 SEWAGE QUANTITY AND QUALITY






CABPTER 5 ~ SEWAGE QUANTITY AND QUALITY
5.1 5‘Genefal :

For confirmation of the availebility of sewage to be taken and deter-
mination of preeent sewage discharge amount, sewage flow measurements on
- the Surco Outfall and ‘three planned intake points were conducted several

times in this Study.

_ When"thé flbw meesurement‘oﬁ'the Surco Outfall was teken the second
time, water intake from the Rimac River to the Surco River was stopped to

_ discount any posszble influence of such operetlon on the sevage flow

Baeed on the results of the flow measurements. and data on present
and pro;ected population, &n estimate was made of the sewage discharge

amountrin yea: 2000.

Simultaneous with t&e flow measurements, sewage water quallty analy—
‘ses were conducted to determine ‘the requlred capac;ty of sewage treatment
plant for 8 given desxgn sewage quantlty Analyses on Heavy Metals were
performed durlng this perlod taking lnto consideration the possibillty of

firrigation use.

5.2 ~ Present Sewsge Quantity
'5,2.1° Surco Outfall

Ly Sewage_Flbw Measuremeht

Sewage fldwemeaeurements were conducted two times at the same points

“as shown in FIGURE 5-1 (refer to APPENDIX 7 for details).

'Sewage_flow'ef thé}sefebjoﬁtfail was taken as the summation of meas-
Qured.sewage*quentitiee'of three’main:sewers. ﬁaﬁely the Colector Surco, the
' Colector. circunvalacion and the Colector Balnearios del Sur. The megsure-
‘ment was conducted for perlods of 24 hours from May 31 to June 1, and from

'October 19 to ZG, 1989, On the eecond measurement, the intake gates of the
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sureo River were closed for 48 hours from 12:00 noon of October 18 to 12:00
noon of October 20, to dispel the possibility of intrusion from ijrripation
canal known as ‘acequia’. The results are summarized in TABLE 5-1 and

FIGUREs 5-2 and 3.3,

TABLE 5-1 Results of Sewage Flow Measurement (Surco Outfall)

unitt ndfs
May 31 - Juns 1, 1989 Octobaer 19 - 20, 1989
Surco Cixeun. B.Sur Total ¢ Rate Surco  Clreun., B.,Sur Total § Rate

Maximum (max B.929  1.A5% 0.305 6.369 1.223 4.477 1.612 0.296 6,324 1.274
Average Qavg 4.058 1,134 0.178 3370 1 3.625 1.157 0.181 4,983 1
Hinigum Quin 2.76% 0.839 0.082 3.756 0,699 2.313 0.841 0.075 3.240 0.652

Location of Measuring Point, and Measuring Date and Time
1. Surco: Colector Surco, Diameter 1.54 meters
Av. Jr Mejico 270, Surquillo
1st: from 10:00, May 31 10:00, June 1, 1989
2nd: from 8:45, October 1% to 8:30, October 20, 1989
2. Clreun.: Colector Cilréunvalacion, Diameter 1.31 meters
Av. Julio Calero 140, Surquillo
ist: from 10:30, May. 31 to 10:30, June 1, 1989
2nd: from 8:45, October 19 to 8:30, October 20, 1989
3. B. Sur: Colector Balnearios del Sur, Diameter 0.75 meters
Av. Daniel Portocarrero 264, Surquillo
lgt: from 10:30, May 31 to 10:30, June 1, 1989
2nd: from 8:45, October 19 to 8:30, October 20, 1989

The average flows for the tow periods of measurement were 5.370 m3fs
and 4.963 m3/s, respectively (refer to FIGURE 5-4). This difference of
0.407 m3/s which is equivalent to around 8 Z of the total sewage flow, may

be attributed to one or both of the following reasons:

- decrease of sewage discharge caused by decrease in water consumption

- decrease of intrusion flow from the Surco River

The amcunt of water supplied by Atarjea Treatment Flant during the
time of measurement is shown in TABLE 5-2 and FIGURE 5-5. This table shows
a decrease of 1.43 m3/s in the daily average water supply amount. The
effect of this decrease in water supply to the reduction in sewage quantity

is calculated as follows (refer to APPENDIX 8 regarding the ratios):
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SEWAGE FLOW VARIATION
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TABLE 5-2  WATER SURPLY AMOUNT FROM ATARIEAR TREATHMENMT FLANT

Pany 31‘4 June 1 o BPetober 19 - 20

hh @ min . FLOW FLOW

et VT IE) e e e RET 1)

mEsh. - mAlG. : 3 . m3S ..
10
11

12

~r

o0 . 5H,296 15,36 1.10 WL, IR0 V4L RS
a0 H2,FG6 A7.3E 1004 52,590 14,61

00 B7,D86 15,85 1.13 46,790  13.00
00 57,745 14.04 1.15 AT, 190 131

ii: O S4,445 15,18 l.08 48,740  (3.54
15 ¢ 00 58,795 16.17 1,14 50,390 14,00

QD EE o095 1S.ED O 1040 0 S0,3R0 0 14,00
o0 44,944 13.04  0.93 48,690 13,53
el 51,346 14,286 1.02 49 550 13,78
00 52,296 14,93 1.04 47,590 15,22

16
17
18
19

D0y OO 0 48,996 13,61 0.97 47,190 12,00
21 ¢ Qo 47,895 13.30 0.95  4Z,090 11,97
22 0D A7 BPS 1R300 0095 Az, 190 11,72
an 00 418,595 3,80 Q.97 41,%40  11.54

O 8&,7FS O IE 00 0.3 0 43,7%0 12,16
a0 42,894 11.92 0.83 B7.890 10,53
o0 L 4%,596 17,22 D.EB 3B,740 1076
00 43, 1%6 12,00 0.84 AF,790 0 9.39
Eelu S 47,896 11.%m 0 0.BS . IF,040 10,29
‘o 47,085 11,468  0.84 39,390 10.94
aln 42,0485 11,488 0. 84 AR, HE0 11,39
nle 47,595 13,22 0,95 45,190 12.55
i AW ARE L LR, 7S 0,98 A7 IR0 13.16
. 00 41,098 1697 L 22 54,390 15,11

B@ AN AL NF 4 Me SF 3T WE 4D B gu -k A A5 xg FF MY BE ®g KT mm K%

Nl RN R S Gy

1.18
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1,08
1.12
I
1. 08
1.1
1. 05
0. 95
0,95
Q.93
O.92
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0.84
0. B6
0,75
CLB2
L B7
.71
1,00
105

1,20

MAXIMUM Binax. 42,396 17.33 1,24 54,390 15.11
AVERAGE Dave 50,264 13,56 L.00 0 45,160 12.50
CHMINIMUM Bwin 42,045 11,68 0.8 BEL,V90 9,359
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R a1
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WATER SUPPLY VARIATION
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'Ratio of Water from Atarjea to Total Water Supply Amount 64.45 %
Supply Ratio to the Southern District 53.13 ¢

Supply Ratio to the 8urco Drainage Area 55.68 2

Effective Ratio ' j  53.73 %

Discharge Ratio : 90 b4
- then: |

' Reduction in Sewage Quantity = 1.41 x 0.6445 x 0.5313 x 0,5568
X 0.5373 x 0.9 = 0.130 m3/s

Therefore, it mgy'be deducted that the 0.130 m3/s decrease in
séﬁégé flow was due to the water cqnsumptidn decrease, if the relation of
water consumption and water su?ply amount from the Atarjea Treatment Plant
is strong andfsEDA?AL.suppiiés_watér at ‘a constant rate from the other
water sources. This relatibn;.however. is not firm based on the previous
survey data. TABLE 5-3 shows the records of previous flow measurements
conducted by*SEDAPALHfrom Febrﬁafy 25 to'MdrCh 2, 1988, and'TABLE S5-4 shows
the water supply amount from the Atarjea Plant during same period. The
comparisan of flow rate variation of the two sets of data are plotted in
FIGURE 5-6. This graph implies a weak or erratic ‘relationship between
these daﬁa,'probébly owing to the existence of wells and water sources

owned by SEDAPAL and private entities.aaide_from the Atarjea Plant,

TABLE 5-4 WATER SUPPLY AMOUNT FROM ATARJEA TREATMENT PLANT

DATE “Dajly . - average Rate

(1968) ~ cu.mf{day cu.mfsec avg. = 1
2/ 25 1,299,739 - 15.04 1.02
26 1,269,370 14.69 1.00
27 1,269,150 14.69 1.00
28 1,243,690 14.39 0.98
29 1,260,050 14.58 0.99
3 / 1 1,236,639 14.31 0.97
2 - 1,301,430 15.06 1.03
MAXIMUM Qmax. 1,301,430 15,06 1.03
AVERAGE Qavg - 1,268,581 14.68 1.00
MINIMUM Qinin 1,236,639 14,31 0.98

" Sourte : SEDAPAL
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Any possible intrusion from the Surco River, was checked before and
during the measurement activity. If indeed the decrease of flow was due to
the stoppage of intrusion, then the said 0.407 m3}s can be regarded as an
intrusion flow. However, there is no definite evidences of the existence
of such intrusion except for the survey result obtained in this study. The
difference in sewage flow cannot be accounted for fully by the decrease in
sewage discharge. Thus, the measured_decrease'in seﬁage flow is defined

and broken down for the purpose of the Study as follows:

Decrease in Sewage Discharge (Generation) 0.13 m3fs
Stoppage of Intrusion _ _ 0.28 m3/s
TOTAL 0.41 m3/s

{2) Average Sewage Quantity

The average quantity of sewage flow obtained from measurements made

so far are summarized as follows:

- 5.370 m3/s (May 31, 1989)

- 4,963 m3/s (October 19, 198%)

- 4.773 m3/s (Average, February 25 to March 2, 1988)

Althougl the 1988 figure was obtained during the summer season with
favorable water source condition, it is comparatively small.'_The average
sewage flow is calculated ss the mean value of the 1988 and May 1989 data.

Qavg = (5.370 + 4.773) | 2 = 5,072 m3/s = around 5.0 m3/s

The October 1988 figure is omitted due to absence of intrusion water.

Therefore, 5.0 m3/s is deemed an appropriate average sewage flow value for
1989. '

(3) Estimation of Sewage Flow Balance
Domestic Sawage
The estimated present population dats given in Chapter 4 are summa-

rized in TABLE 5-5, categorized according to district, main sewer,: and

service group.

5—-12



TABLE 5-5 PORULATION DISTRIRUTION OF €ACH DISTRICT (1939)

N T N R N L L T A R N N L T L N R N I N R T S o T D O T b e T o o o o I O M o o oy T o o o e it i e 1o 2 i e e ety i e e e o o o

T0TAL  TOTAL : DRAINABE AREA (ha)
BISTRICT ARER  FOFULATION - oo o e

i FOFULATION

aTE 195 81,000 Vitarte, No.2i 567 20,3 32,350 RiLh
La Molina, Circunvalacion 228 8,600  13,0H0 L8630

Sub Total W5 W 45,38 5,470

EARRANCD 273 48,100 Costzaero, No.23 23 26,70 4,240 4,93
CHORRILLAS 318 159,100 Costaserc, Ho.23 U L0 00 2,388

Yilla Marina Proyecto 35 41,670 5,310 24,430
Sut Tetal B 3L8H 69,37 57,910

3
Circunvalacion ¥E 8,730 110an {5,900
g

EL AGUSTIND 350 192,600 Vitarte, Ho, 2§ 3B 15,54 AT, M
L4 HOLINA £,460 86,400 La Helina, Zircunvalacion 1,460 59,749 b b4 i)
L8 YICTORIA 843 270,940 Sarce, Letusha B4S 187,760 46,000 27,090
HIRAFLORES 47 0,900 fostanero, Mo, 23 Ly 37,700 11,200 it
868 BORJA 1,04 55,800 Swce, Locusha 8 2,5t 1,
' ' ¥itartz, Ho.2! g3 1,53 1,27
No.22 - G52 25,4%% 2y, 090
Sub Tetal o 1,044 29,840 - W
34N 151580 74 2,00 N2 209 13,9 3,040 &
: - Gostanero, N9.23 &3 4,080 930 ]
Suh Total o274 17,00 3,79 &
3.1, DE HIRAFLORES 0 9,760 La Hotina, Circvavalation 9% b, 450 7,471 70
S LUIS 35 54,100 Surce, Locusha W e 7,0
Vitarts, No.2I 55 33% 0 32W
Suh Total 356 M,A00 21,020

SANTIAGD DE SURCE 7,685 171,000 Vidariz, Ho 3t

3

Ho. 22 207 !

 Surte 819 3

{ootanero, Ho, 33 a8l 3

Lz Melina, Circuavalacion i,04& &

Sub Total : 7,685 17,
SURQUILLG : 413 101,708 No.22 . 34 3,030 2,758 500
: Surcs 15% 23,11 2,300 2,35
Costanero, Ho.23 22 31,580 17,7540 315
Sub Tota! 483 B4L,736 33,440 k370
VILLR EL 55LYADOR 985 225,900 ¥ills El Satvadar §55 7,260 189,430 FA,2Y
V. DEL TRIDNFD 1,388 275,790 Villa £1 Saivader 3% LAie 45,580 3,19
. ' YN, Bel Triunfo L,091 4,360 194,540 25,14

( _ S Guk Total

Legeads BJS: Direct Service, INDIRECT; indirect service
3 H Lty . _
HIGH; High consuziag group, LOW; Low consuming group
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With reference to the besign Standard of SEDAPAL, the estimated
actual water supply amount, the results of sewage flow measurement, and the
Guidelines in Japan, the per capita domestic sewage gquantity for different

service groups is projected as follows (refer to APPENDIX 8 for details.):
- for Dirsct Service High Water Consuming Group 210 liters{caplita/day
. for Direct Service Low Water Consuming Group 180 liters/cmpitafday

- for Indirect Service Group 110 liters/capite/day

The computed domestic sewage quantities using the above assumptions

are summarized in TABLE 5-6.

TABLE 5-6 Domestic Sewage Quantity {(1989)

Categories
DfS.H D/s.L. D TOTAL
Population 639,660 829,320 263,520 1,732,500
Sewage Discharge (lpecd) 210 180 110
Sewage Quantity (m3/sec) 1.555 1.728 0.336 3,619

Industri&i_Wastewéter

According to the latest data prepared by SEDAPAL, quantity of Indus-
trisl Wastewater estimated is at 0.323 m3/s, which is adopted for the Study
(refer to APPENDIX 3).

Unknown Intrusion Water

Intrusion water of unknown origin, which is suspected maiﬁly fyom the
Surco River irrigation canal system, is estimated at 0.28 m3/s as discussed

earlier.

Sewage Flow Balance

‘Baged on the above assumpfions, the breakdown and flow balance of
estimated average sewage quantity of 5.0 m3/s 1s summarized &8s shown in
TABLE 5-7 and FIGURE 5-7.
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5.2.2 ITntake Points

Sewage flow measurements at three planned inﬁake points were also
conducted 2 times at 24 hour periods from June 6 to 7, and from October 24
to 25, 1989. The results are.shéwn in TABLE 5-8 and FIGUREs 5-8 to 5-10
(fefer to APPENDIX 7, for details).

TABLE 5-8  Results of Sewsge Flow Measurement

unit: md/s

Intake Point No.l ' Intake Point No.2Z Intake Point Ho.3
“Clrcunvalacion _ Villa Maria Surca
6}06-07 10/24-25 6/06-07 10424-25 6/06-07 10/24-25

Flow Rate TFlow Rate Flow Rate Flow Rate Flow Rate Flow Rate

Maximum Qmax 0.6071 1,67 0.6693 1.57 0.2222 1.83 0,082? 1.70 3.3469 1.21 3.1344 1.21
Average Qave 0.3632 I 0.4243 1 0.1209 L D.0486 1 2.7611 1 Z.5751 )
Hinimum Qmin 0.1501 0.41 0.2006 0.47 0.0936 0.77 0.0222 0.45 1.5189 " 0.55 1.5138 0.58

Location of Measuring Point, and Measuriug Date and Time
1. Iantake Pt. No.i: Colector Circunvalacion, Diameter 1.3 metars
Parque Fundaderas, Av. J. de Allaga, Santiago de Surco
1st: from 10:45, June 6 to 10:30, June 7, 1989
2ads from 9145, October 24 to §:30, Cotober 25, 1989
2. Intake Pt. No.2: Eulsor Gemezal Vills Maria del Triunfe
ists Av. Pachacutec 828, Plameter 1.2 wmetera
from 11315, June 6 to 11100, June 7, 1989
2nd: Av. Pachncu;aclJosa'Carlos Mariategui, Pia. 0.632 meters
_ from 9:30, Ogtobar 24 to 9:15, October 25, 198%
3. Intake Pt. No.3t Coloctor Surco, Diameter 1.25 heters
Av. Nuava Tomass Marsmano/Jorge Chavez CDA 38
lat: from 11100, Juns & ta 10:45, Juna 7, 1989
(Data at 9130, 9145 and 1€:15 are interpolated.)
Ind: frowm 9:15, October 24 to 9:00, Qctober 25, 1989

~ Based on these data, the asverage flow at intske point No.l increased
by around 17 2 (0.36 to 0.42 m3/s), while the flow at intake point No.3 de-
cre&sed.By afdund 7 2 (2.76 to 2.58 m3/s) from the first measurement to the
second measuremént. These changes seem to be normal fluctuations in daily

sewage dlscharge.

On the other hand, the flow at intake point No.2 decreased greatly by
around 60 2 from 0.12 to 0.05 m3/s. Although the second measuring point is

located upstream of the first one, the amount of contributory sewage inflow



between these points 1s not expected to be large. This big variation of
sewage flow is the scheduling of water supply distributidn'by srea. SEDA«
PAL perilodically shifts the distribution of water supply. from one area to
another because of the insufficient capacity of the water supply system,
thus there 18 not enough available water amount to be supplied simultahe-
ously to all areas, The service area upstream of the second me#suring
point is covered by the district of Villa Maria del Triunfo whiCh.has paor
water supply service. SEDAPAL has been concentrating its effort fdf_ the
improvement of water supply sexvice in the area. .Therefo:e, the sewage
flow at thils point is expected to increase rapidly iﬁ accordance with the

improvement of water supply services.
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5.3  Tuture Sewage Quantity
5.3.1 Surco Outfall

Domestic Sewage

The projected population in the yéar 2000 given in Chapter & is

summarized as shown in TABLE 5-9, categorized according to district, main

sewer, and service group.

Per capita sewage discharge adopted for different service groups is

the same as that in 1989, wit:
- for Direct Service High Water Consuming Group 210 litersjcapitafday
- for Direct Service Low Water Consuming Group 180 litérslcapitalday

- for Indirect Service Group ' llO'litersICEpitalday

The calcnlated domestic sewage-quéntities in the: year 2005 based on

the above assumptions are shown in TABLE 5-10.,

TABLE 5-10 Domestic Sewsge Quantity (2000)

Categories
D/s.H p/s.L 1D TOTAL
Population 899,290 1,507,860 279,950 2,687,100
Sewage Discharge (Llpecd) 210 180 110
Sewage Quantity (m3/s) 2.186 3.141 0.356 5,683

Industrial Wastewater

Quantity of industrial wastewater in the year 2000 is projected at

0.355 m3/s assuming an increase of 10 Z from the 1989 figure.



TOTAL  TOJAL
PISTRICT AREA

“thal ; HRIN SENER BREA IDJS HIBH  B/5 B INDIRELT

LIHA 34 8,500 Surco, Locvaba M 5,530
ATE _ 3,850 335,400 Vitarte, No.?2i 343 4720 71,44 8,93
: : La Hotina, Circunvatacion 228 2,%7¢ 4,500 Sh0
Sub Total 3850 50,170 75,340 9,490
BARRANCD 273 47,400 Costanera, No.23 T 26,540 14,120 L, 74
CHORRILLDS 2,913 130,300 Costanzra, No.23 33t 11,440 43,200 9,720
Circunvalacion k) 9,370 A% 14,5500
Villa Harina Froyecio 2,087 13,42 40,576 9,890
Sub Total 2,973 180 §03,740 40,%80
EL ABUSTIND /139,790 Vitarte, ¥n.2! 381 18,160 107,37¢ 13970
LA HOLIN 1,364 211,300 L folina, Circunvelacion 2,564 190,170 21,138 {
Lﬂ-?!ETURiﬁ 343 277,180 Surca, Locuaba 243 202,780 17,018 27,740
EIRAFLORES $97 55,200 Castsnero, Mo, T3 107 41,500 11,708 8
SAN BORIR 1,085 55,300 Surco, Lecusb: 59 2,860 1,94 I
:  Vitarte, Nu.7i 550 1,52 1,70 200
Ho. 22 : 2 24,880 19,47 3,3%
Sub Total 1,036 26,860 27,160 -3,850
S IS1DRD _ 74 27,300 N3 22 ikl 13,510 3,356 d
Costanerp, No,33 £: . 4,300 HH g
Sub Total 274 18,84 4,288 g

§.3. DF KIRAFLORES 1,167 172,400 la Kelina, Circunvalacion 99 2,000 19,23 {07
: Yilla £t Galvador LTl 73860 121,476 12,720
b Tota) 1,167 25,880 112,73 13,79

SaK LUIS b 59,980 Swree, Loruzba F{0) S U 3 I W &, 700
Vitarts, No.2i 53 3,820 3,880 1,080
Sub Tetal 356 ML,EFY O 25,130 by 985
SANTIAGD BE SURED 3,195 X3, 700 Vitarte, Hu.Z1 3z £330 g
' Ho. 22 07 B,h00 19, 1,848
Jurcg 1,180 #3407 &7, 2% 10,5
tostanerp, YNo. 23 pict 24, 1a0 28,179 5,170
La Molinz, Circenvalacion 1,192 49,540 . 37,760 1, 620
Sud Tetal 3,093 LREeE0 1M,790 25,430
SUREUILLG . 113 163,100 Ne.22 BE! 5,180
Suren _ 197 34
Costanera, No.23 o 35,500
Sub Total 413 87,890
VILLA EL SALVADDR 2,427 419,000 ¥iila £l Salvador _ 1,627 8,385
Y., DEL TRIUNFD 2,733 473380 Viilz Bl Salvador . 284 1,430
: ' : riunfe 57 12,780
2 14,34

T0TAL 73,092 853,790 1

o7

tegend: 0/ Direct Sarvice, INDIREDY; Indirect serviig
HIBH; High consuaing groug, LU} Low consuming group
5-23



Unknown Intrusion Water

Intrusion water from unknoﬁn_source.'which is suépeCted to come from
the Surco River'irrigation canal system, will be eliminated by the year
2000. '

Other Wastewatexr

Other wastewater, such as gesidué of sewage flow balance calculation
was estimated at 0.778 m3/s in the year 1989. An accurate definition of
this wastewater 1s difficult with the available limited insufficient data.
1t, however, includes among others, inaccuracy of assumption, inaccessible
intrusion'from leaking water -supply éystem, and unaccountable wastewater
discharge from commercial and p:oduction.activities. This wastewater
.quantity is projected to decrease to 60 7 of its present level in the year
2000 as a result of repair and improvement of defective water supply system

and equipment at both the supply side and user side.

Sewage Flow Balance

Based on the above sssumptions, flow balance of sewage-quantity is
summarized as shown in TABLE 5-11. |
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5.3.2 Intake Points

Availabla sewage flow at the intake points can be calculated on the
assumption adopted for sewage quantity pro;ection discussed previousiy
TABLE 5-12 shows the population distribution by main sewer in year 2000.
Based on this table, domestic sewage flow at each intake yoint is projected

as shown in TABRLE 5-13.

TABLE 5-13 GCOVERED POPULATION AND SEWAGE QUANTITY OF EACH INTAKE POINT

GLASSIFICATION

INTAKE POINT, PHASE | | - B ' SRS
MAIN SEWER TOTAL D/S HIGH D/S LOW INDIRECT
No.1 population 278,310 217,910 ~ 54,530 - 5,870
Colector Circunvalacion Unit Q (lped) ' 210 180 110
Total Q {(m3fs) 0.651 0.530 . 0.114 _0.007
No.2 Population 425,920 12,780 370,550 42,580
Emisor General “Unit Q (lpcd) 210 180 110
villa Maria del Triunfo Total Q (m3/s} 0.857. 0.031 0.772 0.054
NO.S Population 883,910 441,950 364,120 77,840
Colector Surco Unit Q (1lped) : 210 180 110
Total @ (m3fs) 1.932 1,074 0.759 0.009
Remaining Popuiation . 1,098,960 226,650 718,660 153,650
Unit Q (1lpcd) - 210 180 110
Total Q {m3)s)  2.244 0.551 1.497 ©.196
TOTAL Populatlon 2,687,100 899,290 1,507,860 279,950
Unit Q (lped)  5.683 210 180 110

Total @ (m3/s) = 5.684 2,186 3.142 0.356

In addition, the projected industrial wastewater is distributed o
each point in consideration of the present locational condition of the

industries, as follows:

Intake Point No. 1
Intake Point No. 2
intake Point No, 3
Others

Total

an

0,036 m3fs ( 10 %)
0.000 mdfs ( © 1)
0.264 m3/s ( 80 )
0.035 m3/s ( 10 %)
0.355 m3/s

v

o

-

526



TABLE 5~21.2  (OVERED FOFULRFIEN 9F EACK NTAKE POIKT 120000

segzzisIIECEEZENNIIRRATILNEIET R i e e L L L L L e LT LT e T srsmzzzz=s N —
TOTAL TOTAL PRAULATION DOVER
HTAKE HAIN SEHER DISTRIET LOBRER . ey T
e ‘ that  AREA  TOTAL DJ/S HIBH /S LOY INBSEECT (1) WL /S BisY
T L e e T T szuTgEzemos zezrmussTsroaccrzsae
kel La Holina, | ATE 388w B0 2,979 4,51 S0 100 B0 2900 4,300 540
Fhase | Circuavalacion LAKOLTHA - . 2,804 2,564 211,300 130,070 21,180 0080 200,300 180,170 2,130 ¢
: SARESAGE OE SURCO 3,133 LA W7,9% 49,300 S,1% 10,63 S0 SH,90 200 2p0 5,300
w0 W3 A1 S0 580
%2 BB Del Telunfo B OEL TRIONFD 2,753 2,867 AN5,926 12,780 F0,5%0 42,59 00 | 425,926 12,780 30,550 42,50
Phase b w-mmmwummese e e e e e e R e ot o 0 e LA B e e = b bt ke P, e a———
TBTAL _ : o 425,520 12,780 3M0,550 42,590
Yo} Surce, Lorusba Y WM 85 550 2,0R MO 100 83000 5,510 2,1 Bip
Fhase 11 LA VICTORIA BS BT 207,000 202,780 47,510 2,H0.000 207,100 202,280 4,40 7,710
TSN ERA SLESTOBR 4E0 2480 L0 0N AT 2 1940 3
SHH LIS W WL S0 BLEN 20,250 5,906 100 59,000 31,870 24,25 5,900
5ub. Total UG,350 U0 J2AM M
Viterte, Ro.2i mr- LESE L623 12516 AR200. TLEG 9,90 16D - 123,57¢ 4,200 Tid40 89N
EL AGUSTIHD BLOOW 00,00 18,160 TSN 13,970 10 139,700 18,160 101,590 13,97
CSMUBIRIA . . 08 S5 2 RS L,200 o R0 M0 2,90 LS00 1,200 )
SiH LUES 365 1078 5,820 3,838 1080 W00 10,780 5,820 3,880 1,080
SANTIAGD DE SUREQ 3,093 32 310 5,380 1,5 90100 3,180 1,38 1,550 280
Sub Total . : /4,530 H,036 JES,50 24,50
Ko, 72 . SaK BORJA LOI $02 CALBSO 74,080 1B,620 3350 190 47,850 74,880 19410 3,350
. AN 15T0RG M09 1,00 13,800 3,350 o100 17,00 1L,E0 3,250 0
SHNTIASD DE SURCO -+ 3,093 D07 20,870 BA0D B30 LI D 20,87 8,308 10,000 LI
SUREUILLD 03 M BAm 5,800 2,800 510100 e 5,180 2,800 50
Sub Tatal T 93,950 52,500 35,908 5,700
Sureo . BANTIABD DECSURCD 3,093 4,161 LagE0 49,000 S2,2% 10,520 1P 14,640 IR 0M 51,056 19,520
: SURDULELD AT s 1900 26,719 1AM 7,390 100 39,650 24,210 83,400 2,390
Sub Total : 138,530 12,500
1018, _ N _ £83,91¢ 77,840
Reeain.  La Wolira, SARTIAD DE SURCD 3,193 K% U7,050 9,540 §1,T90 10,620 S0 38,960 3,310
Tircunvalacion 5.5, DE WIRAFLORES 1,162 50 13,35 2,000 10,280  G,0%0 100 43,350 . 2,600 10,280 1,090
: Sub Yotal 17,30 070 80 4,380
CCostanero, No.23 | BERMED . 3 3 ALAID E5S40 1610 4,740 100 - 47,400 2,50 16,120 L0
CIORRILLOS - 3,H3 31 5,360 L4000 0,200 5720 100 51,380 11,430 80,200 5,720
WISAFLORES . - dof 407 SR,200 LS HL,TM 4 100 53,700 A1L,508 1,700 9
" GAM 151B%D M5 536 &30 180 - @ 10 - S,3ME- 4,300 1,010 0
SARTEAGD D% SURCE 3,183 SB) ST,4E0 24,040 TEAM 5,070 100 . 57,480 24,146 W10 51
SURBUFLED, 13 720 SA30 3LSM 082 3,300 W00 E,90 0 35N B2 3,00
Seb Total - : : T a0 14420 U530 19,9%

Willa El Salvader 6.0, OF MIRAFLORES 1,042 1,022 §59,050. 25,880 122,470 12,720 100 150,050 © 23,850 i22,470 12,720
VIILA EL SALVADOR 2,427 2421 AIWG00 8,380 335,200 25420 M0 M908 8,350 28,200 1540

N DEE TREUNFO - 2,753 786 43,380 1,480 42,90 &40 100 49,380 1,450 2,940  4,9%0

Sub' Total . BN 13,70 500,830 93,030

legend: D/9; Pivect Service, RDIRECT; Inbirect service
HIBH; High censuaing group, LOH; Low consusing groug



Other wastewater 1is distributed at sach intake point in accordance
with the ratio of sewage flow conslsting of domestic sewage and industrial

wastewater to total Fflow, as follows:

Intake Point No. 1 : 0.053 m3/s ( 11 Z)

Intake Point No. 2 : 0.066 m3/s ( 14 %)

Intake Point Wo. 3 : 0.172 m3/s { 37 X)

Others : 0,176 m3fs { 38 1)
Total 1 0.467 m3fs

The available sewage flow at each intske point is then summed up as

follows:

TABLE 5-14  SEWAGE QUANTITY OF FACH INTAKE POINT

SEWAGE QUANTITY BY CLASSIFICATION (m3/s)
INTAKE POINT,

MAIN SEWER DOMESTIC INDUSTRIAL OTHERS TOTAL
No.1, _

Colector Circunvalacion 0.651 0.036 0.053 0.740
No.2, :

Emisor General Villa Maria del Triunfo  0.857 0.000 0.066 0.923
No.3, .

Colector Surco 1.932 0.264 0.172 2.388
Remaining 2,244 0.035 0.176 2.455
Total Sewage Quantity 5.684 0.355 - 0.467 5.506

On the other hsnd, sewage quantity to be taken at each intake point
in the case of Alternative Ej (refer to Chapter 6), which was judged as an
optimum plan in subsection 7.6, was planned ag follows:

Phase I {Intake points 1 & 2) 1.0 + 1.0 m3/s
Phase II (Intake point 3) ¢ 2.0 m3/e

Therefore, enough sewage flow is available at intake point No.3 in-
the year 2000. Intake point No.2 will-hﬁve almost the same quantity as
planned intake amount. Intake point No,1, however, will have insufficient

sewage flow. To secure additional sewage flow for Phase 1 project, the



following measuxes are recommendable (refer to APPENDIX 9):

(1) Pransmission of sewsge from Golector Vitarte to Colector Circunvala-

¢lon by installation of new interceptor

The sewage flowing in the Colector Vitarte which will continue down
to intéke point No.3 can be intercepted by a 2.5 kim long interceptor ﬁo the
Colector Circunvalacion. This interteptor can convey the necessary émount
of sewage to a place located upstream cf intake point No.l. Available
additional sewage quantity that can be collected by this interceptor is
estimated at 0.39 m3/s, which is almost equivalent to the surplus flow at

intake point No.3.

(2) Interception of sewage collected by the Emisor General Villa El

Salvador

The transmission line of Phase 1 project, which runs through Villa EL
Salvador, can collect the sewage dlscharged from its southern part into its
grav;ty gsection. The avallable sewage quantity expected to be collected by
this measure is approximately half of the total sewage discharged from

villa El Salvador, which is around 0.4 m3/s.

With supporting meaéures. the available sewage.volume estimated above
will, therefore, meet tﬁe planned intake quantities. In addition to those
measﬁres, rapid.improvement of water supply system shall be made in the
area, espegiaily in Villa Maria del Triunfo. These estimation can be real-

ized if the water supply system is operating efficiently as planned.

Above-mentioned estimation is based to some extent on various uncer-
tain ‘assumptions. The degree of uncertainty of'assumptions is such that
the possibility of wide deviation in available sewage quantity is great, to
- the detriment of the Project or otherwise. TFor example, the population in
the districts of Ate and La Molina is increasing rapidly at present, a
trend .which is expécted to contribute to the considerable increase of
available sewage flow at intake points Nos. 1 and 3. However, it is diffi-
cult to predict confidently the population Increase for such type of dis-
'tribts._ On the other hand, adverse water aupply conditions in Lima would

result to decrease in the sewage discharge. Therefore, it ie recommendable
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to adopt the planned intake quantities a&s obtained in this Study. The
recommended measures to gecure additional sewage flow shall be taken in
consideration with the actual condition after the completion of the

project,

If it 1s difficult to secure the planned intake quantity for the
system of Phase 1 project by any of the proposed measures, pumping of
sewage from the Colector Surco to the Phasse 1 system would be another

possible alternative solution.



5.4 ~ Present Sewage Quality
5.4.1 BODs and'sﬁspended BSolid

As for raw gewage quality, past record and the results of water
quality analyses executed in this Study for Main Sewers, San Juan STP and
Carapongo STP are presented in TABLE 5-15 (refer to APPENDIX 5 for de-
tails). |

‘Range of values of raw sewage quality taken from existing facilities

at different sampling times are summarized as follows:

a. BOD5 .
- L _ . Range(mg/1l) Average(mg/l)
‘Main Sewers - : 146 - 333 227
. San Juan STP 214 -~ 300 252
Carapongo STP: 130 - 280 . 187
b. Suspended Solid (SS) _
Range(mg/l) “Average(mg/l)
Main Sewers : 152 - 289 239
San Juan STP : 88 - 306 221
_Carapongo STP: 171 - 580 298

BOD concentration in the Carapongo STP:is lower than in other facili-
ties becausé;of the-high ratio of unknown water intrusion (mainly from

irrig&tion_canai) to sewer.
In this Project raw sewage will be diverted from the Colector Surco
and the Colector Circunvala01on. From TABLE 5-15, average values in both

main sewers are summarized as follows:

" BODs (mg/l) 85 (mg/1)

Colector Surco : 231 - 333 (avg.269) 241 - 300 (avg.270)

Colector Cir. : 146 - 233 {(avg.185) 152 - 278 {avg.228)



TABLE 5-1%5 Raw Sewapge Quality in Main Sewers asnd San Juan STP

Lacation

Date  BODs(mg/l) S5(mg/l) Reﬁarks

Main Sewer
Colector Surco

(Average)
Colector
Circunvalacion

{Average)
Colector
B. del Sur

(Average)

{ AVERAGE )

. San Juan STP

( AVERAGE )

Carapongo STP

( AVERAGE )

88.11

89, 6.19
89.10. 9
89.10.19

88.11

89. 6.19
89.10. 9
89.10.19

89. 6.19

1 89.10.18

8%, 4.12

8e. 6. 7

89.10. 9

10.25
10

333
277%1
233
231%1

(269)

1486
190%1
169
233%1
{185)

240%L
220%1
(230)

( 227 )

263
300
230
214

( 252 )

165.3
207
137
193
179
197
229
167
280
230
150
162
173
213
130
( 95)%2
177

(187 )

241

268
300%1
(270)

152

278

253%1
(228)

184%1
(184)

{ 239 )

306

206
88

282

( 221 )

338.3
181.8
309.4
417
252
332
580
286

251
348
224
259
171
( 96)*2
219

{295 )

SEDAPAL
Avg. of 24

Avg. of 24

SEDAPAL
Avg, of 24

CAvg. of. 24

Avg. of

Avg. of 24

Hnnthly Avg.

ditto
ditto
ditto
ditto
ditto -
ditto
ditto

Monthly
ditto
ditto
ditto

Avg.

 Monthly Avg.

hrs,

hrs.

hrs.

hrs.

24 hrs.
hrs.

sampling

sampling
sampling
sampling

sampling
sampling

*1: Geometric average value Dased on measured flow,
*2: Not included in average value '
Source of data of Monthly Avg.: SEDAPAL



S.h.2 Heavy'uetals

There is high possibility that the treated sewage will be reused for
irrig&tioh in the San Bartolo Plain after the completion of the Project.

 zn case that treated sewage is used for irrigation, it is importaﬁt
to_considér the presence and concentration of heavy métals in éewage.
TABLE 5-16_shows the comparison of the result of &nalyses'ﬁnd the Water
Quality Standards for irrigation in ?eru fegarding heavy metals (refer to
APPENDICES 5 and 10). .Class - III of thé Water Quality Standards shall be

app]ied for irrigation based on the General Law of Water in Peru.

TABLE 5-16 Heavy Metals of Raw Sewage in Main Sewers

Past Record Analyses Result Water Quality
: in this Study ' Standard ¥
Items : '
: Colector Colector Surce Class - III
Surco and Circunvalacion
Sampling Date Nov.,1984 Oct.& Nov.,198% -
Mercury ~ Hg pg/l - 0.3 -~ 1.3 ' 10
Cadmium cd mg/l 0.01 - 0.03 0.005 - 0.02 _ 0.05
Lead - Pb mgfl 0.15 - 0.35 0.02 - 0.27 0.1
Chromium Cr mg/l - 0.00 1.0
Iron Fe mg/l 3.2 - 6.25 1.2 - 1,46 1.0
Manganese Mn mg/l 0.05 - 0.12 0.06 - 0.08 0.5
Copper  Cu mg/l 0.1 - 0.55 0.06 - 0.22 0.5
Zinc 7n mg/l 0.16 - 0.34 0.32 - 0.53 25
Arsenic As mgll : -0.02 - 0.04 - 0.2

*: Ley General de Aguas, Decreto Ley No 17752, Nov., 1983, Government of
Peru. This law is based on the Standards of EPA, United States.

According to the results of the analyses, Lead and Iron concentra-
tions were higher than the standard values while other items were below the
standards. However. the data analyzed was for raw sewage whereas treated

sewage from Stabilization Ponds will be used for irrigation in this
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Project. Concentration of Lead and Iron in treated water:will definitely
be lower than in raw sewage because heavy metals will settle more or lesé
in the ponds, hence concentration of these metals will be below the stﬁnd#
ard value once sewage is treated. 1In addition, even ihough raw sewage is
being used for irrigation in many places in Lima, théfe has been no report;

ed damage by heavy metals so far.

It may be considered from the above analyses that heavy métalICOngeﬁu
tration is not a problem in the planned reuse of treated sewage for irriga-
tion. However, in consideration of (ﬁ) the harm lohg—terﬁ &ccumﬁlatibn Sf
heavy metals can bring to the human body, (b) inflow of industrial w&sééL
water, and {c) slightly high concentration of heavy metals in drinkiﬁg
water gupplied by SEDAPAL, it is recommended that the folléwing actions be

taken in the near future:

i. Consolidation of the Standards for receiving of industrial waste-
water, ' | '

ii. Establishﬁeqt of the control system fof'industrial wastewater
quality, and

iii. Upgrading of the level of water pufification.



5.5 = Projected Sewage Quality.
$,5.1 General

Projected sewage quality for the design of sewnge treatment plant
will be investigated and decided in accordance with the following two view

points.
a)-Present'sewage.quality in existing facilities
‘D) Per capita pollutant loading
5.5.2 _Pfesent Seﬁage Qu&litj in'Existing Facilities
As discussed in section 5. 4, average raw sewage quality of the Golec-

tor Surco and the Colector Circunvala01on from’ which the sewage will be

diverted in this Pro;ect are summarized as follows:

BODs (mg/l) - 88 (mg/l)
Colector Surco: 231 - 333 (avg.269) 241 . 3060 (avg.270}

Colector Cir. : 146 - 233 (avg.l185) 152 - 278 (avg.228)

5.5.3 Projection of Sewmpe Quality based on the Per Capita Pollutant
Loading

The'pollutanﬁ loading per capita varies with the standard of living

in the drainage area, Values reportéd in the references are as follows:

- World Bank, Technical Paper
-~ Urban éreé in developing countfy : BOD = 40 -~ 50 g/capital/day
USA and Western Europe : BOD = 60 - 80 gfcapita/day
- Actual planned values in Japan '
BOD = 60 - 90 gfcapita/day
S5 = 44 - 60 g/capita/day

With reference to these data, BOD dilscharge per capita per day 1s set
at D/S.H - 60 g[capitalday; D/S.L -~ 40 g/capita/day and I.D -~ 25



glfcapltaf/day for the prdject. Estimation of total. pollutant loadings at
present (1989) and in the target year (2000) are shown in TABLE 5-17,

TABLE 5-17 Estimation of Total BODs Loading

ITEM _ 1989 2000

1.Domestic Sewage o _ :
Di{s.H. 639,660 x 60 gfcapita/day 899,290 x 60 gfcapita/day -
x 10-3 = 38,380 kg/day x 10~3 = 53,957 kg/day
D/5.L. 829,320 x 40 x10-3 1,507,860 x 40 x 10-3
= 33,173 kgfday = §0,314 kg/day
I.D 263,520 x 25 x 10-3 279,950 x 25 x 10-3
= 6,588 kgfday o = 65,999 kg/day
2.Industrial 26,006 m3/day x 200 mgll*l‘zs,sgs m3/day x 200 mg/1*l
Wastewater x 10-3 = 5,201 kglday x 10-3 = 35,720 kgfday
3.0ther Wastewater 69,120 m3/day x 200 mg/1*1 55,296 m3/day x_zoo‘mgjl*l_'
¥ 10-3 = 13,824 kg/day =~ x 10~3 = 11,059 kg/day -
TOTAL 97,166 kg-BOD/day 138,049 kg-BOD/day

*1: estimated average value.

Result of calculation for BOD5 concentration of rav sewage is:

97,166 kg-BOD/day
BOD§ = x 103 = 225 mg/l
432,000 m3/day

138,049 kp-BODfday :
BODs = - x 103 = 240 mg/l
574,905 m3/day

5.5.4 Decision of Design.Sewage Quality.

Taking into account the above-meﬁtioned_data and.the followihg sﬁp-

portiﬁg analyses and factors, design sewage quality is decided as follows:

BOD5: 250 mg/l
$S: 250 mg/l

a. Flow ratio of Colector Surco and Colector Circunvalacion is approxi-



mately 7 to 3 according to the results of flow measurement conducted
in the Study (refer to APPENDIX 7), and flow of Colector Surco with
high BOD gohcantration is bigger than that of Colector Circunvala-
cion. Therefoﬁe. BOD concentration of mixed raw sewage from both main

gsewers will be high to some degree,

For examﬁle; if ratio of diversion flow is same as the ratio of

actual flow, BODS concentration of mixed raw sewage ﬁill be:

Surco: 269 x 0.7 = 188.3
Circunvalacion: 185 x 0.3 = 55.5

Total (Mixed raw sewage) 244 mgfl

‘Result of estimation of sewage quality based on the per capita pollu-

. tant loading is appropriate value considering the present sewage

quality.

- To cope with the inflow load fluctuation and to secure the treated

éewage qﬁality, it ie better that design load for treatment plant is

set up at higher value.

Considering the present'sewage quality, 85 concentration is nearly

equivalent to BODPs value.












CHAPTER 6  ALUERNATIVES
6.1 'Genoral

_ . This Study is conducted to establish the appropriate plan for the
Project for the following purpode

(1} To convey the sewage discharged from the southern part of Lima to the
‘plain of San Bartnlo for treatment, as a measure against the pollu-

tion:of-oen water along the Chira Coast, and

'(2) - To supply irrigation water to the plaln to promote greenlng and

'agrioultural production.

; 'In pursuit:of‘these objectives, five'(S) alternativés. namely Alter-
_:natives Ato B are developod in this Study These alternativns are further
broken down into 2. to &4 sub-alternatives in_ accordance with the phased'

implementation plnn. Ma jor differences of the alternatives are:

1) .Transnission'route'fo San Bartolo (50 m 1ine,.100 m line),
2y 'Existence of pumping station,. N

_3): Sewage intake points (varlatlon of 4 intake points). and
) _7Sewago intake amount (4 m318_1n total).

o Planning prlnciples and outllne of each alternatlve are described in
following sections.- FIGURE 6-1 shows the’ summary of sohemat1c plan of

__nlternatives.
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6.2

bases

{1)

{2)

(3)

(4)

Principles for Planning

The following fundamental planning principles are established as

in the development of alternative plans:

The total amount of raw sewage being diécharged from the Surcoe out-
fall shall be treated. The subject of the feasibility study, howeﬁu
er, is limited to the above-mentioned scope of the Project, which is
from intake points of the existing sewer to sewage treatment plants

for the transmitted sewage {(See FIGURE 6-~2).

The total outflow is 6.5 m3/s in or 560,000 m3/d daily average
(hereinafter the quantity of sewage is expressed as daily average

except otherwise specified) in the year 2000, of which 4.0 m3/s or

350,000 m3/d is to be treated in San Bartolo, or otherwise to be

treated on the way to San Bartolo to a possible amount which may be
limited by the area of land acguilred for treatment plant. In the
latter case, the balance from 4.0 m3/s is to be treated in San Barto-
io.

The remaining 2.5 m3/s or 210,000 m3/d is to be treated by an optimum
treatment method at the Cerro La Chira site which is owned by

SEDAPAL.

The 0.5 m3/s of sewage out of the above-mentioned 4.0 m3f/s is to be

supplied to the irrigation areas in Villa El Salvador.

Flow Balance of Sewage is as follows:

6.5 m3/s
- San Bartolo
3.5 m3/sl—> reuse
10.5 m3/s
Villa El Salvador
2.5 m3/fs reuse

Surco Outfsll
Pacific Ocean

Sewage treatment plant
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(5)

(6)

(1)

(8)

(9)

The elevation at which the raw sewage or the treated water shall
reach San Bartolo is set at +100.0 m or +50.0 m.

The aerated lagoon method is adopted for-the plant to be built in the
northern area of Rio Lurin (right bank) in order to utilize the
limited land area more effectively, and the stabilization pond method
for the southern area of Rio Lurin (left bank) because it is hard to
avail of electric power supply in the area while land acquisition is

comparatively easy (refer to APPENDIX 11).

Since the scale of the sewage transmission plan to San Bartolo is
very large, a phased plan shall be drawn up. The whole plan is
divided into the Phase I plan and the Phase II plan. The Phase 1
plan cdntains the first stage of the work, while the Phase II plan
contains the second, and then the third,....,the ﬁth.

In order to realize benefits from the project in early stage, a plan
in which treatment plents are constructed at possible locations

nearest the sewage discharging district is considered.

Sewage-intake points shall be located at places where the amount of

sewage generated is preat and avallable potential head is high.
Measures tc be taken for the inverted siphon

In prinbiple; inverted siphon structure shall be avoided. However,
in this Project inverted siphon is adopted unavoidably due to geo-
graphic feature (refer to APPENDIX 12}. To secure appropriate opera-
tion and maintenance, screens and grit chambers (to be used for
removing large size particles) are provided next to the sewage-intake
facilities, because it is feared that clogging might happen in the
inverted siphon section. Since sand and silt is apt to deposit
easlly on the lowest section of the inverted siphon, it is better to
remove them beforehand. In addition, fittings for dréinage shall be
provided in each inverted siphon section to remove the deposit in the

pipeline.



(10}

(1)

Selection of pipe materials

Ductile cast lron pipe :
To be used for force main and inverted siphon sections (imner
preséura: more than 4 kg/fem2)

Reinforced concrete pipe s
To be used for gravity flowing sections.

Prestressed concrete pipe :
To be used for inverted siphon sections. {(inner pressure :
less than 4 kg/cm2)

Fiber glass Reinforced Plastic Mortar Pipe (FRPM pipe):
To be used in plaée where the soil contains high salinity,'and
in area where the groundwater is salt intruded.

Open channel lined with concrete:
To be used for gravity flowing sections only when it is located

in a thinly populated area.

Prospective sites for the treatment plant are the following (refer
to APPENDIX 11 for detail):

TABLE 6-1  Prospective Sites for STP

Location - Area Requirement for Acquisition

a) Existing San Juan 10 ha Approval of Ministry of
Stabilization Pond Housing and Construction

b) San Juan 35 ha ‘Moving of plantation

¢} Villa El Salvador 40 ha Moving of plantation and school,

: Existing lagoon :

d) Villa Rica 40 ha Much fund for land acquisition

e) San Bartole 60 ha x 7 Easy to acquire '
(Elevation 100 m)

£) San Bartolo 60 ha x 7 Easy to acquire
(Elevation 50 m)

g) Cerro La Chira 20 ha Planned site for future

project of SEDAPAL

d)-V¥illa Rica is shelved this time bscause of difficulty in raising

necessary funds. g)-Cerro la Chira is reserved for future project.



The maximum sewage treatment capacity of each available proposed site

is as shown in the following table (refer to APPENDICES 13 and 14).

TABLE 6-2  Available Sewape Treatment Capacity

Location . Stabillzation Pond  Aerated Lagoon
8. San Juan STP _ -e 0.5 m3/s
b. San Juan 0.19 m3/fs 1.0 m3fs
¢. Villa El Salvador 0.19 m3/s 1.0 m3/s
¢. San Bartolo 0.5 m3fs x 7 --

f. San Bartolo 0.5 m3fs x 7 --




6.3 Outline of Alternatives
6.3.1 Alternative A (Pumping and Gravity Flow)

(1) In this plan, sewage from the southern part of Lima is transmitted to
+100 m elevation line at $an Bartolo, and then supplied to the irrigation
areas after treatment, thereby contributing to the greening of the area as

well as to the cultivation of agricultural crops (refer to FIGUREs 6-3 and
7"?) *

(2) Sewage transmission method

The sewage is first lifted from the diversion points by pumping.
Then starts gradually flowing down by gravity with the help of inverted
giphons at mid-heights between the intake and San Bartolo. Since part of
the sewage can be collected by gravity, it will be transmitted by graiity

to the junction box at the end of the force main.

{3) | To economize on the operation cost, the pump capacity should be mini-
mized as much as practicable. Two suitable points are found out in this
regard: Péint A*(0.9 m3/s) and Point D (0.5 m3fs) are total of 1.4 m3/s,
where a high potential head enough to convey the sewage up to San Bartolo

is available. On that account, the pump capacity is finally decided as:
4.0 -~ (0,940.5) = 2.6 m3/s (225,000 m3/d)
(4) Inverted siphon

In principle, the sewage transmission route is planned so.that the
sewage can flow down by gravity, but when the topographic features do not
allow it,.the inverted siphon structure muét then be adopted. Taking the
ease of maintensnce into consideration, drains are provided at the lowest
section of inverted siphons. Drainage pipe will be connected to existing

sewers, river and ses.
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(5) Sewage treatment plant
&, Villa EL Salvador

It is hard to acquire a site with an area enough to construct the
sewage treatment plant with a capacity of 0.5_m3[s in villa EL Salvador.
Possible sewage treatment quantity in case stabilization pond system is

adapted in Villa El Salvador is as follows:

Available Area Possible

tha) (m3/s)

{b) San Juan a5 0.19
{c) Villsg El Salvador 40 0.1¢9
Total 75 0.38

Around more 24 ha of land is necessary for the treatment of remaining
sewage (0.5 - 0.38 = 0.12 m3/s).

However, it 1s hard to acquire such a large area in the vicinity,
therefore, aerated lagoon system is adopted because of the following rea-

SOns:

1} Sufficient treatment is possible even if the area of the site
is small.
ii) Stable treatment effect which emits less odor is expectable.

There are many houses in the surrounding ares.
b, San Bartolo

The stabilization pond method is adopted in this plan because of
the reasons that the land acguisition is still ensy, the ambient tempera-
ture.is stable throughout the year, duration of sunshine is'lbng énough
thereby.making the treatment more efficient, and few complaihts woﬁld be
expected about bad odor owing to the spérsely populated:énvironmentai

conditions,

The size of the treatment plants 1s estimated to be 60 ha x 7 piaces.



the exact locations of the plants cannot be specified at this time because

the agricultural development plan is not yet distinct or definite.
(6) Open channel

An open channel structure is applied to the transmission route start-
ing from point J to point K because it is presumed that the areas have very
low possibility of being converted into residential districts neither at
present nor in the future.

{(7) For plan A), the planned sewage quantities are as follows.

Total plan: Q=0.9+0.5+2.6=4.0 m3/s (Quantity of sewage intake)

0.9 m3/s A’ 0.5 m3fs San Bartolo

f) sTp
H J K
C d—m—www>i-ww‘b — > >13.5 m3/s >Reuse
Pumping P)B D i
Station 0.5 m3/slf——>Reuse LEGEND:
——
2.6 m3/s| A c) STP Lot Intake Q*ty.

U0 suppiy qrty.

In this plan, the quantity of sewage intake is set at 4.0 m3/s.

Because a large amount of funds is necessary for this plan, phased
construction plans (A1=Q, A2=Q/2, A3=Q[/4) are recommended and briefly

described in the following item of discussion.



{8) For plan Az, the planned sewage quantities are as follows.

1) Phase I: Q=1.5%+0.5=2.0 m3/s

0.5 m3/s] San Bartolo
L : f) sTP. _
}y > e — >ﬂi.5 m3/sll——>Reuse
Pumping : , -
Station
0.5 m3/sfj~~-> Reuse
1.5 m3fs ¢) STP

ii) Phase II: Q=0.9+1.1=2.0 m3/s

0.9 mi/s ‘ San Bartolo

\

>12.0 m3/s}—>Reuse

Pumping  ? ' f) STP
Station

1.1 m3/s

In plan A3, the scope contained in the first phase of Ap is further
reduced. '

(2) For plan A3, the planned sewage quantities are as follows.

1) Phase I: Q=0.540.5=1.0 m3/s

0.5 m3/s 0.5 m3/s
: San Bartolo
N A >10.5 m3/s{—>Reuse
| l £) STP

0.5 m3/s}l—>Reuse '

¢y STP

6—12



11) Phase IT: Q=3.0 m3/s

:San Bartolo

. _ |

: >43.0 m3/s|—> Reuse
- Pumping : =

station ~ § - £) STP

3.0 m3/s|

This plan is disadvantageous in that the pump capaclity of Phase II
plan becomes ¢omparatively larger owing to the scale-down of the first
: phase, on the other hand, the investment cost for Phase I is correspondlng-

1y reduced.
'6.3.2 Alternative B (Gravity Flow)
(1)  In this plan, sewage from the southern part of Lima is conveyed to
$50 m elevation line at Saﬁ Bartblo,'and then supplied to the irripation
after treatment, thereby cdntributing to the greening of the area as well
as to cultivation of agricultural crops (refer to FIGUREs 6-4 and 7-8).
(2) Sewage transmission method

The sewage transmission in this plan starts from the diversion points
by gravity flbw. " The sewage is then transmitted from San Juan, via Villa
El'Salvador, Lomo de Corvina beach and Pachacamac up to San Bartolo,
alterhately'passing through gravity flow sections and inverted siphon
sections. '
(3)  Sewage treatment plant
8. Villa El Salvador

Refer to subsection 6.3.1 (5).
~ b.:San Bartolo

The sLabillzation pond method is adopted in this plan because of the

reasons that the available land is ample and acquisition is still easy,
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ambient temperature is stable throughout the year, duration of sunshine is
long enough thereby making the treatment more efficient, and few complaints
are expected about bad odor owing to the sparsely populated environmental
conditions. The size of the treatment plants is estimated to be 60 ha x 7
'pléces. The exact iccations of the plants cannot be specified at this time

because the agricultural development plan is not yet distinct or definite.
{4) Open channel

An open channel structure is applied to the transmission route
starting from point I to point J because it is presumed that the areas have

very low possibility of being converted into residential districts neither

at present nor in the future,
{53 Por plan By, the planned sewage quantities are as follows,

Total plan: Q=0.9+2.6+40.5=4.0 m3/s

0.9 m3/s| (0.5 m3/s

A! C!
San Bartolo

¢ D I J
> > >}i3.5 m3/s}l—>Reuse

2.6 m3/sj—>

v

e) 3TP
0.5 m3/s/l—>Reuse

b) STP

In thig plan, sewage intakes of 0.9 m3/s and 0.5 m3/s from points A’
and C', respectively are set because the sewage flow at point A is not
expected to reach the total of 4.0 m3/s when this plan is implemented in

the next two to three years.

The quantity of sewage intake in this plan is set at 4.0 m3/s. Because
a large amount of funds is necessafy for this plan, a8 scale-down of the

first phase is pfoposéd as described in the following item of discussion.



(6 For plsn B2, the planned sewage quantities are as follows.

i) Phase I: Q=1.5+0.5=2,0 m3/s

0.5 m3/s

6.5 m3/sll—>Reuse

b) STP

ii) Phase II: Q=2.0 m3/s

1.5nﬁst¢l——»¢ >
‘ e _

2.0 m3fs

1.5 m3 [ sil——>Reuse
e) STP
>—2.01m3ls-*w—¢ReuSé
e) STP

In plan B3, the scope of the first phase of B2 is further reduced.

(7 For plan B3, the planned sewage quantities are 53 follows.

i) Phase I: Q=0.5+0.5=1.0 m3/s

0.5 m3/s

0.5 m3fat—> > >10.5 m3/sl——>Reuse
— : e) STP
0.5 m3fs >Reuse
b) STP
ii) Phase IL: Q=3.0 m3/s
3.0 m3/s >13.0 m3/s d-é>Reuse

e} STP



6.3.3 Alternative G (Gravity Flow and Pumplag)

(1) In this'plan, sewage from the southern part of Lima is first treated
at -the right bank of the Rio Lurin to an extent which the area of the
acquired land will allow and then transmitted to +50 m elevation line at

san Bartolo to be supplied to the irrigatioh areas.

in fact, it is practically impassible to Acquire a sufficient
area of land for the treatment plahts in the zone between San Juan and the
'Rio Lurin river because almost all of the lands in this zone are already
fully developed. Under this circumstanéesw the maximum treatment capacity
(qu3]s) corrésponding to the availébie land area in the zone, namely

Parque Zzonal No.6, is planned as a Phase I'plan of this Alternative C.

In the Phase II plan, on the_cther'hand. the treatment plants are
going to be erected in San Bartole like in plan B in order to treat the
remﬁining (4-q) m3/s of sewage (refer to FIGUREs 6-5 and 7-9 to 12).

(2) . Sewage transmission method

' The sewage transmission in this plan starts from the diversion points

by inverted siphon flow to the treatment plants for treatment.

out of the total treated water, 0.5 m3/s (43,000 m3/day) is going to
‘be supplied_to the irrigation aress in Villa El Salvador, while the remain-
ing amount is. to be supplied'to the irrigation areas in San Bartolo by

puniping and gravity flow including inverted siphon.
{3) Sewage treatment method
The aerated lagoon method is adopted for the treatment plants of this

plan which are to be erected on the right bank of the Rio Lurin because of

the following reasons:
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a) The land area enough to meet the expected gquantity of treatment is

difficult to acquire.

If the stabilization pond method is adopted, only 0.19+0.19=0.38 m3/s
((b) + (c)), of sewage can be treated, which is merely one fifth (1/5)
that of the aerated lagoon method. This degree of sewage curtajlment is
hardly enough to meet the required measures against pbllution along Chira

coast.

Consequently, the aerated lagoon method is taken into consideration
in this plan, as it can treat a volume of sewage five times as much as when

stabilization pond method is employed hence land utilization is optimized.

'b) Surroundings of the prospective sites for the treatment plants to be
ldcated-between San Juanmand Parque Zonal No.26 are being converted into
residential areas year by year, hence.ca:efﬁl attention must be paid to the
odor and esthetics. In fact, densely built residential districts are now
alreﬁdy very close to and almost facing the eastern part of the existing
plants, and ébmplaints about the odor arise from the residents frequently

especially during times of cloudy weather.

Under this circumstances, if the stabilization pond method is

adopted, the following matters are well presumed:

In summer season, the weather is good and the duration of sunshine is
long enough to make the treatment more efficient, thus it would preclude

complaints from nearby residents about the odor.

" However, in the winter season, the sunshine is not enough because of
the frequent occurrence of dense fogs brought about by the Humboldt Cold
Current and long lasting cloudy weather. These conditions will inevitably
decrease the treatment efficiency and then conseguently cause the emission

of bad odor which may lead to troubles with néarby residents.

The aerated lagoon method can be said mofe adtantageous in that it is
not affected by the weather as opposed to the stabilization pond method,

and moreover, capable of producing stable quality of treated water.



e) On -the other hand, the aerated lagoon method consumes a very large
gmount of electricity, and the aerator which is a component of this method

has a weak point, namely its short service life.

When 1.0 m3/s of sewage is treated through the serated lagoom proc-
ess, approximately 7,140,000 kWi/year of electricity is consumed, which is
equal to about 87 of the total electric power consumption of SEDAPAL. The

" slectricity charge for this cdnsumption amount is:
7,140,000 kWHIyear x 0.025 USS/kWH = 178,500 US$/year

If the replacement cost for the aerator is set aside as reserve, the treat-

ment cost for 1 m3 is:
413,000,000/(86,400 m3/day x 365 x 15) = 0,873 Yen/m3
= 0.0062 US$/m3 (2)

where: Price of aerator: Approx. Yen 413,000,000

Service life: 15 years
Consequently, the treatment cost will be:

(1) (2) | |
{0.0057 + 0.0062) x 86,400 x 365 = 375,000 UsS [year

(4) Proposed site for treatment plants

a) San Juan treatment plant

If the stabilization pond method which is now adopted to the existing
treatment plants is converted into the aerated lagoon method, the treatment

capacity will increase by 0.5 m3/s.
Conversion from stabilization pond to aerated lagoon method will
involve additional excavation of the upper 10 ponds to & depth of 3.0m from

the present water depth of 1.3 m and the provision of an aerator.

The increase in capscity is:
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65,200-21,600 = 43,600 m3/day = 0.5 m3/s
The water level of the sedimentation basin is set st elevation +61.0 m,
b) Proposed site for planned new San Juan treatment plant

The treated water from the existing San Juan treatment plant has been
used to irrigate this site for twenty years, resulting to the successful
implementation of the greening plan for the area which 1s now used as a

recreation zone.

In order to construct the planned treatment plant, the following

cohditions must be fulfilled (ﬁith the consent of the residents):

The trestment plant should be built at a sufficient distance from the
residential districts; the trees removed because of the construction work
must be transplanted, or otherwise new trees should be planted within the
vicinity to compensate for the removal of trees, thereby maintaining the

total'greenery in the area,

The maximum treatment capacity of this plant is 1.0 m3/s, and the

water level of the sedimentation basin is at elevation +61 m.
c) Proposed site for Villa El Salvador treatment plant

The site is now used as a park which is locally known a8 Pargue Zonal
No.26, and is under the administration of Ministry of Housing and Construc-

tion.

Inside the park, there are & primary school, four privately built and
owned stabilization ponds, and numerous young trees that were planted a few

years ago.

In order to implement the construction plan of the treatment plant,
the following conditions must ‘be satisfied: relocation of the primary
school and transplanting of removed or planting of new trees; careful and
continuous or sustained supply of the agricultural water to the'rightful

users of the existing ponds even during construction period.



The maximum treatment capacity is only 0.83 m3{s owing to the special
topographic and geometric features of the area which has a very steep sur-

face gradient and a triangular shape.

- The water level of the sedimentation basin is at election +85.0 m,
which 18 24.0 m higher Iin potentiasl head than that of the sites in a) and
b)_previously discussed. On that account, the treatment plant of c¢) is
more advantageous as the sewage transmission can be attained across Pacha-

ecamac only by gravity flow.

The disadv&ntage of ‘this plan, however, is that available sewage from

the nearby districts is not enough.
(5) For plan Ci, the planned sewage quantities are as follows.

i) . Phase Is Q=1.5+0.5+0,33=2.33 m3/s

q A" F?
o 0.5 m3/s{—>yp<i0.33 m3/s
AcC i
1.5 m3/s | >+—————>E . G - 8San Bartolo
| 0.83 m3[s~ﬂm>$————> 1.83 m3/s Reuse

) ¥ ., c) sTP [1.0 m3/s

0.5 m3/s 1.0 m3/s| P '

. . — F \Pumping Station
a) STP b) STP

L_.» Reuse

All of the available lands in this district are used in this

plan.
ii) Considerations on relay pumping station

The water level of the sewage treatment plant b) in plan C1
above is at elevation +61.0 m while the elevation of the Pachacamac
is +65.4 m, therefore, water transmission to San Bartolo through

this route is impossible. Then the next route is considered instead.

v +61.0 -
= _
T e—— . ¥ _+25.0

Hydraulic Gradient :

=< L=18 km >}




This new route runs along Pan American Highway up to Arica,
then turns left from there. The plan to use this route is also

shelved because of the following reasons:

As long ae 18 km of inverted siphen section is needed for this
route; the maintensnce is very difficult because of the long distance
of the inverted siphon section; and, the inverted siphon section
might burst at some points due to the corrosion of the prestressed

concrete pipes as often experienced by SEDAPAL.

Then -the following plan, in which & new rel&f“?umpiﬁg station

is added on the right bank of the Rio Lurin, is consldered.

l. -&._'_“—‘-"-‘"
Rio Lurin —— . v 150.0
/}umping Station

¥ _+61.0

However, this plan is still more disﬁdvantageous than'plah C1
in that the necessary pump head is more than 50 m and the transmis-

sion route 1is much longer.

Finally, plan C3 is adopﬁed wherein the relay pumping station is
located just next to the treatment plant b) as shown in plan C1 which
can make the head much lower, thereby considerably increasing econom-

ic benefit,

1i1) Phase II : Q=1.67 m3/s

1.67 m3/s — ' >§1.67 m3/sj—>Reuse

@) STP

The route adopted into this pian is the same as that of plan

Bi.
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(6) . For plan Cz, the planned sewsge quantities are as follows.

Plan C2 differs from plan C1 only in that the treatment plant a) in

plan C1 is excluded, |
1) rhase I 1. Q=1.0+0.5+0.33=1.83 m3/s

A.l F? .
' 0,5 m3/s > 0.33 m3]si
A - . ! .
1.0 md/s - F L San Bartolo
c 0.83 m3!s-——>r—-—w~¢ 1.3%3 m3/s Reuse

3 _ c) STP 19.5 m3/s
b) sTPj1.0 m3/s|l—tl

E\\Pumning Station

Reuse 6.5 m3[s <]

i1) Phase II : Q=2.17 m3/s .

A - L .
2.17 m3/s — 542,17 m3/s|—>Reuse

e) STP

The route-gdopted into this plén is the same as that of plan Bj.
(7) For plan C3, the planned sewage.quantities are as follows.

Plan Gs‘differé from plan C1 in that the treatment plants a) and b)
in plan 01 gre excluded. The potential head at the treatment plant c) is

high enough to ccnvef water to San Bartolo without the héip of relay pump-

ing station.

Since the sewage intake is only 0.83 m3/s, 0.5 m3/s of the diversion

is not provided in the Phase I of this plan,

i) Phase I: Q=0.5+0.33=0.83 m3/s

" 10.5 m3)sp—>y<—1i0.33 m3fs
.¢ | .
0.83 m3/s|p——

> 0,83 m3/s Reuse

c) 8TP
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1) Phase II: Q=3.17 m3/s
i A G MW e
|3.17 m3/s > >ﬂ2.67 md/s[—>Reuse
Y ' o " e) STP
HO.SO m3/s —>Reuse
b) 5TP

The route adopted in this plan is the same as that of plan Bj.

(8) Plan C3! is. a modified plan of €3 in case the passage throdgh the

Pachacamac Ruins is not allowed.

The route of this plan runs along the same way as that of plan C3

Howeveér, after point I, the route

~ from point A to point I. runs along the

Pan American Highway to San Bartolo.

This plan requires longer inverted siphon span in compaﬁiSOnZWith the
plan C3, hence has the disadvantages in terms of difficult maintenance and
high possibility of accidents. To adopt this plan, study on the installa-
tion of a booster pumping station at the bank of the Rio Lurin which is at

the middle point of the planned route, shall be cbnducted.

i)  Phase I: Q=0.5+0.17+0.33=1.0 m3/s

0.5 m3/s

0.17 m3/s 0.33 m3/s
F
‘}l >{I - >T< ) ‘L
S M :
1.0 m3/s| > 1.0 m3f/s Reuse
g) STR
ii) Phase I1: Q=3.0 mifs
Al ) G M .
3.0 m3/s > >42.5 m3/s|—>Reuse
/ o ‘e) STP
0.5 m3fs] >Reuse '
by sTP



6.3.4 Alternative D (Gravity Flow and Pumping)

(1) In this plan, sewage from the southern part of Lima is flrst treated
at the right bank of the Rio Lurin .and then cdnveyed to +50 m elevation
line at San Bartolo to be supplied to the irrigation areas. '

In faét,”iﬁ’is practically iﬁpbssiblé to acquire a sufficient area of

:lahd for the‘treatmeﬁt plants in the zone between San Juan and the Rio
Iurin because almost all of the lands in the zone are already fully de-
veloped Under this circumstances, the maximum treatment capacity (q m3/s)
corresponding to the available land area 1n the zone is planned as a Phase

1 of this plan D.

In the Phase II, on the other hand, the treatment plants are going to
be erected in San Bartolo like as in plan B in order to treat the remaining

(4-q) m3[s of sewage.'

- The contents of this plan D is the.séme as that of plan C in princi-
ple, but the proposed site for treatment plant in this plan is same as that
for treatment plant b) (refer to FIGUREs 6-6, 7-13 and 7-14).

(2} - Sewage transmission method

The sewage transmission in this plan starts from the dlver31on points
with inverted siphon and gravity flow to the treatment plants for treat-
_ment. Out of the total treated sewage, 0.5 m3/s is going to be supplied to
the irrigation areés.of Villa El Salvador, while the remaining amount is to
be supplied to the.irﬁigation areas of San Bartolo by pumping and gravity
flow.
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(3) Sewage treatment method

The aerated lagoon method is adopted in the treatment plant to be

constructed on the right bank of the Rio Lurin (refer to paragraph 6.3.3
(3)).

For the treatment plant to be conetructed in San Bartolo, the stabi-

iization pond method is adopted. (refer to paragraph 6.3.1 (5).)
(4) Proposed site for treatment plants are as follows:
a) San Juan treatment plant

Planned capacity : 0.5 m3/s.

Water level of the sedimentation basin: +61.0 m.
b) Proposed site for new San Juan treatment plant

Planned capacity : 1.0 m3/s.

Water level of the sedimentation basin: +61.0 m.
(5) For plan Dl; the planned sewage quantities are as follows:

1) Phase I: Q=1.5 m3/s

A 1.0md/s
1.5 m3/sp—> >q M
I | ~> 1.0 m3fs Reuse
_ L v
0.5 m3/sl] |[1.0 m3/s B
F N\ Pumping Station
a) STP ‘b) STP
> Reuse

ii) Phase IT: Q=1.0 m3/s

2.5 m3/s — - - >{2.5 m3/s|-—>Reuse

e) STP

The route adopted in this plan is the same as that of plan Bi.



{6) For plan Dz, the planned sewage quantities ave as follows.

1) Phase I : Q=1.0 m3/s

A c
1.0 m3/sl : F L _
e ‘ > 0.5 m3/s Reuse
. E ' .
1.0 m3/s| 5B
4_] .

. Pumping Station

b) STP

L > 0.5 m3/s Reuse

ii) Phase II: Q=3.0 m3/s

| 3.0 m3/s : >43.0 m3[s __-Reuse

e) STP

The route adopted in this plan is the same as that of plan Bi.

6.3.5 Alternative E (Gravity Flow)

(1) In this plan, sewage from the southern part of Lima is transmitted to
San Bartolo, and them supplied to the irrigation areas after treatment,
thereby contributing to the greening of the area as well as to cultivation

of the agricultural crops.

In phase I of this plan E, the target elevation at San Bartolo is
+100.0 m, while in the Phase II plan, the goal is set at elevation +50.0 m
{(refer to FIGUREs 6-7 and 7-15).

{(2) The contents of Phase I plan of this pian E 1z almost the same as’
that of plan A except that pumping facilities are not included in this plan

E.

On the way to Villa El Salvador, 0.5 m3/s of the diversion point'is

also provided in this plan with aerated lsgoon treatment systém.
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(3) In Phase I, the plan to pass through the Pachacamac Ruins is shelved

because of the dim possibility of attaining approval from government a1
However, depending upon results of detailed investigation on
There.

thorities.
the ruine, this scheme may be possible using the route in plan B.

fore, plan for Phase 1Y will be the same as plan B except-for the intake

facility at peoints A’ and C’.
(4) Plan Ei is as follows:

i) In the Phase I of the plan Ei, the planned sewage quantities are

as follows.

Q=0.5+1.5=2.0 m3/s

1.0 m3fs 1.0 m3I{]

' >{D E H
A —> >§1.5 m3{sl——>Reuse

San Bartolo

£y 8TP
0.5 m3/sj——>Reuse

c) STP

ii) In the Phase II of the plan Ei, the planned sewage quantities

are as follows.

Q=2.0 m3/s
. A _ I . :
2.0 m3/s >12.0 m3/s}—>Reuse-
e) 8TP
(5) Plan E2 is as follows:
1} In the Phase T of the plan Ep, the planned Séwage quantities

are as follows.



Q=1.0 m3/s

1.0 m3/s

Voo

.

£y STP

1,0 m3ls“n~>Reuse

ii) - In the Phase II of the plan E2, the planned sewage quantities

are as follows.

v

»Reuse

Q=3.0 m3/s
: Sy o
3.0 m3{s ' S
0.5 m3/s
'b) STP

6.4 Summary of Planned Sewage Quantity

12.5 m3/s

—>Reuse

e} STP

" The sewage quantity planned for each alternatives are summarized in

TABLE 6-3,
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'CHAPTER 7

 PRELIMINARY ENGINEERING DESIGN OF ALTERNATIVES






CHAPTER 7 PRELIMINARY ENCINEERING DESIGN OF ALTERNATIVES
7;1 General

Based on- the concept developed in Chapter 6, the preliminary engi-
neering deeigns of each alternative were prepared in order to obtalin the
pasic data for cost ‘estimation. This chapter presents the principles
applied and considered in the design work and outlines of designed fac111-

.ties of some alternatives.
Majer_facilities'neeessery to be constructed for the Project are:
1) Intake Facility
2} Transmission Facility
'3)5Pudping Facility _
4). Sewage Treatment Facility
7.2 Intake Facility

Intake facilities are. provided to collect planned amount -of sewage

from exieting main BeWers - installed in the southern part of Lima.

7.2.1 Design Considerations .
The - following basic eonsider&tions were taken into account in the

design of the intake facilities

(1) The facility shall be constructed at the place where planned sewage

ramount cen be taken

(2y  Im principle, the. facility shall be constructed at the ‘place high
R _enough to enable transmiseion of sewage to the destination by gravity

(including inverted siphon)

(3y Thelet:ucture shalljheve theicapebility to intake planned amount of

‘gewage and not to intake excessive amount.



(&) The structure shall have the capability to eliminate large substangces
and sedimentable particles from the sewage to prevent of clogging and

obstruction of sewage flow.

(5) The facility shall not make the environment of surrounding area

worse,

Based on the above considerations, it was found advantageous to have
the sewage intakes at points on the Colector Surco, the Colector Circunva-
lacion, the Emisor General Villa Maria del Triunfo and the Emisor General

Villa E1 Salvador.

TABLE 7-1 shows the allocation of sewage intake based on discussion

in Chapter 6.

TABLE 7-1 Planned Intake Amount.

Main Sewer Colector Emisor General Colector Emisor General

Circunvalacion Villa Maria Del Surco Villa El Salwvador
_ Triunfo
Al 0.9 0.5 2.6 -
A A2 0.9 (II) 0.5 (1) 1.5 (1) -
1.1 {1I)
A3 0.5 (I) 6.5 (1) 3.0 (I1) -
By 0.9 5 2.6 Tt
B2 0.9 (II) 0.5 (I) 1.5 (I) -
B - 1.1 {I1)
B3 0.9 (II) 0.5 (1) 0.5 (I} -
| 2.1 (11)
Cc1 - 0.5 (1) 1.5 (1) 0.33 (1)
1.67(I1)
) - 0.5 (1) 1.0 (I) 0.33 (I)
C 2.17({11)
C3 - L5 (D) 3,17¢(11} 0.33 (1)
Ca’ - 0.5 (I) 3.00(II) 0.33 (1)
0.17 (I)*
D1 - - I IR
2.5 (11)
D :
Dy - - 1.0 (1)
3.0 (II) _ -
L E 1.0 (1) 1.0 < 2.0 (1I) TTTTTTTTTTeTTT
Ez 1.0 (1) . 3.0 (I1) . =

* : Branch Sewer of Fmisor General Villa ELl Salvador.



7.2.2 Outline of Facility

Structure of the intake facility may be of the weir type or sluice
gate type.

The welr type intake facility has an advantage in that mechanical
equipment is not necessary for its operation, and comparatively stable flow
can be diverted without any operation. However, a large space is necessary
for its construciion, and it is comparatively difficult to change the
sewage flow direction for diversion works without stopping the flow of

sewage.

The sluice gate type intake facility does not reQuire large space.
However, it is disadvantageous in the aspect that some mechanical equipment
is.nécessary and stability of diversion flow is less that of the weir type
intake facility,

Cbnsidering the cqﬁdition of the proposed intake points, e.g., traf-
fic conditions.'road width, etc., the sluice gate type intake facility is
recommendable to be adopted for the Project. Because of the necessity of
gric sedimehtation facility for ihe.éucceeding inverted siphon, the intake
facility will be unified with a grit chamber. A typical drawing of such
intake facility is shown in FIGURE 7-1.

As an eéxample, the design outline of intake facilities for alterna-

tive plan E1 is as follows:

(1) The facilities will be designed in accordance with the following
' sewage intake program taking the result of sewage guantity projection

into consideration:

Phase I i m3/s from the Colector Circunvalacion
1 m3/s from the Emisor General Villa Maria del
Triunfo

Phase II 2 m3/s from the Colector Surco’
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(2)

(3}

{4)

(3)

The facilities will be constructed at the following locations (see
FIGURE 7-2):

Phase I  Intake Point No.l : Golector Circunvalacion at GL
| . +148m
~Inteke Point No.2 : General Bmisor Villa Maris del
_ _ Triunfo at CL +137 m
Phase II Intake Point No.3

-

Colector Surco at GL +92 m

From intake points Nos. 1 & 2, the sewage is transmitted by gfavity '
to 8 place with a ground elevation of 100 m in San Bartolo Plain.
The sewage from intake point No.3 flows by gravity down to a place

with a gtound elevation of 50 m in San Bartolo Plain.

The sewage amount to be taken is controlled with sluice gates in

accordance with the indication of a Parshall flume type flow meter.

'Excess of sewage will be returned to the main sewer through bypass

line.
Screens and grit chambers will be installed.
The facility will be constructed under the ground and properly cov-

ered .to prevent the éscape of bad odor. A small building with venti-

lation equipment will be installed on the structure for maintenance.
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7.2.5 Intake Plan and Fluctustion of Flow

Sewage flow at the intake points varies with time, thus, the intake
facilities shall be designed in consideration of such fluctuations. For
instance, the following factors and conditions were considered in the

design of the intake facilities of Plan Ei.
(1} Phase I (Intake Points No. 1 and No. 2)

1) It ie¢ assumed that sewage flow will fluctuate in accordance with the
planned daily variation curve which is taken as the average of flow
curves based on actual measurements at the downstream end of the
Colector Gircunvalacion_(refer to APPENDIX 13). This point was
selected because here the current sewage flow is almost the same as

the expected future sewage flow of the planned intake points.

2) The minimum intake sewage flow will be decided by the minimum sewage
flow at the intake points, while the maximum intake sewage flow is
limited to the minimum flow capacity of the transmission line. The
minimum sewage flow shall, therefore, be at least at a level that
would enable a minimum allowable velccity of 0.8 m/s in the inverted
siphon gsections. Total sewage flow amount shall also be at least at
a level that would assure nscessary intake amount. The planned daily
variation curve for average intake amount of 1.0 m3/s is presented in

FIGURE 7-3.

3) The planned intake amount and desirable sewage flow at the intake
points to assure an averags intake amount of 1.0 m3/s are summarized

as follows:

i) Planned Intake Amount Maximum: 1.170 m3/s
Average: 1.000 m3/s

Minimum: ©.745 m3/s

ii) Desirasble Sewage Flow Maximum: 1.346 m3/s
at Intake Point Average: 1.016 m3/s

Minimum: 0.745 m3/s



m\wﬁ o1 - BA3TD WOTIRTARA 28BMag ATTwg pouustd -2 N.MDGH& .
(910" 1) Bay mois - junocwy 9oy 4 - moj4 abomag
(00:0L — 00:0L) 3NIL .

0L 6 8 L 9 S ¥ € T L O €2 TT T OZ 6L 81 LI 91 SL ¥L €L Zi Ll OL

1.1l L ) L] Ji. i 1.1 J L] 5.1 L LI 1L 11 L i | | 111 [ ir bl h-[»._rn-_r.mxu.__—rh L L G D S S . Oqo

170

0.

<0

¥'0

G0

g0

L0

&0

(Fo8s/¢CW) INNOWY MO

vl

(s/cuw | 310 junowo axbyui aboisap o))

NV 1d IAVINI JOVM3S



The average_tdtal intake amount of both intake points No.l and No.2
ghall exceed 1.2 m3/s that would enable the allowable minimum flow
valocity'of.o.e'mls in the inverted giphon section. If it is impos-
sible, this plan will not be viablé. (refer to FIGURE 7-16, inverted
siphon section D-E.)

4) The calculated desirable sewage flow is greater than the planned
future sewage flow at the intake points (No.l: 0.740 m3/s, No.2:
0.9223 m3/s). Thﬁs, alteration of sewer network and other appropriate
measures including those presented in Subsection 5.3.2 shall be taken
to secure desirable sewage flow at the intake points. On the other
hand, the minimum sewage flow (0.745 m3/s) exceeds the desirable
ninimum sewage flow (0.5 m3/¢ each). Therefore, minimum flow velocity

will exceed the allowable minimum flow velocity.

5} Structure of'éewage intake is of weir type. Thus, the height of weir
crest shall be set at a level that would enable diversion of the
maximum planned intake mamount. To decide the level and ﬁiametef of
the diversion pipe, various factors such as the height of crest, the
weir head at the time of maximum flow, the diameter and invert level

~of main gsewer, and the water depth in sewer shall be considered. The

Concept of the intake weir is shown in FIGURE 7-4.

xisting Sewer Intake Facility

Existing
Sewer

= 1.346m3/sec

Intake Pipe Crest

-

[ N Q'L = 1.170m3/sec

o a1 30
v G ’“—‘l; A

s DJ} — Q'1

Plan ' Section A-A'

FIGURE 7-4 Concept of Intake Weir



(2)

1

2)

3)

4)

3)

Phage II (Intake Point No. 3)

It is assumed that sewage flow will flucﬁﬁate in accordance with the
planned daily variation curve which is taken as the average of flow

curave based on actual measurements {refer to APPENDIX 15).

The minimum sewage flow shall, therefore, be at least at a level that
would enable a minimum allowable velocity of 0.8 m{s in the inverted
siphon sections. Total sewage flow amount shall also be at.leagt at
a level that would assure necessary intake amount. The planned;d&ily
variation curve for average intake amount of 2.0 m3{s ié'presénted'in

FIGURE 7-5.

The planned intake amount and desirable sewage f10w'at'the.intake
points to assure an average intake amount of 2.0 m3/s are summarized

as follows:

i) Planned Intake Amount Maximum: 2.061 m3/s
Average: 2.000 m3/s -

Minimum: 1.370 m3/s

ii) Planned Sewage Flow Maximum: 2.881 m3/s

| Average: 2.388 m3/[s

Minimum: 1.370 m3/s

The maximﬁm planned intake amount (2.061 m3/s) is less than'the
maximum flow capacity of transmission line (2,12 m3/s}. ‘Also the_
minimum sewage flow (1.370 m3/s) exceeds the desirable minimdm:SBQage
flow (2.0 m3/s x 0.8 m/s [/ 1.2 m/s = 1.33 m3ls); '

The structure of sewage intake is of weir type and des;gned under the
same concept as in Phase I facilities,  The Concept of the intake
weir is shown in FIGURE 7-6.



“ QL . Existing.Sewgr _ Exiéting Sewer
pxisting v
Sewer _
{overflow) . : I
Z I . Wetr Crest Ql_= 3.134m3/sec
A ‘]_% N ' f‘, 'l = 2,0m3/sec
" : ' N : J
Q" | %_ o] { o g Q. fﬂi
| D S s . 7 Al
! . ’ 1
al - Q'L = Q" : .lﬂ —
Plan . : Section A-A’

. FIGURE 7-6 Conce?t of Intake Weir
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