7.3 Transmission Facility

_ The following matters are considered in the preparation of prelimi-
nary engineexing design of transmission line in each alternative. Drawings
for each alternative are presented in FIGUREs 7-7 to 7-15.

(1) Design Sewage Flow

In designing the conduit, the planned intake flow of each slternative

is used for determination of conduit section.

The fluctuation of intake amount (refer to subsection 7.2.3) was
taken into consideration for the decision of diameter and slope'of trans-

mission pipe to convey the planned sewage amount without hindrance,
(2)  Flow calculation

The Manning’s formula is applied for the gravity flowing section.with

free water surface:

Manning's Formula: = Q = A. V :
v = (1/8) R(2/3)s(1/2)

where; .
Q: Quantity of flow (m3/sec)
A: Flow area (mZ)
V: Flow velocity (m/sec)
N: Coefficient of roughness
for Concrete'Pipes - '0.013
R: Hydraulic radius (m) {=A/P)
P: Wetted perimeter

1Y slope

On_thé’othEr hand, the Hazen - Wiliams® Formula is applied to the
pressurized flowing sectlon such as inverted siphon sections and pressur-

izéd flow sections :



Site for Treatment Plant

,";.2_5,,,-,,_2
[ SRR

iSEDAPAL)

N
jj SPTE

_,IS‘

Ld Tamihon A-
!
ey

-
Lo

or Y
S LAY
ik Tk
Lo

==~
R PAGwaCamie
e

9 C £ A KO

"y

. |
Elon Phase [ ;. Phose E

Al 4.0 Msec _

Az 2.0 ™rsaci 2.0 Wec

A3 1.0 el 3.0 ml/sec

THIS PLAK SHOW THE Ca56 OF Puay A1

Y1000

DIAMETER | LENGTH

R
6 : a0 ™
w1 8E M
5 13 e

4] 40 Mrgay
Vo= 1 BS Mg
s 13 e

e @ e
‘ = i | LEGEND
N : E
Nk i\ : 7
= N\ Existing intercepiar — — —
o b : !
| % /7 : Plannsd interceptsr
+ ? ' ; [ T
| IR\ //. : ] i 1. ; hase 1)
1 | " 1 M
+ . g + N
o % N . ; 1l ! ! Planned  Intercepter . ..
i 3 JERUN (A : N A i H (Phase 1}
- U . F g ; ! ' : *
-§ : o —ﬁ & ; I . Grovity  Moin
w: 4 H : i
: % ! : g L | g : .
g ) 5 7 ] z g_ S ; " 1 % i Inveried Siphon Elalataiad
S s O 3 . 2 P B E o . l
v ¥ ES [ 2 i N I : ! ‘& : . Force Hoin —
St —-3 u = & Z| A i o i ! i 1
B X 2 1 = P B Ple ! i |
2 b £l i 4 % - —: or _ L t Opesn  Chennel
3 i 4 | i 5 ] . 1 i ! i
g 3 & < ! o o ! 1 bt 1 ! J i
; i : p g 2 S ‘ .
- | : L 2 g ¥ 4 ; : . . : { Intoke  Structure
o [Fil B | 1 g £ 5 i z H ! CE i . . .
- S . S g T a : L . . TR — i 8- Dlversn:ér; ﬂlduncnon
o gle gl g M ;& 3 8 38 | i o K i a2 Fuclures —0—
& : a9 H 1l LA H : rle L =
54 &Z a 2 —— B E > + E gl * t f s " R
§ie ik il LU L i R YRR i I 1% s K | ol Outfatl — <
313 29 2 . 33z _Efas L I 1 I %3 1 : : B 1 Lo tqe Hi ; il
b P i R g ! oy O e Doz : I e — ; : N i
B F3 H 1 » 5 3 =)= S H N P . v
== g & PEas s lag NI S Ll ¥ g & o | P Sy _ b ! ; Pumping  Station ®
S uif ¥ +—r e e e E H T T E w Rl ey H H ,:I e —t y: = £
iz A & Lgg, ¢ FlE, - g g 3 3l B & . IS‘@E Pl ' 5 H ]  —
23 Hz EX c_%ifj_l_. ER 43 I S = = = ! i.d Ef ! Ba; | . 2 .8 ! i Treetment  Works ! ‘
1 . e
H ]
“[ §
AV PACHACUTEC | AV. MIGUEL IGLESTAS o R 4 vuLa EL saLvapoR N VALLE DE LURIN ME PAMPA SAN BARTOLO N
4 b 3 2 3 3 o “
I < > < = < g % A
T 1 3,338m T aieeo T STEL0 “Tany R 5 - VIGURE 7-~7
G500 LrrGIOm | AIIS0 Ls170m o183 LeLESZA | b iy T"’ Lo30m L= 230a l bz 10 m hibiad Lr3080m "
PR Sl e — N -~ - y " N — T
o Prossurized - Grovily inverted Siphons 1 Groyily 1. Siphany; Grovity Grovity i . SEDAPAL
e Servicio d¢ Agea Potable y Alcanlar) llago de iim
FEASIBILITY STUDY ON IHPROYEMENT OF
= ms, 3 .
o = 38 TYaec o= a0 T @ 40 Man 9 0 38 Mo SEWERAGE SYSIEK [N SOCTHERN PART OF LIWA
v o+ 1.6 Mirc ¥ V&2 e ¥t 182 M Vor 142 Py |
D 5 L 5 0Q s T ALTERNATIVE =~ A
FLAMN Al

LAYOUT PLAN
LONGITUDINAL SECTION

SCALE: 1/ 50.000 bate: - w0 [ bRANING e -

JAPAS IMTERNATIONAL COGPLRATION AGENCY




o “l,__‘ﬁ,_,_

,})/4

/ / :

. , 29 £ ’
(R I 1 ; L e

PN @E/Zﬂﬁ.—?m}h—s\m amw e 5 ’I'-"' ety “1‘;‘\“\ o 'i)"'
DRI . < CaEat o T N NI
S SN |l 3 T m o L oA o o T PR el o e
g @ ~g L - e | R — ¥ Pt g-t \*’\\:n_/
3 ‘-T\,__‘ “ I;&' '\_,ﬂ_-—\-/
o

o= 2

4
n,

3
1l\
Vi
S 4 ol L
W 'l . . e
o ™~ e DA N
Axvigus eqsrrreng (U"‘g i Gt {

<
&
=
<&

W

. Plan Phose [ Phase L
. 0O € E AN O P A C ' F 1 C 0 s
H T B1 | 4.0 ] -
3 i - m3, m3,
: B2 2.0 Weee: 2.0 Misec
H §
[
Site for Tractment Plont m3, m3
. (SEDAPALY B3 LG Mysec! 3.0 /sec“
THIS PLAN SHOW THE CRST SF FLAN By
Heon — T " T 7 T H T T e S
‘ : ; ; R R T ! R = T e ; T LEGEND
3 oo . - ; : o S IS SO . | ; _ | | i N -
: R i o - P : HE . E— : —
H £ 3 H i . i i i i i P
12000 — H - ¢ . : LI — : e ! | B R Existing Interceptar =
; % . I : R i ' i i i P i - : ’
H H [ 4 ! : ' ! H i H H f
oEg i HINR ! i i S : ; i - ! ; S . Ptannad Interceptsr
} PR i b Loy [ A A B i N E I } ] R 3 : ' s ' {Phase 1)
cooo- S ; I i ol i i i i i ] ; [ L
_ SRS ; : ) \\\ﬁ ® l P . o o ‘E s i i : | : . ' v Pionned Entercepler  _____
2000 — - - ! ; TICN + e — : e ; b + e ; R : i Phase ¥ ]
H H i B N H H H T H
4 I e ol H ! ) S ! ! A N : oo H i . oo
‘T I s ! - : : ! + 1 ! H : ~—  Gravily Moin
pe00 % ; B g vl T { | [ | T T . ; ;
. . i \ . Ceig . N . ! [ B . : & i [ ; i H t [R i : .
2000 e Y i g1 s ; £ : S I o it ot | Inverted Siphon -
reoce AT ! T i B i E : ¥ ] ' ~ i 1 B ; E :
: ° i 5 (B i A H . = Pt gl i : e N
: 3 S . 3 3 CF[ e H B L3 \ N g I P i H P B . . H ' Mai
£000 e fond e P s iy OO S, 5 : - Eo R : . ; . ; : i . Force ain s
* H s : ¢ | el 4 ! i | 4ol i B v
i ~g C R el s | = I e 1 : i @ ste
; a7 i LB, 1 & + = oo RSN < WU N S S - 4 ; i Open  Channst e
a6 Tt 4 4 T 2 ; | N Tl z - T
' 335 . : ! HE i HYREE i N i ' - i & i woy 7 A
4090 i-- ; § — 9 : ) ] : : 1 ‘%‘ ¥ EE e i ! §' : : j . : . .g"' i Intaks  Structure _-@H
H 14 ur ' i . E i . i [ 1 ! ; : 9‘1 H . H e i
3000 m— BB i H S g : by bes . ; L35 : : o I T i 3 - Diversion & Junction
; L8 z gl ! g i ; ;‘ré ; k ! A sl /] : H Az [ : ' x ! Structures —
£5% 4 g Ely 4 : 4 - 2 : =S T : : i P . - : - S
2000 e S 4 ] £l P Ed : N + + - bl %
: i.i o 8§ oAty P S ! g N oE IR | e 1T outten -—
o Gm\ u§2 5 : 2 5 SE¥ 5_; | ; ' . & : i . LB 53 H i i ¢ [ F} 23
I | SRR o o — N 7 i — g g
& ; 59 kip Bl R . % ’ 3 I RN ‘ R . i &
~ w3l LIE L deel Al F . o ; g t : SRR SRS LA [ . % 1.&_; Pumping Station B
£ N g = Egs ! v ) : ! : ! i l = i £l : ! I ez ! e —
zzz H 2 3 EEE_L_,F_L 5 1 : e i i E i 2 M N L k=L S B Treatment  Works R
e iroon - i
o 4,000 Greuny ¢ = 03 " LOMD[ DE CORVINA
g : 0% m:m L Gravity o v s 18z ™ %ENM%LAFNI‘.DWS PACHACAMAC PAMPA  SAN BARTOLO
yoooze o TOMAS  WARZANO o o ] s sae w. o 1 o o ZONA ARQUECLOGICA . VALLE DE LURIK | 5
§ 11060 A S o o = ol B &l d
3 - o ol » : - o |
: i = b4 & - -
_ 8 o : ! = L L) 2 FIGURE 7-8
DiaMETER , LENGTH wiang  L: 3,380m wiese vrzam0m . L %2000 _e_ s 4,525 m aig50 L3600 0 1830 22,230 m H el650 L:2,730m 1550 Lidyi0dm | w360 y:o2,500m U 2700 v 1330
TTPE OF FLOW ﬁnrer'ud Siphon Grawity H Gravity i dnveriee  Siphen ] lov. Siphon j _lnv. Siphon Graviry Inverted Siphon i SEDAFAL
: Servicio de Agur Folable ¥ Alcantariilado 4e Lim
FEASIBILITY STODY 0% 1WPROVEMENT OF
G - &0 T 0 : 33 rhe @ : 35 e o+ 3% T o . a8 mhe o - 35 e SEWSRAGE SYSTEM [N SOUTHERN PART OF LIMA
\ . ¥ o: f 78 Mo vor T 6P Tre ¥V o: 0BT Trrc ¥ o1 67 T ’ ¥ o3 o165 M ¥ o113 Trmc . e e
o ;Z ';I“ 5 1 07 Ve 5 12 e 5 1 V.2 v 5 17 Y 5 7 5 Va 5 = 04 e TITLE: AL TE I,R)‘[\:; ! ;];.' B
LAYOUT PLAN

LONGITUDINAL SECTIION
SCALE: 1 7 50,005 :ATE: - *'%ibiﬂfm #

JAPRY INTERNATIORAL COOPERATION ACENCY

7—15



L,
Ty =l
w7

13000

12000

11400

(11203 1Y

9000

BOGO E-

7000

#4000 -

ioon

L4000

3000

o000

1o oo

ooo

be 750,000

3

A

LN y
B Lo
2 o
W o
= -

£ita for Treatmant Plant
1

MANHALL

N\

SALVADOR |NFLOW 093"V

IGTING MAIN SEWZR
JUNCTION  MANWALL,

BOWLIIT oag0 piscuapcel 3

Y0

\ GUTLET  MaNHALL

ay

ooy - [NTAKE AT COLECTOR WRLA CL

XigTING MAIN SEWER
[

!
H

L£AIBETING,

h{

COLECTOR SUREC  MFLow) 13 ™ o

HMARZANG

DHSCHAGE

v
GG HAIN SEWER

TAv Yoma

INTARE &

[+ Hsl]

S ALOw- OFF

[

TOMAS  MARZANO

T

oW < OFF 040  [NSCHINGE

2 PACHACUTEC

SN

19
hY

TG MGIFIC OCEAN

TN

T T
~ .

QISCHARGE |TO_ MALIFS ocHaN

éISCNAFGG

E

L,

Lecozad

A

CHARGE T P2

i

500

DIVERSION 1 0.5 ™0 |
°

LintagE at coLgcrom viLia MagLa | O !

NELOW 5 e

TATION
BLOW - BFF"

* OLOWYOFF 4458

lgl.ﬂw':- [
BANHALL

LINFLOW Fol ST

]

CIVERSION | MANHALL
I 56M JUAN] S5.T.R
PUMPING
Py
i e

T
OQUTLET

SAH JUAN DE M

2 350
7 028
19 G2%
RS- 1)
5. 878
D 625

)
ul

-

2 rO RO LyRIN ¢

e o e ek

BLOWrOFF nd00| DISCHIAG

& 'outriow re AN garTouo SR

.
TITH
|
. ‘\
F|
- -3
x
- 4=
by
z
PACHACAMAC

I0NA ARQUEOLOGICA

[

HAS
4t -
.

esRYaLd " T

s

ry
j,l/ Mo _LURIN
L\ .

MANHAL [

Pami;

CUTLET

PAMPA  SAN  BARTOLSD

22 730
30710

ri=]

QIAMETER , LENGTH {_

oF

51380 L:3,3%0m

[nvertsd Slphon

o+ 15 Mhae

v o= 118V
5 - 08 Y

21500 Le 41050
Grovity

G2 183 MUy

v 113 Py

s : 08

e S

Tl

|A—- k

Flan Phase |

233 "%,

LEGEND

Existing  inisrcepier

Planned Intercepter

{Phase 1)

Pianned Intarcepter

{ Phase ¥ )

Gravity Main
invarted Siphon

Maln
Channel

Struciura

Diversion & Juncilon

Struclurss

Pumping  Stotion

Treatment  Works

FIGURE 7-9

HITLE:

SEDADPAL

Seevecrn de Agaa Palxble y A!ri_nuuilldo dr Lima

FEASIBILITY STUDY ON \WPROVEMENT OF
SENERAGE SYSTEW IN SOUTHERN PART DF LA

ALTERNAT!VE : [

PLAN CI

LAYOUT PLAN
LONGITUDRINAL SECTION
SCRLE: o F s o ‘MTE:

RPN INTESNATIONAL CODPFRATION AGENCY




—_—
+ 217 e
LT

% ;r Cwokp pL TI0Y
~ : "

—INTAKE AT SuRCO

- - oy
s '
hbARL_SALVADON. r
ol

-~
CUTFLU

I
T

£

q
L

Slre for Trectmant Plant

"

EpwER =

i

AN

g

nTaRE MY COLECTC

TALVAOOHA 1W¥LOW 033

PO JUHCTION WANMALL
|
i
|
1

=

]

§ N\ royinen wte

PURTh Pazkacavas

NTO sAM_ BARTOLO SY.P

SO ourvusw

SUTLEY  anral

Ptan Phose |

Phoss {

(o3 .83 g

2174 |

Existing Interceptar

Plonnad Infercepter
hosa 1)

Planned  Intercepier
(Phase ¥}

Gravity Main
Inverted = Siphon

Forcs  Main

s ... Opsn Channal

Enigks  Structurs

Diversicn B Juacion
: Structuras

Cutiall

Pumping Stotlon

23 230
1730

T
32
]
vipoG p—— - - ~§£{v~ - _
g3)
13000 - <3 k2
it i - 3
[F1.-1.} - -;:‘,t—‘_ oy E
2 a
11000} -~ -1- - L ol i . H
N - 2|
0coe] - RN - — - .¥1
3 4
2000kL. —. 3P0 - I . & " Y
d # 5 4
[y P § S . . ol 3
- - E g 2
to00 " [ H !
7000 - - - i @ . %
g \ g e © &
. - = g :
8000 5 ,: ‘___"'-‘:‘ g’i‘ g’ s Wy iy gt SR ;
&!
s000 3 e R TalT T I B
pe ] = & z
& g - 2 gl = - . I _5’
2000 bod . _—1_ g | 7 ¥ o : H 3 7 il
al . ¢
g 4! 3 R &l ni i g
3900 2 g, o ST ¥z H 3
s
| a LI el N 1 &8 s ; | | 1N
roco b—1-- LA _o)’“ a4 . LR 3 % H i
J s g2 g7l o H UL & g 13 F
d 1e.00 — 2. 9T . h;. 5 {,15 =& ‘t" \ ;
g ke S oh, [0 N=L) ;
N i oz Wl =® - ot & S R R | Lt (e > RE - >
ud | 000 $lg - 5 H ] 9h Hzx 3z S ape. i i
o 3l ad gls HES 3 H
Z|Ha ' 50000 Bt A | -—1-F o +— - - e
Lo} PACHACAMAC
TOMAS MARZANG q 4 o o - o ZONA  ARQUECLOGICA a
2 d & 3| 3 o g S
L 3 s <o - o @ Y
- o . = o ,
A0 Lr3500m 1356 L4105 m
DIGMETER , LENGTH r —'—l - I e e e e e
nverted Sighen Groyaly

Treatment  Works

LEGEND

FIGURE 7-10

TYPE OF FLOW

q 133 My
LRI TRV
¥t org e

G o 133 "
ot o0 Mo
5 = 08 e

FITLE:

SENAPAL

Servicin de Agut Polable y Alcaniarillado de List

FEASIBILIFY ST00Y O8 IMPROVEMENT OF
SE¥ERAGE SYSTFW 1H SOUTHERN PART OF L1MA

ALTERNATIVE - C

FLAN C2

LAYOUT PLAN

CLONGITUDINAL SECTION |
SERLE- 1 7 50,000 Lmii:

TR0 DRANING Ko

JAPAN FTHTERKATIONAL TOOPERATION AGENCY

o8]




_IniAKt AT SYRCQ

A

rof e
r Mo,
v%s un(ﬁ.
A 4

[3
1
% | a0

Site for Tragimeat Pleny
: .. ISEDAPAL)

COLECTOR wiLLa KL

ZALVASOR (NFLOW 033 CATY

MUNCTION  MANKELL

INTAME 87

SN

-

w3 oM

F

TAV., TOMAS  PRAR ZapQ

SNTAKE AT |SoLECToR duRca b |

l......2ia00_  L233%0m

TOMAS MARZAND

[TO PaciFIE_ gaam -

Pt
NTAME 47 GQLEGTOR_ LA |

]

JUNCT' iON

;
|
i
i

E

£ co

ut !
rapwich bt

B
it

N

A uTH FACKICAVAL

g
4

Q083" rci Tyt

v -
BARTOLO ST

PR

JE—

b o _gre !

)
.
-

_,.._Opcn Channgl T

i

il

i

'Fr?i‘m“ﬁzu)fm‘j—-* a4

o

DIAMETER , LENGTH

inveriad Sighan

1000 Lz 3.600m

EL-
) i
& =
= 2 d g
3 b =
E: 3|
£ r o o= — B = NN [ SR
: E N R S S 3] o &
2 5 =
. “ET 17 T 7
: ] |-t Aol 111 L e wl/
Edd o /” |
H e H ’
x - . faz - P N S S N
b =
) AR I | I 1 st ED M7 L
o 3 H i ¥ 3 g LA T
H] §f 3 3 g g 2 ] S
AR 3 il § 3 3 -5 .8 Ei . 9 R 1 OO S S I
& ’ by E\Em 3 i
2 & | 1% ] » 5
A by 1 C § NEK;.Q. . et - ke g e I
= i | SiEu £l ! E
H 3 z| F &55 9 J - - _ 2 | i o 7
T . PACHAGAMAT veUE OF WRN | PAMPA SAN BARTOLO
9 ol ZONA ARQUEGLOGICA b o °
x| g E @ 4 b E E
o d o o) 9 .-
a0p o 1200 L4018 m “‘000_ L1300 m 1

fnverted  Siphen

fnvartad  Siphels

Gravily B

lnvlf Tea ST;PT:;‘

mirgac

= L 19 P
P e

o 0483 ™
¥ o: o122 "he
55 12

"o .
v or
5 2

@ : 083 My
¥ o O sF Mriee
55 0.8 "ew

9= 0A3 Mg
¥or o #10 mpgy

Plan Phose | Phass It

cs | 0.83M¥sac] 3.17 ™ac

LEGEND

Existing Iniercepler -

Planned |ntarcspies
{FPhase 1}

Planned  Intercepler
{Phase ¥}

Gravity Maln
Inverted Siphoa ————

Force Maln —————

Intata  Shucturs

Divarsion & Junctlon

Structures —A1—
Quifall C

Pumping  Statlon ®

Treatment  Works . ___..]

FIGURE 7-11

T

Servicio de Agua Potable y Aleantac1llado de Lim

SEDAPAL

FEASIRILITY STUDY ON ' INPROYEWENT OF
SERERAGE STITEM [N SOUTHERR PART OF L1MA

EITLE: ALTERNATIVE - €

$ ¢ 10 e, .

... .LONGITUDINAL SECTION __
SCALE: L / 50,000 | DATE: 'wj DRANING Mo -

. PLAN C8
LAYOUT PILAN

JAPAN INTERNATIQHAL DOGPERATIOH AGERCE

[ ]



SRS T
[Pr

INTAKE AT _SUACO,

Cov oM
P Q30T Mece
2030 e

S Towa
PG - S

v

j*’v@\;{'

bl

14000

15600

L0630

12000 |-—p

TG g S
P HEL AL VTR
SN

ry

™

Slte of Treeimsnl Plant

HUKCTION MaNHALL

SALVVADOR INFLOW Q33

" \—E SR

5
A
e f?fi
S ; %\EZ" I

e é R?Q?
s
v d&&

i
:

e
s rigiate

INTOKE 4TI GCOLECTOR WILLA EL

1000} -

90.00

8o0a

4000

7000 —mi d

’A:m’}: oc;‘nn N

8000} —

MFLOW 30

Aboo

roQg -

= 1.000

v
—~t

H* Waga000

2000 p—+

006G - -

axdy;
l"‘-q..._..__: I S R
\“."_‘!
+ o]
S I e
E
Bl
3
5
g
b —
.
5
3 U I I
%=
7_:_,1 . [ S
21800  w:L3%0;

TOMAS  MARZAND

Ll

BLOWEEVE 8360 | pIScHARGE | T8

a0

lagr

 DIvERSION FOR  AGRCULTURAY

USE O3 ™aec  (#asE T

Svession |

\Buw

5 333
5433
5083
1 a8
14 459

AUKOPISTA

et irs Crativa Ll

s pitedt
AT 7]
B XL
\/\\

by
i
7
!
.
- -

1

\s

N

L \‘l}f“ ‘i
ToLO ST 2 / ¢ (\g’}\’\
PAMFA Qq BARTOLD

™,

Plan Phase 1

Phass B

341 1O MYee

3.0 Mige

TG

i
H
1
!
OLEAN
T

F_os00 | pischaNgr

%o LURA

W = Q7

IOwW=OFF_ o300 [ DISCHARGE ~ 1O 8v0  1uMise

B

14 853
i0 335

9L0W - OFF_a300 | CRCHARSEl 1D maeimiE

‘nnn% lcannrrena
AnTidue | caRmrfeRs

SAM BARTALD T

43 333

i

FaM

PAMPA  SAN BARTCLO

LEGEND

Exlsting [nterceptar

Plannsd [ntercephesr

[Phose 1)

Planned Intercepter

[Phase § )

Gravity Maln )
Inverted Slphen
Forca  Maln
T_.._Opan Channel
intgke  Struciure

Divarsion & Junction

Structures

Qutiall

Pumplng Station

Treotmant  Works

—{

[

FIGURE 7-12

28 30%

DIAME TER, LENGTH
IYPE  OF FLOW

]

ol non Lzl e00m

“Invested | Siphon

L 3,000m

Inverted Si;)hon.

s = 12 *hen

g = 16 e
Vo= 137 A

R
SCALF r,-y\m\ot DATF

SEDAPAL

Servicea de Agua Patabie ¥ Mlrantaollado de Lism

FEASIRILITY STUBY DN 1WPROVEVENT OF
SEWFRALE SYSTFU IN SOUTHERN PART OF L1is

ALTERNATIVE C
PLAN €3
LAYOUT PLAN
LONGITUDENAL SECTION

. p o
-w-{os.mur.m

JNPAX INTERNATINNAL TOGRERATIDN AGENTE




o

T
RN '35 b, LS
\ . O vy 0 ) MTH, ™~
FNNGY o aiobinde o S0
- <
= 1

\ - - . ) ovtrtodamze N
,\ﬁ“”“%l ; N N TN N s R )
4 ) /\? : NS : © 7 feriemee] 1

ey
N outeiow  wE
SAH  BARTOLO
//" f; HAAPeL S
my,
o 825 T
=,

b []
VAN
&iL&'\
Wi

@\3@
5

;
{
o

/

SRR

i
% {_ crapab o1 DS "’Vfﬂ': N

! N

N
N
L
T ta TamLap.
\ /\/?

]

* A S _
R .-;:‘_‘,"u-' 0= 08M Ve Le
e — B L L

S
il
3

Sirs or Traatmant Plant
{SEDAPAL)

Filan Phasa 1 Phoss I

3]

18 ™ gee | 2.5M%4ec

| LEGEND
- S - — - sap—— - - - - - —4 - - - - i - [ R .1 1 . [
J B ! g
3 S PR T . Lk £ - A S - b LT Existing intarcepter s
1XG00 |- —— - —_— — m- ; -g-- . uJ i
i Y JRURY (N UUEUE SN § R FHUPRN N (NS ) £ SV SO A S I . R S T S A Es dnd b IR T T Y N SO A __ 1 8] _1 Plonnad interceptar
Bl Rl NS ekt Sl M i | 2 i 5 {fhoss 1)
z g
i J S - - it - g R P Ao L4 &|. [ L L. S N SV B U § SO
100007 b E B S T R e W g Z 3 : H Ploansd Intercepler R
’ >® I S LW E L LE I I dod ] L gl ; N ) S A AL tPhase § |
000}k - . raad — vy TR - P & L E £ —_—
reos S I @ - i g g : z Grovily Mein —
o000 2 LA - () e S N I -4 & - & -t e -1 e L SN VY IO RSN e ¥
UV S RNUR WP B i e T ctaenmd =
¥ T e i :\“ N A\ ﬂ B8 TR O O T A S NN - O L , AL . _ L L Ao ___%.‘_f Invertad  Siphon —
Taoo [ % miaker aunis Hnalh s nRbet Sicht S A T gl B Y & 2 I D, 0 3 3 ——
.? BN el A\l 9§ 8 8 K| 31 b R 1 ] jgt l._] Foree Mol e
E N S I, o . \W .- -z R PRGN DUVRN -1 IUOON S S S —~ A _ !
LEEC] R R - P PN “-“Q\\ 3 5 o ; Ef e ECEEN{MERE
] 8 TNLIS - -
2 § B O T [N | W (R S IR SO N S A B 1 O ! N 4 B . b __,/7 A S R - T Opan  Channat —
seoo CR o] N N 4 f [EEX] z A A%
. : \&"K,/‘ £ d —§ - - (3, 3 [ - AN AN AU NV S I § El . xﬁ‘} I b AL S [ [P A T TS O IOV i o S Intake  Structurs -—{@—
2000 |- fo_B T Faatd e B S na it Bt i S N R ] ? H o L i
H z ™ 2 all ;& .. , S d. b el Diversion & tunction
2000 [ T s s R o | St T 11 T T el = Iy . v 1 /] N 4 Structures —
xiZ i a|l E % S & 4 N 3 £
a = =+ JR N -1 R . S H B L SR ORI - r o
oo -—L-Lig - Rt o T HH] £ z : 3 ! : i Cutfall —C
o gi' to 3 “e B J\\ dla ) g 3 3 i 3 i b n A 1P
,,,,, - P oo " o . . . O -3 ) E1 D . 5
bl 800 e T P ] e St I it = e - .
°-J "5!?: E? = 2 é}, 2 = TR @ ..._‘@. T fr . IS SR PN EN S B B TS I8~ NN N SN A U N - !g,k Pumping  Statien ®
i 4 R . b A TR - o SO g S W ut - ¥ . PR
] 0.00 wa b ~t% & ] [ ;[ 2.4 — & u & lq N
3l iz 3% 2 a3y 2 - i : 3 i z RN T DU L N i Treatment  Works I j
imessoooo || E1E L1 b dem 18 1 4 b B L0 (- AR PN DORIINS) RO Jg B Lo 5% DUV GUDION SO WU § SR RO VOO NUUDY L WO SRR SORE SN R IS S O ]
. ' LOMD DE  CORVINA PACHACAMAC VALLE DE LURIN PAMPA SAN BARTOLO
TOMAS  MARZANO SAN JUAK DF M{RAFHORES " o o i ZONA ARGUEOLOGICA o ol
2
o e g B 3 8 5 3 o % 7
a | M o P o o 4 n z
o " = - = . -~ 3 FIGURE 7-13
p 380 Le3,675m . _|poom] 200 p:2oCdm L SNOO L300 ] eh00 L:2Rage | #H100 L2730m L 0200 b e108m L ewo0 Lezro0m ) U700 % B30 L:B800m _
?lnMETeﬂ ‘ EEN“:JH bo... 01386 ke 5,338m L o ”’"m““’ Gravity Inverted Slphon Invarted Siphen Lnvaried  Siphon Graviy Tnverted . Siphon Gravity SEDAPAL
TYPE OF FLO Invertes  Siphon L. — Servicio de Agua Patable v Aicsnlariilado de Lim
FEASIZILITY STUDY OF TMPROVEMENT OF
- RAGE SYSTEM 1N SDUTHERN PART OF L1KA
a Vs Y a 10 " 0 : L8 ™A 9 e Py, @ x 10 e FRERN R Ll 1o Mg 210 e T S e e
v = 123 P v or 103 Tig Vos LT Py ¥os L7 Mg |- Vo 117 Mg v o 08T vos T Ty = 092 Tranc TiTLE: ALTERNATIVE - D
PR s 5 = 0¥ e & ¢ O Y 5 LO YA 5 t0 e § 0.8 e 5 r 10 % : G3 tA PTLAN DI
LAYODT PLAN
LONGITYDINAL SECTION
SEALE: 3/ 50,000 J!MTE: 'QOEDMIIHS Lo
JAPAM INTERNATICHAL COOFERATION AGEMCY




oY %\'—'i\‘“\\:‘ﬂ%‘iﬁ)' ‘
AV NAVRNNT
NS @

/5'\

\\‘\’)MTRF

UEFLOW INTO

P .
| cweaert 0¥

=X ol ? % \ et
= 3 _ - o = o E
ONES : : o . PR S P it

& O i " . L AN St = i [
Llens wa, e e [\ = - B d P S P A |
NI~ fi—!z—;: ,}M W\ oL _,}i/ Chiidl --fj e
300 K DL gen Bt A o

e AT :

WG quhin

C C E ANDO

e
1S PLeearszag FUnSM PotnacENAE
R

Phote [ Phase ¥

1O Mrgaci 3.0 ™aec

- B man? Plent e
i ¥/ |S {SEDAPALY > . R
e ¥ ’
W-—f/'\ / a ‘
P rau.m.mf L
i i
14500 S et - - —_— R i ey e Tk & — q — e s - - LEGEND
PN N K N RO SN IO SO O N TN S 8 4ot e - 1 e I SR Y O B I R i Existing Intercepter —— — —
[s7 “
F 3 e B
_a ] 3 — - 4 J [N SR S S I R e - S R R & S - I lanned Intercepier
1000 .- N e - 3 - - - ——
! E " § {Phase 1)
H I 31 — ... . — 1 AL~ S S ST - - I _ i
0000 i E o é Plonned  Intercepiar . ...
™ z & . @ ]
[V U SR - _ o e : i N S R - — . 4 | i {Phosa K}
so0a PP \_""" TR L) S T T 7.9.79-8_.“-@) /rqu - o [~ T o Bl --§ e I R I o .
snie — Ly & [ o .
T é L, aE o N U e - | ] A - _ E _
sooeo|— f—- 4 b} —- "‘2\:_—_-;,’ = R 1£Wn“<;_‘_ ®E P —t g * E; " B - r i b I - rE Grovity Maln
iy M ek 24 e b e
L il TN - |- - - bt — e e 4f - . 1 — [ I SR R I S S B T NS S I -9 ) Inverted Siphon
1000 i- - - rdn f g 7 = (G z_ i . v
_apxe EL \ B ] x4 u aihe E
o - 3 B - | e . —— NG 38 SR SN s _ [ T T —1.8{|l.—4 Force Maln —————
60oo] — b e Lo b a Tt L (10 = E i == | 3 ®) e l0)
; ¥ N i H (AN ] 1O 51
2000 §} -1 AL —f— — 5 g S B g - -t & -- - I kR . a ~-Open Chonnal
A R N A oA E | 2504 E U '
& H 3 3 3 7 g 2 0o | ‘ — ~
oo gi'“ N . A s &Y /\ al?- I Py 10 S I S E _2’4{ ! - dododod | ey |7 intake  Structurs S [0
ks - o .
E: Y SN N £ T (N TNV SOV NN N G- S NN S NN b . S U L 1 I S g AN IR 8 15 J S (O W ; SN I S U ] olverslen & Junetion
sa00 T A A e A o o 7 ] Structures -
512 I O - N LA SRl NI S T : VYL 28 T S 0 B O O O S A | LHIE
2000 b b E; § i - § oo ? sl SRR s F HE E: i E = g i Cuitolil C
d 2 H ] - . o INE dE . R . § _ — O 11 N . I O A -
o 1000 sta 1 ey ? St e munl B [ §ig S | Ry . o 3 a
g k] L - BB E I B i ol St Lat SRS SN JL@ :“‘-Q—"" =] P -+ _ 5 D U D P ,J ol { N 1o Pumping  Station -\@
< : [ J A 3 e e A & S e e o a lg
= o00 2-2 it il A I 3 o 3 g 5 Gig w1 = W S |! _ . .
BT, Ziz :ai. 1 T A IO SO D NN O L S % - SN0 U UV S § R _ 13 - - R o0 AR VRO SN (U VY WY SRS SN NS RN SO S 1 Tregtmant  Worke E j
TOMAS MARZANO SAN SUAN DE MIRAFLGRES LOMG § OE  CORVINA . PACHACAMAC VALLE DE LURIN FAMPA SAN  BARTOLO
) o o = o g n o ZONA ARQUEGLOGICA o o 5
g z aon 3 " 2 H P % 5
g o 4 o m .
STAMETER , LENGTH | vwes_ ys 130 o T oiws Linene Jwool v Lzseon | sseo wesmeem L3 wozasoe leseo  ue2zde L wges  Loetesm | we00 wsEaan Lo ia00 + 700 416300 m i FIGURE 7-14
1YPE DF' FLOW | nvertad. Sighon R Gravity Grovity Invacted  Siphon - Invecind  Siphon Invertad  Siphon Grovity Ivarted  Siphan Gravity SEDAF M
) . Seevirio de Aque Polable y llr;nlarltlldu d¢ Lind
- ——y FEASIBILITY STUDY DN IMPROVEMENT OF
e« 03 ™ g:05 " ¢ : 035 e @ : 05 e @ : 0.5 M o035 e . B 03 " SEAERALE SYSTRE IN SOUTHERW CART OF L1k
vi: 09l "hu vt o3} Than V03 Mg Vo1 0y P v i 091 Maec v =103 Tae Voo 81 M NHE T ALTERNATIVE - B
$ z 09 510 he St 00 tn. 510 5 0B A 5 :10 s s : 0% M PILAN D2
LAYOUT PLAN

. LONGIFUD INAL SECTION ]
E | ARG o

STALE: ) / 50 000 [AIE.
JAPAN INTERNATIONAL COGPERAELON ACEMCY
' D2




AN e vy ———
f(‘\\ \ 8 ) ) I) ,r& R b, _
\"'-Eij\,‘ ("‘\ ’ T, O sk N /i
Yﬁ\h‘"' 1 Q\J \ e W, h
\ ( *::-\jﬂz\/f 4 s =
/\/P/ c,\r RS -5 §
I L. ]\J gkf‘ T (_{\( ¢ il ‘\- e — :‘\\;r{ Y -~ 1 \')
UV 1’/ ) o E ,i’ h gﬁﬁ:zmg__s_:r. i \Lr ‘
& . ey en U e 2 ~ ;o :
_/I') ""“\) g 0518 Mraee > l;. NN \ <
a1 - é ¥ ‘ , [ ‘ruf, ) /
- : L ?t_?",z ;
SN
& e y
i ! A GUTFLOW II.iTE;}{""“ { N - Y - ) |\
U dj”ii:ﬂ{\ T‘l e s U
{ W BT S X ) I ’
2 \\ [/e'\i\ [’ jﬁ\j]f‘;_’j PANFA 5}_,\1 umro{_\a - _ﬁ"fl Q |_| )

7 N4 e Ty e, e i P

= X el i{‘i \\\ -
- \“ N s !I }_]\\ \\.\\\J‘/:?

S T Rty
< Sd
P S } ‘I\!?’L o
LR T ‘{:;'\';\, ?I -

" o e, e
CLRCETENN ANTQu4

QUTFLOW  INTG

PALITIC _BCEAN O C E AN DO P a € 1 F I € (]
I eaey culy H
e - i sy satunrimac
X Ed T
2 : Pign | Pheose 1 Phoes [
I : ¢ : =
Sise of Traatment Plant m, m3,
Jﬂ F B {SEDAPAL) | €1 | 20™ec | 20 M0
A - —-—
[erza ™ E2 | 1.0 ™rsac | 3.0 Mgee
rangn i . ) THIS FLAN SHOWS THE CASE OF PLAN E1
VLD 00 » - - —-— - —- - - - S — e - e s g ey
[ T LEGEND
130 00 N - H Ty - - -
by | oo i o .
- . . . - . o . xisting Intarcepter -
zo000 : . .-
' t/\, f :
11000 SR . B TR REE ERRTE S P o S P ' - - Pianned Intercepter
A N7 ) 109. ¢ @ hase 1)
+00.00- - S o \f\? Plannad Imarcepter
000 4 [N —— [N DR R VR S S [Phaee 1)
JRPRR VRS SV S LoBL ) el Jl ol 1 Grovity  Bain —_—
BO GO 7
'l ¥ - RN B B WY U SRR DV SRVRY SN SN I S A Inverted Siphon
7000 s 3 (L THIN ™
asfey ) 2 — & Forcs  Maln ——-
i . | 5 - - e A L by B FEETETE P -
soo0o - = ] 5 LY TG,
3 b y LUL SR I | R £ 1 DO B i RO S Ni._terr Opan  Channgl —_—
5000 B e et S i sel T F: \ | s ae ° ~REAEFT
3 = » ; 3 : Juasl g
JUUUY IR 00 TR T IV TN U T OO I8 S O = i -1 \ dl- + - B il AU PR intoke  Structure —{E&—
W . ol i : i
3 B ;g ) i N . \\bv:;”"..,.’-’ . | bl PO S R - Diversion & Juncilon
seoo ] -G {% I T B8 0 H 3 I \ /2 A ; 318 Stryclyres —{
[0 T . 11 -4 - b 1 - walln s - g o 4 Sz
. 2000} - : - — g ?ﬂ E g% N § : o T Ouifoil ——
« E b & . 4o o S— JE UV DR SR S . SO il FE -1 L.y
i w 3 e Reps - E o 1 -
; a0l B L - B —f- -1 # gl i L ; 3fS
f X * ik
§1| i + duf i3 { ..... iy IS AR SN D W L Y L 4 gis —ied Pumping  Stofion ®
= oao E bl Dt Tl S e g a &= i 5 ! B1E 1 e
5 é | 2 ] BN I N N I L 1.3 PR - N [N G R A - _ e ST S 1 S TS S S N Treatmant  Works { . j
= Yeg.000 . '
aBCD s 150m ACION AV. RGUSTIN ROSA AV MIGUEL {GLESIAS AV MICAELA BASTIDAS AV, PASTOR SEVILLA 3 ARENAL DT PACHAGCAMAC VALLE DE LURIN & FABRICA DE EXPLOSIVOS £ FIGURE 7-15
(i AV, CIRCUNVALACI LOZAN FOY TIRADD £ Fl ¥i CLINDERO PARTE ALTA) 3 e
Groviy Flow No € . S 2 E: ¢ i 3 I
olg 3 =) E ¢ ] % SERATAL o
2 o vl = — — fervinte e Agna Ferante y Ajcantariliadg de Lima
N 1,080 R sreog L - Sa82m *1330  L: 8,370m V1200 L2 $,790m b wiomoa em 3,500
DAMETER, LENGTHY .  »1800 L O B g e e e T T T T T T T Grealty Flew Ned TPt e o ” ‘Siphap N T T kroelty Frow Nod EEASIRTLITY STUPY GN IMPROVEWSNT OF
l TPE oF Faw [T 7T guermd Siphen Hod Grov:ty Flow Mo 2 lnverted  Siphen o2 Cly Fhew Te2 Irvarted  Siphon o3 Grovity Flow Ho LPWRRALE SYSTE 1N SORTHERN FART OF LIMA
THIE ALTERNATIVE - E
PLAN £t
R LAYOUT PLAN
w3, 619 P 9= 2.0 "Yuc o5 P o bs M LONGITUDINAL SECTION
9 Duanny 9000 The . :gz 0 vee v T v 13D Mreec Voroe3n Mo VP33 P :
: ‘T""' ::so, -/ml SRz e $115 Y i ' B4 . S 18 R A
Sieo - - EATE - ao DRARIMC Ko -
AR ORIy Tatiiouhiioo
™ For Phow L. Rafer lo Ins loyour sian fos Phass B o ) JARgy DG ERURTIONG r:?t\PEElTlﬂ.‘i ATFNCY







Hazen - Wiliams' Formula: Q=A.V _
V = 0.35464 CD0.6350.54

where;
 Q: Quantity of flow (m3/sec)
A: Flow area (m2)
V: TFlow velocity (m/sec)
C: Coefficient of roughness 130
D: Diameter (m)
§: Hydraulic gradient

Note : SEDAPAL uses the Manning’s Formula for open channel,.and the

Hazen-Wiliams' Formula for pipeline.
(3) Flow velocity

. The following velocity range is basically applied based on the

planned sewage flow:

a) Gravity flow
Minimum 0.6 m/sec

Maximum . 3.0 mfsec

b) Pressurized flow
Minimum 1.0 mfsec

Maximum 2.0 m/seac
(4).Pipe Materials

Pipe materials planned for alternatives are as follows (refer to
'APPENDIX 16):

a) Gravity flow section:

External pressure pipe (Rainforcéd concrete pipe)

b) Inverted siphon:
| Internal pressure pipe (Prestressed concrete pipe, and

‘Ductile cast iron pipe)



¢) Pumping flow section:
Ductile cast irom pipe

d) Open channel
Open channel with c¢oncrete lining on  both sides and

bottom.
(5 Inlet chamber of inverted siphon

The inverted siphon will be made up with an inlet chamber at the

upstream side of the pipe, placing screens and grit chambers.

{6} Manhole

The manhole will be installed in places where there ave changes ‘in
pipe diameter, unevenness of invert level, pipé junctions, as well as: in
places deemed necessary for maintenance. A pressure type manhble will be

installed where necessary.
{7y Blow-off or Drain

Blow-off valve will be installed at appropriate interval in long-span
of inverted siphon pipes. Drain pipe will be connected to the nearest
existing sewer if possible. However, along the coast line and at the Lurin
river, the drain pipes are connected to sludge drying basin to prevent
water pollution.

{8) Air valve

Air valves will be provided at the places deemed necessary along the

inverted siphon sectiocn.
(9) HMeterials of pipe fittings

Pipe fittings and equipment for the pipeline with high.innet:pressurg

are made of cast iron or steel.



(10} HydrauliCZCalculatién

As an example, oiitline and hydréulic calculations for alternative
plan Ei are presented in FIGUREs 7-16 and 7-17 for Phase I and Phase IT,
respectively. The figures likewise present design values for the planned
sewage flow, maximum -capacity, and minimum flow for allowable minimum flow

velocity. Allowable minimum flow velocity is set as follows:

Gravity flow pipé: 0.6 m/s
Gravity flow open channel: 0.6 m/fs
Inverted siphon: 0.8 m/s

Rough ‘sketches of various structures necessary for the transmission

facility are shown in APPENDIX 18.
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7.4 Grit Chember and Pumping Facility
7.4.1 Grxit Chamber
{1} Basic Design Gdncept

a. In the Grit chamber, inorganic solids and suspended coarse mattgrs in
the raw sewage are removed in order to prevent thé sedimentation of
sand and erosion or clogging in transmission pipeline, pumps and
Lreatment plant; for smooth operation énd'maintenance workéQ =Grit
Chamber, in principle, is located st the diveféion pbint-ahd-uﬁétream

of inverted siphdn, transmission pump or treatment plant.

b. Sedimented sand in the Grit Chamber is removed by'maﬁpower'pefiodi-
' cally after drainage of chamber. For this reason, mofe than two

units of Grit Chamber are generally provided.

c. Hand rake screen is prdvided‘in the Grit Chamber to remove the sus-

pended coarse matters.

(2) Design Criteria
Type : : PlughFloW'Rectangular Type
Water Surface Load : St = Approx. 1,800 m3/m? [day

Average Velocity : V = Approx. 0.30 m/s

Detention Time = : T = 30 to 60 sec.

728



(3) Outline of Structure

Outline of Grit Chamber structure is as follows:

Stop lLog oxr Cate .
- o Stop Log or Gate

/f%j '.. 1_\

Gift Chamber : ' \

T3 \

Qutlet

o

huffe;fgz::: i E%§ _ | : | 1 /:::ZE% .

Plan

Sand Trap‘

Section '

:FIGURE 7-18 o Outline of Grit Chamber Structure

7—29



(4) Dimension of Grit Chamber

Dimensions of Grit Chamber for esch deesign flow of Alternatives are

shown in TABLE 7-2.

TABLE 7-2  Dimension of Grit Chambex

Design Required Water Surface Dimension of Grit Chamber No. of
Type Flow . Width  Length Depth  Com-
(m3/s) . (m2} : {mm} '(mm}' (mm)'partment
0.19 0.19x86,400/1,800 = 9,12 1,000 9,500 600 i
I e et o e e e e e o e e e e o e e
0.50 0.50x86,400/1,800 = 24 . 1,400 8,600 600 2
1.00x86,400/1,800 = 48 1,200 13,500 1,000 3
1.00 e o e e s e o S e 8 e 8 e o ettt e o e e
1T 1.00x86,400/3,600%= 24 1,500 9,500 1,300 2
1.50 1.50x86,400/2,800 = 72~ 1,400 18,000 1,200 3
2,00 2,00x86,400/1,800 = 96 1,300 19,200 1,400 &
TIT oo mm e s e e mmmmam———— S
2,50 2.50x86,400/1,800 =120 1,500 20,000 1,400 4
3.00 3.00x86,400/1,800 =144 1,400 20,600 1,500 5
v 3,50 3.50%86,400/1,800 =168 1,500 22,400 1,600 5
4,00 4,00x86,400/1,800 =192 1,700 22,600 1,600 5

#: In case Water Surface Load is 3,600'm3lm2fday,
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(1)

(2)

Inlet

Pumping Facility
Basic Design Concept
The number of pumps to be installed must be as few as possible with
each pump unit having the same capacity and performance for easier

operation and maintenance.

Installation ndmber_of pump based on "Guidelines and Explanation for

Design of Sewage Facilities" (Japan Sewage Works Association, 1984)

-is as follows:

Design Flow (m3/s) Number of Pumps (set)

under . 0.5 3 {incl. 1 stand-by)
0.5 to 1.5 3 to 5 (incl. 1 stand-by)
above 1.5 ' 4 to 6 (incl. 1 stand-by)

Pump is of the vertical shaft centrifugal type because of less space,
requirement and suitability to design flow and total head.

Outline.of Structure

Outline of pumping facility structure is as follows:

Motor .

e

I

———— Discharge
‘Pump Well

Pt

FIGURE 7-19 OQutline of Pumping Facility Structure



{3) Capacity Calculations of Pump
a. Water Level Profile

Water level profile of the alternatives are as follows:

HWL + 1377;61

v

L + 136.6 '
N ARG

B e
GL + 93.0 | g} o :
i _ R N
Inlet ! LML + 84.8
= e @
: \4\ Pump
Pump Well
FIGURE 7-20 Water Level Profile of Pumping Facility
' {Alternatives Ay, A2 and A3)
“HWL + 85.0
GL -+ 84.0 | é | -
e )
~—%

GL _+ 61.4 R ‘ :
AR ... e W/”_. X nere
‘Inlet ——ee ] !E!'+§Z|9,

LS

FIGURE 7-21 Water Level Profile of Pumping.?aci_.lity
(Alternatives €1, Cz, D1 and Dz)




b.. Puﬁp Gapécity

capacity calculations of pumps for each alternative are shown in
fABLEs 7-3 and 7-4. '
Cs

Application to Present Project

Because provisions must be made for power cuts, bypass discharge for

emergency shall be considered.
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7.5 Sewage Treatment Plant

7.5.1 General

Important items to be considered in the selection of treatmént nethod

are as follows:

a. Quantity and quality of sewage and their variation
b. Conditions in the areas of discharge and water use-
c. Scale of treatment plant.

d. Location and environment of treatment plant

e. Operation and maintenance organization |

f. Operation and maintenance cost

Investigations must be made on these jitems in relation to the "present

Project and the most suitable trestment method selected ﬁccordingly.

7.5.2 Reguirements of the System
(1) Design Sewsge Flow

From investigations in Section 5.2, the dischérge'from*Coleétor Surco
at present is estimated at 5.0 wm3/s and is predicted to Increase to around
6.5 m3/s in the year 2000, '

From the discussions in Chapter 6, the design flow of sewage treat-
ment plant in each proposed site for several given alternatives are summa-

rized in TABLE 7-5.



TABLE 7-5 Design Flow for Sewage Treatment Plant in Each Proposed Site
(unit : m3/s)

Proposed ‘a. San Juan b. San Juan ¢, Villa El e. & f.
Site S sTP ' ' . Salvador san Bartolo

Alternatives Ph-I Ph-II ~ Ph-I Ph-II  Ph-I Ph-II  Ph-I Ph-IL

Ay - - - - 0.5 - 3.5 -
A Az . ' - . 0.5 - 1.5
A3 " - - - 0.5 - 0.5 .
Bi - - - - 0.5 - 3.5 -
B Bz - - - - 0.5 - 1.5
B3 - - - - 0.5 - 0.5
C1 0.5%1 . 1.0 - 0.83% - - 1.67
c ¢z - - 1.0 - 0.83 - - 2.17
Ca - - - 0.5 0.83 - - 2.67
C3’ - - - 0.5 1.0 - - 2.5
D D1 0.5%1 . 1.0 - - - - 2.5
D2 - - 1.0 - - - - 3
E Ej - - - - 0.5 - .5 2.0
Ep - - - 6.5 - - 1.0 2.5

*1 0.5 m3/s is the increase in quantity by reconstruction.

(2)  Influent Sewage Quality

From the investigation in Section 5.5, Projected Sewage Quality, the

influent sewage quality values are as follows;

BODS ' t - 250 mgfl
§8 - 250 mg/l



(3) Target Treated Water Quality

The primary purpose of this Project is to lower the contamination
level of sea water in the coastal area of Metropolitan Lima. As a second-

ary purpose, it is aimed to rouse treated sewage for irrigation.

Target treated water quality must therefore be set in consideration

of both purposes.

Based on the study in APPENDIX 19, target treated water quality is

set as follows:

TABLE 7-6  Target Treated Water Quality

Site of Plan Treatment Level BODs Fecal Coliforms
' (mg[1) (MPN/100ml)
On the west bank 3 35 1,000

of Rio Lurin

In the San Bartolo 2 &5 10,000

7.5.3 Treatment Method
{1} Basic Conception

As mentioned in APPENDIX 19, two main factors should be taken into
account in this Project: namely, the land area and the operation and main-

tenance problem.

For the purpose of selecting alternatives, fbllowing aspects shall be

considered in the evaluation :

Land Requirement Ogeratidn and ﬁaiﬁtenahcé
Large ........,;....Easy. low cost .
Small ..............81ightly easy, 51ightly lower cost



(2) Treatment Method

study on treatment method is discussed in detail in APPENDIX 19,
From investigations on available ares and required trested water quality of

each proposed site, and operation and maintenance problems, treatment

method in each proposed site is decided as follows;

Pfogosed Site : Treatment Method

a. San Juan STP 1
* b. San Juan b-~-- Aerated Lagoon (AL)
c. Villa el Salvador 4 '

e & £. San Bartolo “--~~ Waste Stabilization Pond (WSP)

7.5.4 Besign Criteria
Study on Design Criteria for each Treatment Method_is-discusSed'in
detail in APPENDIX 20. Design Criteria on Waste Stabilization Pond and

Aerated Lagoon {Dual Power system} is given in TABLEs 7-7 and 7-8.

TABLE 7-7  Design Criteris of Waste Stabilization Ponds

Pavageter Symbol.  Undt Formula or Value Applicavion

?rima.ry Facultative Pond

« Hater Temperature Tw ‘e Tw= 8,49 =« 0,82 Ta Ta = 15 °C
' Tw ~ 8,49 + 0.82 x 15 = 20.8 °C
+ DOD5 Aresl Loading Lil kg-BOD/hel/d under 400 ) i ;
: C o (Tw-20} {20.8 -20)
14l = 357.4 x 1.085 Lil = 357.4 x 1.085
- 382
. Vater Depth . Dl a  1.3-1L.58 : 1.3
- BODS Removal Rate R1 % 65 ~ 75 70
Sagondary Faoultative Fond
."BOD5 Aveal Loading : 142 kg-BOD/hafd 40 - 210 200
« Water Dapth X D2 ! 1.3 - 1.6 1.5

+ BOD5 Removal Rate Rz % 30 - 40 35




TABLE 7-8 Doafgn Criveris for Aerated Lagoon (Bunl Power Asration Systam)

Parameter Symbol Unic Formula or Value Applicacrion

Gonplata Mixing Aerated Lagoon

. Dotention Tima the day 1.5 « 2.0 2.0

. Water Depth Pe n 3.0 - 4.0 : S 3,0

+ Number of Lagoon He - 1 1

. Oxygen Requirement Ro kg/hr Ro=6.24 x 10~5 x Q.Li Soma s left
. Power Requirement for Mixing pe’ wind perebufnd fwfad

Pacultative Aerated Lagcon

. batontion Tima for One-Cell £ day 0.5 « 1.0 . . 0.67

. Water Depth pE ™ 3.0 - 4.0 3.0
» Tower Requivenment for ) ‘ ;
Partially Hixing of wind pt =1 wind 1.0~1,5w/ul

. Number of Lagoon nf - 1 - 3 (series) . 3 cells
Sedinentation Ponde

—

. Detention Time t*s day 1 -2 1

7.5.5 Outline of Facility

Detailed capacity calculastion for sewage'treatmeht plani'on each
proposed site is given in APPEMDICES 13 and 14, Outline of each facility
is presented in this section. ' B -
(1) Possible Treatment Capacity in Proposed Site (a) San Juan STP.
a. Basic Concept for Reconstruction’

Out of the two-series treatment consisting of Upper and Lower Battery

facultative ponds, treatment method of Upper Battery will be cﬁéﬁged

to Aerated Lagoon system in order to increase treatment capacity.

140



Existine Plow Dinpram

. _ (Upper)
>(Wo. 1 Facultative{————>INo.2 Facultative
Pond Pond
— : {(Lower) >
>|No. 1 Facultativel———>|No0.2 Facultative
S Pond Pond

gggified Flow Diagram

o (Upper)
>| Complete Mixing |->| Partial Mixing || Sedimentation
| Aerated Lagoon Aerated Lagoon Pond
—> co (Lower) : o : >
>!No.1 Facultative |—-——>{No0.2 Facultative
Pond : ~ Pond

'FIGURE 7-22 Flow Diagram of San Juan STP

b. Total tréatment_capacity in San Juén Sewage Treatment Plant after
reconstrucition
Treatment Method Possible Treatment  Total Treatment
Capacity Capacity
Upper Battery Aerated Lagoon 0.63 m3/s
(Reconstruction) -
e R e o e o o e i e e e e 0.75 m3/s

Lower Battery Facultative Pond 21,600 m3/day % 1/2 (64,800 m3/day)
(Existing) , = 10,800 m3{day
' o o = approx. 0.12m3/s

Present treatment sewage flow iIn San Juan Treatment Plant is around

0.25 m3/s. Therefore, increase in possible total treatment capacity is:

0.75 = 0.25 = 0.5 m3/s
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(2)

Aerated Lagoon In Proposed Site (b)_and'(c}

Planned Treated Water Quality

BOD S8
Removal Rate 88 1 76 ¥
Water Quality 30 mgfl 60 mg/l

Flow Diagram

Flow disgram is shown in FIGURE 7-23.

Inlet

Screen & Grit Chamber

Aerated

Complete Mixing

Lagoon

Partisl Mixing
Aerated Lagoon-3 Cell

Sedimentation Pond

-Disinfection Tank

Outlet

(Aerator—I)

<— Chlorine

FIGURE 7-23 Flow Diagram for Aerated Lagoon (Bual Power) System

Outline of Aerated Lagoon System on Prbposed Site {b) and (c)'

Outline of facility for each design sewage'flow is given in TABLE’?-

9.



TABLE 7-9

Design Flow

frem

Outline of Aerated Lagoon System on Proposed Site (b) and (c)

Qd avg = 0.5 nl/s
= around 43,200 udfday

Qd avg ~ 0,83 nd/g

= around 71,700 uld!day

Qd avg = 1.0 n3/s

= around 86,400 w3/s

1. Ggmpletaiy Mixing
" Aerated Lagoon

- Dimension

- Dstention Time

~ Aprator-1

2. Partial

©

Mixing Aerated
Lagoon '

= Pimsnsion

« Detention Time

= Asrator-I11

3. Chlorinator

~ Peoding rate

~ Chlorinatoer

(Total

100n x 48m x 3,0 wD
x 14,40083 x 6 basins

t¥en 2,0 days
30 ®Y x 12 ‘sets
8.5 kW x 12 sets

{Total 582 kW)

100m x 33m x 3.0 eD
x 9,900m3 x ¢ basins
.(3 cell x 3 series)

t*e« 2.1 days

_5.5 kW x 18 satis

99 kW)

3.0 mg/l

10 kg~clfhr

x 2 gets

{1 set;s:andﬁy)

105m x 45m x 3.0aD
% 14,490m3 x 10 basins

t¥em 2.0 days

30 ¥W x 20 aatse
13.5 kW x 20 seés
{Total 970 kW)

7lm x 46m x 3.0mD
% 9,79803 x 15 basins
(3 cell x 5 series)

t*ee 2.0 days
5.5 & x 30 sets

(Toral 165 kW)

3.0 g/

10 kg-cl/hr x 2 sets

(1 set-standby)

100m x 48m x 3.0nD
x 14,400m3 x 12 basing

t¥o= 2.0 days

30 k¥ x 24 sets
18.5 kW x 24 sets
{Total 1,164 &W}

100w % 33m x 3.0zD

x 9,900} x 18 basins
{3 cell x 6 Series)

t*p= 2.1 days
5.5 kW x 36 sets

{(Toral 198 kW)

3.0 ng/t

15 kg~clfhr x 2 sats
{1 set-standby}

(3)
(San Bartolo)
a, Planned Treated Water Quality

BOD5 removal rate
. Effluent BODS s

80
Approx.

49 mg/l

7—43
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b. Flow Chart

Inlet

!

Screen & Grit Chamber

Primary Facultative
: Pond

Secondary Facultative

‘ Pond
Maturation Pond or {Option)

Chlorination Tank

FIGDRE 7-24  Flow Diagram for Stabilization Pond System

c. Outline of Waste Stabilization Pond System on Froposed Site (e) and
(£) '

Outline of facility for each design sewage flow 1s shown in TABLE 7-
10.
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7.6 Evaluation of Alternatives
7.6.1 Construction Cost

Estimated construction costs of each alternative are summarized in
TABLEs 7-11 and 7-12., For the estimation of construction.cdst, 30 2 of
direct construction cost were added as overhead expeﬂses of treatment
method (for details refer to APPENDIX 21}.

Construction costs per cublc meter of sewage required for Phase I

project of each alternative are summarized in TABLE 7-13,

TABLE 7-13  COMPARISON OF CONSTRUCTION GOST

CONSTRUCTICN UNIT

COST COST  RATIO RANKING REMARKS
PLAN ¢ c/Q '
(1,000U8%)  (US3/m3) (%)
Al 88,971 257 100 2 *RE
A Az 111,537 323 125 10 *
' A3 103,447 299 116 7 %
By 77,704 225 87 1 *kk
B Bp 97,314 282 109 5 w
B3 94,780 274 107 3 e
C1 124,770 361 140 14 x
¢ ¢y 122,442 3564 138 12 *
C3 105,739 306 - 119 8 *
c3® 122,539 355 138 12 *
D D1 118,832 344 134 11 *
D2 108,077 313 121 9 *
E By 98,301 284 116 .6 *k
2 95,905 278 108 &4 o oww

NOTE:
1) Ratios are shown in comparison to the CIQ of plan Al as 100Z.
2) #¥% guperior, ** Intermediate, * Inferior
3) Q: 4 w3f/s x 86,400 sfday = 345,600 m3/day

As a result, plans By, Al and 53 are judged as superior, with plans
Ez, Bz and Ej next to them.
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7.6.2 Operation and Maintenance Cost

The operation and maintenance costs of each alternative are summa-
rized in TABLE 7-14.

Bases of estimation are also presented in TABLEs 7-15 to 7-21.

"O&M costs per cubic meter of sewage required for facilities in Phase

1t of each alternative are shown in TABLE 7-.22.

"TABLE 7-22 COMPARISON OF O&M COST

0&M - URIT :
_ £OST COST RATIO RANKING  REMARKS
PLAN Cm Cm/{Q ()
(US§/year) (10-3US$/m3)
_ Al 562,250 4,46 100 11 ®
A A2 594,115 4.71 106 12 *
A3 © 616,752 4.89 110 14 *
: B1. 140,345 1.11 25 1 kkek
B B2 ~ 155,669 1.23 28 3 *%
B3 144,477 1.15 26 2 FxE
C1 598,050  4.74 106 13 x
C Ca 437,063 3.46 78 9 *
C3 293,577 2.33 52 7 *
c3® 326,781 2.59 58 8 *
D D1 446,782 3.54 79 10 *
D2 282,520 2.24 50 6 *
E By 154,185 1.22 27 .3 ok

E2 152,923 1.21 27 ] 3 o

NOTE: : o
1) O&M cost is estimated for direct cost only.
2} Ratios are shown in comparison to the Cm/Q of plan Aj} as 100Z.
3) Q: 4m3/s x 86,400 s/day x 365 days/year = 126,144,000 m3/year

. Therefore, plaﬁs By and. B3 are judged to be superior, with plans B2,

E1 and E» next to them.
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7.6.3 Technical BEvaluation
{1) | Alternative A (Pumping and Gravity Flow)
The disadvantages of this alternative are presented as follows:

Pump capacity required at Point B is Q=2.6 ~ 1f1_m3fs with H=50m.
This requirement is categorized under a specification of épecial'ﬁﬁmps for
wastewater use with a high pump heaa. Maintenance cost wiil. therefore,
increase because of the necessity of importing spare pafts. Moreover,
power cost will be US§ 460 ~ 400 thousand, which additidnal financial
burden SEDAPAL have to shoulder.

_ on the other hand under Plan B t;eated séwage is'pumped from eleva-
tion H=450m to H=4100m. However, at elevatioﬁ'H=+50m-where_se&age trans-
mitted by gravity is treated, half:of fhe treated volume.of_sewgge'is
reused for irrigation. Therefore, capécity necessary tp pump treated
sewage up to H=+100m is half that of Plan A. Correspondingly, the reqﬁiéed

cost for power consumption will also be half.

It may be concluded that Plan A is inferior to alternative B from the view
point of economy and finance due to higher construction and méiﬁtenance

cost for pumps.

vi+l3g.0 Route A S
Pumps ' SAN BARTOLO SYP

N _ |
x B } ~ :
_ N T __v+100.0

v+85.0 ® o | )
T— Route B ]
— el ! 4 S
— } Pumps QJ2 x H

. — . . v N
e 7 w450.0

Va2

FIGORE 7-25 COMPARISON OF POMP FACILITY IN PLAN A AND PLAN B

Conclusion:

This plan is not recommendable for Phase I because of high 0 & M

(Power cost and repair cost) and replacement cost.
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(2) Alternative B (Gravity Flow)

This plan seems to bo an optimum plan because the sewage can be

transmitted by gravity flow without pumps. However, disadvantages of this
plan are as follows:

a) Possibility of passage through the site of the Pachacamac Ruins

has not been confirmed by the time of detailed investigation of

Ruins. .

b) Possibility of passage through the site of the Explosives
Plant (Explosivos S.A.) in San Bartolo has not been confirmed.
According to SEDAPAL, there are possibilities of getting ap-

proval after the discussion with the superior authority.

¢}  Effect of accident
The planned inverted siphon will traverse an 8 km stretch of
the Panamerican Highway. In case an accident occurs along that
stretch, damage on the transportation system will be serious.

Conclusion;:

_ It is hard to.adopt this plan for Phase I because of the dim possi-
' bility of getting approval for passage through the Pachacamac ruins.

However, if a detailed investigation in the future, reveals the
possibility of passing through the ruins, this may prove to be an optimum

plan in accordance with a selected pipe material.
(3) Alternative C (Gravity Flow + Pumping)

In this'ﬁlan, the surrounding area will be developed first and then the
San Bartolo Area will be developed in the future. This phased development
~plan is a distinct feature of alternative C in contrast with alternatives A

and B which give priority to development of San Bartolo.

The hd#antages of this plan are as follows:



a) It will contribute to the accelerated installation of 8eﬁerage
system and improvement of environmental conditions in the ares

from San Juan to Vills Bl Salvader.

b) Tt will enable the supply of 0.5 m3/s of treated sewage to

villa El Salvador area wnere raw sewage is utilized for irriga-

tion at present.

c) Even though a small amount of fund is invested, remarkable

benefits are expected.

On the other hand, disadvantages of this plan are as follows:

a) Same as in the case of alternative A, due to usage of pumps.
b) Same as in item c¢) of alternative B :egafding_inverted giphon,
¢) It is hard to carry out impfovement work on the San Juan STP

from an emotional point of view because the STP has been in
operation for about 20 years and it has become a symbol of

environmental improvement projects in Peru.

Conclusion:

Pt tis

Plans €1 and Gz are inadequate for phase 1 because a pumping facility

is necessary and it givee the same disadvantages as alternative A has.

Plan C3 is not recommendable for phase I because of the need for

passage through the Pachacamac Ruins,

In plan C3°’, however,'transmissioh of the treated seWage to the
destination by gravity without a pumping facility is possible because of
the hlgh potential of proposed STP at the site of ¢). '

The alternative plan with a proposed STP at ¢) is also optimum even
though the project area 1s limited to the Villa El Salvador. '



(4) Alternative D (Gravity Flow + Pumping)

Project scale and content during Phase I is almost the same as that
of plans C1 and C3. Therefore, advantages and disadvantages of Plan D are
almost the same as that of those plans because of the need for passage

through the Pachacamac¢ Ruins and_necessity of pumping facilities.
(5) Alternative E (Gravity Flow)

" The sewage can be transmitted to the destination by gravity flow and

invefted.siphon without pumps.

In Phase I, 2.0 m3/s of sewage (plan E1) will be transmitted through
the same route as that of alternative A. Adoption of inverted siphon
cannot be avpided due to topographic constraints. However, in case of
acdideht;rdamage will be less than that which may be incurred under altex-

ndtiﬁe A,
(6) Conclusion of Technical Evaluation

Comparison of technical evaluation of each alternative is shown in

TABLE 7-23.  Based on this Table, alternative E is.judged £o he superior{

TABLE 7-23 COMPARISON OF TECENICAL EVALUATTON

PHASE 1 |
PLANNED TECHNICAL
PLAN SEWAGE EVALUATION REMARKS
QUANTITY
(m3/s)
Al 4.0 * Devaluation due to necessity of
A Az 2.0 * Pumping Facility. :
A3 1.0 ¥
_____ g;---_“zja_n-_--_-;f ) Devaluation due to dim possibility
B Bz 2.0 * of approroval for passing of
Bz 1.0 * transmission line.
uuuuu a;--_“-étgg"ﬂu--_,;-—--ﬁ—--» E;%;-as Alternative A and B.
¢ C2 1.83 * - ditto -
‘C3 0.83 * - ditto -
c3* 1.0 * Devaluation due to long siphon.
-5—-f5; “““““ i?g """""""" o Bévaiuazion'dge to necessity of
D2 1.0 * Pumping Facility.
BB 2.0 ik
- E2 1.0 Hh

Legend : #%% Superior **% Intermediate * Inferior



Considerations on Inverted Siphon Structures

To convey the sewage generated in southern part of Lima to San Barto-
1o slong the shortest way, 9.8 km long inverted siphon crossing the Rio
Lurin shall be constructed. However, both in Peru and Japan, there 1s g
few cases of long-span inverted siphon for transmission of sewsge. Al-
though both countries have experiences of the installatibn of short-gpan
inverted siphon, there is no case with such & long inverted siphon for
sewage works. Thus, following matters shall be considered deliberately

prior to implementation of the Project to secure the safety from technical

viewpoint:
a) Study on another route which does not need inverted siphon

In this Project, transmission line of recommended plan runs outside
of explosives plant site (75 m far away from foundry of the site due to a
restriction of the explosives plant). If the passing through the site

become possible, safer gravity flow plan will be possible.
b} Pipe materials for inverted siphon

Study on optimum pipe materials for inverted siphon against corrosion
and leakage, and on joint method against leakage snd joint separation, and
the like, shall be conducted. '
c) Maintenance of inverted siphon

Study on effective maintenmance and reliability in the long run opera-
tion of grit chamber at inlet of inverted siphon and of blow-off facility
shall be conducted, for instance, on measures for blowing-off of sewage,
and on possibility of removal of grit and deposit’ in the sewer. '
d) Putrefaction of sewage durilng passage ihrough the inverted siphon

Putrefaction of sewage is expected during the long period flowing

down under the anaerobic condition. Thus investigations and study on fol-

lowing matters shall be conducted:
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7.6.4

- Infiuencg Lo structure by hydrogen sulfide gas generating from
sewage.

e Influence to treatment efficiency by putrefaction of organic

matter,

Selection of Optimum Plans

Construction cost, O&M cost and technical evaluation of each alterna-

tive are summarized in TABLE 7-24.

(1)

TABLE 7-24 COMPARISON OF EVALUATION

PHASE I CONSTRUCTION O&M  TECHNICAL  COMPREHENSIVE

PLAN PLANNED COsT COST EVALUATION EVALUATION
SEWAGE
Q’TY
(M3/8)
Al 4.0 Rk * *
A Az 2.0 * * *
As 1.0 *k * *
) B1 4.0 *hK kkk *
B B2 2.0 Wk e *
B3 1.0 FEk *kk *
ca1 2.33 * * *
G ] 1.83 * * *
Gs 0.83 * * *
c3' 1.6 * * *
D D1 1.5 * d *
D2 1.0 * * *
_é__m_;; ----- ;Ta ------- ;; wk L hkdk
E2 1.0 ko L3 &Rk %

Legend 3 #%% Sﬁperior #% Intermediate * Inferior

The following are concluded from TABLE 7-24:

“mhe altérnatifes with pumping facilities are not recommendable be-

cause 0 & M costs (power + repair) and replacement cost of pumps (25

to 30 years) are expensive.



(2) The alternatives in which the transmission Iine will"paéa through the
Pachacamac Ruins is not recdmmendable_for-?hase I._:Howevsr, there.
may be possibilities of paseing through ﬁhe ruins aftér detailed
investigations. Therefore, based on the discussions in Subsection

7.6.4, plan Ei is selected_as”an optimum plan for further study.

The planned route and longltudinal sectlon of plan Ei are preséntéd

in attached FIGUREs 7-26 to 7-28 as a recommended blah;
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CUAPTER 8 POLLUTTON ANALYSIS FOR THE COAST OF CHIRA
'8}1"'Intrgduc£ién

7 Sea water pol]ut;on along the coastal areas of Metropolltan Lima had
-'become severe by 1980. In. 1984 the Dlrection Tecnica de Salud Ambienta
(Environmental Health Techn;cal Dept., herelnafter referred to as DITESAY,
Ministerio de ‘Salud. (Ministry of Health), started a survey and research
project on these pollution problems.

:Tﬁe.said”ihVestigation Was.datried out. to determine measures to be
taken agaihst pollution in order to'presérve'the environment. of coastal
”areas to ensure their safety for public use, Actlvltles of the pro;ect
5 ataff consisted of a biological and phy31ca1 ‘survey and research covering
" the entire stretch of the Merropolltan Lima coastal area. An attempt was
- ‘later on made to_estimate the present and pred;ct ‘the future pollution

levels uSing'a hewly“develcped éomputer-aided_éimulation model.

' In Ehis partiéular Study, biological, chemical and physical survéy
and research were undertaken of the se¢a area along the coast affected by

ewage dlsoharge from the Colector Surce.

Simulation model analysxs was. conducted also with the use of the
'above-mentioned model developed by DITESA in 1984, based on the results of
- measurements done in this Study, for predlctlon of future pollution levels
_in areas_u:ilized for swimming. Actual ccmputatlon for the simulation was

"pérfbrﬁediby'DI?ESA{
B.2  Preesent Sea Water Pollution Condition
8.2.1 = Bacteria

_ 'In'otdéf to'uﬁderstand the ﬁrééént COnditién of sea water quality,
.analyses especially on bacteriological items, like Total Coliform, Fecal
Coliform and Salmonella were ‘conducted by SEDAPAL several times during the
! Study per1od at designated sampling stations shown in FIGURE 8-1, Results
:of analysea are summarized in TABLE 8-1 (refer to APPENDIX 22 for detail).
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The concentration of coliform bacteria in the sea water varies widely
with the location of sampling pdint and date'of samplihg. From the results.
of the analyses, it can be inférred that the sea water'quality'at Point
Nos. 1A, 2, and 3 were seriously affected.by Ehe raw sewage discharged from
the Surco Outfall, the Fecal Coliform level being measuréd aﬁ 107 to 105
MPN/100ml, which far exceeds the water quality standard. Point Hos. 4, 5;
4+ and 8 also showed a rather high Fecal Coliform concéntratioﬁ of 104 to
102 MPN/100ml. On the other hand, at Point Nos. 2 and'g the'high_Fecal
Céliform concentration occurred occasionally. Traces of raw sewage dis-
charge are very minimal at Point Nos. 1, 1', 1B, 1C and 10. salmonells
bacteria were also found at Point Nos. 1A, 2 and 3, where many commercial

fishing boats gather and catch fish.

Although these analyses were conducted only during the winter season,
it is inferred from the findings and observations that the raw sewage &is—
charged from the Surco Outfall flows westward for_some'distance.offshore
then changes direCtion with the north treading sea curfent. It may théfef
fore be, inferred that the coastal area south of the Surco Outfall is not

affected by pollution caused by its raw sewage discharge.

In addition to the analyses by the Study team, CEPIS conducted a
series of sea water quality analysis on Total and Fecal Coliform for 27
weeks from October 1986 to April 1987 (réfer to APPENDIX 22). In the
survey, sea water sampling was carried out once a week at 22 sites along
the coast of Lima extending from south to north along the Pécifiq Ocean.
Based on the results of that survey, the fecal coliform concentrations
measured at sites near the sampling points of the JICA Study often exceed
the desirable water quality standard. The survey waé conducted in summer,
during which period many people swiﬁ and surf in the vicinity of these
points. Thus, the sufvey implies that measure:égainst water pollution

along these areas must be taken as soon as possible,

3.2.2 Heavy Metals

Concentrations of heavy metals, like Hg, Cu and-Cd, iﬁ'ehell fish
collected at Agua Dulce beach has been mnalyzed from 1985 to 1988 by engi-
neers of UNEF in cooperation with CEPIS (refer to FIGURE 8-2).. '



Based on the results of this survey, mercury (Hg) and copper (Cu)

1evels were very much lower than the permissible limits of 500 nglkg and
100 mg[kg. raespectively.

Cadmium (Cd) content, however, was much hipher than the limit of 0.05

mg [ kg, ‘and it is possible that the sewage from the Colector Surco lncluding
industrial wastewater influenced this high concentration.

On the other hand, copper and cadmium concentrations in the sea water
aroﬁndVCallao Port were measured from 1974 to 1986 by IMARPE. Resulting
values were 9.7 - 26.7 pg/l for copper and 1.58 - 51 pg/l for cadmium.

‘From the above data, it is apparent that heavy metals are observed in
great concentrations by organisms from the surrounding Water} although the

sampling dates and locations were not exactly same.

it is necessary, therefore, that heavy metals originating from sewage
including industrial wastewater be pressed down as low as possible. De-
crease to some extent of heavy metal concentrations in sea organisms is
expected even with a small reduction of the volume of sewage discharge from

Colecter Surco.
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8.3 Computer Simulation
8.3.1 :Aﬁopted Parameter

_ Fecal coliform bacteria wae used a6 a parameter in the simulation
'model because it is one of thc ma;or parameters of water quality standard
in Peru,.and is Judged to be directly related to the water pollution caused
by sewage.
8.3.2 Outline of the Simulation Model

Box Mixing Model developed by DITESA in 1984 was used for this simu-

lation. Outline of this simulation model is:as follows:
(1) Assumptions

a) Parameter does not vary with time; only spafial distribution

- varies.
b) Since there were no vertical differences in temperature (no

_thermocline), the bacteria are assumed to be distributed only
in the X and Y directions (horizontal).

¢) - The sufvey_afea was diﬁided into 77 segments, with smaller

ségmenfs set near the Surco Outfall.
d) - Balance formula of the flowing seawater volume

1) Volume of £lowing seawater is balanced.
2y 'Ai'the segment where'the'Sewagé from Colector Surco flows
iﬁtu{'the total volume is calculated ag the sum of the

sewage volume and the volume of flowing seawater.



e) Balance of coliform number in the segments

1) Qi x Ci: Balance formula

volume of flowing seawater between the segments

Qi:
Ci: Coliform number in each segment
2) Boundary condltion of each segment
(i) (Discharge volume of sewage) x (Fecal collform
number) is used for the collform value from Colec-
~ tor Surco. -
(i1) In segments 73, 75, 76 and 77, which afe located on

(2) Balance Formula

the part of the survey mrea from where the seawater

flow comes, coliform numbers are calculated.

8) Balance of the flowing seawater volume

Flowing water volume : Q1, Q2, Q3

1 2 3

Q4 ——>Q3 >Q2 >Q1 >

g{drained volume)

1: Q4 = Q3 - wiansa 1)
2: Q3 + q = Q2 ... 2)
3: Q2 = Q1 ... 3)

q : drained volume of sewage

b) - Balance of substances

Balance of the flowing seawater volume x coliform concentration

k2 2 3
Q4 >Q3 >Q2 >Q1 >
Cq Caz | %2 ] €1
q, Co
1: Qf‘ GABQS 03 Tea At !l‘)
2: Q3 C3 + ¢qCo = Qz 2 +.. 5)

31 Q202 QL CL cvurrnennl 6)



If the values of Q4, 04, 'q and Co are known, the values of Ci
to C3 and Q1 to Q3 are decided from equatlons 1) to 6)

If decreasing rate of G is known as K (mortality rate), then:

4) 18 Q4 C4 = Q3 €3 + KuC3 vevnrrrnen

40
5) is Q3 03 + q.Co = Q2 C2 +K.Cz2 ... 5%)
6) is Q2 Cz = Q1 C1 + K.C1 voviiinnns 6')

Velocity of seawatef in the survey. area is set this time at
0.125 knot, which was used in the analy31s in 198A by DITESA based on

actual measurement.

FIGURE 8-3 shows the balance of flowing seawater volume in each

segment calculated by DITESA using the measured valués in the area.

8.4 Computation Results
8.4.1 Data for Simulaﬁion '
(1) Coliform

Coliform aumbers in the sevage diécha:ging from‘the Surco Outfall are
measured at three mainIEewers, namelylcblectof_Sg:éo,'Coiector'Circunvala-
cxon, and Colector Balnearios del Sur. Meaéﬁréménts are done three times
generally at a frequency of every 15 minutes for 24 hours (refer to APPEN—
DIX 5). Sewage flow measurement was performed simultaneously as described

in section 5.2.

Since £be:feca1 cbliform ﬁumbers at the three spots were different
:énd varied with‘time, the aferage.coiiform concenﬁfétion was computed with
'reference to the above- mentioned variation in- coliform concentration and
‘the sewage flow of each main sewer. Analyses results are summarized in
TABLES 8-2 to 8-4.
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TABLE 8-2 Coliform Number and Sewage Flow (May 31 - June 1)

Main Sewer Surco Cifcun. B. Sur Total

Sewage Flow Maximum  4.929 1.454 0.305 6.569
(m3/sec) Minimum 2.769 0.839 ¢.082 3.756
Average 4.058 1.134 0.178 5.370

Ao WA Sk Ak G RS e A b T O MO e KR e s e e e G g A KD KR BE AR M M AR ML NG A AR AR Bm R e 4N BT SE T T S e NI G R MM e R e me e e T e b

Fecal Coliform Maximum 4.6x107 4.6x107 2.4x107  4,5x107
(MPN/100m1) Minimum  2.4%107 2.4x107 2.4x107  2.4x107
Average  3.7x107 3.4x107 2.4x107  3.6x107

TABLE 8-3 Goliform Number and Sewage Flow {June 19 - June 20)

Main Sewer  Surco  Circun. B. Sur Total
Sewage Flow®* Maximum  4.929  1.454  0.305 6.569
(m3/sec) Minimum  2.769 0.839 0.082 3.756
: Average 4.058 1.134 0.178 5.370

O A 3k ok e Bl A A A N T AT A R P e W W U e M A MU B3 AR AR R G R M MR R R e e e e i 4 e O A b e e e fe e e e S S

Fecal Coliform Maximum 1.1x108 4.6x107 1.1x108  9,7x107
(MPN{100ml) Minimum  4.3x106 9.3x106 2.4x107 6.3x106
Average  4.5x107 3.9x107 5.1x107  4.4x107

*; Sewage flow measured on May 31 to June 1 was applied.

TABLE 8-4 Coliform Number and Sewage Flow (Oct. 19 - Oct. 20)

Main Sewer Surco  Circun. B. Sur Total

Sewage Flow Maximum 4.477 1.5612 0.296 6.324
(m3/sec) ~ Minimum 2.313 0.841 0.076 3.240
: Average 3.625 1.157 0.181 4.963

i ) e A D me o b AT B o B S ok ek ek G B feh i b B R S e M S e kA e G e et A b mh S b G R S0 LR WA A de S e e e T

Fecal Coliform Maximum 2.4x108 2.4x108 4.3x107  1.9x108
(MPN/100ml )} Minimum 9.0x106 4&.0x106 4,0x106  7.5x106
Average  7.5x107 9.6x107 3.2x207  7.8x107

Based on the sbove tables, the cpncentratidn of fecal coiiform in the
raw sewage varies between the levels of 106 to 108 MPN/100ml. One of the
reasons for -the high value in October is surmised to be due to the stoppage

of clear water intrusion coming from the irrigation canal. For the simula-



tion, fecal coliform concentration was decided as the average value of

three measurements as followss

Average fecal coliform concentration = (3. 6+4.447.8) % 107 + 3
= approx. 5 x 107 MPNIIOOml

(2) Sewage Flow

The average sewage flow discharged from the Surce outfall was set at

5.0 m3/sec for the simulation based on discussions in section 5.2.

8.4.2 Simulation Results

FIGURE 8-4 shows the simulation results as contour lines of 1,000
MPN/100ml of fecal coliform concentration for var1ous volumes of sewage'

ranging from 2.5 to 6.5 m3/s with an interval of 0. 5 m3/s.

Fecal coliforms of 5.0 x 107 MPN/100ml and velocity of 0.125 knot are

used for these simulations.

Based on the computat;on results, contamination caused by the CaW
sewage discharge from Surco Outfall spreads northward. and the contour line
which can be perceived as the boundary of area affected-by poilution reach-

es up to the Club Regatas at present discharge condition.
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