1.2.3 RAINFALL

Monthly precipilalioﬁ in Puno City for the last 5 years is shown in Table Vil.1.2.
The most of the heavy rain events occurred from December to March. At presen,
SENAMHI weather station in Puno only records daily precipitation. The
"pluvio"graphic band data is ndl available since 1990. : For the cvaluation of
- maximum rainwater drscharge the rainfall intensities for 5 and 10 years return

S perrods are sludlcd usmg the pluvrograplnu band data from 1965 to 1989.

Table VII 1. 2 Monthly precrpltatlon in Puno

Year an. I«eb Nl’ll' Apr. May Jun. Jul. Au_p1 Sep Ocl Nm Dec. {[Total
1993} 175.6] 100.7] 107.0] 5251 6.6] 1.1 0.0] 37.9] 180] 69.1] 79.2] 111.5]|759.2
19941 180.0] 183.1] 113.3] 116.2] 29.9] 04] o0.0] 0.0} 18.3] 36.6] 52.6] 73.2]803.6
1995112271 119.7] 124.0]  2.1] 4.1] 0.0] 00| - 3.0} 21,9] 153] 50.3] 80.2]|543.3
1996} 252.7] 130.5] 60.8] 76.3] 00| 00] 2.9 12.8] 0.8] i10.4| 88.3]|118.0]753.5
1997{ 239.6] 213.2] 98.6| .88.6]- 0.9] o0.0] 00| 21.9{1082] 30.1] 62.9] 44.9]908.9

.Saurcel:.SENAMHI ,-
124 OPERATiON AND MAINTENANCE U
' ,Puno mumc}pahly performs silt and debrls removal from the major urban dramagc
B Ways before and after the rainy season. For the cach occasion, 5 personnel take
o part in’ lhc works for the duration’ of 15 to 20 days. The removed silt is
lransportcd_ by the dump trucks to be uscd as a construction material (backfill) or
1o the final disposal. I'nspe'clions are done after the above works and the damaged

_ "secuons are rcpznrcd If the illegal dlsposals of wastewater 1o the dmlmgc ways
werc found Ihcy are reported to EVISAPUNO

- '_-!PerSOnncl lrom PBLI mspcct the crOSron conirol facilities for microcuencas at the
- end of fainy season. The repan‘ works for the damaged small dams are requrrcd

after the mdjor storm cvents
125 FUTUREDEVELOPMENTPLANS
- Thc following sludics havc bccn madc On thc drainagc sysléms of Puno City:

1 PELT (1997) “Esludlo de bactibllrdad Dcsconlammacron y Dcsarrollo dc la
Bahn Intenor de Puno” ¥ RIS E . e

vii-s.



2. WB (1998) “Programa de RCh’lbl]lI'lClOIl y Gestion Urbana en la chubhm dclg

Pcru

PELT proposed a storm waler mamgcmcnl p]an as a parl ol “Bstudlo de

- F’icllbllldad Dcscomammamon y. Desarrollo de Ia. Bahla Interlor de Puno” 1997

“The plan includes not- only rehabilitation and expansmn of the cxisting urban
. .drainage system, but-also erosion control measures along the cx1st1ng 58 small
rivers (mlcrocucncas) -The erosipn. conirol measures include mstallatlon of small
dams, slablllz,allon of banks and forcstauon '

- .-'J - ;_-._,.,
[ P Qi

- World Bank fundcd “Programa de Rchablllhcion y Gcsllon Urbana cn la .'

; "-_Republlca del Pcru” whlch diagnosed lhe ex1slmg condltlon of Puno Clly and'g‘j
z':‘i'iproposvd pnorlly pro;ccls and!studlcs Thc proposed studles mcludc thc:j‘i
-f‘devclopmcnt of a slormwaler dralmgc mastcr plan Thc devclopment of the |
. _'_master plan wﬂl lakc c1ght months wnh lhc oshmatcd cosl of US$ 435 022 (mci
L.G.V.). The proposed study includes thorough topographic survcy of lhe area and _ . -

i hydrauhc modeling of dlschargc for the fi fty (50) years relurn penod

1.3 EVALUATION OF PRESENT conbmon_s

Do H
LR o oy A Vet VUL e T,

Wt At prcscm, 1hc ma_;or ram evcnts flood lhc slrcct in, lhe scvcral locallons in the

Jow-lying area of Puno Cnly Bul the ﬂood level docs not reach the lop of the curb
-.in-the, streets. In the pasl 20 years, . the t‘[ood levcl reachcd the floor- lcvcl of the

. ‘ bmldmgs around lhc lakc shore Olll)' when the w*alcr lcvcl ol th:, lakc went up,

: cspccmily when it reached 3,813 mas. 1111986,

'1 he street floodmg takcs pIacc whcrc lhc strect dmlmge syslcm IS 1n sufilcwnl or

- does nol exist. But the nalum] gradlcnl lOWards the lakc d[ams ramwatcr within a

relatively shori period. Normally, the walcr lcvcl of the s[rccl goes down i in Icss'

than 1 hour after ram cvcnts

Sll[ and debris accumulatlon is observcd 1n lhc most of ihe dﬂmagc ways Wthh .

rcqulrcs penodlcﬂ malntenance works by Puno prownclal mumupahly

1

In lhe sm'lll erCIS (mlcrocuencas) locatcd on thc slccp hlll ovcr lhe cuy ccntcr
- disposal of solid waslcs, hum’m excrela and. used constructlon matcnals are

' frcquent]y obscrvcd due to lhc msu[llclcnl so]ld waslc collt:clion (once a week)

e



“and the lack of sanitation hclhtlcs Those wasles are’ quhcd away by the rain

cvents, through urban drainage ways reach the interior bay.

The erosion control measures initiated by PELT for the higher part of the study

area over 3,850 m a.s.l. manage to control the serious erosion of the arca, although

" the facilitics reqitire’ periodical maintenance works. © PELT intends to extend

1.4

existing facililics to the whole catchment arca of the intetior bay. -

IDENTIFICATION OF PROBLEMS -
The following problems of the existing drainage systemr _havc been found:

Street flooding

- Street ﬂoodmg is obscrvcd mosliy in low lymg area of 1hc Clly A]though the

. flood level doés not seriously obstrucl lhc Irafﬁc so far; strect dramagc facilities

@

: sha]l be installed,. Only few, strccls in the cnly have proper. dramage fauhllcs
" The most of existing street dramage systems require repair and__ maintenance

works such as dredging and cleaning of grilles.
Se'dimentatléh In the drainage waYs

'_Scdimcnlation ot silt and dcbrls is obscrvcd mosl ot ihc dramagc wqys whlch :
reduce the hydraullc capacxly of the system. - Major sourccs of incoming silt arc

“carth banks of small rivers, unpaved road in the- stcep hlll and construction site

- scattered in the city. Sedlmem dcposnted during small storms can flush durmg

(3)

b larger storm. events to the lakc They not only reduce the dramagc capacity of the

' ch'mncls but also mcrcase the culrophlcauon levcl of the 1ntcrlor bay of Puno as

lhey are washcd away o lhc lake by the rain cvcnls

Rainwater Inﬂow to the samtary sewer system

r-Thc lack. of propcr streels and bulldmg dramagc f'lClllIlGS lcads o thc nncntlon'ﬂ

and unintentional ram waler dlschargc into_the samlary sewer systcm and rcsulls .

n surchargmg and silt scdlmcnlallon in the sewer lmes Rainwalcr from the roof
is oftcn led 10 the sewagc pll of buﬂdmgs and ends up in lhc scwcragc collcctlon

vILg
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system. In the several places, rainwater drainage pipes or gutters arc, dircctory

connected to the manholes of the sewage collection system,

- Water quality -

The only 46% of the populalion are connected 1o the sanilary sewer sysiem. The
rest of the population dispose domcsiic wastewater to the streets or gutters, which
ends up in the drainage ways. Combined with the solid wasi'cs disposed in the
mlcrocuencas or dramage ways, waslcwater dcgradcs thc stormwater run off

quallly and becomes a pollution load to the lake.

. HY_DBOLOG'ICA'L ANALYS!S

T his-chap.tcr présé'nls the results on meteo- hj{drological analysis carried du{ during _

" the penod October 1998 to February 1999 in Peru and May to July, 1999 in Japan.

" Previous studies-have been reviewed, raw’ data on mctcorology and hydrology

" have been collccled and a detailed analy31s on metco- hydrology has been camed

o oout usmg lhc co]lcc{ed data

2.1 RAINFALL ANALYSIS
2.1.1 MONITORING OF RAINFALL

" Rainfall has been recorded af SENAMHI Puno station located in the Siu'dy area.
' Pluviographic charts, which record rainfall depth measured by a rain gage

continuously, are avmlable for the period belween year 1965 ‘and 1989. Since .
year 1990, us¢ of ihis rain gage was dlscommued and only (hlly ramfatl rcadmgs .
are avallablc R ' ' :

2.1.2 PROBABILITY ANALYSIS ON ANNUAL MAXIMUM RAINFALLS -~

Annual maximum rainfail data at Puno station is prcSenled in Table VIL.2.1. Tlale.

values for 15 minutes up to 24 hours rcprcscnt annuai max1mum ramfa]l from .

- compound rainfall (smglc or multlplc) events

y Probabrhly analy51s on _annual ma_x‘lmum_ short duraliog rainfall (from 15 minuics

up to 180 minutes) and for long duration rainfall (l;l’O.l.Tl_.3 hours up to 24 hours or -

VI



daily) have been carried out using Gumbel’s distribution method. The goodness

of fit by Gumbel’s distribution has been checked against Thomas (or Weinbull’s)

plotting position formula and is shown in Figure VIL.2.1.

Gumbel’s distribution gives comparable fiits with Thomas plots.

| _Table VH.Z_.I Ahnual maxnmum rainfalls in Puno City

Figure V1.2.1
Gumbel's Distribusion with Thomas Plot

1.0

Return Period (Years)

. .
RE T

Reighilgmm) .

It can be scen that

* Amounl represents annual maximum ninfall for compound ramfa]l o

. Da!asoulce SENAMI{I

w10

< Year : s Precipitation’ (mm) .. ¢ R
L 30 min. lSOmm 90m1n 120 min. 180m1n ﬁbn 12 brs 24 brs.
1965 10.5 18.5 21.6 - 27.0] 315 - 415 447 46.2

1966 - 10.0 - 19.0f ¢ 225 - 255 L3270 382 0 414 45.2
1967 714 10.0{ 16.6 - 169 17.0 © 304 333 - 317
1968 4 - 113 1571 176 - 194 21.5] . 26.8 - 27.6 29.8

- 1969 100 - 16.8 21.7 - 251 - 28.5 30.2 30.2 30.2
1970 - - 85 116 - 147 18.0 204 - 253 .- 357 36.3
1971 200 - 26.1 - 283 29.9 322 339 423 46.4

- 1972 30 69 - 94| - 119 19.4 - 334 - 370 38.2
1973 | - 2.1]. 243 o 280] - - 293 30.9 324 40.8 40.8
“1974 “ 9.6 1478 192 - 23.0 . 211 32.5 41.9 533

~_ 1975 86| - 13.8 - 16.3 17.6 21.5 -~ 33.6 353 53.3
1976 - § ~ . 7.5 - 13.2] 165 17.7 18.9 20.5 20.5 20.6
A977 -8 324 ... 175 110 143] - 198 26.2 36.3 374

.. 19718 © 130 225 - 246 - 26.1 - 2765 - 299 30.8 40.4
C 1980 o f 8] 145 o 14.8 - 145 0 146 0 194 ¢ 239 20.1
.. 1982 - F . 14.0] - - 24.6] . 276 29.0]. - 312 35.8 38.5 42.8
1984 ¢ .23 - 142 - 195 21.4 28.1 42.0 54.7 58.1

S1985 b 13 1saF 0 202 “232] - 306] - 373|318 47.1
.. 1986 123 - 163f . . 177 _18.0 - 208 24.5 2591 0 265
- 1987 - 231) . 268 296 32.0 36.0] 394 48.0 48.0

. 1988 - - 291 - 38 5.1 5.3 9.9 18.2 28.7 28.7

1989 0 f 0 0 100 - 16.9] .~ 18.0] 19.3 20.1 23.0 28.6 344
- Maximum | 0 23.1 26.8 29.6 320 36.0 - 420 54.7 58.1



- The results of probabilily ‘analysis are summiarized in Table-VIL2.2: - Probable
- maximum rainfall intensities (60 ‘minutes) for2; 3, § and 10 ycar return pcrlods
are 15, 18, 21and 24 mrn!hr respcctwcly o

lable VIL.2.2 Probablc maxunum ramt‘ali depths (Gumbel $ method)

. - oo : . Unit :
Time o . Probable Rail_xfall Dcplhs for Different Return Perieds - R
(minutes) } 1.0-Yr | 2Ye | 3.¥r | SYr | 10-¥r | 20-Yr | 30-Yr | 50-Yr
30 - 9.08 11.21 13.58 | 16.55 1941 | 2105 23.11

—%
90 | 68 1807 | 2069 | 2361 | 2728 | 3079 | 3282 3535
120 | 816 | 2002 | 2279 | 2587 | 2974 | 3346 | 3560 38.27
180 | 1112 | 2346 | 2633 | 2954 | 3356 | 3742 | 3965 | 4242

360 1688 | 2948 | 3241 | 3569 | 39.80 | 43.74 | 4601 | 4884

. 120 1940 | 3426 | 3773 . 4159 | 4644 | 5109 | S$3.97 | ST
1440 | 2231 | 3852 | 4230 | 4651 | 51.80 | 5688 | 59.80 |- 63.45

- 2.1.3 INTENsrrY-DunmoN-FnEousucv Cunvss’

Bascd on'the results of probablllly anaiysis usmg collected data rangmg from
o 1965 to 1989 IDF curvcs have been construcled To f'lcmlate runoff analysis thc '
' bcsl i‘ t equauon for- the IDF curvcs has bcen mvestlgalcd agamsl ijljlma (or

' chzcl) lype cqumon S B ST
NARY:
- \vheré_" i: :_frr.ainfali ihlcn_sily {mm/hr) :
e diuralion_'(minﬁtes):- o

Smce a smglc curve docs not rcprcscnt wcll for r’nnlall durallon up lo 24 hours,
two sels of cirves havc becn prcparcd onc sel for ralnf'lll durauon up to 3 hours o
and anothcr set for ramfall dumuon from more lhan 3 lo 24 hours KJmljnrna fype .
cquatlon gives good llls 1o calcuhlcd valucs by Gumbc] s mcthod The proposed: _

" IDF curvcs with cquatlons up to 3 hours and from morc than 3 o 24 hours are
.ShOWII in I'tgure ViL.2. 2 I |

VAL



* Rainfall intensity (movhey

* Rainfall intensity (som/he)

—

. Pmposcd IDF curves (un to 3 homs}
S

1 P . ' : 73 Years ]
o [ <N . R Mﬁ_SYca:s -]
: o 10 Years © ]

2 Years

-__60. .., 1200 180

Durauon ( mindtes) -

Flgure VII 2 2-a Proposed IDF curves

Pmposed IDE curve (from 3to 24 hours)

12 ¥ T ! T T -1 | ! l"""f’”“! T l. !.I 11 ! T T
. 10 ) .._........;....,-......E,.:......_...:.............'...... —‘—-2‘{63[5 e
A . . . ' —k— B
: © 3 Years
T8 Years
8 10 Years

360 © 540 720 900 - 1080 1260 1440

Durahon (mmulés)

Blgure VII 2.2- b Proposed IDF curves
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Constanls for the above cqualion are shown in Table VI1.2.3.

’I able VIL.2.3 Constants for rainfall equatlon for §, 10-yeal refurn

_ period
Duration (min) | Return period (ycar) a b ¢
. 0-180 5 : 3240 1.07 - 814
- 10 ' 3010 | 1.04 56.7
© 180-1440 5 1190 0.88 26.2
N ) - 10 1070 0.85 14.0

,2.1.4 AhEAL REDUCTfON FACTdR o

Proposcd Peru slandard (5. 124 S) spccnﬁcs arcal rcductlon factors accordmg to the
calchmem s:zc Table VII. 24 shows the values from thc standard up to catchment
size of 1, 000 ha. '

Table VII 2. 4 Anal reductlon factor
(proposed Peru standard (S 124 )]

_Area " Reduction factor
> 200 ha Do 1.0
200-500ha 0.9
S00ha-1,000ha |~ 083 =

2.2 DISCHARGE ANALYSIS
2.2.1 METHOD OF ANALYSIS
' Poak runoffs from c.a!‘chm'ents along the canals havc Beon eslimated. The total
dramagc area has been leldcd into 16 catchments and 84 sub calchments Basin

_arcas by zoncs, catchments and sub calchmenls are shown in thure Vil 2 3 The
tolal drmmgc area is 18 86 km ' )

Ralloml formula has becn app]ied for calcula(mg peak runoffs lrom the sub-

catchmcnls The runoff equation by Rallonal lormula is cxprcsscd by:
' Qp=‘17/3.6xCVxIxA_x_f

where | Qp peak runoff (m"‘/s) .
G runoff coefflcu:nt dcpcnds on landuse condlhon as
dISCUSSCd later

CovH-13



I arcal reduction factor, depends on catchment size as
discussed in 2.1
A: catchment area (km?)

- Rainfall intensity, as expressed by the equations of the IDF curves is a function of

time of concentration T,, which is expressed by:

T, _ - Ti + T,
 where Ty Timcofintetand
CTe - Tiﬁlc of ﬁow. |
) - Tl i.s a function of hydraﬁlic len.gl'h.of overlan.d flow (Ly), catchmént slope(S) and

landuse condition. - For ovcr]and flow wnhout a defined channel, T, has been

estimated usmg Klrplch formula as shown below:

T, . -00078xL°"xS°”5
: Wherc C L lcnglh of natural channel / c_al.chmem (1)
S:  average watershed slope

: _Fo'r nz_ltilfal_ channcls of which there is no information on cross-sections, Kirpich
'_for_mula‘ has applied for calculating time of flow, from which flow velocity has

_ ‘been eslimated.

} - ' - For channels with known cross-sections, Manmng S formula has bcen app]wd to

esllmatc flow velocuy '

VIL- 14
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2.2.2 ESTIMA‘TION oF RUNOF;F COEFﬁtCIENT

]

Runoff-cocfilcacnts for ranonal formula are dcpendent on the charactcr and
condition of the soil. Tab!e VI.2.5 presents eslimatcd run off cocfficient for
urban area and hill slopes under existing (1998) and future (2025) land use. Those

coefficients aifc'fchosen céﬂsidcfing Slécp slope a:_ld,'po'or vegetation of the arca.

. Table VII:2.5 Runoff coefficienit

‘l"jear' | T Urbanarea : Hilt
1998 08 0.6
2025 | 09 0.8

el

_2 2, 3 RETURN PERIODS

' Proposed Peru Standard (S. 124 S) of stormwatcr dr'nnage demgn specnﬁed lhc
followmg return periods. - 3 '

-'Art':as R * Ycars
Res1dentlal L !,‘ from lies =~
Commeraals and high vah,le zones ;frqu to 10: _ |
chulred of specml protecllon - 1_50:; L

Peak dlschargc 18 calcnilatcd for 5 and 10 ycars rcturn pcrlod 1n lhls sludy i

. 2.2.4 RESULTS oF DISCHARGE ANALvs'is

i Runo[f calculahon points of the dramage systems: (havmg muliiple catchmcnts)'
*are shown in I'tgure ViL.2.4. Applymg Rallonal method, peak runoffs al the
| calculatlon pomls have bccn csllmated for both existing and future (2025) land

usc condmons for 5- and 10 years rclum pcrlod 'lhc rcsu]ts of runoff calcuhuons
S are prescnled in 1 able Vil. 2.6. ' o
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225 EVALUATION OF EXISTING CHANNEL CAPACITY

Discharge capacily of the existing concrete channels are calculated using
Manning’s formula. The resulls are shown in Table VII.2.7. TableVIl.2.7 also

presents comparison between peak discharge for the present land use and the

‘above discharge capacity of the channels. The channet capacily was ¢xamined for

S-and 10-year return "pcriod Figure VII.2.5 illustrates channels that do not have
enough capacily 1o carry peak dlscharges for 5 and 10-year return periods. The |
dramagc channel runs lhrough Ave. Choquehuanco — Ave. Carabaya (dlscharge

_ pomts CA.C - CA.G) docs not have enough capacity for peak discharges for 5
- and 10- year return periods. This coincides with he JICA team obscrvation of
- street ﬂoodmg around lhe pomt (CA E) during the hcavy rain events in February
1999, -
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2.2.6 FLOW VELOCITY OF NATURAL CHANNELS

Maximum permissible flow véiocitics, which do not cause scour, for unlined
channels, are shown in Table VIL.2.8. Bed materials of natural channels in Puno
City arc fire sand or silts. If flow velocity exceeds 0.75 m/s, channels arc subject
to scour, for which erosion control measures are required. Figure VII.2,6 shows
natural channels where flow velocity exceeds the niaxiniut"n permissible velocities.
PEL’I‘ has installed flow controi s{ruclurcs such as small (check) dams for various
‘natural channels shown in Figure VII1.2. Erosion control measures shall bc
. extended to all ihc other mtural channcls. '

Table VII 2 8 Maxnmum permnssnble velocntles recommended
' by Fortier and Scobey .
(For stralght channels of small slope, after aging).

Water Transpomng
Moteria K C.oll.oi.dal Silt
. v,
: mfs
Fine sand, colloidal o : 0TS
Sand loam noncolloidal R N W
Alluvial silts, noncolloidal |- . 1.05
Alluvial silts, collidal s
Fine gravel L . 150
Cobbles and shingles | 165
Coarse gravel, noncolloidal : 180
LConcretc sewer*? - 300

" ¥The Fortier and Scobey values were recommended for se in 1926 by the Sp Commiltee on Irrigation Research of the’
American Society of Civil Engineﬂs.. .

© 42 JICA Study team (1999)

Source: ASCE/WET (1992)
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3. MEASURES FOR DRAINAGE IMPROVEMENT ~
3.1 TARGET

3.1.1 TARGET OF DRAINAGE IMPR&VE‘ME&T'
From the resuits of the problcm 1dcn11l1catlon in-Section 1.3, tﬁc fo]lowmg t'lr.gcls
are scl for dralnage lmprovcmcnl plan '
= cénl_roﬁf sl;r;et .ﬁéédi.lié L
- rcducilonof scdlmcntandcontammam mﬂowlo thefntcnorbay ot Puno
- prcventlon of ramwater inflow to saiiltary séwer systelh

Targct Year Year 2025

O ELEI
SE IR S :

31 2 STRATEGY

epy et P N 1 ¢ e
»'}-a:»'., B LRS- e B B FoyE

The folIowmg slratcgy is adoptcd for deve]opment of dramage 1mprovem¢nt plans.

.= . maximum use of nalural dramage ways 2 'md cx1simg channcls to minimize

- '_cxpandmg thc crosmn and scour contro] mcasurcs to '111 lhc nalural
channels

. conslrucuon of dctcnuon bqsm to 1mpr0vc watcr thty 'md scdlmcnt :
o 'lrappmg ' ' ' '

“The s1fety and cosl cffectlvcness of prcscrvmg nalufal dninagc to scrvc as “out -
* fall” for’ slrcct dlschargcs is wcll rccogmzcd Transfcrrlng lhc problcm from one -
dramagc basm (o’ anothcr shou]d bc ﬁvmded ' ‘

. VIL-28-



3.2 PROPOSED MEASURES .
3.2.1 STRUCTURAL MEASURES
(1) Capacity Improvement of the existing'drainager system

a) Enlargement and lining of exIsting channels
Enléi'gcmenl of exiéling channel cross- scctions that héve poof ﬂow capacity for
the future requirement shal be improved by widening and hmng, ‘which 1nclude

' lmprovcment of pOSSlblc botllcnccks such as bndgcs and culverls :

' b) Constnidtion of addiﬂdnal dra'i.n'age ways

This option is only COﬂSldel’Cd wherc enlargemenl of existlng channels is not
pOSSlble or enlargcd capacnty of the channcls can not carry the design ﬂow

| c) Constructlon of check dams and drop structures to control flow ve!oclty‘ !

and sediment S

2 As discussed in Section 2.2, flow vclocmes in the most of natural channels excced
'permlssﬂ)le limits for erosion and scour. Channel s!opc modlflcallon, such as
check dams and drop structure shall be cons:dered These structurcs haﬁe been

| mslallcd by INADE-PELT.  'This effort will be exlcnded 10 a]l lhc natural

-~ channels where velocnty rcducllon is required.

Pmposed lmprovcmcnls of the dralnagc channels are shown | m Tab!e Vl[ 3. 1.

Thosc channels are also shown in I'tgure VIL3.1. 'I‘oIal lcngih of lhc proposed_ o

channels is 12 km. Construchon cost for the proposed channe]s is calcuiated .
using lhc same condition applled for the scweragc system. The rcsu]ls are shown |
in Table VI1.3.2. Total construction cosl is 8.4 mllhon soles while the cosl for .
channels with the first priority is 5.4 mllhon ' ' '
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2 \Con_stru'ctlon of wet detention_ basins
" The existing dramagc W‘lyS carry untreated domestlc wastcwalcr 'md sedlmcm to
-~ the interior bay, whlch aggravate thc culrophlc condmon of the lake. Wcl

~ detention basins will be built for watcr quahty and scdlmcnt control. ' Fi igure
© VI1.3.2 illustrates lyplcai de31gn schematlc of a wet detcmlon basin. o

_ - col e m—— '
. Stabifized ',-"‘"’* ' : T '

- i _
folot . bc' B - Tep Slage (Nwrnaly P
‘.-0 v Dty—Mamahegas / R»pup

Mnrwm

254 * _
Buffer

Butfer ’ i
;. Landscaped with .

.. Natve Treas and

G Shiubs for Habi!al

Delentlon hme 2410 40 hrs : S L
Detemlon Volume 0. ?5 o1 50 lnllmpemousACfe T
: f Slda Vlew T ; SHE B hiﬁé" |
H]}' o 2era1ec Sudace Elevation -~ MR S

........-..-.-.--..--.-..-—..——-—....--—

,ga - Top Stage (Normally Diy) - i )
m’bw 2% ot Great TROTE - Anti-scop
or Slopa for Diainagp ’;,.. ; $cop
Botiom $lage Sized to ) > b;’-
L o o i AcceptRunolf Yolume - Patlorated Riser ST ]
o .- ofMean Storm E Encased in Gravel Jacket . Oulliow
Source: ASCE/WEF (1992) L 2 nj’s"

I'oc BelterNulnenl Rermva! T

Figure VII 3 2 Extended detentlon pond desngn feature (Schueler, 1987)

The rcmovai of storm water pollutanls m lhc dctenllon basm is accomphshcd by a
number of proccsscs such as : ' : '

- gkavily scttling (scdi_merit rcmoval)

- chcmlcai ﬂocculatlon hcawcr sedlment paruclcs overtake and coalcsce -

with sma]lcr pamcles to form larger partlcles |

blOlOgIC’]l removal of dlssolved po]lulams uplakc by aquatlc plans or
,mlcro orgmlsms : o ' : : :
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Bar screens or trash racks placed at the inlet or outlet of the basin will remove

solid wasles carricd by the storm water.

The delenllon basins will be constructed in Ihc ﬂood arca along the mtcrlor bay as
a Icmporary structure until tourism and commercial developments make use of the
area. ‘The detention basin can be dcmgned for aesthetic enhancement, usually

- viewed asan amenity. The design procedurc is explained in the DATA BOOK.

(3) Installation of proper street drainage

Street ﬂoodmg is observed frequently in Puno City afier the rain events. T he
slorm sewer system may begm at the locations where specificd street carrymg
capacity is exceeded. Design of lhc sireet dramage systcm requires strect gradcs
and cross-sections, which is not available for this sludy Detailed topographic
~ survey such as one proposcd by World Bank sludy (1998) is necessary for this

| purposc
(4) Separation of dralnagé ways and s-ani_tary-sev'ver system

The sanitary sewer system in Puno Clly is a scparatc system, which is not
supposcd to reccive storm wa(er As extreme inflow to the scwcragc sys{cm is
| rccordcd after the rain event, devised or unintentional connecuom of dramagc
~ways lo thc sanilary sewer system are bUS])CClCd Thorough inspcction of drainage
ways is rcqu1rcd to eliminate these connections,

3.2.2 NON-STRUCTURAL MEASURES

'_ (1) Public awareness program for proper use of d_ra_inagé System

_lmprbpéf use of d'rairllagc system, such as dispdsal of solid wasles and connec'lion
of srmllary sewer, badly affects the quality of dischargc Irom drdlmgc system (o

the interior bay of Puno.  Public awareness program 19 essential to promolc

propcr usc of drainage syslcm The prognm shall mcludc
- prcvcntion of public ]illcring and waste disposal to drai'nag'e ways .

- prevention of illicil or cross conncction with sanitary sewer |

VIE-34



@

- promotion of public participation. to ¢rosion and scour control lirogra|11
initiated by PELT ' L

Introduction and enforcement of regulations for drainage system use’

Appropriate regulations shall be introduced to prcvcni improper use of drainage
ways, such as illicil disposal of solid wastes, Regulations shall also -prevent

connection of rainwater sources (roofs ¢1¢.) to the sanitary sewer system.
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