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- APPENDIX 24 SOIN YNVESTIGATION
?his3report is a digest of the Soil Investigation Report.
A24.1  Condition of Strata.

The soil inveetigatien was conducted at’ selected points along the-
'prcpoeed sewer’ plpeline and expected sewage treatment plant sites. Since
the expected depth of pipe instailetion and excavation for feundatien is
shallow, an excavation depth of 3 m for test pits was found sufficient.
Locetion of test pits ere-plopte&_in FIGURE A24-1 and boring logs of each
gest pit are shown in FIGUREs 424.2 and A24-3,

e Strata alcng the route for high elevation transmission line (100 m)
The route for the high elevation transmission line which aims to
reach 100 m’ elevation line in San Bartolo is divided into 4 major sections,

namely Surco-San Juan, Villa El Salvadcr. Lurin Rlver, and San Bartolo.

. sur o-San Juan Sectlon. Thls area is affected by floodlng and erosion

_.-._

of Rimec River and Surco River. The tcp5011 is underlaln by thin silty
sand then gravelly soil strata. Thege soil formatlons are Judged to be

seeimentery sandy 3011 strata originated from rivers.

villa ELESaivador Section: This areéa represehts the typical geclcgié

cal condition in Lima southern dlstxlct. Thie condition, the'ec called
terraced deposit was formed by several alternation of upheaval and submer«
_ gence, and flooding and ezoelon by rivers, The - top soil is underlain by
sandy soil stratum. These soil fcrmations are judged to be terraced sandy
soil strata elong coasts and rivers.

Lurin River Section: This area is strongly affected by - floodlng and

erceion of Lurin River, “The top so0il 15 underlain by thin silty soil then
_grevelly 3011 strata. These 5011 ‘formations are Judged to be sedimentary

qandy soll strata formed by rivers.

© San Bertclc Section- Thle area represents a typlcal geolcgical condi—
'ﬂ~t10n in Lima eouthern district., These strata was formed by wind erosion.
Gravelly soil stratum exist under top scil. It_is-gudged to be aeolian

depes;t sand dune.
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TABLE A24-1 STRATYGRAPHY (HIGH ELEVATION LIRE)

Ho.l6 No.17 Ho.l8 No.28 No.19 No.20 Ho. 21 Ho.22 No.38 No.39 Ho.40

'0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00

Topaoil | | ] | | | t |
0.50 0.30 0.80 0.60 9.50 0.20 1.10 0.40 0.30 0.50 0,10
Fine sand  0.50 0,30 - T 0,00 ou40 o TTTmTmmmmm e
with silt | [ | |
0.80 0.60 ) 1.60 0.45
0.80  o0.60  o.50 7~ ouas T
Fine eand H | i |
3.00 3.00 3.00 2.10
Fine sand  0.80  0.60 T 210 0.0 0.60 0.0
with gravel | | i i | |
3.00 3.00 3.00 3.00 3,00 3.00
0.20 1.60
Gravel ] |
3.00 3.00
Rock
‘Burco ... 8an Juan Villa Villa Villa. Lurin Lurin San San San San
Aren Fi El Ei Bartolo Bartolo Bartolo Bartolo
: Salvador Salvador S8alvador STP STP sTP

{2) Strata along the route for low elevation transmission line (50m)

The route for low elevation transmission line which aims to reach 50
m elevation line in San Bartolo is also divided into &4 major sections,

namely: Surco-San Juan, Villa El Salvador, Lurin River, and San Bartolo.

Surco-5an Juan Section: Sedimentary sandy soil strata formed by Rimac

River and Surco River.

Villa El Salvador Section: The geological condition in the ares

consists of terraced sandy soil strata along coasts and rivers. 1In the
area adjacent to the coést, gandy soil with silt stratum with particles of
salt and broken pieces of shell exist. This layer appears to be affected
by sea water. ﬁndéf'this layer, soil condition is'same as that of route

for high elevation line.

Luriﬁ River Section: Sandy soil stratum formed by river prevails in

the area. Bed rock is exposed near Pachacamac Ruins.

San Bartolo Section: Aeolian deposit sand dune.
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TABLE A24-2 STRATIGRAPHY (LOW ELEVATION LINE)

No.1 No.2  Ho.3 No.4 No.6  No.23  No.24  No.25  No.26 No.7 No.8 -

) . 0.00 .00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0,00 0.00
Top soil | | | | | i | | | . i
Q.40 1.55 0.50 0.50 0.60 0.90 1.10 1.00 - [0.70 0.30 1.00
Fine sand 0.40 0.50 G6.90 0.10 1,00 0.70 0.30 . 1,00
with silt | | | | J - o 1
.50 : "0.60 2,20 1.60 1.490 1.60 1.00 2.00
0.50 0.60 2.20 1.60 1.90. 1.60 1.00 2.00
Fine sand [ } | | | I | ’ |
3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Fine sand 0.50 1.55 0.60
with gravel | | i
© 0 3.00 3.00 3,00
Gravel
Rock
Surco  San Juan Saen Juan Villa Villa" San Juan San Jusn San Juan San Juan Cfoast  Coast
Area El El sT? STP 8TP STP of ‘of
Salvador Salvador Conchan Conchan
Ho.9 Ho.10 No.il No.12 NHe.l13 Ho.14 Ho.l5 . No.35 No.36 Ho.37 -
0.00 Q.00 0.00 0.00 0,900 0,00 0.00 0.00 4,00 . 0;00
Top soil | i i i | | i P | |
2.00 0.85 0.50 0.15 0.60 0.80 0.0 - 0,40 0.40 0.35
Fine pand 2.00 0.83 0.50 0.20 0.80
with siit | { i | |
2.50 1.80 1.40 2.80 3.00
2.50 1.80 1.40
Fine sand | | 1
3.00 3.00 3.00
Zine sand
with gravel
2.80 0.90 0.40 0,40 0.35
Gravel | | | !
3.00 3.00 3.60 . 3.00 3.00
0.15 '
Rock |
1,00
Coast Coast Coast Lurdn  Lurin Lurin Sﬁn San . San San
Araa of of of Bartolo Bartolo Bartole Bartolo
Conchan Conchan Conchan - STP - 8Tp- STP
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A24.2  Coefficient of Permeability

Coefficient of permeability was calculated based on the results of
grain s;zé anslysis. However, for the sample taken at the proposed'sité
for STP in San Juan, the permeability test on undisturbed sample was per-
formed in a laboratory to avoid adverse effects on the existing San Juan
STP.

Many methods are suggested for the estimation of coefficient of
permeability from grain size analysis result. In the Study, the average of
values obtained by the following two methods is adopted.

a) Hazen's formula
E = Q.Dloz
where: K : coefficient of permeability (cm/s)
C : constant (100-~150), adopted 150
Dig: 10 ¥ grain size, effective grain'size

b) Dzo and permeability by Creager

Creager reported the relation between 20 Z grain size (D2p) of grad-

ing curve and coefficient of permeability of soil as shown in TABLE A24-3.

TABLE A24-3 Dpo and Coefficient of Permeability by Creager

Dzp (mm) K (cmf/e) Soil Clasoification Dgg (mm) K (emfs) = Soll Classificavion

0.003 3.00 x 10-6  Clay : 0.18 6.85 x 10-3
------------------------------------------- 6.20 8.90 x 10-3 Fine sand

0.01 3.00 x 10-3 0.25 1.406 x 10-2

0.02 45,00 x 1076 e e s

6.03 8.50 x 10-5  Pne sfle 0.30 2.20 x 10-2

0.0% 1.75 x 30-4 0,35 3,20 x 10-2

0.05 2.80 x 10-4 0.40 4.50 x 10~2  Middle sand
..................... SO RUPURSRCYR | 1Y%} 5,80 x 16-2

0.06 4,60 x 10-% 0.50 7.80 x 10-2

0.07 6.50 x J0~& =+ mrmmmmmesmemeesmssessssescsosomesssswsessss

0.08 9,00 x 10~% - silc 0.60 1,10 % 10~1

0.09 1,40 x 10-3 : 0.70 1.60 x 10-1

0.10 1.75 x 1073 0,80 2,15 x 10~}  Coarse sand
et e s 12 s e ke e i 0,90 2.80 x 10-1

.1 2.60 x 10-3 1.00 3.60 x 10~1
SUN 3.80 x 10-3  Fine sand Rl b b ot e s e
ST 5,10 x 190~3 2.00 1.80 Pins gravel
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The above relation is expresséd by the following formula:

X = 0.359 D202.327
where: D20 : 20 X grain size (mm)

The coefficient of permeabilities obtained through the above two
methods and laboratory test are summarized Iin TABLEs A24-4 and A24-5,

'TABLE A24-4 Coefficlent of Permeability (High Elevation Line)

Aresn Soil Depth Coafficient of Permeabiliuy

Clagsification {m) {aveorage) {cmfa)
Suxco-San Juan Fine zand with gravel 1.50 « 2.00 6.9 x 10 =3
Wie m) Savedor | Tina med | ddo-2s0  texio2
burin Rlver Gt 2o - 230 | rexw0
fan Dezeelo Pne ssnd Thes | damwes
Fine sand with gravel 2,60 - 2,8% 1.2 x 10 -2
San Bovvoto STE | Bime sand with gewvel 130 - 2,60  1sw10-1

TABLE A24-5 Coefficient of Permeability (Low Eleéation Line)

Area " Soil Pepth Coefficient of Permeability
Clagsification {m) (average) {cmfs)
Surco-San Juan Fine sand with gilt 0,45 9.7 x 10-1
Fine sand with gravel  1.00 - 3.00 2.5 x 10~2
villa EL Salvador Fine sand with silt 0.65 9.4 x 10-3
Fina sand 0.80 ~ 2.30 1.1 x 16-2
Along Pine sand with silt 1.00 - 2,25 2.0 x 10-2
Coast Pine sand 2.00 7.8 x 10-3
Lurin River Pine sand with silt 1.65 ~ 2.25 7.9 x 10-3
San Bartolo Gravel, 1.55% 2,5 x lo-i
San Juan STP Fina sand with silt ©1.50 1.3 x 1073 (max. in labo. test)
Fine sand 1,70 - 2,50 7.9 x 1073 :
San Bartolo STP Fine sand with gravel 1.35 - 2.60 1.4 x 100
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A24.3 Mechanical Properties

Direct shear tests on undisturbed samples taken from several places

were conducted in order to determine the mechanical properties of the
different soil formations encountered.

The results are presented in TABLE A24-6.

TABLE A24-6  Mechanical Properties

Aras Test Soil Classifientien Dapth  Internal Friction  Cohesion
Pie ‘ {m) Angle (degroe) (kgfeul}
gurcc-Ssn Juan {o.17 Fine sand with gravel 2.70 30.9 ' 0.00
O Nouls  Fine sand wich etie 170 s o
Son dum ST Nouz5  Fina smnd wieh aile 165 o 000
Vil B1 Salvador - Mo.30  Fiue swd 0 ws oo -
Conat Mot Bine samd soil 200 ws oo

Compaction test on samples taken at proposed site for San Juan 35TP

was conducted For expecting earth works. The results are as follows:

TABLE A24-7 Compaction Test

Samplae Soil Depth  Matural IMeximus Optimum d max x 93% -Hoisture
Yo, Classification (=) Moisture dry dens- Holsture Content at
Content ity d max Content d max x 951
.1  Fine sand with silt 1.00 1 -3 2 1.75¢/wd 123 1.663 tfm3 g - 16 %
Ho.2 Fine sand with silt 1.00 1 -3% 1.76 11 3% 1.672 & - 14 %
Ho.3 Pine sand with silt 1.06 1 -31% 1,76 12 2 1.682 9 -15 %

Based on the results of test, maximum dry density of fine sand with
silt at San Juan STP is:

d mex = 1.75 ~ 1.77 t/m3

AZ4—9



and optimum water content is 11 ~ 12 2
At the time of construction, soil density is desirable to be managed

within 95 Z of maximum dry density. The water content at that time is also
presented in TABLE A24-7.

A24 .4  Chemical Properties

The soil at the coastal ares of Villa El Salvador contains salt
particles. Chemical test on soil was performed for several samples as

shown in TABLE A24-8.

TABLE AZ24-8 Results of Chemical Test.

Flactiie " Coneentration

Tast  Depth Soil pH Conductivicty €L~ 804~ of Soluble €03 Ca Gjrpaum
Pit {m) Classification i whosfem  ppm  ppnm  Salinity pp2 % %
C-7 1.10 Fine sand 7.6 3.15 868,.8 547.5 2,208
c-9 2.00 - 2,50 Fine sand 7.8 1.33 443,3 297.8 1,006

with silt:
c-30  0.50 “Top soil 7.4 4.32 709.2 1,742.0 3,210
C=-32 0.30 Top soil 7.3 29.88 13,120.2 2,761.2 27,940 1.66 67.08

Chemical test on groundwater was also conducted for samples at point

No. 7 as shown in TABLE A24-9.

TABLE A24-9 Groundwater Chemical.Test

Test Pit Depth (m) pH 25°C Cl- (mg/l) 804~ (mgfl)

P-7 1.00 7.79 3,800 3,210

Based on the results of chemical test, conCentratiéns af chlofide ion
and sulfate ion are high in both the groundwater and the soil in some

places.

The design of the structure shall be,-fhétefdre. be developed in

consideration of these facts,

A24—10



A24.5 Electrical Properties

In San Juan area, a leakage accldent occurred near an electric sub-
gtation. An investigation on the presence of stray current conducted near

the place where the accident occurred, ylelded the following results,

Resuit of Investigatiqn

The measurement points were:
Point 1 : High tensicn transformer station
Point 1A: At a distance of 20 m from the station
Point 1B: At a distance of 15 m from the station
Point 1G: At a distance of 1 km from the station

Point 2 : High tension lines
Point 2A: At 30 m from two high tension pylons
Point 2B: Zone where then is no current source

Point 2C: At 1 km from point 2B

Potential Gradients

‘Potential results and its stabilization are shown in

TABLE AZ4-10.

TABLE A24-~10 POTENTIAL GRADIENT MEASUREMENTS

MEASUREMENT POTENTIAL ROUND THE CIRCUMFERENCE (mV/m}

POINT

0° 90° 180° 270°
1A 6.3 15.2 1.5 4.8
1B 11.6 1.3 5.0 2.2
e 3.5 4.6 14.5 17.5
ZA' 11.5 20.0 26.5 13.0
2B 8.5 A 4.5 13.5
26 -4.,5 10:5 0.2 6.3
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Measurements using metal samples

Current intensity.résults as measured aftér two hours
from the sample installation, from points with and without a

probable source of stray current are shown in TABLE AZ24-11.,

TABLE A24.11 Current Intensity Measurements

Measurement Point Current Intensity (pa)

1B 0402
(at high'tension source)
28 . .. 0,01

From potential gradient measurements (given . in TABLE AZ4-
10) and taking as reference point 2B which is considered as
having no influence of erratic current: sources, it was observed
that values in the probable stray current points have an equal
variation range. TFrom this it can be concluded that there is no
significant potential gradient which can proﬁe the'presencé of

stray current.

From the current intensity measurements (TABLE A24-11),
it can be noticed that the detected levels cannot be considered

because of a stray current source.

DC sources are the most dangerous in terms of metal
structures corrosion.. High_ténsion AC systems produce not only

the stray-current leakages but their prolongation. -

In almost all erratic curreﬁt cases, the damage is 6au9ed
by DC current sources, - On the othef'hand, SCienﬁiﬁic informa-
tion have shown that the corrbsion of sdme bﬁried_metai_struC—
tures can be caused by AC sources at 50 Hz. In these cases,

corrosion is less severe than that caused by DC sources, Ace”
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cording to scientific reports damages caused by AC sources at 50
Hz is only around 1 2 of that caused by DG sources.

In this investigation, presence of DC current was found

but current is very small., Thus, it can be judged that there is

no possibility of electric corrosion.
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APPENDIX 25  STUDY ON STABILITY OF SLOPE IN §.T.P.

Ponds’ and Lagoons to be constructed for the §.7.P. will be enclosed

bY embankments. The study on stability of slopes of embankments is. dis-
cussed in this gsection,

sites proposed. for the $.T.P. are as follows (refer to FIGURE A25-1):

a) Mﬂchanizatinn of the exlsting San Juan §.T.P.
b) San Juan

¢) . Villa Bl Salvador

d) Villa Rica

e) &'f) San. Bartolo

g) " Cerro La Chira.

'Among the abave proposed sites, three sites are not subject to fur-

ther study due to the following reasons:

for a) Facilitiles are existing

for d) Sité is hard to acquire
for gyl R.C. structure instead of earth embankment is_expected

because of introduction of high grade treatment process
5Thérefofe,_oﬁly sites b), c¢) and'e) & f) are considered in the study.
(1) Soil Condition

~ The regults of soil investigation gtithe sites through test pitting
at four points per site are as follows (for details refer to APPENDIX 24):

“a) . San Juan (Inv. ?t.-ﬂo.ZB} 24, 25, and 26. refer to
| FIGUREs A25-2 and A25-3)

- Classification  : SPISM

. Grain size .t #200 sieve. 107 passed
- _.‘Result of Direct Shearing Test : '
. ' Internal Friction Angle 30°
cohesion 0.09kg/cm2

A25—1



b) Villa El Salvador (Inv: Pt. No.27, 28, 29, and 30. refer
to FIGUREs A25-4 and A25-5) -

- Classification. : " SPISM

- Grain Size #200 sieve, 5% passed

- Result of Direct Shearing Test :
' Internal Friction Angle 44.3°
Cohesion . 0.09kg/cm2

Therefore, the soil condition at San Juan and Vilia El Salvador

is assumed for plannxng and designing as follows:

Internal Friction Angle : 30°
0.05kg/cm2
SP/SM

we

- Cohesion

- Classification

-

c) San Bartolo (Inv..Pt.'No. 35, 36, 37, 38, 39, 40, refer
to FIGURE A25-6)

- GClassification: SP-GP-GW

- Grain Size : $200 sieve, 0-27 passed

- Internal Friction Angle : '
Suppcsed to be 35-40°. No problem on
'sliding fallure of planned ssctlon.

- Permeability : Supposed to be very high

Planned Section of Embankment

Typical section of embankment is planned in consideration of

the existing San Juan §.T.P., and shape'and size of each site are as-

follows:

a) In case of stabilization Pond System (hereinafter re-
ferred to as Pund} '
- Water Depth 1. Sm (refer to FIGURE A235-7)



b)

In case of Aerated Lagoon (hereinafter referred to as
Lagoon)

- Water Depth 3.0m (refer to FIGURE A25-8)

In the plans for San Juan and Viila El Salvador, both cases are
studied, and for San Bartolo, only case D) ig studied.

(33 Embankment

a)

b)

Structure

- The portion below the planned water level 1s con-
structed by excavation and the 60cm high free board
is constructed by banking. Surface of slope near
the water level line 1s protected by a 1 m wide

concrete liniﬁg.

- Lining will not be provided excépt for the bottom
of reservoir and slope of embankment (refer to
existing San Juan S.T.P.).

Stability

For the study on the stability of an embankment slope,

calculation by the circular arc method was appliesd.

Assumed soil conditions are as follows:

Internal Friction Angle : 30°

Cohesion : 0.5 ton/m2

Unit Weight : 1,68 ton/m3

Seismic Coefficient : 0.1

Phreatic line :_aséuming a séepage point

at middle of planned
water depth in lower
pond.

(safety side assumption)

A25-3-



<) Phreatic Line

In case an earth dam condition is assumed.

Since the seepage will reach the slope, slope pro-

tection is regquired.

In case the seepage of free groundwater'into the

ground is expected.

In case of San Juan and Villa El Salvador, ground
water level is so'deep that the seepage will not

reach the surface of the embankment slope.

In case of existing San Juan 5.T.P., failure of

slope had not occurred because of this reason.

In this Project, seepage is not expected to reach

the surface of the embankment slope.

d) The results of calculations are as follows {refer to

FIGUREs A25-¢2 to A25-11):

Sewage Treatment Water 81liding Circle Safety Remarks

Plant Depth Center Radius - Factor
(X) () (R) '
San Juan " FIG.A25-9

Pond l.5m 3.0 9.0 10.0 1.84

Aerated Lagoon 3.0m 3.0 12.0 13.29 1.77

Villa El Salvador :

Pond 1.5m L o _ FIG.AZ5-10
A=A 3.0 12.0° 12.8 1.53 '
B~B : 3.0 9.0 9.5 1.76

Aerated Lagoon 3.0m FIG.A25-11
A4 3.0 15.6 15,37 1.46 :
B-B 3.0 12.0 12,57 1.62
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e) Conclusion

- In ahy case, the safety factor exceeds 1.4. There~
fore, the embankment is safe even in case of ‘an
earthquake.

- A1l of the embankments were assumed to be con-
structed by excavation. '

- In case the embankment is constructed by banking,
soil compaction work shall be done carefully with

close attention given to grain size, water content,
eta.
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‘APPENDIX 26

" PLAN OF SEWAGE TREATMENT PLANT IN -

© PROPOSED SITE: "CERRO DELA CHIRA"






APPENDIX 26 PLAN OF SEWAGE TREATMENT PLANT IN PROPOSED SITE:

(1}

Surco

(2)

(3)

"CERRO DE LA CHIRAM
AVa;lable Area

This proposed site is adjacent to the discharge point of Colector
and is owned by SEDAPAL. Available area is around 20 ha.

Design Criteria _ _
- Design Flow : Q = 2.5 m3/s = 216,000 m3/day

-~ Influent Water Quality
Influent BOD5 : 250 mg/l
Influent 88§ : 250 mg/l

- Treatéd.Water Quality

Because the treated water is discharged to the ses, effluent

water quality is required to be at laeast over Level 3.

Effluent BOD5 : under 35 mg/l
F-Coliform : under 1,000 MPN/100ml:

Treatment Method

Treatment method in this site must be able to cope with the
sewage flow of 2.5 m3/s within a'limited_plant_area. In the three
treatment methods selected in APPEﬁDIX 19,_on1y_0xidatioh bitch
System meets this condition, but mechanical dewatering facility will

have to be emplojed because of the constraint in land area.

In case of Oxldation Ditch System, estimated treated water
quality will be:
~ BOD5e20 mg/l

S5 =30 mg/l

"A26—1



{4) Flow Diagram

Inlet

\

Screen & Grit Chamber

v |

Oxidation Ditch % Return Sludge Pump .

Y
{ . |
Sedimentation Tank '““J/////ﬁﬁggss_ﬁludgg_Pumn_q._.

I , .
i
-Lnn-—{z:5;~—3—51udge Thlcknlng Tank

' _ 1 Thlckend Sludge Pump
Chlorination Tank ' (:)*’ _
Sludgé Dewatering
Facility
\] i
Outlet : ) v

Sludge Cake’
FIGURE A26-1 Flow Diagram of Oxidation Ditch System

(5} Design Calculation

Design calculation is based on the design criteria in

APPENDIX 18.

a, Oxidation Ditch
Type : Clrculatlng Channel
Volume : Vo = (216,000 x 250)/(4,000 % 0. 05) = 270, 000 m3

Detention Time : t* = 270, 000!216 000 x 24 = 30 hours
BOD Volumetric Load

~ (216,000 x 250 x 10- 3y/270, ooo = 0.2 kglm3lday
Depth t Do = 2.5m
Water Surface Area : Ao = 2?0,000/2.5 = 108,000 m?

A26—2



Whtér Surface Area @ Ao = 270,000f2.5 = 108,000 m2
Dimension : W 7.0mx L 322 mx D 2.5 m x 48 basins
 oxygen Requirement : Ro = 216,000 x 250 x 10-3 x 2.0 x 1.3
L = 140,400 kg~02/day |
Powex Requiremént + P o= 140,400 x 1{26 x 1/2.0 = 2,925 k¥
-Aerator t 30 kW x 144 sets

b. Sedimentation Tank

Type : Circular Tank _

Water Surface Area : As = 216,000 x 1/15 = 14,400 m2
- Depth : Ds = 3,0 m

Volume $ Vs = 14,400 x 3 = 43,200 m3

Detention Time : t* = 43,200/216,000 x 24 = 4.8 hours

Dimension : ¢ 28.0 m x D 3.0 m x 24 basins
c. Thickening Tank

'-_ Excess Sludge : .
Ds = 216,000 x (250 -30) x 103 = 47,520 kg-Ds/day
Vs = 47,520/(100 - 99.2) x 100 = 5,940 m3/day
Dry Solid Surface Area Load : Dl = 40 kg-Ds/m2/day
Water Surface Area : At = 47,520/40 = 1,188 m2
Depth : Dt =4.0m
Volume = : Vt = 1,188 x 4.0 = 4,752 m3
Detention Time : t® = 4,752/5,940 x 24 = 18.2 hours
Dimension : ¢ 13.8 m x D 4.0 m x 8 basins
Thichened Sludge : Vs = 47,520/(100 - 97) = 1,584 m3/day

d,  Dewatering Equipment
Working Period : 7 hours/day
Required Capacity : C = 1,584/7 = 226 m3/hr
Dewatering Equipment : 30 m3/hr x 8 sets

(6) Afrangement_Plan

'Arrangement plan for Oxidation Ditch System in proposed site is

A26—3



shown 1n FIGURE AZ6-2.
(7) Construction Cost

Construction cost is estimated at around US$179,600;000.
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N *‘r*mrmmﬂ_ ._.Oxidation Ditch

TWT.0m % L32%m 2D 25 48basin

Sedimentat1on Tanlk 25
) ‘ _ / $GOF“ f_rﬁ m x D 3.0m 31 basin K
L 3/' ' i i %
= — C ) |
(— 3 (- )
% ) = =)
(S -) ) (— D,
. _(_ ) (G & J
1 S % (Q . 3 |
c = e =
| = = K¢ %
(-~ 9 : f : (= . J
S gy =
(= = <c Y | e
(: -) J <( — DR
= BOE ik
| % %f\_f\ = =
(= ) >< >< (- 3 }
1 = ) N\ NS

; E ; .
Thickning Tank. . 1 |7 | % |

. |Grit Chamber &
¢ 13.8m x D 4.0m x 8basins : Administration
Building _
' A
Sludge Treatment
Building
S = 1/3,000 _250m
o _ A |
Inlet Outlet

.FIGURE A26~2 Layout_Plén for Oxidation Ditch System in Proposed

site "Cerro de la Chira®
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APPERDIX 27  EXISTING SEWAGE REUSE PROJECT

'_Large—seale reuse of sewage for irrigaﬁion is seen in many of the
drier afeas in South.America; whefe water supply is scarce. There are
about 40 sewage reuse projects in progress in desert areas of Peru as shown
in TABLE A27-1.

Irrigation water for these sewage reuse projects is obtained from the
treated sewage of the stab;lization ponds mainly or dlrectly from domestic

sewage and industrial wastewater,
&) Areas Irrigated with Sewage

In all of Peru there are’ approximately 6 000 hectares of land irrigat-
ed with wasteweter._ In Metropolltan Lima, there are around 220 hectares
irrigated with water from the stabilization ponds. and about 4,500 hectares
irrigated directly by untreated sewage and industrial wastewater.

b) . Uses:

The sawcalled reuse of sewage for 1rrigat10n is applled in the follow-

ing areas:

Forestry: ~Creation of a green belt.around the city
' | -~In the recreational parks

-For forestation of the landfills

'Agricultufe: -Vegetables, tress, fruit trees
. -Forage '

-Flower plant cultivation
On the other hand, CEPIS is engaged in an’ aquiculture project involv-

ing the tilapia end shrimp species using treated water from the San Juan
Stabllization Pond..

A27—1



TABLE A27-1

EXISTING SEWAGE TREATMENT PLANTS IN PERU

- San Martin de Porres, Colector Comas

Location Flow Area 1/ Treatment Provided
(Ips)  (ha) 3
1. Ayacucho 60 -  Imhoff tanks + Fac. ponds
2. Tacna 150 200 Aerated ponds + Fac. ponds
3. Piura 110 - - Ponds
4. Tca 270 300 Facultatilve ponds
5. Nazca 20 -  Facultative ponds
6. Huaral 50 -  PFacultative ponds
7. Puente Piedra 37 - Aerated ponds 2/
8. Monsefu 15 -~  Ponds
9., Viru 5 -  Facultative
10. Chocope 6 - Aerated ponds
11. Mogquegua 30 - Facultative ponds
12. Lurin - -~ Imhoff tank
13. Olmos - -  Imhoff tank
14. Ban Pedro de lajas - - Imhoff tank
15, Chiquian - - Imhoff tank
16. Buenos Aires - -  Facultative ponds
17. Arequipa 1,160 3/ = .  Percolating filters
18. Ventanilla - 195 Facultative ponds
19. Cafiete : - - Raw for vegetables
20. Sullana - -  Facultative ponds
21. Paita - - 'Pacultative ponds
22. Cajamarca : - -  Facultative ponds
23. Chincha - - Facultative ponds
24. Chepen - -  Facultative ponds
253. Huanta - - Percolating filters
26. Juliaca - -  Facultative ponds
27. Lambayeque - -  Facultative ponds
28. Parcona - 75 Facultative ponds
29. Lima :
~ San Juan 200 1,600 Raw for silviculture
- San Juan 160 220 Facultative ponds
- V.El Salvador 1,000 -~  Raw for vegetables
- Callao, Colector No.6
1,000 1,000 Raw for vegetables 2/

vegetables 2/

940 1,750 Raw for
- San Miguel, Colector Palomino
10 40 . Raw for vegetables

1/ Indicates sewage reuse area.

2/ Including industrial wastes

3/ 1,160 lps is total flow gensrated by city.
is only 330 lps. _

Reuss of Waste Water at the San Juan Stabilization

Ponds, CEPIS, 1984.

Note:

Inflow of STP

Source:
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c) Irrigation Systems

There are three'typea of irrigation systems: flooding; sprinkling and
dripping. In Peru, flooding by ridgé is used as it does not require any
pipeline facility to:convey the water.

d) Problems on Séwage Irrigation

The use of sewage for irrigation is advantageous since it makes up for
the deficit in irrigation water from other sources snd it enriches the
soil., = At the same time, the practice are also presents the following prob-

lems:s

m F1uctuation of demand: There is not much variation in the sewage fio&
during the year, but there exists an appreciable difference in demand for
Iirrigatién acéording to the season of the year. 1In the summer, the demand
for irrigation water is genefally four times that of the demand during
winter. Measures to offset the imbalance between demand and sewage flow

should therefore be taken accordingly.

- Chemical composition: It is likely that some components, like nitrogen,
occuring in high levels of concentration may have negative effects on the

plants*® growth.

- Risk of contamination: It is highly likely that it can become a focus of
infection for water-borne diseases including pathogens and parasites,
especially, if raw sewage is used. It is cdnfirmed that the inhabitants of
San Juan eiperimentsl area experience a higher percentage of infection by
enteric parasites than in other aress, probably because crops in the former

are irrigated by untreated sewage.
e) Guideline for the Reuse of Sewage

TABLE A27-2 gives a general guideline for the reuse of sewage for

irrigation in Péru, taking into account the risk of contamination,
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TABLE A27-2 GUIDELINE FOR THE REUSE OF SEWAGE IN AGRICULTURE IN PERU

Ttems ' Guideline

Orchards and vineyards Untreated, pfo#ided not less than
20 days had elapsed between last
watering and harvest.

Fodder fibre crops and seed As for orchards and vineyards for

crops crops for industrial use such as
cotton, maize, sugar cane; sec-
ondary effluent for fodder crops
but no grazing permitted.

Crops for human consumption Primary effluent, as a minimum
that will ‘be processed to treatment. Irrigation up to 20
kill pathogens days before harvesting only.

Crops for human consumption  Fruit or vegetables grown on sho-
rt-stemmed or creeping plants,
and which are eaten raw, shall
not be watered with either treat-
ed or untreasted sewage.

Local water application Approx. 1 1/sfha
rates.

SOURCES : Lay Generalde Aguas (Decreate Ley No. 17752),
Government of Peru

f) Experimental Project on the Reuse of Sewage in Villa El salvador.

At present, a large-scale experimental project on the reuse of sewégé
for irrigation is being undertaken mainly by the "Ministerio de Agricultu-

ra" in Villa El Salvador in the southern part of Metropolitan Lima.

Irrigation water is obtained from the treated water of existing San
Juan Stabilization ponds and other Ponds under consﬁruction_in "Parque

Zonal No.26" (a4 few ponds are already in operation.)
Local water application rates : 0.8-1.0 1/s/ha

Total treated water quantity for irrigation : approx. 0.5 m3/s

Total irfigation area ~: ‘approx. 450 ha’
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APPENDIX 28

. DRAWINGS OF PRELIMINARY DESIGN






' APPENDIX 28  DRAWINGS OF PRELIMINARY DESIGN

- ',folio'w-ring drawings were”pr:_epared in preliminary design for cost

~estimates, .
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