2.7 ORGANIZATION FOR OPERATION AND MAINTENANCE

2.74 WOHK PROGRAM FOR OPERATION AND MAINTENANCE

'Iable V 2.23 Work 1tems by type for sewer O & M

OQ&MType - Workmg Items

Daily inspection | - Operation of pumpmg facilities
S - Operation of clectrical l‘acﬂmcs

Site investigation | - Identification of damagc and blockage location B
| - ldcnllflcallon of the percohllon poml of groundwater '
- Invcsllg'lllon of the ovcrflow poml at manhole - '

- V[casurement of lhe volumc of sc(llcd sml at the scwer bouom

Pipe cleaning - - Removal of scllled sml 31lt and l‘orelgn matler

_Rehabililalioh - chlaccmen{lrcpalr of damaged sewer .

TableV 2. 24 Work items by type for wastewater treatment plant o & M_ o

0 & M Work Workmg Items

- Measuremenl of waslewalcr ﬂow
- Removal of screenmgs at scrcen L
R T !nspecllon o[ operallon of deralors - - -
Daily work = -~ '

' _ -1 nspccllon of operalion of elcclncal fa(:llmes
- Inspccllon of operation of on-site sludge co]lcclion

- Renoval of gnl and sediments at grit chambcr (monlhly)

- Inspccuon!rcpalr of mcchamcallcicctncai l‘acmucs (annually)

. . | - Overhaul of mechamcal/electrlcal facilities (every 5t 10 ye'lrs)
Periodical work
' . - Removal of dncd sludgc [rom sed:mcnlalnon ponds (cvcry 6

month)

' Somc major water quakity paramcters for wastcwalcr, such as lempemlurc pH
BOD COD, SS, number of cohform bacteria group, {olal colonies, etc., and
tcmpcralurc pH and moisture contcnl ot sludge should bc mcasurcd at lhe
treatment plant. ' ' :



2.7.2 ORGANIZATION FOR OPERATION AND MAINTENANCE

Table V.2.25 Required number of staff for O&,M of the proposed

~ sewerage system

(Unit: person)

. Field & Position Phasc § | Phasc2 | Phase3 Duty
Manager 1 1 1 Responsible for wastewater system
Sewer and Pumping Station : _ :
Eogineer - - - Responsible for cleaning of sewers
.- |Foreman R - - Respensible for site works
Sewer :
S Worker 2 4 6 |2 workers/fteam
|Driver 1 1 1 2 workersfteam
'  |*Vehicte maintenance shall be done by EMSAPUNO
Wastewater Treatment Plant o . '
: ) Eugineer 1 1 1 [Responsible for technical matters
Opeiaiioﬁ_ Foreman o o1 -1 - |Responsible for operation of each shift
S Operator i LI 2 i (2) operatorfshift
_ .. |Technician 1 1 t - |Responsible for sitc works
Maintenance - : - :
- |Worker - - - Cleaning
“in%::ii;y Chemist 1 1 s Water quality control
. Total T L7 “ 9 14 -

o Adminiélfa_tion staffs for EMSAPUNOarc not included in the table. Tcmporary
" workers are hired for the operation, such as tofora culting and sludge removal.




2.7.3 OPERATION AND MAINTENANCE COST

The ‘peration 'and" 1haiﬁt¢irin‘cc'p"'ro'gram as stipulated in the [“)rccéd'ing:‘ o

scclions, rcqmrcs the fo]lowmg itcms and annual funds for proper

operation of the waslcwatcr coliccllon system and thc waslcwalcr
- treatment phnl ' ' o

| TableV226 Operatlon and mamtenance cost S
SER ORI TR |  (Unit: S/. fyear)

: " Year| | 2008 2015 | 2025
- Personnel Expenses 167,802 -} - 222,641 294,000
- Electricity Cost 475,114 . 630,388 | - 832,434
~ChlorineCost -~ | = - - - b0l SRR
- Coagulant Cost Y 105,894 | - 139,834
-TotoraCulting | - - 3,853 5112 6,750 -
~Repair Cost - - |+ 87,818 . - 116,518 | 153,863
“Tolal - |° 734,587 1,080,553 - 1,426,881

. *Figuresinclude IGV.
From the above study, overalt, imp]cmcnt'ition and disbursement

. schedule for thc proposcd plan is preparcd whlch 1s shown m Iab!e
V2 27 ' ' ' } -

V-39
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9.8 PROJECT EVALUATION

2.8.1 ENVIRONMENTAL ASPECT

(1) Contrlbutnon for enwronmental |mprovement

Table V 2.28 Treated wastewater quallty dlscharged to the inner bay |

Phosphorus
: ' B_()D5 w Nnrogcn (T N) -~ (T-P)

- ‘Year mg/l mg/l | omght
Phascl - | 2008 10 27 | 40
Phase2 2015 12 31 29
Ph1sc3 2025 i1 33 29

¥ \’aIues Ior )eals 2015 and 2025 are wuh ooagulant addition

[‘olal poilutlon load rcducllon to lhe mncr bay is shown in T ble V2 29

lable V 2 29 Po]lut:on load reductwn by proposed measures in
' year 2025

™ ] .;-T-l_?

Discharge | Reduction

(kg/day) | © (%)

Dischargs Reduction| Discharge Redﬁclion s

| (kgjday) | (%) | (kefday) |- (%)

~ [Withoui project | 2,541} - 0%

12920 0% | 15s| 0%

With pfojc'cl :

- 526| 79%

) ; 667 - 48% | | 68" 56%

(2) lnmal enwronmental evaluation (IEE)

Table V 2 30 Imtlal Env:ronmental Evaluatlon (IEE)

Enwronmcnial concern Evaluatlon Rcmarks o
Lake water pollution .- B |Treated water reuse can be ceﬁsidéred
co T © | Sludge shall be disposed in a tenccd area to
Sludge disposal - ©C | prohibit public access outside ihc ;
R : ' | catchment arca of the Puno inner bay.
Offensive odor and B | Offensive odor and noise mtght bc
no:sc gcncrallon P S generated at acrated lagoons '_ '
— o
Chaugc of lan dscapc B Large totors ﬁcld w1|l changc lh
- - , landscape N , ‘
) A senous:mpaclls e'(pected B L - E - '
B: minor impact is expected S
C: extent of impact |sunkno\m o )
D:no |mpacl SR
S V4L




Only minor environmental impacts ar¢ cxpected from the implementation of the -

proposed plan.
2.8.2 TECHNICAL ASPECT
“The evaluation of technical asooc't is summarized in Table V.2.31.

“Table V.2.31 Technical evaluation of the proposed plan

Criteria e Proposed plan
Prcviou's operélion experiences in I"bm_ 1 o
Appfopriatones's of technology used o | ©
EascofO&M | @
Effeclive implemcntalioﬂ schedute for ey
maxnmumrmulls R o

o Ab:lny to reSpond to new lcchnology .0

. Thcproposed olgm'l_'is' oons_i_clcrcd téc_h_nicé.lly foasiblé for i_m;ilenicn,t_ation in Puno
City. o -

283 .SoolALASPEc_T TR

) Expech{ion of impfovemcnt of sanitation and lake environment improvemcm by
' sewerage systcm development is very hlgh in Puno City according fo the public
- awarencss survey carricd out by J ICA sludy tcam.  Implementation of the Master

_ Plan will have ihe followmg soc:al cffecls
- Improw:mcnl of sanitary conditions '

- Improvcmcm of tourism dcvelopmcnt polcnhal by 1mprovmg thc inner

]akc water quahty

Thc proposed Master Plan is consulcred soc1a]!y tcaSIbIc for Puno C]ty‘ Social
acccphncc and citcc{wencss of thc Masler Plan will be enh'lnccd Ihrough pubhc

R awarencss program



2.84 FINANCIAL ASPECT
(1} Conditions for Finance Analysis

In order to analyze the financial aspect of the proposcd plan, there are some

conditions as follows,
(3 Inflation rate is omitted.
: (b) Profit tax of .sewc'ragc projecl is nol coi.mtcd. o

(c) lncome of sewcragc prOJcct w1|l be ralsed by 1) thc increase of Puno
populallon (2) the increase of was{ewaler volume (3) the increase of

sewcrage trcalmenl serv1ce charge (5% up for cvery 3 year), and (4) the

: mcrcasc Of the chargc collcclnon ratc
(d) KﬂV donatcs 12 mrlllon Deulsche Mark ( s/. 21 180, 000 )

(e) The parl o[conslruclron cosls thal are nol able to bc covcred by l(fW donatron '
will be fi nanccd by local loan with 5% interest rate. The local loan will cover
Contmgency of conslrucuon work but wrll not cover IGV (Impueslo General 1' .

las Ventas is equal to Gencral Sales Ta\:) of eonslruchon work -

(D) Mamtcnance cqurpment cos!, maintenance cosi engmeermg cost wrll be’

flnanced by local fund wrthout mlercs(
: .(g) Civil work for seweragc ireatment is depreciatcd with 40 years.

| (h) Mamtemnec cqulpment is deprecraled wrth 10 ycars Aﬂcr l{) years the
o equlpmcnl will be purehased agam "il same pncc '

(1) Conlmgency (15%) is consrdered on the cost of conslrucuon work
mamtenance cqurpment and engmccrmg servrcc '

- (_|) IGV (18 %) is consuiered on lhe cost of construclron work mamlenanCc,
cqulpment engmcermg scrvrce contmgency and mamlenance

(k) All facrlrlres and cqurpmcnl w1ll be sold out by EMSAPUNO at the remalnmg ' a
value in 2025F/Y : A



(i) Rencwal costs of existing and proposed equipment are included in order lo

cvaluate financial viability of the cnlirc EMSAPUNO’s sewage scrvice.

(2) Financial V:abrllty of Proposed Pro]ect

NPV (Ncl Prcscnl Valuc ) and FIRR (I‘ inancial Internal Rate of Return) are vsed

as indicators in order to estimate financial viability of proposed plan. To calculate

B NPV of proposcd plan, discount ratc is supposed as 5%, because internal lmdc rate

: between banks in Peru was 5% in August 1999 (Banco Central Dc Reserva Del
~ Peny, Augusl 1999) | |

Table V.2. 32 FIRR dnd NPV for the proposed plan
(Unit: 1, 000 S/)

RRR | - . NPV

Pi’oposcd P]ao' 6.0% $1.2,277

Nottce D:swnnlmteofNPV lsS% .

FIRR and NPV arc calculaled by usmg lhc data of proy:cl cost, revenue, and
donatlon. The details of these data arc shown in T ab!e V.233.

. FIRR (6 0%) is largcr lhan dlSCOllnl ratc (5%) 1nd NPV (5/. 2,277) lurns out
- posntlvc hence the proposcd plan is csumalcd as teasnble Howcvu, the lC‘lsﬂ)lllly
N s based on thc condmons mentloncd in the prcvuous scetion, 50 lmdmg sources of

_ locai loan w1th 5% mlercsl and local lund without mlercsl lS crucml

" The éhangc't)f cash balance is Shown in F igm'e V.2.8. The “cash flow out” will
7 cxpand m 2001 and 2017 because the cost tor conslrucllon work will swcll in

' these years, and “cash f]ow oul” will increase in 2012 and 2022 because the cost _
- _for procuremenl of equ1pment wm cxp'md in 2012 and 2022. Whllc the “cash
. Mow in” will i jncrease in 2001, bccausc of the domtlon of KiW. Moreover, “cash
flow in” wﬂi swell in 2025 becausc it is. supposcd that all facilities  and

' eqmpment will bc sold out by hMSAPUNO al thc remalmng value -



60,000

50,000 |
40,000 |
30,000 |
20,000 ¥

10,000 |

-10,000 |
20,000 |

-30,000

-40,000

10003/,

Cash Flow Out

. IR Cash Flow In

e Balance

Donation of KIW

- Sale of all facilities and_equipmenl\

Procurement eqlupmenl

Figure V.2.8 Change of cash balan’.c_é'

3) Financia! Plan’

In order lh'll the proposed plan rcachcs thc f' nancnally V1able lcvel ovcr 5% of
- FIRR one of the most cffective mclhod is rccclpt of subsu!y or grant Morcovcr,
not only _lhc financial aspecl of the proposc_d pIan_bul also ecc_onomu, aspccl §hou1_cl
be considered, because the implementation of the proposed pl‘f_m for improving
water qual.ily of Lake Tit_icaca i_vill also inﬂucncé_!ouris_m'a_n_d fish indusliy in
' Puno. ' ' '

To make ihc proposcd plan fcasnblc lhc lollowmg mmsurcs must bc hkcn mlo '
'account ' S S S Dt L

- (a) Finding a finance source (_)f low inferest lower than 5%.
(b) Finding a ﬁnzincc source of no intcrcSl.

- (c) Increasing a charge collecnon rate. Present collecllon rate is approx1malcly
© 76%. |



)

@

- (d) Increasing a sewerage service charge (5% increase cvery 3 ycars). The present

sewerage scrvice charge in Puno is approximately 97soles/family/ycar (EPS
EMSAPUNO S.A. MEMORIA ANNUAL 1998). The raise must be regulated
~ and informed well to Puno citizens from the preparation stage of the project. -

f (c) In order to mitigate the ilnp'lct of the above raise in the sewerage charge on the

~ lower-income houscholds, a cerlain type of tariff structure could be considered.
-+ For cmmplc progressive l'lr;[f system by metering block (usage} with a low
basic charge will help lower-income houscholds with small water usagc.

2.9 RECOMMENDATIONS

lmm’ediate'implementation of sewerage development plan -

AS éu{ropliié hwei of the intc.rior bay of'P.uno lﬁs rcqc.h.ed hyper-culrophic IcVels

immediate acllons to rcduce pollunon load mflow lo the bay are required.

_ implcmcnlauon of scwerage ~development plan will greatly reduce the
" contaminants mpul lo the lake as discusscd in Scctmn 2 8.

Careful Mainténance of Construéted Wetland

The wastewater treatment syslcm contains the process of a subsurface-flow type

- artificial wetland respecting the design which the Peruvian authorily ambitious to

construct, In géncral, the rate of pollution loads reduction byl this facility is
varied by several local conditions or a_quality of maintenance. This type of

~ weltland would nol realuc the cxpccted performance unlcss a careful m'untcmm,e

kCCpS lhc facﬂlly from being c]oggcd Therefore an cxpenmental sludy is

- _ ncccssary to examine the cfllclcncy and the proper - -maintenance of the facility.

The sludy should also be camcd out for altcrnatives such as a surface-flow type

- _wctland ora trcalmcni syslem usmg Lemna and the mosl suliable type should be

decided by the rcsulls

(3) _

S'anitat'i_oh prbmotion_ |

In Pund_ health sub-region, _infimt mortality rate is 99 per 1,000 linc births, which is
much higher lhzin_47, the national average of Peru in 1995, © Sanitation promotion
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* through the proposed measures (Scctimi 2'.4.2) is urgently required to improvc' the

© . present sanilary conditions of Puno City. .. .

@)

®)

Inflow control for sanitary sewer system

. Large amount of inflow to the sanilary scwer systcin was obscrved during rainfall,

which causes extreme wet weather ﬂow. . This may oVerload pump stations and

. trcatment plants, rcsulimg in the dircet dlscharge of untrcalcd waslewaer to the

interior bay of Puno. Enforccable rcguhtlons shall be cshbhshcd to prcvcm |
dcwscd connections of rainwater sources to the samlary syslcm

Enhancémerﬁt of énv!ronmental awareness

: The rcsult of the survey shows lhat pcoples awarencss on dclerlorallon of

environmental samtatlon is silll not very hlgh ThIS lack of enwronmcntal
awarcncss causcs misusc of samlary scwcr systcm and use of drainage ways as
toﬂcl Enhanccmcnt of cnwronmcmal awarcness is slrongly recommendcd as a
kcy factor for the enwronmcmal lmprovemcnt '

Ve
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