~ CHAPTER-VII OTHERMEASURES



L ©



14

1.2

CHAPTER ~ VIII
'OTHER MEASURES

. BOTTOM SEDIMENT DREDGING -

QUTLINE

In lhls secllon thc drcdgmg and dlSpOS&l mclhod of the accumulatcd organic
sedlmenl in lhc Imerlor Puno Bay is cxammcd for the water quallly nnprovcmcnl

Dredg'ing'Ar’ea 2,200 oo()mz'_j
Dredgmg Volumc B ,660 000m3
Dredging Elevallon 13m to 3.5m below water level

Thickness ~ 0.3m _

Discharge Length 1, 500m maximum .- .

Nature of the soil 'orgamc s:ll and clay wuh F ine sand
' bisposal Method '

- Primary - Des:ccallon at temporary dlsposa] area
Finally “qupmg to final dlsposal arca '

' Construchon Period After complction of the cnly scwagc trcatmcnt syslcm'

- cons!rucuon (2010 to 2021)

EXAMiNATION oF ACCUMULATED SEDIMENT

The bottom sedlmenl was correclcd in July 1999, the lhlckncss natural mmsiuro |

contcnl orgamc malter content was, measurcd at a site and the PEL’I‘ laboratory

ickness - 00mwo2m
Nalural mmslure contcnl . 166% to 993 %

Orgamc matler contenl 10% to‘41 % R

“The relatlon betwcen nalural monsturc contcnl and orgamc conlcnt of malerlals is

| shown in lhe next fi igure.
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: Inveshgahon of bolfom scdlmeul (1999 / July /12) Puno Interior Bay
y=1E- 07x° - 0:0002x* + 0.1619x - 11.932
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Invcstlgauon of boliom sadlmcnt (1999/July/12 Puno Interior Bay)

. UT™M - ontent
. |Location : , D(ep;h o;f)?g;gz:gc ’23;32:{;’ orgamg mz?ufer
B R X(m) Y(m) - |layer (m)| - (%) (%)
A01 | 393,620 | 8,247,691 | - 1.0 0.22 315 31
A02 ]393,745 | 8,347,439| 2.0 0.10 | = 500 .32
A03 [393,702 18,248,161 3.2 - 0.07 638 29
A04 | 394,377 {8,248,927} 5.7 -1 000 - | 198 - 10
A.05 | 393,816 {8,249,070] - 3.0 | 0.00 388 - 17
A06 | 393,984 |8,249466] 2.0 0.00 383 - 19
B.01 | 392,354 {8,250,354 ] 1.0 022 . 385 32
B.02 | 392,381 | 8,250,218} 2.8 0.13 . 459 - - 23
'B.03 |392,194 18,249,953 4.2 0.20 - 944 35
B.04 | 392,379 | 8,246,365} 5.8 001 | - 351 18
B.05S | 392,488 |8,249,203} 6.6 005 | ° 341 . - 20
‘B.06 [ 392,915 18,248,665 54 | O0.11 166 11
iB.07 {393,311 {8,248,097} 2.8 0.08 | 589 o 26
B.08 | 393,470 | 8,247,896} 1.5 0.10 371 ) - 28
C.00 ]1392,006 {8,248,448| 1.4 010 | - 351 24 :
'C.01 | 392,031 |8,248,591| 2.8 005 | 993 .
'C.02 |392,547 |8,248,867| 5.0 - 0.01- 417 S19 0
C.03 | 392,796 18,249,019} 4.9 000 - | 325 18
CO04 [392,964 (8,249,301} 4.7 | - 0.00 - | - 433 - 20
~C.05 393,427 (8,249,552 5.0 | 0.00 © 269 13
-~ C.06 393 7006 18,249,754 | - 2.8 0.00 310 15

(The samp]mg pomts show it in Flgurc D. 001)
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The next figure is expressing the relation between the water depth and organic
matter content and there is an increase trend of organic matter content from the
depth of 3.5m to shallower. - ' | '

_1hemmmmbawwn0@mmumMMH@ﬂamhmmhmﬂ,
' o C y=32829x %Y

45 ‘ IR : : -

o
(=]
i

|

Lo
C oA
>

v

~ '...; - -

B
-

-
WA
+

|

i

Content of Organic Matter (%)
N .

y:
—
(=]
*

=)
1

<

00 . o100 UTse o a5 60 10
L e xeDepth(my - L '

LD
The next figure shows the grain size distribution of organic sediment. = " ¢
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1.3

1.4

THE TRANSPARENCY SURVEY OF INTERIOR BAY

The transparency of the interior bay was investigated on the same day of botiom

sediment sampling. The transparency was about 1.0m at the public pier
ncighborhood and 0.6 m to 0.8 m at the Espinar wastewaler trcatment plant.

- neighborhood.

NATURAL CONDITIONS OF THE PUNO [INTERIOR BAY

- 1.4. 1Water Level

The ﬂucluahons of water ]evc] of lhc Lakc Tlllcaca a[‘ler 1915 arc as lhc.
- next figure. - . The lowest water level is-3, 806.17 m and the highest water

_ levells381248m -
_ ' _Fluciuatidn.s'inlhc Lake Titicaca watef level . ¢+
3813 [ ' ' ' -
L 3B12 et e e
T 3810 = SR PR Y i
> - . ) .
- a0 / \’/\ ' :
b - 3 %
# 3408 ' / — I
R 3807 [\
.. 3806 [+ + 'n l‘!. i ! £ L. [l |V| 1 t t‘l ] .1 _I.Vl_:AL. l I-A-- | :
1910 1920 1930 - 1940 1950 1960 1970 1980 199 ° 2000

- Year -~

1.4, 2Wind veloc!ty and dlrections L

Accordmg 1o the wind stalistics data for the perlod June 1995 to May 1996
lhcrc is llulc slrong w:nd that gwes lhc bad mﬂucncc 1o (hc drcdgmg work.
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1.4, SCurrent

There is very little flow in the Puno lntcrxor Bay area cxccpl drcdged

' channe]

1.4.4Wave
~There is few occurrcnce of waves that give the bad influence to the dredgmg
work in the Puno Interior Bay that the.

1.4. 5lmpact by altltude condition .
The almosphenc pressurc at Puno is 61.2% of the sea leve] whlch causes
!he low oxygen dcnsny in the air, - In the p]anmng of the construclion
" method and esumalmg of the construction cost, it shall be considered that
thc influence of lhe low oxygen densny to the efhcxency of an engmc and an
" air compressor.

1.5 OTHER.CON.DITIONS ,

1 5.1 Lake Trafﬁc

. The lransportahon boats wnh englnes and mghtseemg boats are mam al the

Puno Interior Bay. The traftic of these boats is not so often and it seems
lhal the mﬂucnce to the dredging works i is small

1. 2Dredg|ng License S . : : -
Al the Puno Bay the “Captama de Puno” has the rlght of drcdgmg and lake

- transportation. The main items of lhc technical specification that shall be .

:submmcd to the “Caplama de Puno” are as follows
. Proposcd dredging arca

K Mc{hod of dredging work
. Drcdgmg volume .
*  Proposed dlsposal area | :

s Drawings (Scale=1: 5, 000 mciude UTM and gcogtaphlcal coordmatc)

*  Drawings of dredging arca (1:1 000) RS
* Drawings of disposal area (1:1 OOO)
» The cnvnronmcnlal lmpact assessment accordmg as DICAPI gmdclme

CVHI-6 -



1.5.3Local materials and equipment
* The following material and equipment arc available in the Peru.

~Puno Clty or pcrlphcry arca. ‘
‘ Ccmcnt Fuel, Dumpmg truck, Trallcr lruck efc.

. Lima c;ty and the perlphcry arca

o Largc cranc Trailer truck clc.

1.5, 4Tempofary disposa! area (T emporary sedimentation pond)
' There is a dcvc]opmcnl plan by PELT in the west and north coast of the
Puno interior bay - In the coast area of Puno Intesior Bay there is no
+ suitable space excepl abovc menlloncd area lo be used as the temporary
- sedimentation pond area, Thc topographlc survey was performed in July
1999 at the 'propdsed park and green 7one of above. - The elevations of
. .thcsc arcas are bctwccn 3809m ‘and 3811m and the total arca is
r approxnmatciy 200,000 m2. JICA rccommends that these proposed park

o and green zone should be used as the temporary sedimentation pond area.
' (See thureVHI 1 3 and4)

1.6 DREDGiNG AHEAS -
_ In lhc case Ihat lhc drcdgmg 1s cmploycd as the 1mprovement mclhod of the lake
- water. quallty, thc drcdgmg area and lhe thickness musl be selected ﬂtlentwely to
get the opilmum cost- eftectlveness 4 In this sludy JICA scleclcd a dredging
. area whcrc organic content rate is over 20% The depth of this arca is over 3.5m.

- '_ Gencrally the draft of boltom scdlmcnt drcdgcr is bctwccn 1. 2m and 1. Sm This
. draft also limils l_hc drcdgmg area, thureV._’l[.I 2 sho_ws the drcdgmg area.

CVIIE=T
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1.7

CONSTRUCTION PERIOD

| In 1hls sludy, thc waslcwatcr lrf’almcnl plant is planed to construct .md thc targcl
' ycar is around 2008 JICA consulercd that the drcdgmg work shall be carrled

| ~out aflcr thc c,omplcllon of thc scwagc treatment system.

1.8

1.9

DREDGING VOLUME
Accordmg to the mcasurmg rcsull camed out in July 1999 thc thlckncss of the

orgamc sediment was less than 0.3 m. The minimum drcdgmg thickness is
around 0.3 m even the updated bottom scdlment dredging technelogy. ~ For the

© cost eshmatlon work it is employed that the 2,200,000m2 of drcdgmg arca and
- the 660,000m3 of dredgmg volume.

SELECTION OF THE DREDGER

There is scveral lypcs of the drcdglng sys!cm in portable hlgh densny bottom_
sedlmcm dredger. . Inthe casé that dredging thlckncss is thin, the most sujtable
lype of dredger is a turn buckel lypc system dredger , As for dredging capacuy,
100m3/hr to 80m3 classes are required, ¢ To the transporlallon syslem from
dredger 10 temporary sedlmentation pond it !S reqmred air prcssure cnergy add to

pump discharge energy becausc of dlscharge distance. - Output of thc

conslruc!lon cqulpment mcludmg drcdgcr flcet should be phnned as about 85% of

' ratmg oulput because of the low oxygen dcnsny atmosphcrc

_'1.10 TEMPORARY SEbIMENTATION POND '

Thc spccmc gravnly test ol scdlment was camed out at the PF LT l'lboratory in

: Scplcmber 1999. Supposmg the moisture confent of the scdlmcnl at lake floor as.
- 500% and the apparcnt density of drcdgcd slurry is supposed about 60% wilh the
) ‘average Thc mo;slure content of the slurry bccomcs 864%. - The volumes of
lh - slurry  that are sent vinto - the scdlmcntallon pond _b_cco_mc'
660, 000m3/O 6-1,100,000m3. It scoms that the moisture content of sediment

St ‘the sedimentation pond is dccreasmg within drcdgmg period and it assumcs that

~ the value bccame to around 550 10 600%. The water _volumc that can return
“back (into ,_‘lho'_la?kc' through the lcmpora_fy'_Spillway from the temporary

VII-9



~ sedimentation pond during dredging work will be around 320,000m3 to

380,000m3, The volume of sediment that stays behind to temporary
scdlmcnlatlon pond is estimated 720 000 to 780,000m3. The lotal arca of the
temporary sedimentation p0nd is 200 000m2. ~ The wcmgc hclghl of the
embankment required - 4.3m accordmg 1o the followmg calcu]atmn.
- 200,000m2*(3.8m+0. 5111)'76-0 000m3. - Inthe cost estimation of final dispoSﬂ

work it is assumed that the moisture content of the sediment becone to around -

400% after 2 to 3years later from complctxon of drcdglng work because of the
' hlgh cvaporatlon atmosphcrc of thls suc N

Lama L HRYRY

LLAGA TITICARS
TITICAGA Laxs |

B R 3, VSR S A O 1 N [ — FE e g
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.:iiifx" :
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FigﬁchIII.1.3 Temporary S_ediméh_iéﬁoﬁ Pond (Aand B) |
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1.1

DREDGING CONSTRUCTION WORK EXECUTION PLAN

1.11.1 Temporary' works

Transportation of dredglng fleet

~The dredging flect will be portable type and be tr'msporled as cargo from _
Japan or hurope mcludmg the dlscharge plpcs Drcdgmg fleet wﬂl be
lransported on 13 tons capacrly lraeks from the Callao port to Puno.

| Assembly, dlsmantling of the dredger fieet _ S
The dredger ﬂeet is assembled and dlsmanlled at the coasl of Puno lnlerror : o

Bay usmg two numbers of 50 tons eapaelty lrack cranes.

' Pro'curemen't ofb'ge'neral EOnstruellon equipment - ,
The bulldozer, dumpmg [ruek baekhoe elc. , used to the cons{rucnon and
removal of the Iemporary sedlmcntauon pond, are procured around Puno- .

city. While the crane, backhoe used aSsembly dlsmanllmg dredger fleet, are

procurcd in Lima perlphcry and be transpor{ed to- Puno

Construction of the temporary sedimentatron pond
The temporary sedlmentauon pond(s) of dredged matcrral wrll be

constructed prior to commencement of the dredgmg work. The location of

the sedimentation pond is planned to be eonstructcd at a part of the pqu sitle -

and the green zone of the PBLT development plan in the future. The

scdimentation pond area is planed that arca of 324,000m2 (eﬂcelrve pond

arca 200,000m2), embanksrent lcngth of 6 OOOm helght difference inside

the area about 3,0 m, capacity 760 000m3 The embankment is requrred al

the penphcry of the scdlmentallon pond “The bank malenal is extracted

inside of bank area usmg 0 71113 capacily bdekhoe For slope prolechon 4

the polyethylene film is stretched onlo the slope inside the bank body

~ The structure of the embankment is as follows

Crown Width o Sm o
: =Herghl L 5'*-'5 3m -
Slope gradtcnl T o

VI =12



Temporary Spill Way

The temporary spillway is constructed to each sedimcntaliorl pond to
~ discharge surplus water from pond into the lake.  For control of the return -
water suspended solids concentration (SS) the temporary spillway should
have the structure lhe; is zible to adjust the height of the accumulated water :
level. “The weir for the water level adjustment is made by wooden material -
.. and polyethylene sheet, The draiﬁpipc is constructed using steel pipe or -
syntheﬁc resins pipes. o '

Dlscharge Pipeline
- The dredged material from the (.rcdgcr is conveyed to the scdlmcntatlon f
pond through the discharge pipeline. “The constifution of the discharge

pipe!iné is as fe]loWs;

' Floatlng Pipeline T .

The dlschargc pipclme mounted on the float, namely, ﬂoatmg pipeline
s msta]lcd betwccn lhc dredgcr and the fixed plpclmc localcd af shore
- line. The. ﬂoallng plpelme shall be made flex1ble using rubber sleeve:

joint, ball joint, etc. |

| Land plpellne

Thc dlschargc pipeline on land is mounted on (he ﬁxcd Ihme and the

- lakeside edge is ‘connectled with floating pipcline. ‘The discharge
~ mouth is installcd at the edge of the pipeline in the sedlmcntau_on '

pond.

Temporary Jetty _
A temporary Jetly is conslruclcd to use of lhc dredgcr flect asscmbly and -
- 'drsmam]mg and Ioadmg fucl cte, The tcmporary ]city is consisted of the -
. cmbankment spread from landsllde and a part of stecl prlc quaywal with
platform. ~ The temporary jelty shall have at least 10m*30m of working .
. .space.a_n-cl the depth of minimum 2m in front of the working space.” -~

VHI-13 <.
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Instutl po!yethyiene film
onlo the mSIde pond slope

Excovote ond |nstoll
- 300mm. DlA _discharge plpe ltne

Lol emis ok
/i

Construct ternporary 'spill way

Install bose concrate

Excavate and insloll
. 'wooden:- pile .-

Fiii back using -
selecled or
improved material

Inét_u_ﬂ_ w00den_ plote =

| _Constrq'c‘ti'on : Ter'nlp')‘o}d.ry | 'Sédihﬁ'éhtdtion p_o'rhid --
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AT

" Discharge pipe 300mm DA L= S5rn

Rubber sleeve 300mm DIA L=0.Bm

Floater

- "Assembly offshore floating pipetiné

Drive wooden pu!es

Install wooden sleeper tep on the ptle
install discharge pipes

onlo the wooden sleeper- - o _
- Rubber sleeve

- Bend pipe

Asserhbly ‘onshore Vpipe.l-in..e '

_Assembly d|scn0rge plpelme

Vll] -15
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| steel piles -
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1.11.2 Maln work
Dredging
The dredger will be employed the turn bucket type high density bottom
sediment dredger. Opcrétion hour is 18 hours/day and the dredger crew

works in two shifts of nine hours.

Transportation of dredged material
The dredged t_naterial will be transported through the 300mm-diameter stecl
K rmadc dischargc pipeline by the discharge pump and compressed air.

Maintenance of the temporary sedimentatlon pond
* Wllhm the dredgmg work penod the lcmporary scdlmcntatlon pond and the
dlscharge plpehne should be kcpt in good condition. . ' '

Treatment of the surpios water

_ The slurry in the sedimemotion pond is 'scperatcd to the sedimcnl and
irsurplus walcr whllc ﬂowmg from dlscharge point to spill way. Thc weir
of the temporary spxllv» ay should be adjustcd to control the water lcvcl and
lhc lurbldlly of lhc surplus walcr, Whlch dlschargc to the lake. '

| Disposai of the dredged material _ . .
" After complellon of dlschargos all of surplus wa{er, the surface Jlayer of
o sedimentalion should be turn over and cxcavale dr‘unagc channel for
- desiccation using marsh backhoc. After 2 years of above desiccation
work it is expected that the moisture content of sediment will became to
~around 400%. - For transport to final disposal area il is -rcquired

: furthermore-dcsiccation" work. - Some paris of the dyke fill will be opencd
;o carcfully then lhe sediment that flew out from the pond shall be spread in
" thin layer for drying in the sun. The desiccated sediment after dried
‘enough for dump truck iranspomtlon shail be transferrcd to the final
- dlsposa! area where is supposcd to be ncar the sedlmcntatlon pond site.  In
the cost csllmauon, the mmslurc contcnl of |hc lransfcrrcd sediment is

) eslimated as around 200%.

VII-17 - - &
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1.11.3 Construction equipment

‘ VII-20

56

Dredger Heet _ _
~ Portable High Density Dredger (Tum bucket lypc 100m3/hr) 1 N

Anchor boal - 3ton60PS ' 1 Nr.
Teansportboat . . FRPDSOPS | N

Dischérgc pipc | 300mmDIA, L=5.5m - 300 Nrs.

Temporary sedimentation pohd _ o o :

Backhoe - ' o - 0.7m3 2 Nrts.
‘Gencmtor L ' . SOKVA 1 N
" Dredged material desnccahon, tlanspoﬂatmn and dlsposal _ o

Marsh backhoc B - 0.4m3 1 Nn

Loader o . 33m3 1 N

Dumptrack =~ 10m3 10 Nrs.

" 1.11.4 Construction pé‘riod, R |

Mobilization | ,
| Preparation work (dredgcr home counlry) -1 Month

Ocean lransporlahon _ 2 -,':_Moinh -
~ Inland lransporlalton (Pcru) OSMonlh :

Temporary work e RSN :

Sedimentation pond B T Mohlh o

Pipeline installation 05 Month

Dredger fleet fabrication - 0.5 Moht'h
~ Dredging .- T
- Dredging  660,000m3/650m3/day= 1015days > s
| 1015days/20d1ys/m0mh =50.75

. 51 Monlh _ :

Dredger ovérhaul 660 000m3/50m3/hr/3 ODOhrS 44 4hmcs SRR
o o 3 Mon'i:h o
. Drcdgcd malcnal disposal : S R R B
" Drcdgcd malenal pre-des1ccal10n 540 000m3 j" 24 _Ilvion_lh_'-'= =

Desiccation and disposal of dredged material 310 000m3 o R

310 000m3/(10 lracks*ﬁ tlmcs/day* 6m3/llmc) 847days R
' ' - : Month -



Dredging Work Construction Schedule

* Mobilization

Mobilization
{ _ o
. Sedimentotion pond
Temporary

final Disposal

e
YEAR

ITFM 2010 2011 ?018 2013 EDM 8015 2016 2017 3018 8019 2080 2021

DR :l-' C} T 1 L L i i ol |
Preparction on . oL . . .o B

?ommon : ' ter‘:'lppofury buuldung
emporary &o
workse <., oo T . v :

: Desiccolion dnd -

waf e ity
Works Dredger fleet a'zsembly ond P.petme instotlotion
’ ‘ Dredgmg ’
Dredglng Overtod  Orebad Dvartod Overka.l—l-
Desiccation
ond

L S A [

Traasportation to
finol disposa! area

I N B f L

112 ,¢9$ﬁﬁ§ﬂ&%ﬁb&— L

YO U AL e 34 *.—:-‘,'{.‘_‘; AR

1 121 Condiﬂon of the estlmatlon ) N | |
: "'_.'2010 fo 2016 '
660, 000m3 i

Conslrucuon penod _
B Dredgmg volume v
_Dlschargc distance
" Dredging depth”
; Dredging thickness
S.hape of tho dredging area
Scalterlng of the dredgmg area
Lake weather condmon S
Obslrucilon _ ‘ _
B ':Restrlcllons 0 1he conslrucuon o

3 Sonl condlllon :

1 12 2 Construction Cost
The conslructlon cost of drcdgmg work
'Iotai 1n S/ 120 436 000

Max1mum 1 SOOm -
1.3mto 3 Sm .
0.3m

normal

normal
normal B
noffnal |
“non

Organic Silt Cray

1s as follows

Sk
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1.13 ALTERNATE PLAN

Sand cappmg onto the sedlmem (covermg mc!hod) is chosen as an alternate

method of dredglng because the cost of sand capping is lower than the one of

" dredging. This method aims to prevent pollutants from rel_ea_smg into t_he lake .

- water,

1;13.1 Covering Material |

- As lhe covermg malerlal the Collmbo river sand and Charcas beach sand are

exammed

_ ; The sand of thc Cuumbo Rwer is accumulatmg to lhe Cuumbo bridge

penphery that locates 21 km (0.5 hrs drive) from Puno to the south .
‘There is the place where the fine sand sunab]e as covermg malenal is

' accumulalmg  But the quanhly is bemg limited therefore it is

required to use the sieved sand from gravel mlxlure matenal

Charcas beach sancl is ﬂne 'sand and not necessary to sieve. Il is

" suitable to extracl by sand pump from the lakc and the transpori by the -

hopper barge _ o _
Other than the above two points, it is 'wallable sﬂly sand in the Puno

' Inlenor Bay

1 13 2 Constructlon Method and constructlon equlpment |
a) Cutimbo River sand , . , :
In the case that lhe Cullmbo Rlver sand is used tollownng melhod
~* combination i is appropnate ' ' '

*

Extractlon o ~ Tire shovel and 1/2 mch sieve

' Onshore transporlallon _ Dump track .. e
Offshorc transporlauon L Floatmg plpc]me and sand pump
Sprmklmg o : : Floatlng pipeline and sand pump

The maximum total lenglh of offshore lransportauon by ﬂoallng plpcilne is
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restricted due to total loss water head by frictional resistance in the plpclmc

* and in this case the 500m of total dlschargc length is the economical timits,

‘The pi‘oposed conslruction equipment is as follows;

Excavating, sieving, loading

. " Loader

' Sorling machmc

3.3m3

_ Onshorc lransporlatlon

S B Gcncra(or

.+ Energy dlSSlpater, Bend plpe elc.’

. Anchor boat

Te Consumptlon

; Temporary work

* Dump track 15m3 .
_ Offshor’clransporfing :'7
-+ . Hopper 100m3
~+  Generalor 300KVA" =
~+ Sand pump - 180KW
'~ *  Water pump 22KW
e S_lirref méqhine . 22KW
e Discharge pipe |
Ce Flex;ble plpes o
* “Floal - 'FRP made Floater
~+ Anchor 100KG
. Sprlnkhng R =
e Barge - Unifloat U_F—1A o
*  Barge - _ Unifloa UF-1AS .
« Spad -~ 350mmDIA*1 0m
¢ Winch - - 15KW31.8Ton
“+  Anchor St SOOKG
SOKVA

1 I‘ SOPS

e Tcmp(_)rary]Cll)’ -
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1/2inch mesh screen

o 200mh1DI:A:'stec] pipe
200mmDIA Rubber Slecve

2Nos.
1No. _
10Nos.
1No.
1No.
1No.

- 1No.
1No.

: ZOONOS.
_ 200Nos.

1_00No_:_)s.
IONos.
TNos.
2Nos.

_ _ZNds.
_ 2Nos.
2Nos, )

1No.

No.
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Covering Area

& e _ :
& Floaling Pipeline _
7 '{\6\ EE-
Mixing &  L— |
and )
Pun_wping gafedad \
Device - p

Exfract. sieve
“and lood 'sand

e

Stirfer

S't.dckpitéd' e Beit Tonk JLake Woler
Sand - - Hopp-'erc‘onveyer '
' ' ' 1 * Sand Pum
. R e ,,\uw___P. .
s Pipeline
' s Cenerator|f:
= : \I‘ IR
I ! i //ﬂ?/f‘——-\
.Energy _ ‘ |
. Dnssuputer . Swing . Spad ||
ggrmklmg ' Winch Generator Winch
Pipe 60 . [ 1 26

5.'_

|

mmmm v S8 §-pd

Lt Fatli

~ Flooter
. u—‘--—.v.-m:_‘."r_za%wz-

[ " "7/;&7# Zd

Sand cover thickness : 0.3 m (overo'ge)

Constructlon Method

S(:md Covermg (Cutumbo River S()nd)
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Sond—Covering Work {(Cutimbo River Sand) Construction Schedule

YEAR . : _ - - 7
leM : 2010 2011 2012 2013 20t4 2015 2016 2017 201‘8 2019 2020 2021
S " | I | S| 1 NN DS 1 (-
Common . Pfep&;:ro\ion ond = o : : .,
temporary temporory building
works . :

Mobilizalion

Tempdrory
Works

Exlro'cl, transport
and :
sprinkling Sand

Wobitizotion

Sand sprinkling plonl ossembly, dismantle

Extracy, tronsporl and sprinkting sond -
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b) Charcas Beach sand : .
In the case that the Charcas Beach sand is ‘used, following method
combination is appropriate. .
+  Extraction - Sand Pump Barge -
: Oli‘shofé lransportation .. Hopper barge and tug boat -
. Sprinkiing' | . SandPump Barge -

The proposed construcuon eqmpment is as foilows S
' Extract and loadmg : ‘ _ R
*  Barge ~ Unifloat UF-iA - _ _7Nos. :
« Bage - Unifloat UF1AS . - ' 2Nos. - .
e+ 'Spad . . 350mmDIA*10m = . .. 2Nos.
¢ Winch . 15KW#*18Ton - - - . 3Nos. . .
“e Anchor - . SOOKG - - . . 2Nos.. ...
*  Generator '_ 1SOKVA -~ 1Nos.
* - Sand pump TSKW . " 1Nos.
' - Plumbing matcrlal N S Nos..:-
* - Anchor boat . - 1T SOPS ST Nos.
| . Consumplioﬁ S e o 1Nes.

Trahspdrt _ L T
-« Barge Umﬂoat UF—lA S . 36Nos.
¢ Steel material ERIETRTE I | 20ton

'+ Tugboat 20008 . 1Nos
'Spnnk]mg o | R R

. Bargc " Unifloat UF-l.rA_ : '.7N_os..'- S
* Barge U'niﬂo'_at UF1AS = -+ 2Nos. . ...
« Spad . 350mmDIA*10m - 2Nos..

* Winch  ISKW%¥18Ton . ~v::  3Nos. :

+ Anchor ©  500KG - 2Nos.

» Generator . 1S0KVA ~ 1Nos. & .
*  Sand pump 22KW RN _ e 1Nos. .
«  Water pump 22KW L ~ I'Nos.

o ‘ Energydms:paler Bend p:pe etc o o LS__'

Vlll 27



*  Anchor boat 1T 50PS 1No.

+  Consumption LS.
Temporary work ' ' ‘ L
-+ Temporaryjetty - - - - - LS,

¢) Puno Interior Bay sand
In the case that the Puno- Inlcnor Bay sand is uscd foliowmg mclhod
combination is appropriate. . '

*  Extraction Porlablc pump dn_:dgér
*  Ofishore transportation - Floating discharge pipeline

‘ Sprinkling' o Floating disohargcjaipe]inc-

It is conccwablc lhal there are two lypcs of construction method lhc {" st

one is to employ portable pump dredger and ‘the sccond ‘one is to use
combmatlon of ‘existing bucket dredger at Puno Bay, hopper barge, lug boat
and sand pump. " In thls reporl the cost estimate is donc by the first melhod
ofpump drcdgcr o I : ol '

' Thc proposcd C'onslruction equipment is as follows; '+ i
' Dredglng, lransportatlon, sprlnkllng cofisistency work

* . Portable pump dredger D-600PS -~ . -ff'.-":f‘l No
«  Anchor boat : ITSOPS ' - 1 No. o
*  Discharge pipe  Steel made 300mmDIA 200 Nos.
~+ Fiexible Pipe 300mmDIA Robber steeve * - 200 Nos.
* Float .~ FRP made Floater | -"QOON()(S_. '
~+ Anchor- 100KG S (11N
* Barge Unifloat UF-1A g Nos. -t~ |
*  Generator = SOKVA R | 1 Nd. S
*  Encrgy dlSSlpﬂle Bend pipe etc. " *- 7 R £ . LS. e _:
*  Winch - _ISKW*I.STon T _2Nk_)s.i"- |
e Anchor - 100KG Lot ANes) .
+  Consumplién IR LSt e
¢ Sil Fence . SR S - I
Temporary work - 7 SRR ‘
+  Temporary jelty L LS
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P ZA00,000 m2
1AM m
1 720,000 m3

. Sond Coveting Avwa

¥ ; .
&i
Volume

L 'Figtire\fl':ll.l_.(f | S.a‘nd Covering Area (Charcas Bay Sand and chdging Method)
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~ Puno I:_\leribr Boy © . Charcos Bay

Tug " Hopper
Hopper ] .
Borge o« R Barge .

. B @_@ f'/'Scmd B

Extract sand and load to Hop_pe'r" B.qrge'

Boat . . Barge - Hopper

. Sl Extract
Covering Area .~ .. .~ = borge -

Sand P}_um P '

R

Y Tow Hopbe_n_' B-un';'e to Spfinkling Site - S
]
‘ -.] l .

Enerqy o S
Dissipoter R A [
“and . L Generator >Pod
. Sprinkling L - Winch
o Pipe o — [ 186
AV ' w4 L e S i o0 40 XY
= B FR TR AT -f_—liw'“-'fﬁ
LR : e (- s
" Sand cover lhlc_kness : 0.3 m (averoge) _—
¥

: o Construchon Method
Sond Covermg (Chorcos Boy Sond)
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Sand—Covering Work (Charcas Bay Sand) Construction Schedule

YEAR : o - :
fTEM 2016 201t _8018 2013 2014 2015 2016 2017 2018 2019 2020 2021
ol - 1 ! 1 | | 1 L
Common - Ptepn-mtiun and .
termporory | temporary building -

works p

Mobitizalion -

Mobilization
Fubliéole hoppef barges, tugbeat, sprinkling barge and sand pump barge

Temporary
Works

Extract, transport o Exlmcl,.lmnspor-t and sprinkling sond
and : :

sprinkling Sand

Sand—Covering Work (Puno Interior Bay Sand) Construction Schedule
_ YEAR : : o . LT o
ITEM ‘ 2010 2ot 2012 201_3 2014 80_15 c0l6 2017 2018 201_9_ 2020 2021

| | [TEIREN R IR L L I

Common . Preparbtion and o o '

temporary - ' [temporory building

works ' A

Mobilization -~ { Lgereeter

R Fub.iicdle bump—.dre&ge'r. sprinkling bc.rge: dﬁd pipeline installotion

Temporory . o . ST :

Works -

Ext.roct,. transport | Extrc;cl; lronsplbrt._ and sprinkling sand

ond R - : ©

sprinkting Sand

vm-st



Puno Interior Bay

Cﬁlter
Suction
" Dredger -

flooling
pipeline

Covering Areo ) Sﬂnt_iy"s.onl Area

Discharge pipeline

~Pump
x 1 ."!
S || —
Floater
" Culter Suclion Dredger
Enérgy ) :
D:s(-jsnpuler " Swing - . . _ Spad [} - _
g“, " Winch - . Generator Wineh || ..~ : N
prinkiing o : : o . o
AR SYo M E— N oo MR I
_ 1-" ] T . . Flooter 7
S itaar s s T TV | WESCTSEERTRO SO
Sond cover lh:ckness : 03 m (uvemge) T

Constructlon Method o
Sand Covenng (Cuﬁer Suchon Dredged
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1.13.3 Construction cost

| The construciion cost of each method is as follows.
&) Cutimbo river sand A .
© e Total in S/ o 23,800,000 . . S/

T b) Ch.ar'cas.'.B_eac':h sand o :
e TotalinSf -0 293380000 S/

7 c) Puno Interior Bay Sand)"Soil _
Lo re Toial_iﬁS/.' SL 019,670,000 0 SL-
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1.14 RECOMMENDATION

JICA consufcred the dredgmg and dlspoml mclhod is not rccommendablc plan
' because of its high construction cosi

In the three of alternate sand capping methods the Puno Interior Bay Sandy Soil

Method gives lhc_ lowest construction cost and the Cutimbo river sand method

givcs 33% highet cost. ‘The dredger "using -in- the cost esnmatlon of sand -
covering method is cxpcc!ed from a forclgn country: “because in lhls slage it is |
difficult to make sure of the operatlon schedu]e of thc porlable dredger belongs to
'the Peru government. sy Ji TR '
JICA rccommcnds the sand covering me!hod usmg Puno Intcnor Bay Sandy Sml
as the Puno lnt_ermr-Bay water quallty lmprovemem method.

However the 19,670,000 S/. of conslrucuon cost is sllll a hlgh amount

Aﬁer complenon of the sewage treatment syslem the bottom sedlment should bc .

observed periodically. In the ralny scason the muddy walor is ﬂowmg in to the
Puno interior bay and if it is observed the sell]cment of non-organic sedlment on
~ the existing orgamc matier lhls p]an should be re-exammcd o
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21

MONITORING PROGRAMME

PHYSchL AND CHEMICAL CONDITIONS

The momtorrng program obtams a basrc dala for tlie water envrromnental

condition, and the final goal is 1mprovement 'md preservatton of water

- environmental condition i in Lake Titicaca. -

Practice of Monitorlng :

* Practice of monitoring is summarized as below.

PFLT conducted the rnomtonng m the lake by the srmplrfred analysrs
methods from 1993 to 1997 o

_ ']‘he PELT’S new laboratory has been establlshed in cooperanon wrth JICA

Study Team for momtormg of water envrronment since 1998,

_DIGESA is p]annmg 10 classrfy thc water qua]rty by water quahty
.standards in Lake Trticaca s

“The responsrble orgamzatron for envrronmental condrtlon 1n Lake Trlrcaca,
namely, PEL’I‘ DIGESA’ and DASA, held a conference regardmg
-' ;'eooperatron system toward wrth rmprovement and preservatron of water
: envrronmenlal condillon in the Lake Trtreaca on September 1999 '

Strategy of Monitoring Program

The following strategies should be considered for establishment of monitoring

program - -

A momtormg program consrsts ot two parts one is momtorrng tor _

" wastewater from workshops mdustrles aml wastewater treatment plant

S lhc other i is, for water bodrcs of the lake and dramages

) Water parameters of momtormg should fo]low the law rcgardrng water

quality slandards T T DS ) '
;to avord rcdundant momtormg by assrgmng roles to the relevant
' dcparttment or project. '

.AThe PELT’s laboratory should take lnlllatlve in samp]rng and water
analysrs in Puno Some parameters that can not be analy7cd by PEL’I‘ s
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capacily should be analyzed in DIGESA’s. l'lboralory inLima; (refer to -
~Table VIIL.2.1)

- The method of analysis should be .slandardirrcd by DIGESA.

- ic results of monitoring is managed in common by the responslb]e
o orgammhon for envrronmental condluon '

- Based on lhe abovc menlroned condruons the momtormg program for
lake Titicaca is considered below.

1) WATEFl Pon.umou SOURCES

_ Gcncrally, wastcwater from workshops and 1ndus|ncs may occur hazardous '
conlamlnafron and orgamc po]lutron in waier cnvrronmenl For cxample platmg, .
chemical and tannmg indusiries may cause hazardous comammatron and food,

papermaking, slaughlerhousc and some klnd of mduslﬂes may cause orgamo

 pollution are llstcd

-Accr')rding o lhc ﬁcld survcy ’in 'tllo Sludy :arca, no fac[.or.ies' disohar'ging o

hayardous contammatron arc found Howover slaughter house alcopol products '

.....

"“sources are found However thcse faclorles arc small scale facrlrucs cxcept )

'}s]aughlcrhouse ' Consequcntly, the momlormg program for water pollutlon -

sources in the Study area is focused on organic pollutron sourcos

Contents ot Monitoring Program _
~In principle, -the water environmental control .of the Puno Inlerror Bay is lhe
: subjcct of this program. Consequcnlly, minimum contcnts of momlormg whlch
arc enough fo cvaluate organic pollutron or culrophlcallon _Oullmc of |
momtormg program is dcsctrbcd as tollows ' ' s |

Momtormg largel. o _Food and proécssing industries (5 fa‘cllitics)
_ . Wastewalertrealmcnt plant (WW]‘P)
Frequency of Moniloring: Workshop/lnduslry 2 times & y’car :

S WWTR: 12 times o ycar (refor 0 Table Vrrrzz)
Mouiloriog parameter: : Flow measurement o S .
7 Temperature, pH, DO, ss BOD COD, NH,N,

' N02+N0 N, T- N PO, P, T P Total collform
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Aoy

(refer to Table VIIL2.3). . -

(2) WATER EﬁvnﬂONMENT

The prcvrous momtormg program was conducted by PELT from.1993 to 1994.

“Alter 1995, this program became mtermltlcntly, and stopped in 1997.
- Conscquently, no’ series . of ‘data on water-quahly in Puno Interior Bay was
‘-“recordcd (rcfcr to Tabie VHI 34) G : :

Sy

' Thc new momtormg program is planned rcferrmg Io the prcvrous momtormg

| program
."._‘-Contént's of Monltoring Program . - -+

Moniloring targe'ts'are préi)dsed as follows.

- Lake water and its bottom sedlment L

- Dramage channels

”Monltoring point' |

[Lakc water)

S W REARRE SN BT

' Sludy The momlormg pomts are classrfrcd mto lwo calegoncs One is a main
' pomt whlch is selecled to grasp the longitudinal water quality condition from the

Interior Bay to the Exterior - Bay The other is a supplcmenhry point which is

L ‘seleclcd to grasp a iocal drsiribuuon of \V'ltcr quahly ( rcter to I'tgure VIIL2. 1)

- (Dramage channcl]

o Momtonng targels ‘afe the same dramagc channeis survcycd m this S(udy Five

- _'"'dramagc channcls are selected based ‘on the amount-of discharged pollation load.

tis ncccssary that the momtormg pomts should be reconsidered according to the

i _. 1mpr0vemen{ of waler ‘quality of the dramage channcls “Based on the existing
: _condltion the selectcd dramage channcls are shown in I'rgure VIH 2 2
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Monitoring frequency

Basically, monitoring frequency is sct up once a month, and these are summarized
- in Table VII1.2.2, ' ' '

' Observed item and analysis parameter by PELT

- Water quallly paramclcrs whrch were are observcd and analyzed by PELT, have
been selected to grasp the watcr quahly condlllon as- rininuim - requlrement
And furlhcr, it is necessary that metcorology data and water level in the lake be

B ‘collecied These llems and parameters are shown in Table VIII 2 3 -

Moreovcr the additional siudy for the mcchanism of watcr po]lution in the lake is
proposcd as below. Accordmg to the capacny and the ablllty of the ]aboratory,
the Study should be conducled '

Blologlcal research
B Concentratnon of Chlorophyll ain the lake
Relcase of nutrients from sedrment

for_mau_on of sediment
' Organlzation '

It is expected lhal two orgamzahons are responmb]e for the momlormg Program "
~ The seiected iwo orgamzallons and IlS reason 'll’C descnbcd as fo]lows g

- PELT ( Spcciai Bi-nalionai Project for Lakc Tilieaca) SR
. 'Ihe prcvrous momlormg program lrom 1993 to 1997 was camed out by _
PELT. . : |

- PELT and JICA have eslabhshcd the ]aboratory m Puno

- PFLT and JICA have. conducted the water quallly survey and blologlcal
- rcsearch for this study R . o

: D]GhSA ( The Mlmstry of Heallh)

DIGESA is rcsponsrble for establlshmen{ and supenntendence of The o
Enwronmenta] Quality Slandards ' o '

VHI < 38,



However, the env:ronmcntal quality standard for the interior Puno B’l)’ is not

established yet.  Accordingly, it is desired that the monitoring program be

conducted by the cooperation of PELT and DIGESA. In the future, on the

occasion of the establishment of the ellvirdnnlcnlal quality'.sl'mdard in the interior

Puno Bay, it is desirable that a new organization to be reestablished by PELT and
- DIGESA.

Personnel organization

“The pér's-_onn‘el orgéhiza_liOn 1s pIa{nnéd; as follows.

Réle L Recjuired l;wfo. of pc;soﬁnel s | . feniarks
Chief L ' fperson o
Analysl' SR .3 [’}e'rsoné o Chémist 2 persons, Biologis.liperson
Amnalysis Assistant - . 4 persons - o 7
Labor = © - - ~ {1 person’
' Cbst Estlmaii-dh N |

- Addlllonal capltal investment and mamtenance costs are- calculaled as below.
The deta}ls are shown in I‘able VIH 3. 5.

-Addlllonal capxtal investment ¢ . ."'--246 1h6_usand soles

'-Operétion and maintenance cost : - 184 thousand solesfycar -
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22  BIOLOGICAL ASPECTS

+ These proposals arc for an Environmental Monitoring Plan (EMP) to’ describe and
- .assess biological changes occuriing in Puno Interior Bay. The- proposals cover
‘submerged macrophytes, bentlios-and zooplankton.: ' R

S'ubmerged Macrophytes

At the moment, submerged macrophytes are mamly rcslrlcted to the sha]low '
waters of the castern side of the lnierlor B‘ly Up to perhaps 40 years ago lhey .

"~ occurred over most or all of the bay 'I'he momtormg programme should assess

both the dlSll']bulIOI] and abundance of submergcd macrophgﬂcs and the spccncs -

prescm

: I‘hus annua]ly, all’ submerged macrophytes of Puno Intenor Bay should be
~accurately mapped and species composmon of cach locahly -recorded.

- Abundance should be noled quahtatlvely as dense, moderdte or sparse Accurale ;

mappmg can only be done qurckly and accurately with GPS. As ccosyslcm
ccmdlllons improve, increases in the dlsinbullon abundance and specres leC!‘Slly

" will oc_cur.. If ,cond;trons be.come_,worse, alt of these character;suc_s ,wxll decrease. _

R N ST AP

lmprovemenls in submcrged macrophyte commumtles w111 be a key mdrcator for
lmprovmg ecologrcal conditions in Puno Inlerlor Bay.: 7.

"

Benthos_ _

Apart from the castern side of Puno Interior Bay, benthos has vir{'uallyr

disappeared from the locality. Iis reappearance will be a good_'. ind_iczition of

- greatly improved ecosystem conditions. The monitoring programme should
consist of the following: ' Lo : :

_Moniroring Sites

-4 locatrons close (about 50 m) to lhe western shore two fo the north and two -

" to the south of the main ]clly, -

- 2 locations close (about 100 m) to Esteves ‘Is‘]and; :
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- 2 locations close (about 100 m) to Espinar Istand;
- 4 locations in the centre of Puno Interior Bay;

- 4 locations in the castern part of the bay, two to the north and 2 to the south of

the main navigation channel.
. Monitoring Frequency

- 2 times in the wel scason;

-2 li__me's_‘i_n the dry season.,
Sampiing Mei_hbd

4— at each locallty at each occasmn 3 Ekman samplcs wnlh ihc scdlmem llllcrcd

' through a 1 mm mesh swve,

1 s

- samplcs cxammcd scparalcly 1o producc avcragcs for each samplmg occasmn
Safn_ple Ahdlysis 3
Ll .spccies identi_fic_d as fhr as possible;

oalt spcc1cs coun{cd and numbers per squarc meter calculated for C‘ICh of the

16 siles on cach of the 4 samp]mg days per year

Improved ccosyslcm condmons will be demonstralcd by the occurrence 01

‘ benlhos from locahiles whcre 1l is now absenl by mcreasmg densnues :md by

- morc spécws bcmg found.

Zdo'pia'nk‘{on e

- Zooplankton occurs over, all the Puno Inlcrlor Bay, but is exlrcmeiy patchy -

"_bemg found in vcry high numbers in somc areas and very low numbers in others.

o ‘This is at l_c_a_st_ part]y due to _th_c great]y varyl_ng water _co_ndm_ons over the bay.

The gfcat 'domida'nc__c of cladocerans dvc_r' copepods is a characteristic of highly
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eutrophic waters.  Moniloring programmes should look for a more even

distribution of zooplankton over the lmerlor Bay (as water condluons lmprove) |

and a rcducmg dommance of chdoccrans .
The moniloring program(nc‘shpuld therctore consist of the fo_]lqiving: .
Monitoring Sites _

- lwo locallons closc (about 50 m) to lhc westcrn shore one to lhe north and

one 1o the south of the main ]clly,
- one l(')cali(;,t_q cllose.(éboult 100 m) to E§le§'é§ 1slaﬁd | o
- one ].ocatioh'closg -(al-)o'ut 10;0..m.) 1o Es;%iﬁér lslénfi
. two l'oé‘zlniorlis m the cén@re: of Puno .I.n'ter.i(l)-r_Ba%}A:_ )

- lwo !ocallons in Ihe caslern part of the bay, one to lhe north and onc of ihe

: soulh of the main navrgatlon channel
‘Monitoring Frequency

- one [11’1‘10 in the wel season,

_- one tnmc in lhc dry season..
Sampfilzg Method

C - at each locahty on cach occasion, onc sample obtalned by hau]mg thc

planklon net (40 p mcsh) from the bollom (deplh rccorded) to the surfacc
SaniplingAnalysis

. éach sample stored in ptéservative and concentrated to 100 ml;
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- 5 x 1 ml subsamples taken and numbers of copepods and cladocerans counted

in each to produce average numbers for cach sample on each date;

- numbers per litre estimated.

Improved ecosystem conditions will be shown by increasing numbers of
zooplankton occurring in areas of previously poor water qualily and an increasing

| proportion of copepods relative to cladocerans.

Phytoplankton

Phylroplanklorn occurs in very large numbers over all the Interior Bay, and is -
particularly ‘abundant in the summer monihs._‘ These high numbers are due
principally to the high lcv_efs of nitrate and phosphate nuirients. As water quality
improvés, phytoplankton biomass 'and_ volume will decrease.” The mo.n.itor:ing

programme has been designed to show this.

The monildring programme 'shquld lhe'reforc consist of the folIoWing:
- Monitoring Sites: The same as for zbop]z_mklon
- Moni.tofing Frcqﬁcn_cy: " Every two months

- Sampling Method:

~ At each ]océlity on each rocc.asion, phytoplankton samples should be taken
by hauling a 40;1” mesh plankton net just below the surface for a measured -
distance (say 100m or 200m) This‘ Wi_li enable calculation of the volume
of water filtered.  The hct_ should bf; hauled slowly. If insufficicnt
', phytoplénkton is collcc{éd the towing distance should be increased (by a
7 known amounl so that the volume of water filtered can always be o
| 'calcu]ated) The samplc should be fi ]icred dried (at 105°C) and scrapcd '
info a measurmg cylinder of small vqume To this is added an exactly
kno“n vo]ume of waler. The rcsullmg addlilonal volume as recorded on
the measuring cy]mder is the volume of the phytoplankion sample This
_ ‘can be converted into volume of phytoplankion per uml volume of water

eg /m3or /100m3 of lake watcr
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“ The method: gives an approximate¢ mcasurc of phytoplankton volume.
More detailed methods - are ‘available ' (eg measuring ‘chlorophyll @ by
spectrophotometry or ﬂuorcscn_cc).but are costly (o implement. I the
method described above is ﬁol_ accurate enough (pzirlicularly as.watcr'q.ua]ily '
improves and phytoplankton volumes decrease) the more detaited methods _

- will need to' used if the monitoring programme is to continue. *
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‘Table VIILZ.1

Assignment of Water Quahty Analys:s

" Parameter

- PELT

DIGESA '

General

and -

: Organic
‘Parameter

Temperature
'i‘ransp_zlrgncy
. pH

- 0

DO

- SS

BOD(COD) .

i

Eelieile)

NH_4LN NOZ-N N()3-N TN

ORP :

‘Moisture ¢ontent -

. Ignition Loss

"~ Total Cofiform

" Totat Coliform @ .
. Flow Rate Me¢asurement

|
\
I
[

o oloio.o.0lc o0

o

1

' ;I'fazardous_ ;

QParamelef _ '

~ Selenium (Se) -

o Mercury (Hg)

“PCB

: Lsters Escalates - .

~ Cadmium (Cd) : - !
Chromlum (Cr) :
" Nickel (Ni)
- Copper (Cu) -
Lead (Pb) -
- Zine (Zn)

Cyamde (CN- )

(Fe) -
~ Sulfurous oL
Arsemc (As)

Nllrogen (T -N)

oclojoiel

|
|
I
t
!
'
|

o colo

| Biological . |
i Parameter -

Biologlcal Conditions (Benthos) -

Bmloglcal Condmons (Phyto/Loo

- Plankton, Macrophytes)

. a l) Extraétive matenal in Hexane (mainly Grease)

il 2) Active substances in Methylene Blue (mainly Delergenl) o
o 3); Extract of column of active carbon by alcohol (according to the Slow F]ow Melhod)

; ) 4) Exlracl of column of actwe carbon by chlomform (accordmg to the Slow Flow Method})
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CHAPTER - IX
NON-STRUCTURAL MEASURES

TARGET AND STRATEGY _

T he non-structural measures described in this chapter arc proposed as supplement

to the structural mcasures (the sewerage development and the. solid waste
management) mcntioncd in the prcvrous chaptcrs of lhlS Slucly, for thc mtcgra{cd

; 'po]lutlon comrol of the Lake 'I‘mcaca

- These non-struclural measu_res h_av‘c the targets aiming al:‘(i) the development and
: sus!ainm'enl of the organizéltional functions of the cntitics involving-in the
* conservation of the Puno Bay’s environment; (2) the motivation of public

participation into the activities developed for the conservation of the Puno Bay’s

environment.

. The following slrategics'arc 'sugchtéd to achieve these t'argcts:

(1) Development of an mstltutlonal consolldatlon plan for slrengthemng the
. Puno Provmce Mumcrpallly S mslrlutlonal capacity, the Multisectorial
Commnlcc and the coordmalron bctwecn lhcsc cntrlres mvolvrng in the

conservatlon ot Puno Bay s cnvrronmcnt

(2) Devclopmem of a pubhc cducalronal program to promolc and motivate

-~ the public parlrcrpahon into the sasks for the conservatron of lhc Puno“

. Bayscnvrronmcnl o

Pos'érbi_E'MEAéUhES

| _'In olher chapters of this rcport scvcra] specrfred measurcs had bccn dlscussed for

_:“slrenglhemng the managcrral capacrly of thc Puno Mumcrpal Enlerprlse for

o V‘Potab]c Waler and Sewerage (bMSAPUNO) and lhc Drvrsron of Public Cleaning

of the Puno Provmcc Mumcrpahty To supplcment lo llwsc lncasurcs the

o fo]lowmg four non- struclural mcasures are proposed

CIX-1



2.1

[0}

"bct\vccn these cnmlcs ‘as obscrved by thc Study Team Fach of thcsc cntmcs has . -

" roles of the most lmporlam cnlitics.

(1) The institutional consolidation plan; . .. .
(2) The public cdilcation program; ..

(3) The installation of the Clean Day;

(4) 'The enforcement of environmental regulations. _

¥

INSTITUTIONAL Cousouomon PLAN

Thc mslltutlonal consohdatmn plan proposcd hcre aims at thc slrengthcmng of

the Puno Provmce Mumclpallly s 1nsutuuonal capacny, and lhe Multlsectorlal
Commltlec as: wc!l as lhc strcnglhcnmg of the coordmatlon between the enuucs

: mvolvlng in the conservation of lhe Puno Bay S enwronmcm by Idenhl‘ymg thc

Iden'tification of roles of the main reIeVant éniities

There are many enlmes 1nvolvmg in the conservauon of Puno Bay s enwronment .

as shown in thure VHI 2.1. This flgurc also presents 1he mter-re]auonshlps

Ta specnf’ ed characterlstlc and has some channcls to dCCCSS to some groups of the

> Puno City's rcmdcni

" The institutional capacnty of cach cntlly should be s!renglhcned fo cftcclwcly.

" Bay’s environment should also be ldent:ﬁed and the coordmallonal relatlonshlp .

Al this prcsem iimc it is obserifcd that the fo]lb\‘)ing three enliiies-z'arc lﬁkihg the
*“most important role in the conscrvallon of thc Puno Bay’s enwronmem (1) the - :
' Puno Province Municipality, (2) the Mulllsccmna! Commlttce of Ecology and o

Envrmnmenl (Mulhscclonal de Ecologia y - MCle Amblentc or “the

Multiscctorial Con_lmlllcc in short) and (3) the PFLT (Bmatnonal Spccnl' |

Project of Lake Tilicaéa).

' carry oul the tasks almmg at the wnscrvalton of thc Puno Bay s cnwronmcnl

Bcsndcs ‘the rolc of cach enllty in thc framcwork of conservallon of lhc Puno -

between these three enlllles should be lmproved

The roles that these three m‘ain cnlitics' should_ laké can be identified as lel_dwihg“: _

X2



(1)The Puno Province Municipality is responsible for the administrative
| management of all activities for the socio- economic developmcn{ and the
conservation of natural cnvironment of the Puno Province. Taking this
responsﬂnhty, the Mumclpahty should develop the projects for improving the
_servxccs of waicr, urban sanitation, urban sewerage ctc. orlcnled to lhc Puno
~ City’s residents, orgamzc the programs or campaigns for molivating the
“residents lnto the conservatlon of the environment, formulalc and cxccute the
L '_regulallons and the plans ncccssary for the sanmry servnccs envnonmenlal
| management etc '

(2)The Mu!tlscctonal Committec lakes the role as a coordmator belwccn the
. PELT, lhe Mummpahly, the mass media, and other rclevml enutlcs Through
-Ihese enlmes the Mulusectorlal Commlttee shall access o as many residents
as posanlc to promole the educahonal programs ‘and to motivate the residents
.-mto the events, campalgns and other acllvmcs which are pertormcd for the -

conservallon of the Puno Bay s cnwronmcnt

(3)The PELl takes the rolc as a lechmcal adv:ser responsible for momlormg lhe;
| changes in envnonmenl adv131ng the relevant cntities on the envnonmentalif
conservation lcchnology, conductmg lhe prolccls to ullhzc the new technology
" for the conscrvallon of ‘the Puno B’ly s enwronmcnl etc. The prOJects“
" conducted by the PELT should not be dupllcatcd wxlh the oncs conducted by

the Puno Province Mummpahly

The lhrcc above menuoncd cnlmcs should concentrale ns e[forts in periormmg its

‘. rfuncllon rcspectlvely, m order to avond dupllcate efforls and lo cl{cclwcly push

-+ forward the prog;ams and campalgns 'ummg al the common purposcs
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	CHAPTER-Ⅷ OTHER MEASURES 
	1. BOTTOM SEDIMENTAION DREDGING SURVEY REPORT 
	1.1 Outline 
	1.2 Examination of Accumulated Sediment 
	1.3 The Transparency Survey of Interior Bay 
	1.4 Natural Conditions of the Puno Interior Bay 
	1.5 Other Conditons 
	1.6 Dredging Area 
	1.7 Construction Period 
	1.8 Dredging Volume 
	1.9 Selection of the Dredger 
	1.10 Temporary Sendimantation Pond 
	1.11 Dredging Construction Work Execution Plan 
	1.12 Cost Estimation 
	1.13 Alternate Plan
	1.14 Recommendation 

	2. MONITORING PROGRAM 
	2.1 Physical and Chemical conditions 
	2.2 Biological Aspects 


	CHAPTER-Ⅸ NON-STRUCTURAL MEASURES 
	1. TARGET AND STRATEGY 
	2. POSSIBLE MEASURES 
	2.1 Institutional Consolidation Plan 





