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CHAPTERYV
SEWERAGE SYSTEM

. PRESENT CONDITIONS
OUTLINE 6F SEWERAGE SYSTEM

Sanitary scwcr collectlon and disposal system was originally dcsngncd and
: conslructcd in 1930’ 5. A stabilization lagoon with 23 ha of lrcalmcnl arca was
- constructed in 1972 as the first wastewater treatment facility. The collection

system is a scp'lrate systcm, which only collect samlary waslewater.  The treated
water from the lagoon is dlscharged to the Puno mtcnor bay of lhc Titicaca lake.

The maj-or-risc in the laké water level up to 3812, 51 m.a.s.l. in 1986 flooded the
_ _lagoon and causcd problems of the main collcclors The stabilization lagoon was

-~ not funcllonal until 1992. The major rehabilitation works were performed for
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the slablhzallon lagoon and for pump statu)ns in 1995 and 1996. The present
_ _seweragc system coliccts and treats w astewater generated by 46% of population in
* Puno Clly ' '

1.2 EXILSTING SEWERAGE SYSTEM

'SERVICE AREA

- The present service arca of the waslowater collection system is shown in Figure

V-1-1. EMSAPUNO a publlc owned company in charge ol water supply and

sewerage, divides the scrvice area into 8. Besides 2 small arcas, Chanu Chanu

'._'(Vll) and Chejona (Vlll) ~which have own treatment facilitics, collected

o wastcwaler is led 1o the Espmar stabilization lagoon cnhcr by g,nvnly or through

pump stallons :

F he prcsent service arca (900 h‘i) covers about 70 % of bulll -up arca (1,279 ha) of
Puno City ;md 1_7 % of the prcscm JICA study arca (land arca: 5,250 ha).



1.2.2 FACILITIES

(1) Sewer connections

The number of connections 1o the cxisting sanilar){‘sci\{gr system is shpwh in
Table V1.1. : SRR S _
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- T"able V.1.1 . Sewer connections -

Year Numbef:df'em‘incclion_s h%cre(::yi; ra(e o
1993 - 8.904 | o
1994 9217 s

1995 9.584 a1

'19:9'6 ’ S 9,972 B e 3.9
1998 S a7 gy

Source HIDROSERVICEJBWAS (1997)1 FJ\{SAPUNO (1999)

The average number of resxdenls per connecuon is 4. 17 for the Puno City (JICA,

' 1999), therefore the served popuhuon is 50,194, which is 46 % of total populallon

© (108,457) of the Puno City in 1998.

) tOn the other hand, the Annual Reporl of EMSAPUNO (1999) esllmalcs (hat
) served populallon of 60 185 (55%) usmg hlgher number of rcs;dcnls per .

: connecnon value

Table V 1 2 The served populatlon of the Sewerage system in 1995

@

. ,Categones e % populalmn
Connected 1o senilaiy _se\'versyslem o 89%
(Connected (o the treatment plants) - (51%)

Not connected to samlary sewer system ' | ) _ 6 % |
(allhough a sewer linc cxists in Iront of the house) o
No conncctions {excluding the above) - ' 35 %

Source: EMSAPUNO (1995)

The each house connection equips with a waslewaler pit which temporally stores
waslewaler and 6” concrete pipe that connects a wastewater pit to the sewer

network.

Sanitary sewer network

~ The samlary sewer nelwork consists of branch sewer and sub -mains  (pipe

dlameler 150 mm-200 mm) and main (irunk) sewer (diameter 250 mm- -900 mm).
Approxrlmale total lcnglhs_ of the cxls{mg_ sewer pipes are shown below.



Table V.1.3  Length of existing sanitary sewer pipes (1998)

Pipe diameter Length
150 mm — 200 mm - : 146 km
250 mm — 906 mm - 112.8km

Source: EMSAPUNO HICA(1999)

Thc plpCS with dnmetcr less lhan 200 mm are concretc plpcs whllc those with
diameter larger than 250 mm are made of rcmtorccd concrete.  The some of the
concrele pipes in lhe city center are more than 30 years old. '

The existing sewer network is shd\ifn in Ft'guré V.1.2- a, b. ‘There arc 2 major
. interceptor sewer lines located along Av. Simon Bohvar and Av. Tacna la Torre.

The main collector Tacna la Torre collects wastewaicr from !nbutary arca of 31

ha (area IV) in the Figure V.1.1, and feeds co]lected wastewalter by gravity to the -

prlnc1plc mlcrccptor of 900 mm dnmclcr The prmc;plc mlerccptor starts from

lhc ‘manhole near the Cancte pump statlon in Aw. Slmon Bohvar to the

" stabilization lagoon. The 1merceptor Simon Bohvar collects waslcwaler from

low-lymg area of the city (Arca LI, and Il'in Flgure V.L1) to the Canete pump

'stauon where waslewater is pumped 10 feed the prlnCJpIe interceptor (dia.. 900

mm) The prmc1ple 1nlcrceplor also collccls waslewater from the area V and_- L
pumpcd wastcw'lter from the arca VI, lhcn dlscharges all lhc wastcwalcr lo lhc' o

Esplmr stabilization lagoon.
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(3) Pump stations

4 pump stations operate in the existing sewer network, namely Cancte, Bl Porteno,
Floral and Aziruni (Salcedo). At present (Fcbruary 1999), pump stations only
‘operate from 5 a.m. to 8 p.m.  Overflow from the pump wells flows dircetly to

the interior bay of Puno.

" 1) Canete pump station (P.S.)

The Cancle P.S. is located at the junction of Av. Simon Boliver and Jr. Cancle.
EMSAPUNO rchabilitated and expanded the capacity of the P.S. in 1995. The
P.S. has following characteristics at pfcscnt.

Bar : screen (1” opemng) _ 1 unit

Pump well low water lcvel . 3803. 15 m a.s. I
~ high water level. 3804.40 m a.s. ]
volume ' 32 m _
Number ot pumps: - 2 units (one asa sldnd by)
| New pump mslallcd in 1995 it
~ Capacity: . - . __90 I/s at 20 m head _
" Moor: 50 HP (60 Hz, 440 V)
Old pump - - 1 unit (a stand-by)
o ‘Capacily: w70 aiSmhcad ‘
© Motor: . 12HP (G011, 440 V)

The Canele P.S. reccives waslewater from the mlcrccptor Simon Bolivar (dn 525
- mm) and pumps it to lhe manhole locatcd at the }uncuon of Av. Simon Bolivar _
and Jr. 9 de Oclubrc lhrough prcssurc ]mc of 350 mm diameter. * This manhole,
' where the: prmcrplc interceptor starts, also rcccives the wastcwalcr lrom the
1nlcrceptor Tacna la Torre by gravity.

_ 2) El Porteno pump station _

s hl Porlcno PS localed in Jr Echavc co]Icc{s waslcwalcr from lhc area in-

- between Av Slmon Bolivar and the shorc of the ]akc Fiticaca, lt pumps

| waslcwater to the lnterceptor Slmon Bohvar ncar the sladlum through ihe pressure
line wnlh 250 dlamelcr



Implementation of lhc rchabilitation program in 1995 replaced one of thc 2 pumps -

l"he major componcnts of the P.S. are as follows:

1 unit

- Bar screen (17 opcmng): S _
~Pump well : low_watcr level: 3805.20 mas.l.
' high water level: 3806.55 mas.l. -
volume: - 8’
Number of pumps: - 2 units (onc asa sland by)
" New pump 1nstallcd in 1995 1 unit
© Capacity: - 7 40 s at 20 m hcad
CMolor: . 25 HP (60'Hz, 440 V)
Old pump | " Lunil(a stand- by)
Capacﬂ.y 25 l.ls at 20 m head I
Moor: 2 HP (60 Hz, 440 V) N

3) Aziruni P. s.

This P S. was conslructcd in 1997.

It collects wzistcwaler:frbn‘l Az_in_'_uni,"Saicedo B

arcas which are shown in thure V.1.1 as'thé ared VI: ' Pumped wastewater goes

- to the prmcnplc lnlcrccplor ihrough 250 mm PVC | pressure plpes with 2,698 m in

o lcnglh

Pump well - low water level: 380s. 08 m a.s. I
high water level: 3806.08 m a.s. 1
volume: 16 m’

Numbcr of pumps
R ~ Capacity:
- Motor: -

: _4) Floral pump station

3 umts (onc as a Stand- by)
o 301/sat15 m head
10 HP (60 Hz, 440 V)

" Floral P.S. fccéivés wastewater from the area I in Figure V 1.1 ;_i"nd pumps it to the
manhole at the junction’ of Av. Simon Bolivar and Jr. [ampu" where the
iutcfééptor Simon Bolivar Starls The P.S. started its’ operatmn m 1998 and
o opcfaléd manually at présent.” Thc specnflcalmns are as fo]lows R



@

Number of pumps: = ¢ Lumit o T
Capacity: 30 I/s at 15 m head

| Moo  10HP(SO0HZ440V)
_Pressuré liﬁé:_' R k  diameter 200 mmx811m length

EMSAPUNO intends to install aﬁotﬁcr"punip of the samc capacity as a sland-by.

. WasteWater treatment p!a'nts

- Thc followmg 4 waslewater lrealmeni plams presently (reat wastewater gcnenled

in the Puno Cny

. l) Espinar stabilization lagdo_n_
o 2) Cha'nu .Cha'nu (tolora) ireatmeﬁl plant: = freatment capacily = 4 )fs
- 3) Chejona (totora) treatment planl L treatment cap'acily‘ =5s

_ 4) UNA (totora) trcalment pglot plant - tréatment capacity = 8 /s

' -1)' Espina'r Stablllzatlon Iag'oon'

The Espmar stablhzauon Iagoon was bu1lt in 1972 'Ihe rlsc in | the lake water

© level up to 3812. Sl.m as.l in 1986 ﬂoodcd the lagoon and damagcd the main

collectors. - The lagoon bccame dysfuncuoml until EMSAPUNO rchablhlatcd

 the main collectors in 1992. The further rchabnhlallon works wcrc pcrformcd

between 1995 and 1997 as fo]lows
i a. Installallon of screen chamber (bar .sc'rcc'n': 1” 6pbning)

b, Insta]lallon of 7 mlel plpcs with dlamctcr of 12” lhrough \Vthh 1nc0m1ng

wastewalcr frcewfalls 1nto the lagoon o

- L c Conslructlon of cenlral dlke to dwnde lhe lagoon (23 ha) into 2 lagoons

(prlmary 13.6 ha, secondary 7 9 ha)

_d. Instailatlon of _ 6 Jnlerconnccll_r_lg plpss (fdiam‘c'l:c'r' 12’:), whlch ‘pr:c:v:ent
- floating solids flowing into the secondary lagoon, between 2 lagoons



¢. Construction of direct inlet of wastewater from the part of Chanu Chanu
area '

n Rchébilil:a;iofl; of lhc i-|’1t'c.1_'ior of the lazgoons to bc iﬁlpcr_mggbl;
& Desludging the lagoons (o obtain ?V‘_?fﬁgﬁi d‘cpl.ll:of..ltsl m .7
h. Rchabililalion of the discharge pibéé (dialﬁgtc[ 2 0 -
The specifications of the lagdons zﬁ -pre‘s'cm ére as follows a
Soteenchamber
| -opening of bars: - .1”

dimensions of chafnb_cr:_ 7.4 m Iéngth X1.2 in width x1.4 in depth

Primary i'agic')‘oﬁ. _ o
area L o -13.6ha .

average deplh o | _"'_I.Sm
“volume: _': 205,000 m’

' Secoﬁdary la'goon S
arca: - .;.79ha"

avcragcdeplh i: 15m
.volume Lo "118000m

T he hgoons havc no ﬂow measurmg f‘lClllllCS

2) Chanu Chanu treatmént plant

PELT and EMSAPUNO cons{ructcd Chanu Ch'mu trcalmcnt plam togelher w1lh_ o

Chejona trealment plant in 1993 and 1994 as a pllol plant to evaluale the nutricnt
rcmoval capacily of the conslruc{cd wclland that -utilizes totora as wel]and
vegefation.  The both treatment planls are free waler surface (FWS) wetlands
with scdimcntatmn lanks as prc-trcaimcnl In FWS wcllands lhc majorlly of the
waler flows over the sutface of the soil, as a rcsult wastcwatcr applled to the
wetlands only contacls thc 501] surfauc ' .

V-1l



Design parameters of the plant are shown below.

Desiga flow: - " Ss
Inflow BOD: - - 350 mg/l (54 g /capnta!day)
. Retention time: - 8 days

The specifications of the plant are as follows:

Djsfribution chamber: 1 unit

_ Sedirﬁcnlaliqnianks: ~ 2 units
dimensions: =~ - - 51 mW.x85mL. x1.2mH.
structure: - reinforced concrele :
Wetlands: © - . 3unils in sequence
dimensions: P " 6mW. x 40mL.x 1.2 mH.
strﬁctﬁrc: o reinforced concrete

) Che]ona treatment plant

Chejona !rcatmenl plam a FWS consiructed wetland, has 1he same componems of

' Chanu Chanu lrcatment plant.

Dcsign paramctcrs:' o

- Designflow: 7 - 110 s - o :
Inilow BOD: a 350 mg/1 (54 g Icapllafday)
Retention time: _ 8 days

The spccificélions of the plant are as follows:

,‘Djslrlbutlon chambcr .. lunit-

_ ”Sedlmenlallon lanks _ .' - 2 umls " o
_._',Jdlmcnsmns o '77mW x13mL x12mH
) structure: . . o _rcmforced concrelc

| }Vqllands, - B | 3u umls in sequence o
dimeﬁsic_iﬁs: . ."6 m W. x 160 m L. x 1. 2 m H,-
structure: ~ S reinforced concrete



4) UNA (Universidad Nacicnal del Altiplano)

The UNA treatment plant is constructed prior to the Chanu Chanu and Chejona
treatment plants as a pilot plam to treat wastewater from UNA. The design
capacity of the plant is 8 I/s while 18 kglday solids are removed through the

freatiment proccss
The plant has following components:

 Distribution chamber: -1 unit.

- structurel . - feinforced concrete
Screenchamber: .. . 2unils o
~dimensions: .- 1.4mW. x3mL. xO?mH.
_ structure: . reinforced concrele
| Scdimentation tank: Lo luml |
dlmensmns:. ' 2mW lemL x0.7mH.
7 o structure: _ reinforced concrete -
Biological reactor: _ 1 unit (presenlly not used)
Weltands: T v 3 units in sequence "
~dimensions:  4mW.x20m L xT2mH.

structure: - reinforced conc_irc_lc
1.2.3 WASTEWATER FLOW AND POLLUTION LOAD GENERATED AND COLLECTED
(1) Waste_water survey

1) Unit poilution load survey

- Per caplla waslewater ﬂow and po]lullon load survey ‘was performcd from 17 o
19 of Fcbru'try 1999. Three locau()ns in the center of Puno Clly weré selcctcd |

where water mclcrs are installed for every connection. Wastcwatcr flow was

calculated from waler meter readings whlle. waslewalcr samplcs arc takcn al the

downstream manholcs for blologlcai and chcmncal analysis. Thc rcsu]ls of the

survey were as fo]iows

* Per capita wastewater flow 92 l/da‘y/cafpiia (domestic water cohsuinplion x 0.8)

V.13



- 2) Wastewater flow sur_vey

k ra) Ralny season ‘ :
:Wastcwatcr Ilow was mcasured at lhrcc pump shtrons (C'\nctc Fl Poncno and
. Aziruni} and at the inlet of the Espmar stabrlwatron lagoon Dunng the
measurcmcm waslewaler samplcs were taken at inlet of the Espinar
stabilization lagoon for analysrs to cslrma{c incoming pollulron loads The
results of flow measuremcm are shown is Iftgure VI 3 ’I‘hcre ware hcavy
' 'rams from 20 00 p. m on 18 Fcbruary to 8 00a. m on 19 February with short
_mlgzrruplrons “Total precrpltatron of this perlod was 19 2 mm according to
the SE‘NAM_HI, Puno. - Only one hour after lhc rain slartcd peak flow was
ré(':orded al the Espinar intet. This indicates a largc amount of inflow into
isewcr system durmg ramfall Possrblc sources arc run -off from roofs and
' 'pavcment leakage into manholcs Canctc pump station rcccwcs aboul one-
' _thlrd of wasie.watcr mﬂow mto the Espmar stabilization lagoon Besides the
peaks recorded al mght after ihe ram slarled, peak drscharge of 304 Ifs was
o ‘recordcd at 8 am. in !he mormng at’ the inlet of the Espmar stabilization
o lagoon 24 hour flow 0 lhe Espmar was 19 451 m’/d (= 5.1 mrllron us
gqllons/day).._ Gora e, e Gt FoEF e nt

Flow (m3/r) = . .

- - Figure =\’._1.3: - Results of _Was_tewater Flow Survéy on 18 February 1999
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According 1o ASCE/WPCEF (1982), ratio of hourly maxinum Wa's{ewat'er flow -
to average daily flow is 1.8 as shown in Fig V.1.4. App]ymg tlus ratio to the
measured peak discharge at the bspmar inlet, aver'lgc daily flow is 165 Vs (=
'297 l/s/1.8) while to1al 24-hour ﬂow is about 14 000 m /day Thc mﬂow due
to the rmnf'lll is estmnled as 5000 m’.
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Figure V.1. 4 Ratm of extreme ﬂows to average daily flow in New
- England USA ' S :

| ~ (mgd k 3.8 = m¥/day).

. Source:-}\S;(‘l:l/\VPCF(.ldBl) S R .

- According to the revised JICA pr()]ectlon domesllc watcr consumpllon"_ o

comprised 86% of lolal waler consumptton of Puno Cll)’ in 1999, Assummg "
that the same ratio is applied for wastewaler ﬂow total wastewater ﬂow_ )

- excluding infiltration ‘md inflow to lhe sewcr syslem is caIculated from pcr
apll'l waslcwa!er ﬂow as to]lows ' ‘ ' B

Pcr caplla domesllc wrlslcwaler ﬂow 92 lfcapltalday
- Contributing populanon in 1999 54 198 - S TR
Domestic wastewater flow: - o 92 lfcaplla!day X 54, 198 s 000 malday

Total waslewater flow without infi ltrallon s, 000 m’/clay/O 86 5, 800 m’/day

_ As 24- hour ﬂow 1o lhe Espmar slablhzatlon lagoon was esllm'ned as 14 000 )
- m’/day without mﬂow d]flerence bctween the estimated flow and the above
total wastewaltcer flow, 8,200 m’/day is consndered as ground water mtlllrallon

V.15 -



into the sewer system. Infiltration (inflow) rate is catculated as 0.60 V/s/km
_' ~ (= 8,200 m*/day/159 km (total pipe fength)). This value is much ]ngher than
~ the mcasurcd mﬁlhatlon rate in Jaliaca (0 015 l/slkm)

- b) Dry season . _

" The identical survey was conducted in the dry season on 22 and 23 July 1999,
At the time of the survey, Floral pump station was not operating due to the
pump breakdown. This pump station collects wastewater from populatlon of
3,698 with 14 km of sewer pipes " “The results are shown in Fi igure V.1.5.

" No measurable ramfall was recordcd durmg the survey 24 hour ﬂow to the

Espinar stablhzauon lagoon was 6, 815 m’.

Flgure V LS Resu]ts of Wastewater Flow Survey on 22 July 1999

" Flow.(Vsy:

200 - _,,,.,77!,;# , .__.‘.._.V_:___\_j_.____:._, - :,.,,h.j -

150 ; . - [ 1.
f—4—Canete Us

125 \ | #-E| Porteno Ifs

100t N\ S VI Dok Azituni Vs ‘

75 ;_ X N Xy X o) E—*—-Treatmenl Plant l/s,

:—¥—Tacna €le. I/s

lﬁﬁilfatio:_i ri_ité of sewer network is._esﬁmated as fdllQ{V_s.
" Per capita domestic wastewater flow: 92 Veapita/day -
Contributing population in 1999: .~ 50,500

_ Domestlc wastewater flow: 7} l/capltafday x 50 500 4 600 m’/day
. Total wastewater flow mlhout infiltration: 4 600 m’/day/O 86 = 5,400 n13/day
' Inﬁltranon flow: 6, 815 m’*/day - 5,400 m’/day = 1,415 m’/day

Wfilteationrate: ~ 1,415 m’/dayil45 km = Ollllsfkm-

V.16 |



o 'lhls rat¢ is much lowcr lh'm the ramy scason value of 060 l/s/km The

difference implies a largc amount of mflow to the sewer system in the rainy

scason. 'The e¢xisling system rcqulrcs a lhorough mspcchon of the sewer

network for inflow sources as well as appropriate rcgul'itlons for preventing

~ * intentional connection of rainwater drainage, such as roof leaders and land

* - drains, to the network.

C) Estimatlon of per Capita pollution load -

'l" he resu]t of wastewater quality amlyms in the ramy scason at the mlet of the

_ Espmar stabilization lagoon is shown in Table VI 4.

'I‘able V.14 Wastewater quahty at mlet of Espmar stablllzatwn lagoon

m the rainy season

Date

Sanﬁpiing Fl:‘;w Tern ol ‘DO SS BODS NHrN T-P Coliform
time | (1) {°P| P }(mg/l)}(mg/1 )| (mg/1)f (mg) | (men) j(n/ i)

18Feb99| 1300 " 200| - 14| 798 03] 344 91) . 19| 29[ LiEs04

“gool 2970 - 14| 84| 06| - ass| 1as] 28] 2.4] 1.0E+04

Avera ge

1800 - 1s7] 139 so0s 01| 11l  ss 19| - 29 9403
R | 270 ,im Y I 27| 90403

Bascd on the above water quahly, 24 hour ﬂow of 14 000 m’/day zmd

: csnm'ltcd conlnbutmg popuhllon ot 54 198 (1999) per cqplta pollullon load

s calculalcd as tollows

7 *

Organic Load (BOD)

24-hour wistcw'ncr inflow: 14,000 m’/dayr ;
Avcragc BOD conccnlrauon 110 mgfi

BOD load to ESP""“ . 14,000 ma/da)'xllo mg/1~1540kg/d1)f
Contributing population: 54,198

BOD load per Capita: - o, 540 kg/day154 198 28 g BOD/capltalday

| N:lrogcn (Ammoma) Load (NHJ-N)

__ : . 24 hour wastcwater lnﬂow 14, 000 m3/day
~ Average NH,-N concentration: 22 mg/l - i _
- NH,- l‘\[,]oad lo Espl_narr;. L 14 000 m’ /day X 22 mg/l = 308 kglday

- Cont'ributing_populatiqn: 54,198 o
- NH,-N load per capita: 308 kg/dayli4 198 5 7 g NH —N/caplta/day "

V-17-



" Phosphorus Load (F-P) , -

- 24-hour wastewater inflow:

) Avcré{gc T—P concentration:

T-P load to Espinar:

Conlribuling poplllalioﬁ: _

T Pload per capita:

2.7

14,000 m’/déy X2.7 mg/l

mg/l

54, 198
37 8 kglday/54 198 = 0. 7 g T—P/caplla/day

14,000 m*/day

37.8 kg/day

. 'The result of wastewatcr quallty amlyms in the rainy scason at the inlet Uf 1hc

Espmar slablhzalmn lagoon is shown in I‘able V.1L5.

Table V 1 5 Wastewater quallty at inlet of Espmar stablhzatmn
B lagoon in the dry season o

" Date Sampling | Flowqrs) | pH | ss ¢ _BOD'SA _T.-hi' | TP |cotiform
o wime | gy | (mgy | gt | (o mi
ol soo ] 280 | s | 404 [ a0 | 64 | 76 |60Rs02
27099 1600, | 11z, | 81 | 211 [ 2 | so | 72 |s9ms02
' ,20.,00‘, a1 b aos | 201 | a5 | es |3sEe02
o0, |2z | L md 260 |40 | 53 |aemen2
Average | L 249 | 214 |oso. |67 |50m02
"Date | Sampling | pH | BOD, | Fllsated | NH4-N | Filtrated POLP| TP | Filated
Time | [(men)| BODs | (mgny | TN [(mgh) |(mem| TP
| o lemgy ] ey | ] ] (mpn)
155cp09| 930 [83| a0 | 23 | 76 | s | 14 |125] 90
coloasae a9l ws | e | | 96 | 13 |73 | 84
| Average st | uz -l o7 |77 | s | 3 | 99| 87

Thc pcr Caplta po]lutlon loads for nutrlents are calculatcd in the same way as

~ for the rainy season data.
- summanzcd m Table V I 6

The resulis of per caplta pollutlon load survcy are
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Table V.1.6 Results of per capita pollution load survey

oL _ - (gfcapila/day)
Source BOD §S NIL-N| T-N | T-p
Wastewater flow survey . R ' : :

Rainy scason (18 Feb.’99) 28 70 .57 -~ 1. 03

Dry scason (22 Jul.’99) - | . 37 34 - 67 . 09
Dry season (15 Scp.’99) 58 - 10 12 | 13

" Dryscason (average) - | 48 | 34 30 94 1
Average (rainy - dryseason) | -~ 38 | - 52 "8 | 9409
PRONAP(1997) |- 40 | ~ - | - o 12
PERU Design Standards . | . 50 S 90 N 8 12 3

From the avcragc per Caplta load of the. rainy season and lhc dry season '
orgamc ]md (BOD) of 40 glcaplta/day is assumed Othcr paramelers are .
: adjuslcd usmg thc same raho (— 40 mgll/38 mg/l) as shown in Table V.i7. -

Table V.1 7 Present per caplta pollutmn load e
: ‘ (g/capltafday)

el T _B_OD' S8 | NHyN [ T-N~ | T-P
Per capita pollution load -~ f4o-_' ss | 8 |2 |

Total mlrogcn lmd is assumcd as 12 g/caplla/day usmg lhe ratlo bclwccn .
NH ‘N and T N in Pcruvmn dc51gn slandard (S 090) '

Pallution !oad generated and collected T

Po]luhon load generated in lhc Puno Cll)’ and po]lullon load co]lccted by ihe |
sqmlary sewer systcm 1n 1998 wcre calcu]aled as tollows ' :

a) Organic Ioad' (BOD)

| _Pér édpii_a BOD load:

Total population of Puno City: |

Served population of sewer system:
BOD load generated in Puno City:

BOD load coliccted:

: 40 g 15 BOD/caplla/day

108 457 '
50,194
40g BOD/capna/day X 108 456

=4,300 kg BOD/day :
' 40 g BOD/caplla/day X ‘§0 197

=2, 000 kg BOD / day



@

b) Nitrogen [oad (T -N)
Per capita T-N load: 12 g T-N/capita/day
‘Total population of Puno City: 108,457 - -
_Scrvcd population of sewer systeny: 50,194

T-N load gcnera!ed in Puno City:

| TQN Joad collected:

- 'T-P load generated in Puno City:

- . _T—P load céllcclé_d:

Industrial wastewater flow

12gT- N/Capllﬂ/d‘ly X 108, 456

- =1,300kg T-N/d'iy

12 g T—N/C‘lplla/d‘ly X 50, 197
= 600 kg T-N/ day

©) Phosphorus load (T-P)

| Per caplta T—P load _ 1 g T-P/caplta/day
Total populatlon of Puno Clly L 108 457
Served population of sewer system: 5(_),194

-1 g T-P/capita/day X 108,456

=110 kg T-P/day
1g T-P/caplta/day X 50 197

. =50kg T-P/day .

-~ Industrial Wat_e‘rl consurhptiqn is 240 m*/month, which consists 0.2 %:‘o_f total
f_wastewatcr generated - in Puno City. Wﬁs.lcwaler contains mostly organic
B pollulanls and its pollution load fo the scwerage system is not significant. ISPP
- hospual dischargcs treated wastewater fmm ils own activated freatment piam to

 the sewer nclwork The estimated {low is lcss lhan 3 l/s

L _'_A slflughlcrhouse located near the UNA discharges waslewater dlreclly to the
: mtenor bay of Puno withoul trcatment. . Hotel Esteves with approxnmalcly 100

' . [OOINS dlscharges was(ewalcr fo the totora llcld nexl to the holc]



1.2.4 OPERATION AND MAINTENANCE OF FACILITIES

(1)

Sewer con'necllons

Approxrmatcly 40 % of scwer pits have brokcn covcrs accordlng to !hc I/S by

B 'HIDROSFRVICE/BWAS (1997) Somie sew cragc pris are filled with garbage

(2)

__ resldenls drsposed of thCh causcs cloggmg and surchargc problcms in the sewer

netwo rk.

Sewer network

The presenl scwer nelwork recewes garbagc, stones and sands through waslewa!er
pits and manholes Thosc arc accumulalcd in thc scwcr nclwork and rcducc the

hydmulrc capacrly of the sewer nelwork _j

In ramy season, ramwater is mlroduccd lhrough manholes where dramage system

is mapproprrale Occasrona]ly, manhole covers are removed by the resrdcnls in

order 1o prevem the- bulldrng-up of water fevels in the strcet As a result, the
rainwater mtroduces silts' and garbagc rmo the samlary sewer system.  The lack

of streel drainage system also causes erosron of the unpaved road surface and -
makes buried pipes appcar on the ground and losc éarth’ suppori RS

- EMSAPUNO mlroduecd a hlgh prcssurc wa!er prpe cleanmg truck Ihrough KfW

@

grant aid program in 1997 With the truck, EMSAPUNO have clc*med the 'main

'collcclors since 1997. . The cleamng works of (hc mam collector T'xcna la Torre
“has been done and Ihose of lhc Srmon Bolrvar main collcclor is on gomg m'

Novcmbcr 1998.
Fi'u'rl‘rp srétioﬁé o _'

Aflcr the rehabllltauon works in’ 1996 most of lhc exrslmg pumps have been

~operated wrthout major problems. - In most cases, failure of the pumps rcsulls in
direct discharge of waslewalcr mlo the lake Titicaca lhrough overflow pipes.

Floral pump station requires rmmedlate mstallatron of anolher pump as it operates
without a stand-by pump. S



(4) Wastewater treatment plants

1) Espinar stabi!lzation 1agoon

_Thc prcscnl ]agoon docs not havc fcnccs o prcvcm access of rcsndcms and
animals to the facilities. The lagoon does not have flow measuring facilitics
required for opcmtion and control of the system. '

The resuIts ot the water quality 'malysm of influent and cfﬂuent of ihc lagoons
£ ,'performcd by PELT (1997), SENCICO (1997) and the prcscnt JICA sludy are
- shown below,

Table V.18~ Pollutants removal by stabilization (facultative) lagoons

Source 7 7 ‘BOD R -“{T—N NP .- ,‘ __:T'P_; :
Inﬂ_ue;{l Effluent | Removal | Influent | Efflucnt | Removal | Influent Efftuent | Removal
Espinar S.T. ~ R RN S I S R — _5 :
T SO P PG I IO NV, NP IR M M

Espinar ST. NS B RN ! E I I |
_ SENCICG(1997) .139 s 39 72.% Iy 55 - 11 ., 80%. . ?7 o 44 499
PICAstudy ST I I D! T T P
(1998 - 1999) - 0% o R 30% S s0%

* Avengevalue _' )

::JICA sludy tcam estlm'ncd as avemgc pollulants rcmovcd cfﬁcncncy of 70% tor
_ BOD;, 30% for mlrogen (T N) 30% of phosphorus (T~P)

o n Novcmbcr 1998 when the JICA mission VlSllCd the hgoon the color of the
" water m the lagoon was dark rcd In February 1999 this color Was dark green,
due to the ‘micro- algae that” grow nalurally in it “The avcragc retention time of

" the cach lagoon is 15 days for the primary ]agoon and 8 days for the sctondqry |

g .Iagoon assummg lhc mﬂow of 14 000 m"'/day |

J ‘“2) Chanu Chanu treatment plant

| !The plant prcScnlly rccewcs 10 Ifs waslewalcr ﬂow lhat well cxcceds the dc51gn
a capacny of 4155, Thus ‘the plant has been operatcd under overloaded condition
' and the’ effluer\t quahty deterlorates “The cfﬂucnt is dlschargcd into ihc ditch

~ made in the totora l' eld to soak mto the ground '
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3)Chejona treatment plant

The plant was originally built to treat wastewater mainly from ISPP hospital.

Since the hospital constructed a new activated sludge treatment plant with the

capacity of 3 I/s in September 1998, the Chejona plant onl)l receives wastewater

" from the Chejona commumty (barno) Very httle maintenance works have been
* done on the plant. AR ' ' ‘

4 UNA treatment plant

 The plant is mamtamcd by the staff of UNA and obtams clear eﬂluent although
biological trealment is not operating. - UNA has a plan to expand the planl soas
_to accommodate the mcreasmg amount of efﬂuent from the umversrty

‘l.2.5 FiNANCIAL couomons OF EMSAPUNO

.Accordmg to the financral report as of December 31 1997 EMSAPUNO
_ obtained S/. 4660 net proﬁt for the 1997F/Y. - But the revaluatlon gam of .
- mﬂatron ratio change S/. 485,032 was recorded based upon the mﬂatlon':-

. aecounlmg pnncrple so if the revaluahon gam was not recorded based upon the B

- “GAAP in the world the total operatlon foss 3 w ould be S/. 480 372

: There were ot separale accountmg records for Agua Potable (Water Supply) Lo
" depariment business and Alcantarlllado (Sewerage) deparlment busmess But the =

income of se\\erage was S/, 1,047, 384 and the cost was S/. 48 697 The -
- administration expenses rncludmg salary expenses (for approxrma(r'ly 100 stafl)
Amamtenancc expenses, and so on were not allocated to the lwo departments

.. business. So it is very difficult fo dctcrmme 1f the sewerage busmess lS proﬂtable _
- ornot. ' '

~ The ﬁnanclal interest expense was very a brg amount s/, 452, 522 (only half ofthe =

accrued inferest expenses were recorded) If the mterest expense did not exrst ¥

EMSAPUNO would record only a small operatron loss ﬁgure EMSAPUNO A
- borrowed long a term loan $/. 9,398,084 from mamly FONAVI (pubhc fund for - .

- Peru citizen to his own house). The ioan was not paid back to FONAVI and the
~current balance as of Dccember 3. 1998 was S/. ll 826 219 (3 trmes of sale'
figure), The detail of the balance isas follows E _' e e



The expansron & improvement of water supply in Puno Crty Sf 7,418,350

. Water treatment plant construction ‘ _ ) © 444,069
- The expansion of water supply network - : 348,832
- The expansiou of water connection network installation S - 35,600

- The expansions of residential wastewater connection network installation -~ 44,421
The expauéions of residential wastewater connection network installation 31,036
The expansion of water supply network : : : ; 83,850

The expansions & improvement of water supply L 1,347,876

The system of water & wastewater supply. 578,210
_Adjustment of wastewater new treatment plant function . - . 586,988
~ Parallel imp'rovemenl to obtain Water supply plant . - co o 858987
' TOTAL | : sr. 11,826,219

' In 1998 FIY the mtcrest expenses Sl l 121,406 and loan prmcrpal Sl 981,976
‘ should be’ pard back to FONAVI accordmg to the payment schedule. But no
payment has yet been made For the purpose of fund rnanagement the debt to

PONAVI wrll not be paid back soon, the accounting’ manager explained. In

“January of 1999 legrslauon to permlt 70% of EMSAPUNO's debt about US$ 4 M
(57,11, 826 ,219) to be caprtalrzcd and 30% fo be cancelled was approved and

becomes effeetrve $oon. So sooner or later the debt to FONAVI S/, 11,828, 219

il be partially capitalized and cancelled. On the other hand, there are about
VUS$13M debts by Puno citizens to FONAVI for 1nstallatron charges of water and
_:wastewater equrpment These debts also would be cancelled sooner or fater by the

above legrslatron The reform seems to be related to the pOssrbrlrty of KfwW loan

‘ arrangement

- ~

iln 1997 P/Y report, 14% of produced Water was not billed and the tariff of
" sewerage was about 45% of Water tariff. If produced Water were billed

completely, about s/500,000 additional mcome would be recorded and a small

jproﬁt would be recorded even if there were nol the revaluauon gain S/. 485 032.

.Govemment controls the tanffs of I:\/ISAPUNO The currcnt larrff was approved
in 1997 and isas follows '

Ca_tegory | Diameter Tariff average
Domestic -~ 20 8/.18.28
Commercial e 30 4373
Industry - . 60 131.50
State = - : - 50 : 48.00



“Sooner or later the tariff will be revised for EMSAPUNO récbnélruétioni (The

~ financial report as of December 31, 1998 will be prcpared in March of 1999 afier

coni‘rmmg physical mvcmory taking loss and revaluation gam of inflation ratio
change. The sales fi gure for 1998 fiscal ye1r was conl" rmed alrchy as fo]lows

 Sale of polab]c water S/ 3,223, 183
. Salc of seweragc | -S/.- 1,450,432

-Salc amount mcrcascd by 38% rcsp.,ctwcly But for Ihc mcrcase of mtcresl
cxpcnse the net loss S7. 1,916,907 was recordcd in 1998 )

PROBIT & LOSS STATEMENT as of December 31 1997
(uml YA )

SALE - .. | Aguan_lable_-- oL S/2327521

' | @ Alcantariltade . ] 71047384
@Oter, .. . .. .| osaasf
S e s meass
COST | AgaPasbtle ., .. | . nuesiR|oo
| | @ Aleantarittado L aseeT)
€)) O'h“\ i R N 1.142.129 =
IR - | Gross Margin - il ] 11,59_1,887__
o operationtoss L se00
OTHER INCOME_ | (1) Otherjucome . = .- . . | = 484480 -
&EXPENSF @ Fmancnal expense . . N 452,522
o ©)) Olhcrcxpense o EERRREEE 121.3111

" | Loss before the inflation revaluation gain | 480372

lnﬂatlon revaluallon gain S o] 485012

NetProfit i R _ 5/4,660



I‘UND STAT EMFN I'S as of December 31, 1996 and 1997

: - (unit: §/1)

Mawee o bieog996 | 1997
Source of fund : * : : : ' :
Depreciation © =0 0 e e 504,800 7 539,103
Capital increase . _ 333,07_2 . 463,336
Financial income ' 28164 - - T 333
Other asset decreaﬁc : o - 0 ' 480,746
Increaseoflonglermdebl b . -: T 176676 | " R 0
omee Tl assades| o onss
T Totalofsouree | 2571,762 2,462,236

A Useoffund _ T T . B
OPeranoneXPense T ,- S | 677335 I 391 020
Fixed asset increase KRR | 1,066,242
I‘mauc:al expeuse L : B o ‘-l757 269 o 452,522
Decrcaseoflonglermdeb{ ol 0 . 474,057
Othe-rasselmcrease S I j:._ 684,439 R .-: 0
Other I . amos| . 2m218s
WORKING FUNDDECREASE . | 96700 | (03,7%)
s Totalofuse’ 0 | ¢ Casmigea| o 2,462,236

126 FuTURe DEV_ELOPMENTP_LAN':' e

Thc cxtslmg development plans for thc scweragc syslcm of Puno Clly '1rc. as
follows o | '

- _Sl_udyué_r_nc.. T L o |Completion Fimding Peruvian

Source - [Authorily

1 “Bstudios de Factibilidad de los Planos de Expansion de Minimo [Jan. 1997 - [IDIB" - [PRONAP
Costo de los Sistentas de Agua Potable y Alcantarillado” (F/S) - '

|2 “Bstudios Definitivos de la Primera Etapa de Inversion del Plan - |fuly. 1999 - [IDB. - [PRONAP
dc Expansmu de Mm:mo Costo de los Sls{emas de Agua Potable o '

y Alcanlanllado” (DID)
3 Conducc:on Tratamlento y Mauejo Iulegral de ]as Agua Servidas [Oct. 1997_- ~ {INADE - {INADE -
_ Ciudad de Puno (Slstcma Satcedo — Cancharani) (PIS) {PELT PELT

4 Conduccion Tratamlento y Manqo Inlegrai de las Agua Servidas [Mid. 1999 JINADE - |INADE -

— Ciudad de Puno (Slstema Salcedo - Cancharani) (D/D) : {(Nov.1998 -) |PELT PELT

V.26
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The PRONAP F/S contains a development plan for water .s'upply and sewerage

- system up to year 2025. The PELT I/S proposed final disposal options to stop

treated water discharge into the interior bay of Puno. Detailed design stt_tdlcs are

being carricd out separately on the above 2 dcvclopment plan$ by consultants.

-~ The resulls of the detaited design studics will be available in the middle of 1999.

PHONAP #/s, D/D

Inter-American Dcvclopmcm Bank (IDB) srgncd an agreemcnl wnh the Pcruvnn

government {o li nancc “Programa de Apoyo al Sector dc Sancamlenlo Basxco

~ (N°847/0C-PE). The program was executed under the supcrwsnon of PRONAP.

T hrough the program of “Empresas Prcsladora dc Serwcms de Saneamlento” ﬁnd

- - its sub- pr0]cct of “Mejoramlento Institucional y Opcracxonal de !as Emprcsas

) Prestadores de Serwcms de Sancamiento”, the nccessily for lhc prcscnt sub-
E program “Esludlos de Fachbllldad de los Planes y Aicama]lado” whxch covcrs 66. )
_ 'cmcs in Peru mc]udmg Puno and Jullaca The [casnblhty sludy for Puno Clty
© was 1mmled in 1994 and finalized in January 1997

The objeclwcs 0!‘ the sludy are as fo]low_s:

. Td dcvclop Ihe fcasibflily sludy olf lhé cxpansion 'plan of drinking Walér ﬁnd

sewerage services with the minimum cost whlch ought fo bc cconomlr.al and _
- socially acccplablc tfor Puno City. L ' '

- To identity the first stage of the minimum cos{ cxpans:on plan, whzch w11] bc

studied through a detailed design sludy

. “Three 'lilcrmhvcs of the dcvc!opment plan up to year 2025 were proposed fos lhc

- sewerage system of Puno City. Based on the proposed al{emalwcs of the abovc
- KIS, detailed design study for the tirst phase of the dcvelopment plan was initiated
. in January 1998 and will complete |n July 1999. ~The largcl ot thc dclallcdi o
* design is shown in Table V19 ' RN MR :



Table V.1.9 ‘Target of the PRONAP detailed design
Paramcters ~ PHASEl
" | Target year 1995 - 2005 2008
Population . 100,802 130,951 139,628
Population served _ 49 % 80 %
Water supply | Total water supply 13,046 m/day| 17,971 m*/day
oo {Ineffective water (%) 49 % 30 %
~ " | Population served " 39% 702 %
Sewerage | Collected wastewater |, a2 4 ' o
' (including inﬁltration) 4’833 m’/day 11,110 m'/day

(2) INADE IPELT F/S,D/D

The feasnblhly siudy ﬁnanced by lNADE l PEL’I‘ aims to prolect Puno bay

, ecosystem ancl to prevenl 1ls contammatnon

The rcsults of the sludy suggest not

. ‘only the lmplemematlon of programs that manage and conlrol the conlammatton

. but also promollon of cmploymenl and socml wealth of the populatlon through

works

for the economlcal

surroundmg the lntenor bay.

ccologlca] and tourist developmenl in areas

- To improve lhc water quahly in the bay by prcventmg physwal ChCI]]lC"ll and
- blologlca] contamination, such as inflow of silt and dlschargc of wastewater (o

: thc mtenor bay

To conducl treal and manage integrally the wastewater from Puno Clly,
avmdmg contammahon and cutrophlcallon of the Puno bay, allowingother
cconom:cal uses 1o thc arca surroundmg the shore ol the lakc

" To promotc thc construction of basic infrastructure that would allow
dcvclopmcnt of the flood arcas at the interior bay in order to improve the

cconomlcal ccologlcal and lourism potential of Puno City.

'.'I‘o slrengthcn thc posu}vc 1mpacls and conirol or mlllgatc the ncg’ttlvc

lmpacls and the vulncrablhiy of different works forcscen in the project in

- order lo prcscrvc lhc envnronmcnl for the prcsenl and future generations.

B Thc followmg componcms or pnonly sub prOJecls havc been ldcnllftcd



- Project for the conduction, ¢ trcaiment and integral ‘management of the

waslewater in_ Puno City.
- ‘_Pr0_|ccl for the cnvlronmcm management in the srmll rivers.
. Project for lhc conlrol and dlschargc of rainfall watcr
- Project for lhc cco-lounsm developmcni of the interfor bay 'of Pi’inb.
T hc detailed des1gn 'sludy for the pl’O]CCi for lhe conducllon treatment and mtcgral
managcmem of the waslc\vatcr in Puno Clly has been siarted smcc Novcmbcr

. 1998 and WJH complcte in thc mlddlc of 1999 Accordmg to thc terms of -
> rcl‘crcucc for lhc sludy, thc followmg works will be def’ ncd

Waslewatcr colleclcd by the wastewater co]lecllon nclwork 'Wl]l be pumped up to e

the south of Cancharam mountam wherc the treated wastewater is used for
forestation ¢ of 300 ha The forestation arca 1s lhc lribulary of L]ave river. Thls
?‘."enables the area whcre Espmar stablluauon lagoon presenlly occuplcs o be
) 'uuh?ed for lourism and other lype devclopmem L

Faciliticslo bc designed are as follow’s_: st e
" Main pump station ‘

1.Sccond and third pump Slatiohs

| 2. Prcssurc hnc (I-IDPB plpcs) |

3, \Vastcwatcr slorage tank

4 Conduction line (PVC pipes)

5. Wastcwater treatment plant (facuIlatwe lagoons)

- 6Irr|gauon canals



1.3 ON-SITE SYSTEM

1.3.1 GENERAL

The present practice of disposing excreta in the arca not scrvcd by the existing
" sanitary sewer system is cither thc usc of on- snc sanilation systems, such as
amlary toilets and scptlc tanks, or direet dlsposai o dralmgewqys and small
rivers (mlcrocucncas) “‘The houscs on the steep slopc above the Av.
Clrcumvallallon, not scrvcd by the sewerage systcm do nol always h'we on-site
samlanon facilitics. : ' I

The most of the hoos_eholds"not connected (6 the sewer system dispose sullage (all
houschold wastewater except wastewater from toilets) directory onto the ground,
the sireets, drainageways and small rivers. .

1.3.2 TYPE OF ON-SITE _‘dYSTEMS | | :
_ T\Qo types of 'on-sit-o éysten{s cx;is;i' m lho orea, |
1..P.it.i.ofrines L
2. Scptictanks E

Pll latrines are stmple dug holes w1th various dlamclers and dcpths thh it is
properly dcs;gncd urine mf]llrales mto the surroundmg soil and thc fecal solids
are dlgcsled anaeroblcally There is a slow accumulation of sohds in the pit,
~ which reqmrc emptymg Dlreccmn General de Salud Amblcmal (DIGESA),
Mlms{ry of Health proposcd the standard de&gn for S'mliary toilets (pit latrincs),
whlch is shown in Iftgure V.1.7. Samtary loilcts can be uscd as a communal _

facility for scvcra] households i

_ The slandard de&gns of septic tanks are def‘ ned by Organo Inform'mvo del
. Capnulo de Ingemcros Samtar:os Peru as “chulamcnt para el diseno de tanques
sepllcos — normas de desino y prmcnpxos basicos”. The standard drawings for
household septic lanks are shown in Figure V.1.0. Sepllc tanks retain houschold
- wastewater (ton!cl wastewater and sullage) for 1-3 days Durmg this time the
sohds settle to the bottom of lhc iank where thcy are digested 'macroblcally As
some s]udgc accumulatcs the tank must bc dcsludgcd at rcgular mtervals

S vi30



normally once every one lo five years. Installation cost of septic tanks is
generally larger than that of sanitary toilets, although scplid tanks are normally
less expensive than conventional sewerage.  They can be used as a communal
facility for populations up to 300. ' o

gﬂccording to the DIGESA Puno office, sanitary rtb'ilct is rccqmmcndcd_as an on-
site .sanitation system in Altiplano (high land) region of Peru s_i_nc§ ground water
table is gbnéfally low (more than 2 meters deep) and permeability 'of the soil is
good_. 1‘[1¢_c)§cé])lions c:_ﬁisl in Cusco, whcr"c water table is less than 1 mlélcrj (icép,
require installation of septic tanks.

Figure V.1.6 | Standard '_septic_tan_k desigﬁ fof household

: Inle;
Outlet
Bafﬂe

: Scum
Sludge
" Clear space (baffle)
: Clear Spacé (sludé_e)
: Water height in the ditch

: I-reespace .

Depﬂ] of wall penctralmﬂ o |
K: D}Slance from balIlf- to wali (20 to 3(} cm}
:' L: | Uppcr exlreme of ba[ﬂe in 2,5 cm below lhc
. cover o allow lhe venlllalmn proccss Sl
: M: Cover, rouud_n[ possible
N : Gfouud lcvtl- '



' Figuré V.1.7 Standard design for sanitary toilet

A -

(DIGESA, 1999)
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1.3.3 " EXISTING SYSTEMS IN STUDY AREA -

~ Al present, no slalistics arc available for the distribution of on-site sanitation
“systems in Puno City. Puno City intends to survey the cxisting on-site systems
asa part of hygicne educ,alio_n progrum in the_n_ear future. :

o Accordmg to the Puno mummpahty, 1nst1]latlon of a samtary tmlet has bccomc a

_requitement for the permrsston of burldmg constructlon outsrde the sewerage

- service are'l since 1995, Bmldmgs constructed bcfore 1995 do not always have

proper samtatron facrhlles _

1.3.4 OPEﬁATlON AN'o M'AmTENAN’eE"oFr-*Ac:L'rnEs ?i S

! E*or samtary totlets sotl and hmc cover on the accumulated sludge for cvery 50-
; em in depth is lecommended as mamtenance by DIGESA Puno ofﬁce although it
;13 not always practtced by lhe resrdcnts Pit emptymg equlpment such as '
zvacuum trucks is not avallable m Puno Clty At present samtary torlets are_ .

: abandoned when the s]udge fi]ls up the pits. Another prt wrll be dug for a new

toilet. ThlS practtce is, not practlcal espeeraily t‘or the low -income area near the B

o city center where avallable land is hrmted for sanltary toilets o

1.4

EVALUATION OF P'nés‘é'ur"eoﬂbfﬂpi!$ e

According o the ahnual -report of EMSAPUNO " number .of houschold
?connectlons h'ts bcen mcreased in 1993 to 1998 (Table V.1 1) Number of
_ connections mcreased in the Iast few years due to the constr‘uctron of Az1rum and
 Floral pump stations. ' ‘ :

The mamtenance works such as’ elcamng of mam collectors by h1gh~prcssure _
* waler have been performed in the last few years to 1mprove the performance and
relrablhty of collection systems, Desprle the above eftorts by EMSAPUNO

| around 54 % (1998) of the wastewater gcnemted in the Puno Clty is not oollcetcd '
- by thc samtary sewer system Lo



The Fsplmr lrcalmcnt plant Wthh treats more than 80 % of the sewerage
collected by the sewer nclwork removes 70% of Organic matter (BOT), 30% of
nitrogen (T-N) and 30% of phosphorus (T-P). It discharges its effluent to the
interior bay of Puno.” In order to prevent cutrophication of interior Bay, further

L removal of nutrients is required, espeoially phosphoros that is regarded as a

1.5

K0

: limiling nutrient for .lll'c biological growth in the bay. -

On suc syslcms arc nol common among thc houscs wnhoul sewcr conncchons
The sullagc and lcachate from on-site syslcms pollutc ground water, dmlmgc :
c*mals and small rivers with orgamc contammams such as mtrogcn, phosphorus
and carbohydrales. T_he part of those contaminants reaches the lake as a
pollution load. ... - | |

IDENTIFICATION OF PROBLEMS .+ . -
Throogh the evaluation of the oxistingr 'sysl‘én'ns, the folloWing pfobiems are
 identificd. | | | o '

Low coliection rate of wasteWétér

54 % of 1he houschoids are not connecled lo ihc sc\»cr systcm 6% o[ the

househoids are not connccled lo the collecllon syslem, even thou;_,h lhc scwer

: N Vlmcs are located on fronl of lhenr houscs

@

" Increasc of lhc connection rate is esscnual to reduce orgamc pol]utlon loads to the

interior bay of Puno

Broken covers of sewer pits

' _7‘Ar'0u'tid 40% of the cxistiﬁg‘ scwcr‘ pits 'ha\!c either no oovcrs or. broken 'oncs,

which allow fesidents lo use scwcr pits as rubblsh bms 'They also let rainwater

o go into the sewer collection syslcm TIntroduced solid wastes and ramwatcr cause

e 'clogglng and surcharge in the scwer lmes whlch damage lhc sewer co]lectlon '

' system

| The repalr works of thc covcrs and publxc awarencss ot lhc proper use of the

- sewer connectlon facﬂltles are urgcnlly rcqulred
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@)

Removal rate of nutrients at the Espinar slabillzatioh lagoon

- Although the rehabilitation works were performed on lhe Espinar - stabilization

@)

- (5)

(©)

lagoon in the last few years, 600 kg of organic matter (BODS) (= 2000 kgBOD./d
x (100%- 70%)/100) 420 kg of nitrogen and 35 kg of phosphorus arc discharged
daily into the interior bay of Puno from the lagoon. lmprovemem of the nutrient
removal rates is required to rcduce the orgamc lmd o lhc mlcnor b'ty m order to

': 1mprovc culrophlc eondatlon of thc bay

Overload of Chanu Charitl treatment pl_ant -

The Chanu Chanu treatment plant receives waslewater 2 times as _milch as the
design flow. Asa result, the effluent quality deteriorated and lh_c'planl became a
pollution source lo the interior bay of Puno The part or-all of the 'Se&veragc
prcscnlly ﬂows mlo the planl should be re-directed to thc Espmar stab:hzahon :
lagoon o o ' ' ' ‘ '

Inflow of rainwater to the collection neﬁyork B

Rainwater 1ntroduced to the samlary sewer sys{em lhrough manholes and sewcr ,

" connection f’xclhucs to drain ramwater in the slreel 'md houses causcs hydraulle

overloadmg of both the collection syslcm and the lrcaimem planls The proper
streel dralmgc systems are required as well as formulatton of en[orccablc

regulations or ordmanccs to prevenl dcllberate]y planned or dcwsed eonncclion of

rainwaler sources 1o the sewer system.

- Lack of on-site systems

. Very few proper on-sile systems are installed to the lloosc; _w_ll_holllrsqnil;iry_ seiver
. connections. In order to reduce organic loads from those houses flowing to the
_interior bay of Puno, prorpe‘r on;silc systems, such as sanitary loilets and scpli¢

- tanks shall be installed fto cvery household \\}ithout seWcr eonnéelion

Formulation and enforccmem of rcgulatlons or ordmances to cnforee houses and

: bulldmgs to cqulp on-site treatment syslem is urgcnlly rcqulred



MASTER PLAN

TARGET AN'D STRATEGY _,

- _ 'Thc maln ob]ectwcs of sewcragc systcm developmenl in Puno Clty are as follows:

o 1 Improvcment of public hcallh through (,o]lccuon of waslcwater

[ ,' 2. Improvemcnt of water quahly of pub]lc watcrs, cspccrally Puno interior bay of

'I 1lrcaca iake

R The former is achlcved through collcctm;, 'md eonvcymg wastewaler lo pomt of

o 'trealment whrle the latter is achieved by treatment of collected wastewalcr

T

Targets of Master P!an .

a) Target year

' Target year of Master Plan is set as 2025 wuh the perrod of 25 years. ‘The target
a ycar is same as thal of the feasrbrhty study by PRONAP -

o b) Target wastewater

' Wastewater of the followmg ongms wrll be co]lected and treated.

DO]‘ﬂCSi Ic. wastewater

S Commercral wastewater

Industnal wastewater '

“_c) Target area __ _-.i
' The pro]ected boundary of Puno Clty in ycar 2025, shown in Figure V.2.1, is scl
: as the target area of the Masler Plan.’ Thls area shall be served either by sanilary

. 'sewer system or by proper on-srte sanrtallon facilities. "The division of the area

. by the two systems 1s dlscussed in seetlon 2.2.1.

o d) Target coverage of samtary sewer system

- : 85% of lhc lotal populatron of Puno C]ty shall be served by saml'ary sewer system
in ye‘lr 2025 Thrs coveragc is decrdcd in connection with that of waler supply

(90%) whrch is proposcd by the PRONAP walcr supply feasibility sludy (1997).

' '--:"-_Among ‘the servcd populatron of water supply, 95% will have flush toilets that

: requrre remova] of waslewater by samtary sewer system. Therciorc the target
' coverage is set as 85% (— 90 % X 95 %) '
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(2) Strategy of Master Plan

a) Sewer system se!ection

The exisling sewerage system is a separale system, which only LO"CC[ wastewater.

Scp’mtc co]lcctlon of wastewater and storm (r'un) water is highly deqlmhlc for:
- protection of public walers irom pollution

- minimizing construclion andg operation cost of the wastewater treatment plant

by the cxclusmn of storm water from the trcatment system.

From the abovc rcasons, the sewerage syslem slnll remain as a :,cpmtc system

and the storm water drainage will be studied scparately in the next chapter.

b) Staged imple_mentalioh

The Master Plan is formulated over a rchﬁvely long périod of 25 years, which
will be dmded into 3 stages. Shged 1mplcmcnlat10n is desirable because of
dllllculues in pmjeclmg the future p]anmng frames precisely, . such as social and
economic condilions. Through the implementation of the Master Pl'm the
further stagcs Sh'l“ be reviewed based on the prcvnous achicvement.  The
lollowmg 3 slages arc proposcd

- Fi;s} stage 1998 2008 (Phase 1)
Second stage - 2009 — 2015 (Phasc 2)
Third stage 2016 - 2025 (Phase 3)

2.2 PLANNING CONDITIONS

2.2,1  PLANNING AREA

The largct arca, Puno Clly in 2025, is shown in Iflgure V.2.1. The area is
divided into 16 zones (1- 16) accordmg to population density and land use (sce
chapter I -3). This arca does not comcndc with the study arca of this Master Plan,
which is also shown in Figure V.2.1. The part of the sludy area (I - lV) not
included in Puno City is also studied for sanitation improvement, but not regarded
as a sanilary sewer development arca. 'The above areas arc summarized in Table
V.2l
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‘Table V2.1 ‘Target area of the Master Plan

Year 1998 2025
Zone No. | Area (ha)_ Population | Densily | Population Dchsily
B 179.5| 17,580 99| 14,160 78.9
2 57.1 11,035 1933 11,550 202.3
3 86.6 17,624 203.5 17,95 2070
4 1803  18309|  10LS| 19,560 1085 |
s 255.7 6,386 26.9 14985 - 586
6 2543 w0,55| a5 2103] 828 o
7 90.1 7,937 88.1 9,354 103.8 4
8 57.0 13,507 61.5 5,007 87.8
9 194.8| . 2,843 146 1320 376
10 588.6| - . 7,343 12.5 25,974 44.1
1 7274 - 74,531 T62| o302 422
12 1000 o] 00 90|99
13 131.8 o oo o nd04| 107 ]
14 59.2 312 s3] 1176|199
1s 916 0 00|  8s6 93
16 316.0 o oo| . 298 9.3 -
Sub-total 3,370 | 108,457 322| 185004 54.9 %
1 1,226 1,051 - 09 - o
1 a7 200 04 .
mo| a2 300 0.7 -
v Ca04| 13 ol -
Swbtotal | 2320  used| 07 -
CTotal | 5,699 110,021 19.3

" Cf. Study area: 5250 ha (land area)
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By year 2025, zones 1 - 14 will be developed as urban areas. (Chapter 11 - 4)
The largci arca is served either by a sanitary sewer system connected to
wastewater treatment facilitics or by on-site sanitation facilitics. ° Since a sanitary
"¢ sewer system requires a large capital investment, scrved area shall be car'cl‘ully
choscn As populallon dcnsnly decreases towqr(ls pcrlphcml arcas cxlension at
sanitary scwer syslem rcqulres longer pipe lcnglh per served popuhllon thus
‘ conslrucuon costs bccomc loo costly to be recovered by t'lrlfls and olhcr available
funds. In Japan, densely 1nh'1b1tcd districts (DID) with over 40 inhabitants / ha
Care norm‘tlly included in a service arca of sewer system.  Applying those criteria,
: zoncs 1- 11 shall be identificd as served arca of the sanitary scwer system.
Zonces 12 13, 14 mclude possablc urban arcas in year 2025. Besides Zone 13,
focky arca that i is difficult for sewer dcvclopmcm those zones arc included in the
' sanilary sewer arca. The iargcl area is dmdcd as foilows

- &éa served by sanitary se\_vcr (zoncs 1- 12, 14): - 2831ha
S Arcé scrvéd by' on-Site sanitati_q_n faci]_itiés (zoncslB, 15, 16): :539 ha

As targel covcrage of the samlary scwer syslem is 85% of Puno Clty populatlon a
- part of thc sanilary sewer area will be scrved by on- snle facﬂmcs m year 2025,

2 22 Popuumon |

. _Thc Mastcr P]an sets service coverage ot the samlary sewer sys{cm al the cnd of
: each ph'lSC as follows o

’I_‘able V.Z.Z _ Térgét service coveragerof sénitafy sewer

' Present 1 Phase 1 | Phase2 Phase 3
: | 71998 : 2008' | 2015 2025
Samlary sewer | - ‘46 % 70 % | 78 % |85 %

g :Thc prolccted servcd populatron of the targcl 1rca is set out in Iable V.2, 3. _

Table V 2.3 Served populatmn by samtary sewer system

Year | 1998 2008 2015 | 2025
- | Sanitary sewer | . $0,107| 97,631 125731 157,253
| On-site facn]mes 58,350 41,445|  34777| ~ 27,751

Total | 108,457] 139,076 160,508 | - 185,004



223 WATER SupPLY

As l‘ut.urc wasléwalcr gcncrétion is csﬂtilnnlcd bascd on. walér consﬁmpiion water
consumpuon is predicted up to year 2025 - Water supply demand projection by
_PRONAP (1997) is. rcwcwcd based on lhc lalcsl opcmllon d‘lta of EMSAPUNO
and the populauon pm]cctlon chboraled by JICA study team. -

W‘llcr consumpuon is dmdcd mlo four c*ttcgorics

-2,

Domcstlc s

E Commcrcnal
3. Industrial -
State -

4'.:

" Number of active conncctlons for lhc abovc catcgoncs accordmg o EMSAPUNO

and the PRONAP pr{)jcctlon is shown as Table V.24.

Table V.24 Number Of_'aét_lvé'i:'onnéc'tibns’ for waiter supply

"

| - Doniestic + |~ Commercial = | -+ Indusfrial ~ |- State
Year | s | vronar | EnisA- | pronAP | BMSAT | pronAP | EMSA. (| BRONAP
PUNG | Projection’ | PUNO | Projection™ | PUNO | Projection™ | PUNO | Projection’
1995 11,573 1 604 Tl AT e
199 | 11,972 o 619| S R 63
1997 | 12,084 12991 718 634 9l . 92 64
1998 | 12,947| - 14,041 - 671 650 7 - 121 67
PRONAPp.rojccli.onsareannua-laverééewhile?MSAPUNOda!aéreat maeildoreachyear-i S

. S}gmﬂcant dlffcrenCC bctwccn thc PRONAP pro;ccilon and actual dala lrom |

bMSAPUNO is lhc numbcr of conncctlons for slate usc

Avcragc numbcr ol

: _slalc connecllons in 1998 w1]l be adjuslcd to 107, the avcragc bclwcen valucs in

ADcccmbcr 1997 md

in Decernber 1998

VR.Qvgsfcd projecthnu o{ “water
consumption is shown in Tab!e V25 R
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(1)

2.2.4 WASTEWATER FLOW AND POLLUTION LOAD

Wastewater Flow Projection

The sanitary sewer and treatment .plam capacity shall be determined from future
quantily of domestic, commercial, industrial and state waschatér as well as anticipated
groﬁnd water infiltration. Future wastewater flow wuhout infiltration is predicted
based on the water consumpllon prolccuon Per capila wastewater flow is usually less
lha_n per capila watcr_ consumption because water is lost through leakage, fawn irrigation,
évapomlion ‘ete. This reduction l‘qclof is norlﬁally 0.7 - 0.8 in Japan. . For tl‘li'sssludy,
the reduction factor of 0.8 specified in “chulamcnto Nahonal de Conslrucllons”
(RNC) is used. '

'. lnl‘ ltratlon rate adopled by F/S and D[D by PRONAP is 0. 1 ]!s[km A]lhough thls

value is lower than estimated value of 0.11 Us/km from the present wastewaler flow
survey in the dry season 0.1 Vs/km is to be used for the p[OjCCllon o avoid ovcr-smmg
scwer systcm and lrcalmcni p]ant Lo

' 'Table V26 shows wastewaler flow pro_lecllon up lo year 2025 Maxmmm dally

waslcwatcr flow is calculated by mulllplymg daily averagc was{cwater ﬂow and

: _cocfllcmnt of 1.3, which is the ralm of maximum daily water dem‘md to avcragc d'nly

~ waler demand spccmcd in Regulamcntc N'moml de construction (SIOD) Maxlmum

hourly wastewater flow js calculated using cocfhcxcn( of 1.8 from dmly avcrage :
W'lSlCW‘l[Cl’ flow. 'lhcsc cocfhcwnls adopicd from RNC (SIUO) arc appllmblc 1o !hc _
c1tles with popuhtlon over 10 000
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(2) Pollution load projection

- Present per c*1p1[a polluuon loads estimate by JICA siudy team (scc Clnptcr \4 Sccnon
1.2, 3) are shown in T able V2 7 togclhcr w1th various slandards for waslcwatcr
treatment p]anl design. -

Table _V.2.7 Compa'ris.o'n of per éapita pdllutio:i load'(g/éépita/day) :

AR ' BOD Co8S | TN | TR
PUNO (JICA) 40 s ) 12 R
PERU * - | '50.0)* | 90@8)* | 12029% | 3(0.06)*
JAPAN # | - 57 430 1212
R A R R Y
PRONAPF/S,DD | . 45 1z

© *1 Regulaments National de Censtruccions, Norma de Saneamiento 5. 050
. %2 JapanSewerage Design Standards . -

. - '3 Recommended standards fot waslewaler factlmes (Gteal Lakes, 1997)
*4 RaticasBOD =10

- Per capita pollutlon loads may lncrease as llvmg siandard of thc mhabnants unprovcs )
: For this Mastcr Plan study, per caplla BOD 1oad of 45 g/caplla/day is adoptcd Pcr"
¢ capita pollution loads for SS and T-N are sel usmg rallos to BOD load proposed by
: RNC(S.090). - Per capita T-P load of 1.0 g/capm/day by JICA sludy survcy was
relatively low, but similar to that of PRONAP F /S dcsngn value. Thus 1.25

t,/C'lplla/day is adopted as per caplta T-P load Dcmgn pcr captta po]lullon loads arc. 3
shown in Table V.2.8. . .

Table V.2.8 Des;gn per caplta pollutlon load (glcaplta/day)

| N BOD | 88 | BN | TP
Percapitaload | 45 | 81 o _ 1.25 if.
(Ratio) e (1 1) T I ¢ 8) - (O 24) | (0.03)

: Pollutanl load conirlbullons trom commcrc1al sourucs are gcnerally consulcrcd wnthm

" the allowancc for domcstlc sources, As contnbullon lrom industrial and stale sources

©are rclanvcly small comparcd o domesl;c sources m Puno Clly, conlrlbullons from -
_ lhosc sources are 1gn0rcd in thls sludy e ‘

' -Pr0]cclcd polIullon loads gencratcd in Puno Clly and collectcd by samtary scwcr syslcm
“upto year 2025 are shown in Iable V. 2 9
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