(4

5)

Proposed improvomcms of the (Imimgc channcls arc shown in Table VIL1.3
'r.nd Figure VILL 2. Total length of the proposed channels is 12 km.
Construction cost for the proposed ch'umels is shown in Table VII.13. Total
_ conslruclion cost is 8.4 mlllron solcs whrlc thc cost for ch'mncls with the first

prromy is 5.4 million.

'(Non-structura! measures)
- tornnuon of rcgulanons or ordrmncc to prev»ni conncctron of ramwater
sources (roois etc.) to saml’rry sewer sy‘;lcm _

- enhancing erosion conlrol measures by PEL']‘ through publlc awarencss

pr ogram

L prcvcnllon of lrllcrmg of dramage ways through publrc awareness program

Coét

_ Dirccl cohslructi_o_ri cost: - = ' _7 6,700,500 S/ o
- Eogirréerirrg.sclrvice c_o_sl (coris'tru_ctio'n x-l.O%): S 6;70,1.('30 S/

~ Contingency { (construction+enginecring) x 15%}: o 1,105,600751.

Administration cost (construclion x1 %: L 67,000 S/
Total . . 8,543,200 S/. (not including IGV) )
Implementation

the year 2000: brcparolion, detailed design and survéys :

2001 ~ 2008 : con.slri_rclion work

VII- 6
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2.1

IN-LAKE MANAGEMENT
TARGET AND STRATEGY

Principally lh-c water pollulioii control should be focused on the measures against
the external pollution loqdlng such as scwcmge or sanilary wastewater trealment.
Because the external loads are the origin of po]lutlon Joads in the lake. However

in-lake measures against polluuon loads accumulalcd in the water column or in

the boltom sediment should be taken when any possxblc MEasures 1ga1nsl the

- cxlcrml 101d|ng do not producc the cxpcctcd cifcct on the lake waler qu’thly

S loa full-scale walcr body Dosmg chcmxcal method succcedcd in somc small -

Bcs;des the water quahty 1mprovcmcnl naluml cnvironment sho'u__ldb be
rehabilitated lo the level that used to be a few, decadcs before. It will incecase the

polcnlnl of l.akc Tlllcaca for lounsm dcvc]opmenl

_Several advanccd lcchnlqucs havc bccn developcd and avallable Doﬁing

chemicals, bloremcdlauon or dllunon/ﬂushmg are cxamplcs of them Mosl :

lcchmqucs are cxpcr;mcmal or cxpcnswc and thclr cffcc!s are unccrtam lo apply '

. lakes and reservoirs. Howcvcr the cosl will be too cxpcnsnvc to qpply it to Puno' '

Interior B’l)’, and ncgaiwc effect can nol bc entlre]y demcd An cxpcrlmcnhl“
study on the bmremcdlauon was carried oul m Puno Interior Bfuy, but its cftcctr
was not elarilied cnough : D]luuon/ﬂushmg is fcqs1blc only whcrc ]argc_-'

'quantllxes of low- nutrient waler are awulable for transporl lo lhc aflcctcd lakc It
might be possﬁ)]c cven in Puno lnlerlor Bay if the watcr is transportcd from lhe s

-Exlcnor Bay by wxdcnmg the cxlslmg chmncl or by conslruclmg dnolhcr wide

. channcl However it will spread the problcm of lhc Intcnor B'ly ovcr lhc wholc)'

. Puno B'ny, which should not bc re'lllzcd 'lbsolutcly

In thts sccuon somc poss;b]c mcqsurcs are d:scusscd takmg lhc apphcablhly to :
Puno lnlcnor B‘l) i ' *‘
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2.2 PosSIBLE MEASURES

(1)~ Removal of Duckweed (Lemn.a)
1) Target an'd'Strategy
Lemna is characlerizéd as followé:

- Lemna is a kind of ﬂoaling macrophyte with an average length of 2

millimeters.
- 1t lives under a wide range of temperature from 8 to 45 degrees (°C).

.- It increases through two types of reproduction process, one is a scxual

- rcProducﬁoﬁ and the other is a vegelative or ascxual reproduction.
-~ The rcproduction cycle is rather short; ap'proximalcly a month.

Rcmoval[hﬁrvesl of Lemna from the lake surfacc is a s;mplc and direct measure.
It w1]l contribute to rcducmg not only Lemna from the lake surface but also

- nutrlenls from the lake.
| .Thc requifcd-(.)[')crqtional broccsgcs are as follbws:
: .-7 | :[{cﬁéﬁal.jﬁ;rﬁcst |
- _TrariSborta.iion- .:7
- ,_Disposal ér .Uliii.zalion

“Thc Mull}secloml Commlllcc tor lhc Enwronmcnlal lmprovcmcnt of Puno
Inlcnor Bay 0[ Lake 'I‘ltluica mmpalgned for the cleanmg and the rcmoval of
Lemna m Oclobcr and Novcmbcr 1998 'lhc conh.nls of 1hc program is

: summanzed bclow :

I .The multisectorial commlllcc cxccu{cd three (3) llmes ot campalgn for

clcanmg and harvcsl of the Lemna

- ' About 500 pcoplcs of the publlc 'md prwalc ‘seclors parllclpalcd in can,h

campaign
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- It is said thal approximately 1,560 cubic meters of Lémiid was removed
from the lake through the campaign.

- The removed Lemna was transported to the cxperimental farmland of

UNA expecting a utilization for composh '

2} Proposed plan

a. .Target area’

amly, lhc wcslcm parl of Puno Interior Bay

b "Method -
. .'I‘wo lypcs of programs for the removal of I emna are consrdered as follows
o | Thc oame mzrnrrer th‘al.was corrrcd out m 6clooor and:Novcmber 1998
' through the campaign orgamzed or supponed by mullisectors
s | Regular rcmosr.ralof Lemna b‘yacompéte’ﬁt organi'rmion. 2
'[“th reglrlar rcmovql melhod lS oroposco from lhe followrné .pmnls .of view

(Table VII. 2 1)

- To prevent the dcad Lemna from precrpnalmg and accumulalmg on thc
lake bollom B '

- Tokeep lhc Lemna. from spr_c_a'ding over the lak_e surfacc.

Lemna should be removed at least once a month lakmg lhe rcproduclron cycle B

of Lemna into account For the promouon of envtronmental awarencss it
*would be prcfcrablc lh'lt the rcmoval work should be done by cm/ens _
: 'parlrup'luon Howcver the crlvcns may be unwnl]mg lo wa]k lnlo thc B
contammatcd watcr through the pam[ul cxpcrlences of lhe last campmgns in
-1998. Thercfore an aquaphytc harvestmg cqurpment mstalled ona low dra[t
~ barge is proposcd for thc rcmoval of Lcmna untll the waler quallly w1!l bc '

1mpr0vcd fo aomc cxtcnl - The frequency is summarued as follows ‘

- .oncc z_l__month (i l.im,c&=r S days) e

- ftotally 12 times year (= 60-d_ay-s).' :
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Afler the ycar 2009, it is proposed to continue the removal work by a harvest
campaign operated by citizen’s voluntary participation, even it Lemna will be
significantly reduccd. Such campaign will enhance the citizen’s awarencss
and undcrst'mdmg of thc cnvrronmcnhl administration.  The Irequency is as
follows ' ' ' '
- _lhrec'limcs a year (1 time = 2 days) _
-- totally 6 days °
~c. Required number of the staff
Requi-réd number is shown in Table Vil1.2.2.
- Pormancntstaf 36 man-months/ycar ~ (2000~2008)
| - ~ 3 man-monthsfyear (2009~2025)
- 'Fr:mpbrrlry staff: - 120 man_—days/year (2000~20_0.8) |
SRR 30 man-days/year (2009~2025)
d Removal vo!ume
The h'lrvcslmg capacrty of lhc cqurpmcnt is around 30~40 I/day, which

amounts to 1,800-2, 400 m/year This amount is twice as much as ' the

qu‘mtlty of 900 tons (—1 500 m) which was removed by the short-term

o _campalgn in Oc(obcr and Novcmber 1998. Itis said that aboul 5 ,000 tons of

Lemna spreads over the surfacc of Puno Interior Bay in the last fow years
Then 40~50% of sprcadmg Lemna can be rcmovcd by this way if rcproducllon

~ process is not consrdcrcd It would not be 1mpossrblc to remove all Lemna it
':-.Ihe harvestmg quanlrly is exp"rnded Howcvcr a faprd decrcase of Lemna '
- may rcsull in a raprd mcrease of phytophnktou which causcs alga] b]oom

Therefore if is proposed tc_) remove Lemna moderately and carefully.

h e Drsposal of removed Lemna

o Itis cxpccted lhal thc I emna can bc utrlucd as a composl for '1gncullurc

. Accordmg o the study of Rescarch Center and Karmer Production of UNA of
Puno nine (9) fons of Lemna can be spread over a hcctare of potalo ficld.
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f. Required equipment

- Low-draft aquaphyic harvester: lli£]it ‘ (2000~2008)

S ! Ounit (2009~2025)

- Boat for snpport: o o 24 bmts/ycar: (2000~2008)
(for removal and support) 36 boats/year (2009~2025) _

- Truck for disposal ofI%em'r'u.l: 48 vehicles/year (2000~2008) |
| " Gboalsfyear  (2009~2025)
3) Cost o .

The costs ncccssary for opcrallon :md maintenance are estlmated as shown in
Table VI1.2.3. '

Procurcment 'of harvcslcf L R 7 S[.378,0.007 Soles
Pcrsonncl cxpenscs B . ' S/ 225, 000 Solés
chlal fcc (boal vehlcle etc ) - S/ 188 600 Soles

Admmlslmllon cost (1% of personnel expcnses) S/ 2 300 Solcs -
~Total: - /793,800 Soles (not mcludmg IGV) A

4) Impleméhtatioh f": |

It is cxpcc{cd llnl the sprcad of I emna will bc 51gmf1c1nlly rcduccd by ihc ycar
2008 through the 1mprovcmcnt of scwuagc syslcms in Puno City. Thcrcforc lhc
regular rcmoval of Lemna shou]d be camcd out from 2000 until 2008 |

However Lemna lmy nol dic out nor complc(cly dlsqppcar from Puno 1[1[(31’101'..

Bay. It may be needed to occwsmm]ly rcmove Lemna even aﬂcr 2008 Inthat

case, the rcmoval should be camcd out by a harvcsl campalgn
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(2) Removal or Cover of Bottom Sediment
-1) Target and Strategy
'Dredgmg is a popuhr mcthod o remove nutrlcnl l‘lCh boltom sedmlcm, and

sediment cover is also popular to prevent nulrlcnts from rclcasmg or re-

suspending from thc bottom.

: VWhen propcrly conductcd sedlmcnt rcmoval or cover is an cffccuvc lake
i m'magemcnt tcchmquc In gcncral slnllow eutmphlc hkcs frcqucntly arc
| susccphble to ]‘)Cl‘lOdIC nutrlcnl gams from thc scdlmcnl In some lakes,

_ phosphorous loading from sediment is about 30 to 50 % of the lolal loadmg The
* sediment lmamg portion of lhe total loadmg increases following the reduction of
, lhe external loading portion.  Sometimes nutricnts loaded from the scdiment arc
 sufficient 1o cause éutrophic events such as an outbreak of Lemna or a large alg1l

blooms, whlch slows down the cxpected rate of lake water quahly 1mprovcmcnl
| _ In such case, the sedlmcnt removal or cover should be 1mplcmcnted 1o reduce the

fate of mlerna_l nutricnt ]oadmg. _

The survey rcs_ulIS of this Study suggest high organic maiter content of the bottom
. s_édimcnt which was taken from the surface layer blos_c lo the western shor_e{
Therefore the sediment removal or cover should be focused on the bottom surface

along thc weSlcm shorc. .

- The mcthod shall be scleclcd with special care not lo disturb lhc sediment or
'resuspcnd poliullon Joads from the botlom Espccnlly the drcdgmg work necds

special equupmcnl and Skl"Cd operalors.

2) Possible Techmques

Drcdgmg or cover shall bc fouused on lhc arca where lhc surface scdlmcm has an
3 _Qrgamc content (IL) of 20 % or more. * The target arca corrcsponds to the 1rca

' \thrq the water depth is smaller than 3.5 m and the equipment can be operated,

- Planning'condi’lions for possible lechniqdcs are as follows;

vIl-24 .



a. Dredging

Dredging work requires a temporary disposal site for the dredged sediment,
which significantly effects the project cost.  Suitable arca for the disposal site
should be the inundation area along the shore. According to the PELT’s
ecotourism development plan the site has been proposcd at the arca where no

structures will be buill in the [ulurc

The arcas for the scdiment dredging and the tcmpor"iry dlSpOS‘ﬂ sites
(scduncnlahon ponds) arc shown in I'Igure Vil.2.1. Thc conccpiual figures
of lhc dredging work and the tcmporary dlsposal siles (scdlmenlallon ponds)
are shown in Figure VI1.2.2 and Figure VH 2 3. '
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2,200,000 m*  (see Figure VII.Z.i)

Dredging Area :

Dredging thickncss : - 030m
Dredging volume : 660,000 m’
Water depth: 1.3~35m
Discharge length: maximum 'i.,SOO m
]:\Ialur'c oflhc sediment : | ofga_nic silt ahd clay wi_thlﬁne Sﬁnd

Scdlmem disposal:

anary Drying up at lcmpory dlsposal arca

Fmally Dlsposmon to agrlcullural land or forestry land

'f‘cmporary dlsposal arca : 324 000 m’ (cffcclwc area : 200 ,000 m )

‘Main Equipment :

portable hlgh dcnsny drcdgcr (Turn buckcl

100m’/hr yx1.

: _anchor boat (31 GOPS)xl

I transport boal (FRP DSOPS) x1

dlschargc plpc (300mm L=5. Sm) x 300

ype

T ﬂccl cqmpmcnl c1rry-m and Carry—back from/lo inpan or Europc o

. backhoc (. 7m ) x2

gcneraior (SOKVA) x1
marsh backhﬁc .(0.411.13) x1
loader (3.3m’) x 1 )

" dump truck (10m) x 10~

Appurténqm worik :

Irénspoﬂalion of l'hc drédging ﬂcct

asscmbly/dlsmamlmg of the drcdgmg ﬂcct

-cons{rucllon of lcmporary sedlmcntatlon pOnd

' construcllon ot lcmporary splli way

cons{rucuon of dlscharge plpehne o S

- c__onstrucuon of (cmporary Jelty
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Contractor: . Forcign contractor

Construction Period : 2009 ~ 2014

. b. SedimentCover :

Accordmg 1o the fi eld reconnaissmcc lhrcc allcrmlwcs were studicd. Major
{hftcrcnces among them are whal malcnal is uscd lor covmng the sediment
and where lhe matcnal is oblamed Possublc covcrmg matemls arec as

fo]lows

Culimbo River Sand Tho sand of Culimbo river which is distributed ncar
- the Cutlmbo brldgc about 21 km from Puno Clty
Explonablc volume is limited and it is rcqu1rcd to

usc the sand sieved from gravcl-mlxturc material.
Charcas Beach Sand : - Chor_cas beach sand which is..f_"mc and olpncocgsary
' o to be sieved. It can be taken from the bargc by the
sand pump and transported by the hopper barge.

* Puno Interior Bay Sand : Sllly sand Wthh 18 dls{nbutcd '|long the nav;gfluon _

' channe]
k' Case I ( Curmrba Rwer Srmd)

The covering work conmsls of four processcs cxcavatlon of lhc S'md onshorc
lransporlatlon offshore transportation and sprmklmg the sand. ~ The
maximum total length of offshore lransporlallon by ﬂoalmg pipeline is
resltricted by the total loss o[ waler hcad due fo thc friction in the plpclmc o

Consequent]y 500 m IS lhc cconomlca]ly max1mun1 dlschargc lcnglh

lhe areas for the sedmcnl cover is shown in I'tgme VI, 2. 4 - The conccplml_ ~

| 'flgurcs of lhe covcrmg work is shown in I*tgme vil. 2.5.

: Scdimcnt Covcring Area : _ | . 2 100 (}00 m’ (sce Iftgwe VIL2. 4) |

: Covermg lhlckncss ' o _ ' - 030 m
"A(,ovenng volume o = R . 630,000m

Main Equ1pmcnt :

CVIE-30



[excavation] loader (3.3m’) x 2, sorting machine (1/2 inch mesh

screen) x 1
[onshore transportation]  dump truck .(15m3) x 10

[offshore lransportalion]- hopper (100n13) x1, gcnerator (300KVA) x 1,
sand pump (180KW) x 1, water pump (ZZKW) x 1, stircer

“machine (ZZKW) x 1, dlschargc pipe (200mm slccl) X
200 ﬂexlble plpe (ZOOmm rubbcr slecve) X 200 '

 [sprinkling]  barge (Unifloat UF-1A) x7, bacge (Unifloal UF—lAS) X2,
o spad (350mm, L_10m) x 2, winch (ISKW 1. 8t) X 2,
: gencralor (SOKVA) x1, sprmklmg pipe - '

after complcilon Of Ihc work lhc ﬂcel has no rcmalnmg valuc and scrap
. Appur_lc_nanl W_ork: tcmporaryjctly
Contractor: Perﬁvia’ni contracior

-ConstructiQhIPeriod:. . 2009 ~2020

it
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Ca&é 2 (Charcas Beach Sand)

The covering work consists of three processes; excavation and loading of the

beach sand, offshore lransporlalion and sprinkling the sand.

The areas tor the sediment cover is shown in Figure VI1.2.6. The conccplml
figures of the covcrmg work is shown in I'tgme VIL2.7.

Sediment Covcrmg Area P 2,400_,00_(_] m® (sce Figu.re VH.Q.E)
Covcrin;g thickness | o 0.30 m:
Covcrin;g volume o T 720,000 m®
Mam Fqu]pmcnt o

[cxcavatlon and loadlng] bargc-'(Uniﬂoal UE -lllA) x 7, barge (Unifloat
' UF-IAS) X2, spad (350mm L=10m) x 2, wmch (15KW
1.8t) x 3, gencrator (ISOKVA) X _1, sand pump (75KW) X

[offshore transporlatlon] bargc (Umﬂoal _U[* lA) X 36 tug boat
' (ZOUPS)xl o R
[sprmkmg thc S'md] bargc (Umfloal UF—lA) X 1, bargc (Umﬂoat'

UF- IAS) x2, spad (BSOmm, L=10m) X2, winch (15KW

- 1 8t) X 3 gcncrator (150KVA) x 1, sand pump (22KwW) x - 1

- 41 W'ncr pump (ZZKW) X 1 anchor boat (lt SOPS) x1, '
spnnklmg plpc - - :

aﬁer complctlon of Ihc work thc ﬂccl Ins no rcmalnlng valuo and scrap
Appurtcnonl Work: !cmporaryjetty '
" Contractor P ".P'e_'ruvian éolltfac(or

' Const'ru(;:tion'_l’ériod_ : 2009 ~ 2021.-_.
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Case 3 (Puno Interior Ba y Sand)

The covering work consists of three proocsscs; drcdging' and offshore
lranéporiatioh and sprinkling the sand, '

The areas for the sediment cover is the same as lhat of case 2. 'The

conccplual figures of the covermg work is shown in Fi lgure VH 2.8.

- Scdiménl_ Covcring Arca: _ ' 2,400,000 m2 (scé Figuro VH.Z.6)

.Covcrirrg tl.r.i(_:kness': ._ - R - 0.30m

| -Cov'ér.ing volume IR RS R 720,6G0 m
Main Equif)mént | | |

[drcdging] porlab]c pump dredgcr (D- GOOPS) X 1 anchor boal (lt
SOPS) x1 ' :

[ol‘fshorc transportairon] dlscharge prpe (300mm slecl) X 200:
' o flcxrblc prpe (300mm rubber slccvc)xZOO 5

- [sprinking] | bargc (Umﬂoal UF—lA) X 4 spad (350mm, L—10m) X 2 |
© .- . winch (ISKW 1.81) x 2, gcneralor (SOKVA) X 17 —
sprinkling pipe

~ * after completion of the work, the _ﬂcét ha'$ no rc'niaini'ng' valuc and _sc'ralp-
Appurienant Work: temporary jelly
~ Conlraclor: - Foreign oonlrac{or

Cons{ru'cllion Prl:riod*; 2009 ~20l4 R
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3) Evaluation of Alternative Plans

a. Technical aspect

Thin-layer dredging requires higher technique than the sand covering
: icé.hniQuc does. Becausc the former should be carried out more carclully
than the latter, in order to keep the pollution loads deposited in the bottom
scdin_icnl from returning or resuspending to the water column. ~ Such special
- dredging fcchngique require a spéciaily dcsigncd cquiphlcm and skilléd_
6pcrat0rs and labors. Unlorlunalcly, it seems to be dlfﬁcult at present to tind
‘a conlractor who has a ‘capacity and cqu1pmcnt for this work in Peru or
' ncnghbormg countrics. ‘Fherefore the scdlmcnl covering lcchmque is ralhcr:
1dvantagcous than the dredging lcchmque B

As for the sediment cch_ring technique, it scems to l:)_e. possible that thc;
“Peruvian coniractors carry out almost all a!lcrnaiivcs"e'xeépf lhc dredging work
i the case of Puno imenor Bay sand. If so, it must be a cnlenon how tokr
obtain the sand material.  Two altematwcs which use lhc tiver sand or bcach:
t sand; have to transport the materials for longcr distances tha_n the alternative of
~ Puno Interior Bziy sand do. Tt maj,r ca;isé dif_fi_cullie?of the :\'vork'(').r ra'isc the I_
cost. The '1|Iémative of Puii(i.'lnlcridr Bay sand is advantageous because it
doces ot require the process of cqrrymg lhc malcmls Ior a dlslance by boals of

trucks.

b. Env'ironmental aspect

-The dredging technique chuires' the faéiliiy to dispose of removed s'édimcni‘ R

The Facility can seitie suspendid solid but cannot remove dlssolvcd nuirients |
__781gmflcanl1y unlcss a coagulant addition process is contained, Il must bc'
'dlflicult to conlfnn the cmguhnt addmon proccss duc lo the hmllallon of

' pro_;cc{ cosl.

- The sediment cover !cchmquc would not cause svuh problcm but m‘lkc the:
water depth in the arca shallowcr It mlghl deform the Iakeshore and
delenontc the sccmc view lo cwcavalc lhc be'u,h mnd ai CharC'is l'or scdlment

covering malenal
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¢. Financial aspect

Direct costs (direct construction cost + equipment cost ; not including IGV)

for alternatives arc estimated as follows:

- Dredgmg ' ' S/.120,4361116115a|1d Soles
Scdlmcm Covcr (Cuhmbo River S"md) $/.23,800 thousand Soles
" Sediment Cover (Charcas Beach Sand) :  $/.29,338 thousand Soles

- - Sediment Cover (Puno lnléribr Bay Sand) : - 5/.19,670 ihbusand Soles

'AAs a rcsult ihc seditnent cover by Puno lntcnor B'ly S'md is lhc most

advaniageous from the financial viewpoint.

d Overali eva[uation -

: Based on the above cvaluahons the cost of the drcdgmg method is ralher high
and not rccommcndablc The sediment covering ‘method is applicable to the
_work in Puno !nterlor Bay from the technical vzcwpomi Among three
alternatives, the method whlch material is taken trom the bottom sediment in [
Puno Interior B"ly should be proposcd irom the cnwronmenml and financial

'vwwpomts
- 4) Co'st

Prop:cl cost for the proposed plan, namely the sediment cover by Puno Interior

B'ly sand, arc csuma(cd as follows

' a; Direct cons{.ruclion cosl - S .. S/.13,952 1h0u_s;ind Soles
b. Engmccrmg coat [=a.x 10% ]:- o S/.1,395 thousand Soles
R ¢ Conlmgcncy cost [ (a +b.+d.) x 10% | B S/.2,106 thousand Soles
d. ‘Equlpment cost R ' ' '_S/.S,'?l’f thousand Soles
| c Admmlslratlon cost [ a, I_x 1% ]: $/.140 ihousand Soles |
Tolai . Sf._é3,3ll lﬁﬁuﬁaﬁ_d Soles (not including IGV)
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5) Implementation .

In-lake treatment should be implemented when the measures against the éxlcf_nal
loading do not prdduce the cxpected effect. “Therefore, the sediment covering
work should be implemented from the year 2009 afier Compl_r:,ting the first phase
of scwc'régé pi’oj‘ccl.. In the first year 2009, some preparation work such as
- survey, detailed chign or procedurc for iicencc will be necessary. : Maih work
should be 1mp]cmcntcd from 2010 to 2014 Thc 1mplcmcnlatlon schedule is
'shown in F!gure VIL2.9. P

The scdlmem covcrmg work shall be starlcd from the norlh side of lhc targct area.
Bccausc the lake water quallly is cxpccled to be lmprovcd from lhc north side
3 followmg the sprch of sewer nctwork syslcms

V-4
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@)

ﬁeplanting of Reed (Totora)

'1) Target and Strategy

“Totora” is a specics or reed, a group of emergent macrophytc,'whi(‘:h_nol'only

characterizes the scenic view of Lake Titicaca but also prOVides ecological

' bcnchts to the biological commuml;cs that live in the shore or ]ntorql area,

From the view point of water quallty conlrol it is also lmportanl to cons;dcr the
rolc of “Totora” as a blologlcal ﬁllerhbsorber and its contnbuuon to lhc :

cnvnronmcnlal 1mprovcmenl

_ Tourlsls sceim to cxpccl a view of “’I otora” bclt as lhc sullablc scenes 01 lhc Lakc

[‘lth"iC‘] Howcvcr “Totora” is scarce along the western shorc of Puno lnlcrlor |
B'ay The extreme climatic cvents that cychcally occurrcd such as floods and
droughts, are consmcrcd to havc causcd the decline of “Fotora”, Thc suuatlon

have bccn worscncd by the m{enswc usc¢ of “Tolora” as foragc l'or llVCSlOCk

chlantmg of “Tolon” along lhc western shorc has bccn planncd and sludled by

' PELT PELT intends to carry ou( it by cnlm:n s pariicipation. ’lhe cm/cn s

p'll’llClanOll wﬂi enhance the cmzcn s awareness and undcrstandmg of Ihc_
cnv1r0nmcnta] adm:mstralmn however, 1t should be vo]untfiry or should not be
cxpcclcd too much. ' ' : '

lh principlc in order 1o protect the wild Totora belt, lhc'réphnling of -“Tbtora”

should not be carricd out by the manncr that the secdlmg is oblamed by scparalmg

ihc rools of \wld “Totora”. = The manner docs not ncccssarlly bnng a hlgh roolmg -

rate or somcumcs damages the w1ld Totora bush unlcss the root is carcful]y cut or

a cut end is c1re1ully trealed.  On’ lhc other h'md hlgh rootmg fate’ can be

. cxpcclcd by thc manner of lr‘msp]ammg sccdlmg Thercfore the huer maner ls__"' '

proposed. The manner needs the prowss o multlply the sccdlmg al lhc growlh o '

beds is rcqmrcd. ,Major proccsscs of lhc rchablhhuon of “Totora arc as
follows: ' ‘ ':

- Mulllphcmon of sccdlmg “Tolora (including prbcjcss'cs forirlgalhsrﬂing and
germinaling seeds) - ' : N

- Planlmg of mull]phcd “Tolora
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According to the field reconnaissance, il was observed that duckweeds (Lemina)
‘were frapped by the existing “Totora” belt when the castward wind was
dominantly blowing. A V-shaped “Totora” belt may be useful to prevent the
Lemna from spreading over the Jake (sce Figure VI1.2.1 0)

2) Proposed plan
Rehabilitation of Totdra: be.l'i consists of two phdSéS; -thc'mull'iplicalio'n of sccdling
: “Tolora” and the planling. o
- a. P!annlng area .. .
'I' he planmng area for the p}animg ot secdlmg “Totora” is along thb weslermn
shore of Puno Intcnor B'ly as shown in If:gure VH 2.10. The area is placed
counlcrclockwnsc from the shore in front of UNA to Esp:mr Island lakmg the
_ future watcrfront dcvelopmcnt phn into account. -
b Muiﬂpllcation of seedllng “Totora"
- Pcrlod of mulllpllcatlon R ycafs
: —', chu;rcd arca for growlh bcds 2720 m? ( 3 lines x 240m2/ycf|r ).
chu]red site: arm ' ; i 890 m’ (refer to Ifcgure Vh’2 II)

c. Planting of the _seedllng “Totora”

. Pcrio_cl of p].anling: . . 7 years
- Unitbelt: . length=200m
width = 40 m
- - Number Ofl.lllil.l B 18 umls '
_— -.'I:élal o.fplanti'ng.aréa: | o 14 4 ha (rcfcr to I'lgure VIL2.10)

- d. Requu‘ed number of staff

Reqmrcd numbcr of lhc staft is shown in Table VH 2. 4

Pcrmancn{ slaft L :-' 24 man- momhs/ycar

- Tcmporary staflt: 30~90 man- days/ycar
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e. Required equipment

Special cqui.pmcnt_is not required.
3) Cost

The costs necessary for operation and maintenance are cstimated as in Table

VIL.2.5. No investment for construction or equipment is required.

Personnel expenses : $/.142,200 Soles |

Rental fee (boat, vehicle, cte.) : . 8/14,700 Soles - - -
Administration co'st‘(l.%):_ - S 81,400 Soles |
- Total : - $/.158,300 Soles (not including IGV) o

- 4) Implementation
Implementation Period :  the year 2000 ~ 2008 -

For the first y'ear,. some preparation work will be ncccss-a‘r.y. Scedling will be
multiplicd at the growth beds, and afier that, the seedling will be planted.
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[Growlh Bed of Totora

Total required area: 1,890 m2
Total arca of sced bed : 720 m2

—_ PO  Beacemsn f WOCEcEE  faindeh B Gmcsend  fmdoeos P Rrseeow e § WY

- . |

. \Iv ke 1 *2mx 10mx 12 lots
I ' orksnop (240 m2)
| 240 m2 x 3 hines
=720 m?2

g

sl

b

X

- &ir temperature s aboul 30 C..
- water depth is about 0.5 cnn.
- sunny place

Condition :

Planting of Seedling Totora

25-35¢cm

.

| Figure VIL.2.11 Required Growth Bed of Seedling “Totora”

VIl - 47



0£9 10 0 0 0 0 09 06 06 06 [06 06 06 0€ 0 __fmoy
567 o 0 0 0 0 8¢ 8¢ 8¢ 8¢ 8¢ 8¢ RF 0 0 (Bunued) Joqeny
ye1 10 0 0 0 0 4 (%4 4 (%3 [44 fad T 0 0 {uone.eda.d) Joge
01z o 0 0 0 0 0 0¢g 0f 0¢ 0f 0% 0f 0f 0 (uonesijdninw) Joge]
0], {5702 ~ |$10Z ~ 16007 (8007 1,00T [900T [s00T |vooz  [€00T  |T00T 1G0T  1000T Jag Aresodwa L
ABP-UBLI : J1UN . .
91z 0 0 0 0 0 (4 T 74 (24 T T vT v T .ol
201 - - - - - Tt H AN A Tl 2 I Al Joqe]
801 - - - - - 4! r4 A r4 S 4 4| AR A S URIHUYDIL
0 - - - - - - - - - - - - |- - - JPND
220101 0 Sunue]d - - uonensiwpy| o
Funpass Jo uonesudony] < - wia 199foad
oL 5202 |~ 1S102 |~ 600z |R00Z_ [.00Z  ]900Z 5007 [#00Z [£00¢ [200Z {190Z 1000 Jpeig juareuusg _
IuoW-lrety 1 Jiun < BJOI0] JO woeNIqEYdYy > -

£1030], w:ﬁ:ﬁ%% 10§ J3eIS Jo Jaquuny] paambay P TIA QSQH.

VIi - 48



T sosuadya (autossad oGt 30 94 1 01 [e0bS S{1 1 SIRO

TTEBsL ZTERST 0. L e e e e e e e,
Zz19l 24 ) 0 ~ — ~ [e103-Gns
para-gi| (Ao 0 SR . ga08 . - x . ws 1 . %l IR0
00S°C 005'¢ 0 ABp-120q / 59105 §T o o s908 - - Aepeaed Op1 2UISUD INOYUM 180G
008z 0082 0 - Aep-120q / $9[0S 001 - seros - ... Aep-rex §7 . S sutdus yumoeog|
00%'S - 00’8 0 Aep-3e0/53108 QO£ | osmes - Aep-1ed 97 - o ool - 1500 muny
007 Z¢1 00Z°T41 0 ) T [E103-q11S
009°T1 009°C1 0 *ABD-UBLL/SI[0S (T _ o . Asp-uew 0¢9 . (Aejodwia L) Joqe
AR 00z <y 0 YIUOW-UBLL/SIIOS DO - - juow-uewt 801 - (usuewiiag ) 1oqeT]
00’92 00v°98 0 - puow-urul/seos (03 . - S T lpuouI-uRl §01 - IS U EA S . S
0 0 0 MUOW-UZW/SA0S 00T 1 . - | (puUoW-UBW () a3 C Jorys| sesuadxd [aUu0sIad
1?0l "y [B007 7y US19I04 ASUILIND (8207 AJUBLIND USLIIOS Anueng) SWiy
5910§ @ uun : : . IUTUNULIE[Y PUE UGTIRIIAQ

€030, JO UOUEN[IEYIY JO nogemnsE 150D STTIA 2H9TL

VIl-d9




	CHAPTER – Ⅶ OTHER MEASURES 
	1. URBAN DRAINAGE SYSTEM 
	1.3 Measures for Drainage Improvement 

	2. IN-LAKE MANAGEMENT 
	2.1 Target and Strategy 
	2.2 Possible Measures 





