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APPENDIXK 9  AVAILABLE ADDITIONAL SEWAGE
1. Colectors Vitarte and No.2l

: Additional sewage through a new interceptor mentioned in Suhsection
C 5.32 is obtained from the Golectors vitarte and No.21 which is located
' upstream of Golector Surco {refer to FIGURE A9 1) Avallable sewage quan-
tity is estimated as £ollows: ' - ;

Dbmespié-séwége

Distfict N 'GOVERED POPULATION

. C . Dbis.M o bfs.L . _Ip

- ATE . (801) o 37,760 57,150 . 7,140

- EL_AGUSTINO (20%) 3,630 21,510 . 2,790
. TOTAL 41,390 78,660 9,930
URIT. Q(lpcd) S210 0. - 180 . 1110
Q'ty (m3isec) 0. wr 0. 164 0.013

"U]Total Domestic Sewage Quantity :_0,273;m3lseé
Industrial Wastewater ' _
30 % of Colector Surco 0.264 x 0.3 = 0.079 mﬁfSQc
Other Wastew&ter |

Same rat;o as total of domest;c and 1ndustrial
Q'ty of Vitarte & 21 (D+I) /[ Q'ty of Surco (D+I) -
. = {0.278 + 0. 0:9) i (1 932 + 0.264)

= 0,163 .
then, 0.172. x 0 163 0.0283Isec

therefore, Total Available Sewage Quant;ty is:
: 0.278 + 0.079 * 0 028 = 0.385 m3[Sec

| 2. Emisor Genéral Vilié;El Salvador
- fThé'sewage'flow £fqﬁ ¥ills El Salvador LS'éstimated as follows:

. D;S H '8'380 x 210 lpcd 0.020 m3/sec
C DfS.L 335,200 x 180 lped 0.698 m3/sec
,.. ID_ 75,420 x. 110 lped = 0,096 m3fsec -
S - - TOTAL .. .0.814 m3/sec:
: 0. 814 X 0 5 = 0. 407 m3lsec

TR

Therefore,'around 0.4 m3fsec is'estimgted té bé évailahle'fpr the

Phase I project._
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APPENDIX 10

'WATER QUALITY STANDARDS AND GUIDELINES






 APPENDIX 10 WATER QUALITY STANDARDS AND GUIDELINES
A10.1 General

Water pollution control standards in Peru are set according to the
_classifioation of water ‘bodies by their uses.. The control of the quality
of_industrial-wastewater discharged into sewers is also included in these

standards,

A10.2 - Fovironmental Water Quality'Standords.

_ The_Ley.Geﬁeral de . Aguas (General Law of Water, Decreto Ley No.
17752) classified the various water bodies by their general uses. The law
wag amendéd'on Februaryrli 1983 through Decreto Supremo No. 007-83-SA
which contains the following provisions.

L | [y . 1 » .

Article 81,

The effects'of:ﬁpplioatioo of the present'regulation the quality of

_Peru s water bodies in general be they inland or marine are classif;ed

according to their uses in the following manner:

_I. Water for domestic supply, simply disinfected

IX. Whter'fof'domeeﬁio'ouppiy, treated ééuivalent to combined processes
of mixture and coagulation, sedimentation, flltratlon, and thorina~

'_tlon, approVEd by the Ministry of Health

iII.: Water for irrigation of vegetables to be eaten raw and for watering
 animals .

IV, Water for recreational area of primary contact (Baths and the like).
V. W&;er for fishing zones for bivalves.

VI.. Whter for zones to preaerve aquatic fauna and recreational or commer-
: cial fishing

A10—1



I. BACTERIOLOGICAL LIMITS

(Maximum value of 80Z of 5 or more monthly samples)

Values in MPN/100ml.

USES
I 1T 1I1 v v VI

Total : _ _

Coliforms 8.8 20,000 5,000 5,000 1,000 20,000

Fecal o ' _
Goliforms 0 4,000 1,000 1,000 200 4,000

II. LIMITS OF BIOCHEMICAL OXYGEN DEMAND (BOD at 5 days, 20°C) AND
DISSOLVED OXYGEN (DO)

Values in mg/l.

_ USES
I 11 111 v v VI
BOD 5 5 15 10 10 20

DO 3 3 3 3 5 . 4

Alg—2
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ITI. LIMITS OF THE PHYSICAL-CHEMICAL PARAMETERS WHICH INCLUDE POTENTIALLY
DANGEROUS SUBSTANCES

Valuaa in mg/l,

USES
Parometer i 11 111 v v V1
Alusinua - - - 1y 1(b) -
Arsenle 0.1 6.1 0.2 1 8.01 0.05
‘Barium. 0.1(b} - 0.1(b) - 0.5 0.5(b) -
Cadmium 0.01 0.01 0.05 - 0.0002 0,004
Cyanida {(CN) 6.2 - . 0.2 C{e) - 0.005 0.005
Cobalt - - 0.20(d) 0.2 0.2(b) -
Copper 1 1 0.5 3 0.01 LC50x0.1
Color {unit)(b) © 10 . 20 30 30 -
_ 5 5(d) _
Héxav. Chromfum ~ 0.05 0.050 1 "5 0.050 0.050
Bthyless Beters ~ 0.0003 . 0.0003 0.0003 - 0.0003  0.0003
Phanols 0.0005 0.001 (e) - - 0.001 0.1
Iron 0.03(b}  0.03(b)  0.001(b) - . -
Fiworide . ©1.5(b) E.5(B) 2.0(b) - -
Lithium - - 5(a) 5.0 5.0(b) -
Magnesiua - - 150(b) - - -
: - - ~{d) - . . -
HMsnganese , 0.010(b}  0.010(b)  0.050 - - -
- - ~{d) “ - -
Mereury 0.002 0.002 0.01 - 0.0001 0.0002
Nitrates 0.01{a) 0.01{a) 0.1¢a) - - - :
. - - 0.01(d) - - -
Nickel 0.602 0.002 (e} 0.5 0.002 LC50x0.02
pH (b} 5-9 5.9 5-9 5-9 5-9 - 5-9
6-9(d) 6-9{d) 6-9(d) 6-8.5(d) 6-8.5(d) -
Sitver 9.05(b)  0.05(b)  0.05(b) - . -
- ©=td) - - - -
Laad - 0.05 0.05 0.1 - ©0.0b . 0.03
P.C.B. © 0001 0.001 {c) - 0,002 0.002
Seleniun 0.01 0.0} 0,05 0.05 0.005 - 0.01
0.05(d)
Floating Solids 0.00(b)  ©0.00(b)  0.00(b)  invisible  moderste '
Sulfares : - - 400(b} - - -
_ -{d) :
Sulfurs 0.001 0.002 (e) - 0.002 0.002
Zine 5 5 25 - 0.02 1.050x0.02
OBSERVATIONS: _ .
(a) . There eeems to be an error in the unit applied 4in the samendmont to
o ‘the law, Value should be multipiied by 1000. ' :
(k) iaformetion obtained from _ the . Direecion Teenica de Salud. Aubilental
" {Tachaical Department of Enviroumental ~Health) of the Minlatry of
Hoalth. _ '
- {e) . . 1f presenca of pnrnﬁars is auspecta&, apply the values in column V.
T {d) 1£f the dﬁmping ig into ser water. The values come from (b).
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Pesticides -~ In each use, the limit will be the water quallty criteria
established by the Environmental Protection Agency of the United States of

America.

IV. LIMITS OF POTENTIALLY HARMFUL SUBSTANCES OR PARAMETERS

USES

Parameter I and IT 'IIX 1v
- Material extractable in .

Hexane 1.5 0.5 0.2
- Active substances of

blue Methylene 0.0 1.0 0.5
- Extraction of active _

Carbon column by alcohol 1.5 50 = 5.0
- Extraction of active

Carbon column by Chleroform 0.3 1.0 1.0

A10.3  Effluent Standard
On November 29, 1960 the Industria% Discharge Regulation was“approved
through D.S5,28/60 which set the permissiblé_limits for domestic sewage

discharged to a public sewer system and bgsically'states:

All industrial wastewater which enters the public sewer network must

comply without exception with the following standards:

Al0-—~4



a)

b)

c)

4)

ei

£)

g)

Temperature must not exceed 35°C,
Vﬁpors'must be condensed to enter the drainage.

Liquid grease that enter the sewer must have a concentration less
than 0.1 g/l. in weight.

Flammable substances that enter the drain must have an ignition point

higher than 90°C and a concentration less than 1 gfl.

The pH must be between 5 and 8.5. Industries that evacuate mineral

acids or strongly alkaline substances must have tanks with sufficient

capacity where they are neutralized.
The BOD (Biological Oxygen Demand) may not exceed 1,000 ppm.

Sedimentable solids must have a concentration higher than 8.5 ml/l/hour.

Al0O—5












mmwn_:_[x il  COMPARTSON AND. EvALUm"mN OF THE PROPOSED SITE

The following 6 sites were judged as possible location of treatment

lant for this onject based on a fleld survey and in consideration of the

various plans for land use and the Project’s alternative sewer pipe routes.

a)

b)

d)“

d)

e & £y

g}

Existiﬁg:upper battery ponds in the San Juan Stabilizatien Pond

'(falls under the jurisdiction of the Mlnlsterio de Vivienda y

Construcclon, Ecology Department )

"Sbuthéfn Zone of'San Juan Stébllization Pond (£alls under the

jurisdiction of the Ministerio de Vivienda y Construccion,

' Ecology Department)

" villa El salvador - Parque Zonal No. 26 (£alls under the juris- .

diction of the Ministerio de vivienda y Construccion, Ecology
Department) ' '

Villa Rica (belongs to an'agricultural production cooperative)

Pampas de San Bartolo (falls under the Jurisdiction of the

'Mlnisterlo de Vlvienda ¥ Construccion)

Cello de Ch;llon at the ‘south of the outfall of the Colector
Suxco (belongs to SEDAPAL) .

Topographical plansg  of these prospective treatment plant sites are .

3hown in FIGURES. All-1 through All.5. TABLEs All-1 and All-2 gives the de-

scriptions, possibillties for adoptlon, and relative sultablllty of each of

the sites.

Aé"one'of the PurpOSes of £hisf?roject'is to utilize sewage for

'-irrigation of cultlvated fields in the future, proposal (g) was not taken

”into account in the study

Ati-—-1
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APPENDIX 12 COMPARISON BETWEEN OPEN CHANNEL AND
-  TINVERTED SIPHON -~

The transﬁissiOn line that will cross the Lurin river can be'planned

to pass through_ﬁhe‘folibwing two routes: .
1) A sﬁraigﬁtriine with an inverted siphon structure.

- 2) A cirpuitdus line along the mounﬁain'foot-folldwing'the Elesva-

‘tio 100 W contour with an dpen channel structure.

Since all of “the alternative plans involve transmission lines tra-
3 versing the Lurin river, a comparison of both routes ‘was executed on the

two alternative lines of plan Ey . (refer to FIGURES A12 1 and Al2- 2}
Thé'examination was con&dctedrbh'the aspécts of workability, -influ-
: ence on environment, operatlon &nd main enance, and construction cost -

(rEfer to TABLE Al2- 1)

As a.result of comparison, routes with inverted siphon structure were

judged as superior,

CA12-1
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APPENDIX 13  POSSIDLE TREATMENT CAPACITY IN SAN JUAN STP
: WITH RECONSTRUCTION .
- In case of adoption for Anaerobs.c Stablllzatmon Pond -

"A13.1 Basic Concept for Reconstruction

1) Treatment method of -PFSP- STSP System of existing nonds shall be changed
to _ASP PFSP-SFSP System in order to increase treatment capacmty

Ekistiﬁg=Flnw Diagram

( Upper )

- —{prse > SESP |
"f?f[i" (‘Lower ) e

- DFSP

‘é SFSP

o _Mgdified Flow Diagram

( Upper:); o |
ASP > [pFsp > |sFsP
—n ( Lowsr ) ) e
ASP —>|PESP >|SFSP

-Remarks: ASP- Anaeroblc Stabilization Pond o
PFSP-Primary Facultative Stabilization Pond
SFSP Secondary Facultative Stabllization Pond -

2) Effectlve water depth in some Prima:y Ponds shall be modlfied by excava-
' tion from 1.3 m to 3.0 m. '

“Aerator

| ot

o

“\ WL /‘ —
= e
51 _ . _ — |

Excavation

L, 3.0m

Existing : . Modified

A13~1



Al3.2 TUpper Battery

1) Volume and water surface area of ponds after reconstruction

Existing Primary Ponds Pl and P2 are changed to ASP.

No.of Water Surface Area  ASP PFSP SFSP Total Volume and

Pond (ha){Depth 1.3 m) Water Surface Areas
Pl 0.75 * Total Volume of ASY
p2 0.51 * (Depth 2.0 m) :
P3 0,51 * = 18,606 + 11,682
P4 0.81 * = 30,288 m3
P5 0.85 % Total Area of PFSP
P6 0.68 % (Depth 1.3 m}

81 2.00 * = 5,55 ha
82 2.23 * ' Total Area of SFSP
3 0.99 * (Depth 1.3 ha)
sS4 0,92 * = 344 ha
Total 10.25 1.26 5.55 3,44

2) Study for Possible Treatment Capacity

Design Condition
Influent BOD = 250 mg/l

ASP _ _
BOD Volumetric Load : Lv = 0.1 t0_0.15 kg—BOD[m3Iday

(at average temp. in coldest month, 15°C)
Possible Treatment Capacity : Q1

30,288 x (0.1 to 0.15) )
Q1 = = 12,115 to 18,173 m3/day
250 x 10-3

BOD Removal Rate in ASP : Approx.50 %
Effluent BOD : 250 to ( 1 - 0.5 ) = 125 mg/l

PFSP :
BOD Surface Load : Ls = 380 kg-BOD/ha/day
Possible Treatment GCapacity : Q2

380 x 5.55
Q2= =16,872 m3/day
125 x 10-3

Al3—2



According to the value of Qi and Q2, possible treatment capacity is
16,872 m3/day.

d. BSF8P
« Influent BOD :
L = 16,872m3/day x 125 mg/l x ( 1 ~ 0.6 ) x 10-3
= 844 kg-BOD/day '
- BOD Surface Load :
Ls = 844 [ 3.44 = 245 kg-BOD/day  -~=w-=- ok

@, Possible Treatment Capacity in Upper Battery From the result of above
calculation, possible treatment capacity in Upper Battery is 16,872
m3/day.

f. Check
-~ Detention Time :
ASP  : 30,288 x 1/16,872 = 1.8 days
PFSP & 55,500 x 1.3 x 1/16,872 = 4.3 days
SFSP : 34,400 x 1.3 x 1/16,872 = 2.7 days

A13.3 Lower Battery
1) Volume and Water Surface Ares in Pond after reconstruction of the

Existing Pond P8 be changed to ASP. ©P7 and P5 are excluded in this

plan since these are used for Experimental Fishculture Project.

No. of Water Surface Area ASP PFSP SFSP Total Volume and

Ponds (ha)¢(Depth 1.3 m) Water Surface Area
P 1,10 * . Volume of ASP
P9 o 0.88 ' * (Depth 3.0 m)
P10 0.69 * = 27,590 m3
Pil 0,89 : * Surface Area of PFSP
56 1.49 * (Depth 1.3 m)
57 1.32 : * = 4.98 ha
88 1.80(divide) * * surface Area of SFSP
59 ~ 0.49 * {Depth 1.3 m)
510 0.53 *® = 3,11 ha

Total 9,19 1.1 4.98 3.11

Al13—3



2)

£.

study for Possible Treatment Capacity

Desipn Condition

 Influent BOD = 250 mg/l

ASP
BOD Volumetric Load : Lv = 0.1 to 0.15 kg-BOD/m3/day

(at average temp. in coldest month, 15°C)

Possible Treatment Capacity : Q1

27,590 % (0.1 to 0.15)
= 11,036 to 16,554 m3/day

Qa
250 x 10-3

BOD Removal Rate in ASP = Approx. 50%
Effluent BOD = 250 = ( 1 - 0.5 ) = 125 mg/l

PFSP
BOD Surface Load : Ls = 380 kg-BOD/ha/day
Possible Treatment Capacity : Q2.

| 380 % 4.98

Q2 = 15,139 m3/day
125 x 190-3 '
According to the value of Q1 and Q2, possible treatment capacity is

15,139 m3/day.

SFSP
- Inlet BOD
L = 15,139 m3/day x 125 mg/l x ( 1 - 0.6 ) x 10-3
757 kg-B0D[day
-~ BOD Surface Load : .
Le = 757 kg-BOD/day ceemmmeme e Ok

Possible treatment Capacity:
From the result of above caléulation,possible treatment capaci-

ty in Lower Battery after reconstruction is 15,139 m3/day.

Check

- Detention Time :
ASP & 27,590 x 1{15,139 = 1.8 days.
PFSP : 49;800 x 1.3 x 1/15,139 = 4.3 days
SFSP : 31,100 x 1.3 x 1/15,139 = 2.7 days

Al13—4



Al3.%4 Totnl Possible Treatment Capacity

" Treatment Capacity Present After reconst. BJ/A
Upper Battery 10,800 m3/day 16,872 m3/day 1.56
Lower Battery 10,800 m3/day 15,139 m3/day 1.40

Total 21,600 m3/day 32,011 m3f/day 1.48

{ 0.25 m3/s ) { 0.37 m3/s )

Al13-5
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APPEND_i_x 14 CAPACITY cm:,_cm'rxon oF sTP
Alsd .1 .Peeseble Treatment éapacity inu?foposed.Site (a) San Juan WSP
fi)'. Baeie;Ceﬁcep£ for'Recoee§Euction
- ode"ef'ﬁhe twogeefieszéreet&enélCOneietfﬁg_ofopper and Lower
Battery facultative pOnde; ffeatment method of Upper Battery

will be’ changed to Aerated Lagoon system in order to increase
treatment capa01ty.

'Existing Eleﬁ Diegraﬁ

P (Upper)
5(No. 1 Facﬁltativé~—-fm~> No.2 Facultative
Pond N _ Pond
— . T (Lower) C : >
|No. 1 Facultative ———>|No.2 Facultative
> Pond_.u. - . Pond

Modified Flow Diagram

| (Upper) . |
> Complete Mlxing -w} Partial Mixlng — Sedimentation
Aerated Lagoon Aerated Lagoon : Pond
— '__ .': :f _ :_ (Lower) } 1  ; o o - R
>{No.1 Facultative f > |No .2 Facultative
Pond . Pond

- Effective water depth in Upper Battery Pond will be modified by
excavation from 1.3 m to 3.0 m.

(2) :ireatment_capeciﬁy after Reconstruction

- Reconstruction plan and effectlve pond volume are shown in
FIGURE Al4-1 and TABLE A14 1.

. ;"CBpacify eaICuleﬁion for'Ae;ated Lagoon System in modified
' Upper Battery based eh sﬁenderd detention time and effective
volume is  ehewn'in_$ABLE Al4-2. From the result of calcula-
~tion, poSsibie'tfeatmenticapacity is 0.63 m3/s.

‘Ald--1



{3)

(4)

struction

Total treatment capacity in San Juan Treatment Plant

after recon-

Treatment Method

Total Treatment
Capacity

Possible Treatment
" Capacity

Upper Battery  Aerated Lagoon

e e = n Tt e e A A S M s 1 R3 A T T A% AR we S r B R Ee L SR MR mm WS PO We e P ww ma B R Ee 4m G b S e e

Lower Battery Facultative Pond

0.63 m3/fs : _
0.75 m3fs ‘

21,600 m3/day x 1/2 (64,800 m3/day)

= 10 800 m3lday '

= gpprox. 0.12m3/s

Capacity Calculation for Aerated Lagoon on Upper Battery

a. Design Criteria
- Design Flowrate Qd av
- Influent BODs _ Li
-~ Influent 88§ 3i

b. Complete Mixing Aerated Lagoon

- Detention Time tk ¢ =
-~ Volume Ve =
~-Depth . Dc =
- Water Surface Area Ac =

{mid-depth) =
- Dimension Pi, P2,

0.63 m3/s = approx. 54,400 m3/day
250 mgll
250 mgfl

1.5 ~ 2.0 days
54,400 x (1.5 ~ 2.0}
81,600 ~ 108,800 m3
3.0m

Vo /Do

(81 600 ~ 108 800)!3 0

27,200 ~ 36,600 m2
Pa, P4, P5, - Total (Refer to P)

27,473 m2 x 3.0 m D x 82,419 m3

check , o .
% ¢ = 82,419/54,400 = 1,52 days ...ok
~ Oxygen Reguirement or = 6.24 x 10-3 x 54,400 x 250 '
' = 849 kg-02/hr
- Power Requirement
a. as for Or P1 = 849 x 1/2.0 = 425 kW
b. as for C.M.P. Py = 82,419 x 6 x 1/1,000 = 459 KW
P1 < P2
- Aerator-T 4 sets pér 1 bésin
Aerator-1
Pa =495 x 1.1 = 545 KW

therefore:

37 kW x 4.sets'ﬁ

30 kw x 8 sets |—> (SG&kW)
22 kW x 8 sets

Al4—-2



c. Partiai Mixing Aerated Lagoon

- Detention Time t*p = 1.5~ 3.0 days
- Volume Vp = 54,400 x (1.5 ~ 3.0)
- 81,600 ~ 163,200 m3
. = Depth: Dp = 3.0m :
- Water Surface Area Ap = (81,600 ~ 163,200)/3.0
(mid-depth) © = 27,200 ~ 54,400 m2
;= Dimension - 81, 82, 83 - Total _
| | 45,404 m2 x 3.0 m D x 136,212 m3
check | |
t*p = 136,212/54,400 = 2,5 days...ok
- Power Requirement Pr »>= 3 W/m3 :
for Mixing P >= 136,212 x 1.0 = 136 kW
- Aerator-I1I .4 sets per 1 basin
' Pa =136 x 1.1
= 150 kW
therefore}

7.5 KW x 4 q
15 kw x 4 }-> (164KW)
18.5 kW x 4 4

d. Chlorinator _ ‘

- Chlorine Feeding Rate 3 ppm

- Total Inflow of Upper :

‘and Lower Battery 65,200 m3/day

65,200 m3fday x 3 ppm x 10~3
195,56 kg-cl/day
8.2 kg-cl/hr
therefore, chlorinator will be:
| 10 kg-cl/hr x 2 sets (1 set-standby)

1

- Capacity q

1

Al4—3
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TABLE Al4.2

POSSIBLE TREATMENT CAPACITY FOR AERATED LAGOON IN UPPER BATTIRY

Pond | Total Pond | Standard Possible Treatment
Process No. | Volume Detention Capacity
Time
Completely P1 1.5 82,419x 1/1.5
Nixing Aerated |
Lagoon P2 2.0 = 54,946 m ~day
P3 82.419 1 : = (1636 /day
1.: ' '
P4
P5H
Partially ST 3 —Cell 136,212 1/2.5
Mixing ferated 7 .
Lagoon 82 136.212 i.o = b4, 48Hm /day
|
S3 3.0 = {).63tmi/s
i
2.5
Sedimentation P& 38,862% 1/1.0.
Pond ‘ 38. 862 1.0 _
P4 38,8620f /day
= 0.4500/s

Alg~8




Al4.2 Capacity Calculation for Aerated Lagoon in Proposed Site (b) and (e¢)
(1) Deslgn Criteria
~ Design Flow Rate: 0.5 m3/s, 0.83 m3/s, 1.0 m3/a
Influent BODs : 250 mg/l

Influent 88 s+ 250 mg/l-

(2) -Estimate Treated Water Quality

BOD 58 -
Removal Rate 882 76%
Water Quality 30 mg/l 60 mg/l

{3 Flow Diagram
Flow'diagram is shown in FIGURE Al4-2.

Inle.t

Screen & Grit Chamber

Complete Mixing
Aerated Lagoon {Aerator-I)

Partial Mixing
Aerated Lagoon-3 Cell

Sedimentation Pond

Disinfection Tank |<—- Chlorine

‘ Out;et
FIGURE Al4-2  Flow Diagram for Aerated Lagoon (Dual Power) System

4y Cﬁpacity Caiculation

‘Capacity calcdlation for each proposed site are shown in TABLE Al4.3.

Al14—7



5395 ¥g X Mg '8
$18% pg X WAQE -
AUYIT =TT X MNIE0YT ¢ e

(HAr91° )

1 -201RIBY
uiseq .| Jed s3as ¥

Bd- > ‘4
FALEO®T = DO0°T/T % g ¥ O08°2LY = ¢

WiPLY = 072/1 X Q¥E°T = 14

Ty/20-8% 881 =
052 X §0y*98 ¥ - QL % ¥2°9 - 20
fo-... sAep (73 = 007 '98/008°2LY = 9. 3
4008741 = 1 X QQF'¥T = 54 @2njep (23¢)
y224>
suiseqzl X GOV 'YT X gu0TE X wgh ¥ w)l

F195 T X MAS°3IT
sjas Qg * MapE
MALGE = T71 x ¥AQL8 = ey
i -1ojeday
ulseq { Jod 5108 ¥

o> 'd

M1 OL8 = 000 T/T % G X BOS'IYPT = *d
“H098 = /1 * 6111 4

(WICLE)

4l

J/20-84 §I1°1
08% ® DOLUIL X 5. 0T 2 ¥2°8 = 40
40...- SAER.G°F = D04 'TL/D06°FPL =2 . 3
<4005 YY1 = 01 x O5%'¥1 = .op ouniop 1E30]
Roay>
SUISRAQT R BOGY'FT X N)°E X wgy X ag)]

(®Z88) { 305 TIX MAG°QT
SLLREA S (T
MHTLS = 171 % pugle = e
[ -401eay
uiceq 1 iud 793 ¥

. i35 Ig

#2618 = GOO°T/F » 9 X 00%'88 = id
MALEE = 0°8/1 X ¥l = 'd

4y /EQ-3% fLY =
0S2 x 00Z'8y X ;.01 x $2°3 ~ 20
Ao--Shep 077 = GOZ'EV/O0P'95 = 2, %
c®007 98 < 9 x GOPpY = 2p sunjop (w30l
b EENEE
SUTSRGY X HO0F'F1 ¥ o ®RTgX ugp X @p)i
#008'82~008°18 =

] -loersy -

4l Jojze g
ig 40] se ‘@

juaparinbay lamod -

tuomalinbay YeBLAG -

EoTsUawlg -

3008 L8~002'8y = 24008 Ly ~028'SE = QTE/(0OF'98~008'%9) - (y1dap-pi)
0°8/(008-3LT~009°621) = % 078/ 00V ‘SPT~0G8 LOT) = ¥ o/ = oy 831§ @0eying Jalwy -
@' = o wg'g = 20 o wpg o= og yydag -
9008 ELI~008 681 = <B00F 'SPI~08C°L01 = HG0F '98~008'¥G . =
(0°3~S"1) 2 pO¥'S8 = 24 (0°3~85°T) x 00L°EL = oa {0°3~S"1) x Q02'CF = %A awnjof -
s4ep (°Z~C‘T = 2,1 SAep °Z~8'1 = 9,1 ummu.o.mlm.m =9 .1 suiy wotlveysqg -
uoede] pajeloy
FuIxiy A341da0] 7
1/8w0SZ = IS 1/#n087 - 1S 1/89053 = 1§ §§ 0GBV -
1/80082 = 11 /8805 = N 1/8u0gz = 11 Tgog ueniJul -
£2p/,M007 ‘98 = S/:B0'] = A BB AeP/MO0L TL = S/WERTD = A® BB AeR/ MO0 SV =S/.¥G°0 © A2 PR yeamols vBrseq -
»IIay§4g ud1Esg
s/.wg S/:Wg 8 TP A s/.we g ) w3 |
®Op4 WBISAE e

mo]g ugisag yoey 32 ucofe] pajelay lo] uplie(nole] Airoedey ¢-H1Y TIEVL

i4~—8

o



(fgpue3s-3as ) s39% N.x.un\uo-wx c1
20]RULIGIUD -
A4/12-3% 8701
A=p/12-8% 27652
“g- O ¥ Bdd § X Kep/m (0P 98

L]
o

(K3B61) 5928 §g X ¥XG g
#i 961 =

1I"T % B4T1-= &4

1182 [ Jed 5395

BABLY = 0°1 X Q2 8L = d
Ho-... SABP 1°7 = B0P'98/002°8L1 = d. 3
2007 ‘811 = 81 * 0066 = <4 sunjop 1Ej0)]
42992
(sa11ag @ X STI87 &)
suiseqgl X WO0G5 *X o YL ¥ 8E X wOQ]
2007 ‘98 ~-00Z°8F -
£/ (662 558~008 621 = dy
mGg = dg
90027658 ~009 631 =

(0°5~C'1) % 00738 =  dA
$1180-g ‘sAep ("£~0°1 d. 3

I

(Aqpue3s-39s I) 5188 Z X J¢/19-3¥ Q]
£33 m:._.".no“&n. -
Y103y 006 =
. Aep/1a-31 1°617 =
g- 07 » wdd § X Aep/u(L'1L = b

A(RASGT) sI2% OF X WSS
CoMn7eT =

I°T X LyT = &

[1e% 1 dad :q88 g

MELFT = 071 X QL6'gYI = d

A0-... SABP 0°Z = QOL'TL/0L6°9PT = -d, 3
<™0LG'9¥T = ST X 86L‘6 = dp awnjop 1e30)
yoayn

(serag § x SI182 %)
SuTSeqg] X 85L°G X o WQ'E ¥ gy X Wil

200L TL~088°GE =
8/(001'12~005°201) =  d¥
wgrg = dg

DOT'STZ~ DSS'LOT =
(0°E~S'T) % 00L'TL = ¢4

ST[aD-g °SARD §E~C'T = d. 3

(fqpuels-1as 1) §318% g % JY/19-8% Q1
J07RUIO[YD

ay/19-8% p°G =
Aep/po- 97621

s- 01 ¥ wdd ¢ x £ep/WQQZ gy = b
£3102de] -

wdd § 1 djky JUIpasy LULIOTY] -

(WMEB) =39S 8T X MugTg
HA g6 =

11 %68 = ed

1122 1 19d s388 3

L

Mi68 = 0°T X 00I'68 = d
fB/HE 2 Ad
qo..--sATp 1'% = 00Z'EP/001°68 = d. 3
£Z001'68 = 6 ¥ Q06°6 = 4 A susjop [EI0]
2o9y2
(Se1las [ X 5[130 §)
suiseqg X WOQG'E X g WOTE X wpe X w@pl
9002 ey ~009'12 =
0°E/{009°621~008°P} = O
=g o= dg

<4309 631 ~008°P9 =
©°E~G'T) % 003°8H =  da
S1189-5 ‘sfep P'gmG ] = 4, 3

[ - f0jeIay -

Juixiy 30j
JU2W3ITnbay I3Mag -

uoisUsulg -
(yzdap-pimy

gaij avwjing Iajey -

_ yidag -

mﬁswow -

uoo2e] pajeray
SuIxig [v13dey

Jo1e6130(Y) %

B@1] TOIjUBYAG -

€

Al14--9

s/ "1

S/:WE R ) _

S/eWg g

w]
Nofg wBi1se]

(P,3uoD) Moly4 UBT1§2 yowg uo uUoode] pajelay I0j ucijyeInoie)n £ 108deR)

E~%TV HTEVL



A.14.3 Gapacity Caleculation for Stabilization Pond (¥acultative Pond) in
Proposed Site (e) and (£). '

(l) Design Criteria

Design flowrate : Q ='u.5 to 3.5 m3/s
Iﬁfiuent BODS 250 mgfl '
Influent S8 250 mg/1 |
Influent BODs Load : Lil = Q x 250 mg/l x 10-3 (kg-BOD/day)

L0

-

(2) Estimate Treatment Water Quality

BOD5 removal rate : 80
Effluent BODS : 49 mgfl

{3 Fiow Chart
(Facultative Ponds Bystem)

Inlet

l

Screen & 6rit Chamber

Primary Facultative
Pond

Secondary Facultative
Pond

-..—-.-..,:..-.:.—..J--..-._,--o- —————

Maturation Pond or _ .
Chlorination Tank {Optiaon)

T e T L L

Dutlet

FIGURE Al4~3 Flow Diagram for Stabilization Pond System
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- Capacity Galculation

(1) Primary Fucultativé Pond
ROD3y water surface load: 'Lil = 332 (kg-BOD/ha/day)

Water surface area . Ap = Q x 250 x 10-3 x1/382 (ha)
(mid-depth) |

Water depth ' : Dp=1.5m

Volume : Vp = Ap x Dp . (m3)
Detention time i t¥%p = vp/Q . (days)
Effluent BODs 1 Lep =

250 x {1~ 0.7) = 75 mg/l

(11) Secondary'Fﬁcultativé Pond ‘
200 (kg-BOD/ha.day)

g

BODS water surface load: Liz
Water surface area

{mid-depth) ¢ As = Q x 75 x 10-3 x 1/200 (ha)

Water Depth’ : r Dp=1.5m

Volume : Vp = As x Dp (m3)

Detention Time .+ t*8 = Vp/Q (days)

Effluent BODs : Lez = 250 x {1 - 0.35)
= 49mg/1

Results of capacity calculation are shown in TABLE Al4-4.

Al4—11
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. APPENDIX 15

© DAILY FLOW VARIATION AND INTAKE AMOUNT






TABLEA&# PLANNED INTAKE AMOUNT

mmmnmmmu—-n-u----—.ummwnw»mww—m_nnnmmmuunm nmmmﬂni-mmnmmﬂuﬂvﬂ-ﬂu—:—-:-anlamm-ral-n.la-qnuq

PIME et s et RATE OF e e
hh & .mm cxncuu, RATE CIRCUN.- RATE 2 DATA FLOW INTAKE
Lo M3/s CoMA/S o M3/8 M3/8
10°: 00 1,358 1.197 1.562 1.350° . 1.274 1,294 1.170
10 + 15 1,358  1.197  1.578 . 1.364 1,281 1,301, 1.170
10 % 30 .1.454  1.282 1.443 - 1.247 '1.265 1.285  1.170
10 :°45 - 1.345 1.186- 1.462 1.263°  1.225 1.245 1.170
11 ;00 - 1.382 1.218 1.457 - 1.25%9 1.239 1.259 1,170 -
11°: 15 0 24321 1.164 0 1.440 1.245 1.205 %.224 1,170
11330 +1,269 - 1.118 ° 1.380 1.192. 13156 1,174 1.170
11345 - 1,269 1,118 - 1.372 1,186 - 1.153 . -~ 1,171 1.170
127200 1,338 1,179 © 1.380 - 1.192° 1.186 1.205 - 1.170
12 315 - 1.294 - 1.140 . 1.365 . 1.180 1160 - 1.179. ~1.170
12 ¢ 30 1:276 - 1.125 --°1.360.  1.175  1.151 - 1.169 1.169
123 45 - 1.276 - 1.125.:  1.343  1.161.  1.143 . 1,161 = .1.161"
13°: 00 1,251 1.103 - 1.331 © 1.150  1.127 - 1.145 1.145
13215  1.251  1.103 1.321 ¢ 1.141  1.123 1,141 0 1.141
13.: 30  .1.246 '1.099 - 1.303 = 1,126. ~ 1.113 1.131 1.131
133 45 - 1.271 1,120 . 1.289 . 1.114 = 1.118 . 1.135 1.135
14 ¢+ 00 1219 1,074 - 1.276 - 1.103  1.08% = 1.107 1.107
14 ¢+ 15 1,219  1.074 - 1.299 - 1.122 - 1.089 1.116 1,116

145 30 0 1.222  1.077 1.331  1.150 - 1.114 10132 - 1.132
14 : 45 . 1,227 1.08r 1.274. 1.101-  1.091 11,109 1.109
15 £.00 1.227 . 1.081 1.256 . 1.086 ~ 1.084 1.101 1.101
15 : 15 1,246 1.099 1.254  1.084  1.092 1.109 1.109
15°: 30 1.246 - 1,099~ 1.23¢. 1.066 1.083 1,100 1.100
15 :.45 1,271 1.120 1,202 - 1.038. ° 1.080 - 1.097 = 1.087
16 ¢ 00 -1.27%1 1.1200 - 1.189 1.028 1.075° 1.092 1.092
i67°¢.15 0 1.214 1,070 - 1.177. 1.017: 1.044 '1.061  1.06%
16°: 30 -1.214 1.070° 1.169 © 1.010 - 1.041 1.057° 1,057
1673 45 . 1,209 1.066 . 1.179 - 1.019 1.043 1.059 1,059
174 000 1,209 1,066 ~~ 1.172.. 1.012 1,040 ~1.056 1.056
17 +:15 1,174 1.035 . 1.187 1.025 - 1.031 1,047 1.047
17:¢ .30 17179 0 1.039 ¢ 1.199 0 1.036 1.038 - 1.055 1.055
17 i 45 ‘1,202 °1.059 .1.18% .1.028 ~ 1.044 1.061 1.061
18': 00 1,202 .~ 1.05% - 1.187  1.025 1.043 1.059 1.059
18 #15  :1.259 1.110 . 1.182 - 1.021 1.066 1,083 1.083
18 ::30 . 1.259 1,110 . 1.119 - 0.967 1.039 1.055  1.055
18+ 45 1.174 1.035 - 1.132 . 0.978 1.007 1.023 1.023
19°:-00 1,174 1.035 1.149 0,993 1.014 1.031 1.031
193 .15 1,129 0.995 1,147 70,991 0.994 1.009 - 1.009
19530 -1.329 - 0.995 - 1.137 - 0.982 0.989 -1.005 1.005
19-: 45  -1.134 1,000 ~ 1.092  0.943 - 0.972 0.988  0.988
20 £ 00 . 1.147 1.011 . 1.104- 0.954 0.983 0.999 . 0.999
20 + 15 1,149  1.013 1.099  : 0.950 0.982 0.998  0.998
20 ¢ 30 1.149 1,013 - '1.109  0.959 0.986 1.002  .1.002
20 3. 45 - 1.134 - 1,000 - 1.104 0.954 0.977 - 0.993 0.993
2100 1.134 1.000 - 1.082 0,935  0.968 ~  0.983 0.983
21 %15 12139 1,004 ~ 1.08% : 0.941  0.973 0.989 0.989
21°+ 30 1,242 1.006  1.092 . 0.943. . 0.975 0.991 0.991
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TABLE Af5-| PLANNED INTAKE AMOUNT

wu_wmuuu.ﬂ—‘-_-—-.umunwuh’hmﬂhl—ngj::-m-ﬂnn-am_ml-'—.—-lu—-.-w-qm"u—mwwlﬂu_-‘—wnm—-w“—ﬁn“"—»mﬂﬂ

MEASURING May 3l-June 1 Qctober 19-20 AVERAGE ANMOUNT FOR 1 MB/S

TIME  comvmommmmmmm— oot s e o RATE OF  wmmm s s e e
hh : mm  CIRCUN. RATE CIRCUN. RATE 2 DATA FLOW INTAKE
_ M3/S . M3/8 § -M3/8 M3/S.
21 : 45 1.137  1.002 1.077  0.930 0.967 . 0.982 0.982
22 @ 00 1.137 - 1.002 1.072  0.926 0.964 0.980 0.980
2271 15 1.112 0.980 1.062 0.918 0.949 0.964 0.964
22 : 30 1.114 0.982 1.054  0.911 0.947 - 0.962 0.962
22 1+ 45 1,087 0.958 1.015 0.877 0.918 = 0.932 0.932
23 ¢ 00 1.089 0.960 1.027 0.887 0.924 0.939 0.939
23 : 15 - 0.923 0.814 1.012  0.875 0.845 0.858 0.858
23 ¢ 30 0.911  0.803 0.965 0.834 0.819 0.832 0.832
23 ¢ 45 1.034  0.912 0.938 0.811 0.862 0.875 0.875
0z 00 1.03¢  0.912 0.946  0.817 0.865 0.879 0.879
0 : 15 1.027 0.905 0.919  0.794 0.850 0.863 0.863
0 : 30 1.030  0.907 0.921 0.796 0.852 0.866 0.866
0 : 45 0.865 0.762 0.916 0,792 0.777 0.790 0.790
1:0 0.868 0.764 0.950 0.821 0.793 0.806 0.806
1: 15 0.906 0.799 0.938  0.811 0.805 0.818 0.818
1: 30 0.909 0.801 0.955 0.825 0.814 0.827  0.827
1 : 45 0.911  0.803 0.978 0.845  0.824 0.838 0.838
2t 00 0.911  0.803 0.985 0.851 0.828 0.841 0.841
2 : 15 0.909 0.801 0.987 0.853 0.828 0,841 0.841
2 : 30 0.909  0.801 1.000 0.864  0.833 0.846 0.846
2 @ 45 0.911 0.803 0.997 0.862 0.833 0.846 0.846
3 : 00 0.911  0.803 0.955 0.825 0.815 0.828 0.828
3 : 15 0.916 0.807 0.894 0.773 0.790 0.803 0.803
3 1 30 0.921  0.812 0.841  0.727 0.770 0.782 0.782
3 : 45 0.916 0.807 0.846 0.731 0.770 0.782 0.782
4 : 00 0.914  0.805 p.846 0.731 0.768 0.781 0.781
4 : 15 0.839  0.739 0.841  0.727 0.733 0.745  0.745
4+ 30 0.839  0.739 0.848  0.733 0.736 0.748 0.748
4 : 45 0.884 0.779 0.843 0,729 0.755 0.767 0.767
5 : 00 0.887 0.782 0.875  0.756 0.769 0.781 0.781
5 : 15 0.887 0.782 0.877 0.758 0.770 0.783 0.783
5 : 30 0.889 0.784 0.872 0.754 0.769 0.781 0.781
5 : 45 0.923  0.814 0.904 0.781 0.798 0.811 0.811
6 : 00 0.923 0.814 0.911 0.787 0.801 0.814 0.814
6 : 15 0.941  0.829 0.990 0.855 0.843 0.856  0.856
6 + 30 0.941  0.829 1.005  0.868 0.849 0.863 0.863
6 : 45 1.005 0.885 1.097 0.948  0.917 0.932 0.932
7 : 00 1.097 0.967  1.132 0.978 0.973 0.988 0.988
7 1 15 1.092  0.962 1.194  1.032 0.998 1.014  1.014 "
7 : 30 1.236 - 1.090 1.259  1.088 1.089 1.107  1.107
7 : 45 1.239  1.092 1.3316  1.137 1,115 1.133 1.133 .
8 : 00 1.271  1.120 1.353  1.169 1.145 1.164 1.164 -
8 : 15 1.345 1.186 1.411  1.220 1.203 1.222 1.170
8 : 30 1.353 1,192 1.474  1.274 1.233 1.253 1.170
8 : 45 1.387  1.222 1.562  1.350 1.287 1.307 1.170
9 : 00 1.454  1.282 1.581  1.366 1.325  1.346 1.170
9 : 15 1.387 1,222 1.583  1.368 1.296 1.316 1.170

Al5—2



TABLE Al5-| PLANNED INTAKE AMOUNT

A AR 3 ok A R B 1 A3 RS P R ) D S W U URE T LT TER UG U RS LR Lt R e W Gt e ik i 1 R T U T8 B I A G e Uk G B K L BAT A D D RS A M O m3 ek £ Sk g0 S BB EAB bk i Enh b

MEASURING May 31-June 1 October 19-20 AVERAGE  AMOUNT FOR 1 M3/S

TIME e s e e RATE OF wovccmmcmce—
hh : mm CIRCUN. RATE CIRCUN. RATE 2 DATA FLOW INTAKE
M3/S _ M3/8 M3/5 M3/8
9 : 30 1.384 1,220 1.608  1.389 1.305 1.326 1.170
9 : 45 1.392  1.227 1.612  1.393 1.310 1.331 1.170
10°: 00 1.358 1.197 1.562  1.350 1.274 1.294 1.170

o i ey e S W W26 B e G P B D YR D o e BGr el BT A ES Gk o ol (b ok (S BB B8 ek ek b o iy R o K SAG ld £k e o e D A ekl i Wy Bk mih o et P P ok ok o e e B Bk e s P 2 W e

MAXIMUM Qma 1.454 - 1.282 1.612 1.393 1. 1. .17
AVERAGE Qav 1.134 1 1.157 1 1.000 1.016 1.000
MINIMUM Qmi 0.839 0.739 0.841  0.727 0 0
Location of Measuvring Point, and Measuring Date and Time
Circun.: Colector Circunvalacion, Diameter 1.31 meters
Av. Julio Calero 140, Surquille
1st: from 10:30, May 31 te 10:30, June 1, 1949
2nd: from 8:45, October 19 to 8:30, October 20, 1989
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TABLE AlS -2 FLOW RATE VARIATION
(Intake Point Neo.3 : Suxco)

it acre e e e Vo e B s T B a0 AL ADA D W WL G SR Lk man G w3 G T G AR R R Mk LS 4 ew o S M L GRS e G e e

6/06-07 10/24-25 AMOUNT FOR 2 M3/

TIME o comenmmenmre AVERAGE ot im o e e
Measured  Measured FLOW FLOW INTAKE
hh : mm Data bata RATE (M3/5) (M3/S)
10 : 00 1,152 1.205 1.179 2.815 2.061
10 ¢ 15 1.182 1.201 1.191 2.845  2.061
10 : 30 1.212 1.201 1.206 2.881  2.061
10 : 45 1.201 1.205 1.203  2.873 2.061
11 s 00 1.122 1.205 1.163 2.778  2.061
11 : 15 1.122 1.159 1.140 2,723  2.061
11 s 30 1.160 1.140 1.150 2.746 - 2.061
11 : 45 1.160 1.182 1.171 2.796 2,061
12 s 00 1.162 1.211 1.186 2.833 ° 2.061
12 ¢ 1% 1.175 1.201 1.188 2.837 2.061
12 : 30 1.150 1.182 1.166 2.785 2.061
12 : 45 1.184 1.180 1.182 2.823  2.061
13 : Q0 1.147 1.153 1.150 2.746 2.061
13 : 15 1.186 1.161 1.174 2.803 2.061
13 : 30 1.147 1.180 1.163  2.778  2.061
13 : 45 1.175 1.192 1.184 2.827  2.061
14 : 00 1.147 1.197 1.172  2.798  2.061
14 : 15 1,143 1.187 1.15% 2.759  2.061
14 : 30 1.137 1.167 1.152 2.752  2.061
14 ¢ 45 1.139 1.172 1.155 2.759 2.061
15 : 00 1.160 1.159 1.160 2.769  2.061
15 : 15 1.143 1,167 1.155 2.759  2.061
15 ¢ 30 1,133 1,201 1.167 2.787 2.061
15 : 45 1.079 1.178 1.128 2.695 2.061
16 : 00 1.102 1.149 1.126 2.688 2,061
16 : 15 1.112 1.144 1.128  2.694 2.061
16 : 30 1.044 1.149 1.096 2.618 2,061
16 : 45 1.004 1.147 1.075 2.568 2.061
17 : 00 1.063 1.149 1.106 2.641 2.061
17 : 15 1.112 1.125 1.119  2.672 2.061

17 : 30 1.126 1,066 1.096 2,617 2,061
17 : 45 1.114 1.064 1.089 2.600 2.061
18 : 00 1.100 1.062 1.081  2.581 2.061
18 : 15 1.099 1.053 1.076 2.569 2.061
18 : 30 1.085 1.047 1.066 2.545 2.061
18 : 45 1.089 1.064 1.076 2.570 2,061
19 : 00 1.004 1.106 1.055 2.520 2.061

19 : 15 1.004 1.096 1.050 2.507 2.061
19 s 30 1.030 1.064 1.047 . 2.500  2.061
19 : 45 1.030 1.044 1.037  2.477 2.061
20 : 00 1.028 1.04¢ 1.038 2.479  2.061
20 : 15 1.050 1.036 1.043 2.490 2,061
20 : 30 1.050 0.965 1.007  2.40% 2.061
20 : 45 1.018 0.971 0.995 2,375 2.061
21 ¢ 00 1.014 0.975 0.995 2.375 2.061
21 2 15 1.004 0.969 0.987 2.356 2.061

21 : 30 1.004 0.984 0.994 2

.374 2.061
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TABLE AlS-2  PFLOW RATE VARIATION
' (Intake Point No.3 : Surco)

i S K Mk ) BT M AEE G R ke LA KL S0 KT B RCH G el il AU e I LA b MTH 40 v faip vee G O MR MR B IR UM W TG TR S MR b e e ek Dok A Ak Gh RR) bk b o Mok gt s

.. 6/06-07 10/24-25 AMOUNT FOR 2 M3/

TIME —memsmeme wedemeeen AVERAGE ~-— e

: _ Measured Measured FLOW FLOW INTAKE -
hh : mm Data Data RATE (M3/8) (M3/8)
21 & 45 0.982 0.975 0.979 2.337 2.061
22 : 00 0.980 0.965 0.972 2.322 2.061
22 ¢ 15 1.002 0.978 0.990 2.364 2.061
22 : 30 1.000 0.904 0.952 2.274  2.061
122 ¢ 45 0.980 0.859 0.920 2,196  2.061
23 : 00 0.984 0.865 = 0.925 2.208 2.061
23 : 15 1.004 0.891 0.948 2.263 2.061
23 : 30 0.982 0.883 0.932 2.226 2.061
23 : 45 0.944 0.934 0.93%9 2.243 2.061
0 : 00 0.944 0.941 0.942 2.251 2,061
0 ¢ 15 0.940 0.885 0.915 2.184 2,061
0 : 30 0.920 0.835 0.878  2.096  2.061
0 : 45 0.890 0.829 0.859 2.052 2.052
1: 00 0.872 0.853 0.862 2.059 2.059
1 : 15 0.843 0.861 0.852 2.035 2.035
13 30 0.843 0.846 0.845 2.017 2,017
1 : 45 0.849 0.859 0.854 2.040 2.040
2 : 00 0.799 0.863 0.831 1.985 1.985
2 : 15 0.803 0.874 0.839 2.003 2.003
2 ¢ 30 0.785 0,881 0.833 1.989  1.989
2 3 45 0.779 0.868 0.823 1.966 1.966
3 : 00 0.785 0.816 0.801 1.912 1.912
3 : 15 0.759 0.698 0.729 1.740  1.740
3°: 30 0.763 0.665 0.714 1.705 1.705
3 : 45 0.763 0.588 0.676 1.613 1.613
4 : 00 0.554 0.594 0.574 1.370 1.370
4 : 15 0.550 0.612 0.581 1.387 1.387
4 : 30 0.591 0.622 0.607 1.449  1.449
4 : 45 0.779 0.648 0.714  1.705 1.705
5 : 00 0.755 0.663 0.709 1.693 1.693
5t 15 0.763 0.685 0,724 1.730 1.730
5 : 30 0.779 0.673 0.726 1.734 1.734
5 : 45 0.793 0.725 0.759 1.813 1.813
6 s 00 0.793 0.761 6.777 1.855 1.855
6 : 15 0.799 0.769 0.784 1.873  1.873
6 : 30 0.815 0.823 0.819 1.955 1.955
6 1 45 0.829 0.823 0.826 1.972 1.972
-7 ¢ 00 0.855 0.868 0.862 2.057 2.057
7 ¢ 15 0.932 0.952 0.942 2.249  2.061
7 ¢+ 30 0.964 1.025 0.995 2.375 2.061
7 : 45 1.044 1,057 1.050 2.509  2.061
8 ¢+ 00 1.071 1.096 1.083 2.587  2.061
8 : 15 1.114 1.153 1.133  2.707 2.061
8 : 30 1.171 1.159 1.165 2.782  2.061
8 1 45 1.171 1.176 1.174 2.802 2.061
-9 : 00 1.173 1.217 1.195 2.854  2.061
9 : 15 1.175 1.209 1.192  2.847  2.061
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TABLE AlS-2

FLOW RATE VARIATION

(Intake Point No.3 : Surco)
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. APPENDIX16

. SELECTION OF PIPE MATERIALS FOR INVERTED SIPHON






APPENDIX 16 'SELECTION OF PIPE MATERIALS FOR INVERTED SIPHON -
Alﬁ.l General

7 _Theque'ofrinégrted siphon'structufe is cannot be.avoided for the
transmissiqn_of_sewagé,tq-Sgn‘BartOIOQfﬁlly using elevation potential at
the.intake-points due to.tﬁe tépographiéalzfeature along_the propred
trﬁné@ission line. ﬁowever, adoption of such structure in the Project,
presénts‘seversl problems which need to bé studied like the long span of
: invefted siphon.seétioﬁ;'inner préésufe, and differencé of elevation be-
tween ‘the highest'and~lowest points;h.ihrthié Study, optimum materials for

pipes are selected taking these problems into considefation.
A16.2 Conditions for Study

Following conditions are set for the Study.
(1) . Longitudinal Section .

_":In'the case of Plan.El{‘the Qfofile of longest inverted siphon will
be as illustrated below:

PHASE I ¢ 1,350 mm_ -

+#117.00 -

: +100.00 . o
' o _ G +101.64
+30.30 '_:-;__ - +50.00

3560 . | . 1555.1:a- 4130 --l 530

SPNERISEIIIN - ST . ' S ) >

- PHASE II ¢ 1,200 mm

D 3 ~_ +77.40

_ G +65.45
87N L 44307
13600 1<' 2250 1-2750 -
< > : >le >
.Lg- - IPREERER :1:1+11 - : :
: >
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(2}

(3)

Pipe Materials

(a) Pre-stressed Reinforced Concrete Plpe (PGP}

Tn Peru, PCP have been installed for tranamission main pipe of

many water supply systéms. Highést inner pressure is 18

kgfemZ,

(b} Fiber-glass Reinforced Plastic Mortar Pipe (FRPM)

Import from foreign country

(c) Ductile'cast Iron Pipe {DCIP)

Import from foreign country.

S80il Condition

1

2)

3)

4}

3)

'(a) Phase I (near Lurin river)

Total thickness of top soil and alluvial soil is 0.5 m

and strata have loose density.

The layer betweén GL-2.5 and 3.0 m, which will be the
foundation of pipeline consists of gravelly soil. Silty
fine sand and medium gravel fine sand strata exist in

places. Strata are relatively dense.

The strata to be excavated consist of grévelly soil with

medium density,

Groundwater exists near Lurin River at elevation 50 m or

less, Water level is at 1.0 m below grouﬁd level.

Contents of salinity and sulfate is below the level of

concrete structure,



(b)

6)

7)

Permeablility of foundation stratum is:
K= 7,6 cm/s
It can be judged as high permeability

Based on the soil test, mecharnical properties of fine

" gand stratum in this area is judged to be:

Phése

1)

2y

3)

4)

32

Internal friction Angle 30°
Cohesion 0 kg/cm?

II (along coast line)

Total thickness of top soil and alluvial soil is 0.5 m

and strata have loose density.

The layer between, GL-2.5 and 3.0 m, which will be the

foundation of pipeline consists of medium density fine

sand with slight silt contemts in place.

The strata to be excavated consist of medium density fine

sand.
Groundwater exists below elevation 20 m in the south area
of the Cerro de Lomo de Corvina. Water level is at 1 m

below ground level.

Concentrations of salinity and sulfate in the soil exceed

. the durable level for concrete structures from Villa Rica

6}

7y

to Lurin River along the Pacific Ocean coast.

Permeabilityfof foundation strata is:

k= 7.8 x 10-3 cm/s
Tt is considered normal value for fine sand.
Based on the soll test, mechanical properties of fine

sand strata in this area is judged to bet

Al6—3



Internal friction Aﬁgle 3p°
Cohesion 0 kg/em2

(4) Items to be considered

Following items will be conéidered for selection of materials:
Characteristics and Strength,
Anti-corrosion and durability,
Joint performance,
Workability, and

Economy
Al6.3 Comparison of Pipe Héteri&ls -

TABLE Al6-) shows the comparison of characteristics of back plpe

materials.
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Al6.4 Conclusion

{1) Based on the comparison in Al6.3, materials of pipes are selected as

follows:

Phase I ¢ 1,350 mm

+117.00
¥§?\\ 0 - 2 kgfem2 - +101,64 @
r.c.p )X 0 - 2 kglom?2 /
\\\ 2 - 4 kgfem? P.C.P 1)
P.C.P i1)—% 2 - 4 kg/em2 P.C.P ii)
"‘\ +30.30 m
N iii)
D.C.I.P.
Phase II ¢ 1,200 mm
477.40
L |
. 0 - 2 kg/em2 3101.64 m
P.C.P i)%— ' 0 - 2 kg/em i T
"2 . 4 kglem? L _tocp 1)

P.C.P ii)—N— 2 - 4 kglem2 pP.C.P ii)
' 4 -

. +4.30 m

\\
L iii)
D.C.I.P.

i) Inner Pressure 0 - 2 kg fem2 : P.C.P.
(Durable Inner Pressure & kg/cm?)

11y  TInner Pressure 2 - 4 kg fem? : P.C.P.
(Durable Inner Pressure 6 kg/cm2)

iii) Inner Pressure above 4 kg fcm? : P.C.I.P.
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(2)  Inner Pressure in Inverted Siphon Section (Plan Ej)

Phase I
Section Planned Ground Elgvation Max. Btatic Pipe Pips Length by Pressura
Quantity  Upper DBottom Lowar Water Length lass th_ah . o mora than
End End  Prossure o . 2 kalem? 2 -~ & kglem 4 kglen?
B ~0C 1.0 tfs 146,10 112,00 136.60 34,1 4,647 2,247 1,300
D~ E 2.0 137.00 100.00 129.00 37.0 5,145 3,995 1,150
F-6 2.0 117.00  30.30 101,64 86.7 9,785 3,685 : 600 5,400
Pha.se 11
Section Plannad Ground Elevation Max- Static Fipe __Pips L_é_:"lgth.by Presaurae
Quantity Uppsr Bottom Lower Water Length legg than _ " more than
End End  Pressure 2 kglen? 2 - 4 kglem? 4 kgjem?
A-B  2.0¢tfs 92.39  76.00 85,73 16,4 3,350 3,350 _
D~ E 1.5 77.40 4,87 : : 3,600 1,000 800 ~1,800
E-F 1.5 4,87 4,30 4,30 . 73.1 2,250 © 2,250
F-G 1.5 4,30 65.43 ‘2,750 400 . 200 ' 2,150
g-1I 1.5 57.60  19.00  53.34 38.6 2,500 1,000 1,000 500
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- APPENDIX 17 ACCIDENT OF PRESTRESSED CONCRETE PIPE

_ SEDAPAthee been insealling p:estreesed concrete pipes for innec-
pressure pipeline. for water supply networks. Past records of installation

and. repair of pipeline using prestressed concrete pipes are summed up by
 SEDAPAL as shown in TABLE AL7-1.

Accofding to the table, the totel length of ioetailed prestreseeo
concrate pipes is 63,100 metefs. Out of those a length of 125 meters had
been replaced due to breakage suspected to be caused . by corros;on, electri~
fcel corrosion and excessive pressure. The repleced 1ength is about 0.2 2
of the total length. - ' '

_Breekdown of'broken pipes by cauge is as follows:
Total’lehgth of installed pipes . 63,100

m. .
Total length of repaired pipes : _'125 m (6 cases)
Cause : . Corrosion . - 100 m (3'cace§)
_._Electrical-Corrosion o S 1om {1 caee)
_'EiceSSive Pressure _ - 15 m (2 Caeee):

Breakages of preetreeeed concfte"pipes had-been'occurring at high
rate even at present. Such broken pipes were installed with no corrosion
protection measure nor were they provided w;th such protectlon after they
ihad been installed Pipelines provided with corr031on protection measure
“have not been damaged by corrosion._ &ccordlng to the staff of SEDAPAL it
;hal bscome a common practice to provide corrogion pxotectlon measure at the '
_'same tame ‘the pipe is lnstalled FIGUREs-Al7-1 to Al7-3 show typical

breakage cases._‘

A17-1



1]
N
- sa.
A
H‘ﬂ .
. e s o
6861 TIEL U0 |
| et
i
. :“.T..uiou . Ww.\vm ﬂmah . _ .
| TRy Sod “ 9. Wiy | TS4N302 ©f tdepul eproodgtay! , G-QpTIRMDLo-sRdng |, St o06'E wek Ag - 68 0 - EB oSG T FI0U7
{ ,_ « “ . 3 o« §-p|r3mabuonmladng |, Ko/l 000t ¥ | 80~ S¢ S0 ~ &2 ooﬂowﬁmw.»? sousng
. {oansol ourButul ‘ous; O ISGN); ,  Gob|TRRWRODmaRdng |, ol 000°L | 02T .9 | 60~ 08 40 = 08 - | ofrInbang — scenbuy
M Bamreas) ar3sdRT SD2N30L 7 )
| worse.8Taqes o woQl | 086> | TUOTIRY PTG, OplTieddueusdig i, /0 - 8l 005’y | W02~ LFL — 80 - T OO0Zs Y- 589234y
_' ..rv,..m..c;tuu . mOH.m_JU
; T ZUDAY * SOSICT St wo0L SO 48 " " . §pliaedovon-aadng sl ooL's VL - - - —J1D} JOpaADS OTTTA
| Ay T e r ¥ . " .
W- Hmwm._%maw 51 wg £0- 89| JOPOATCS T3°TTIA] .. 4-0j"302nwep-Jedng i, 0l -Gl 005t LOZ §- 20 - &8 20 - S8 | TPOATSS PITIA - vl
1350448 [B21-1)22]2 oo . .
_ w0 5| .
1on10e LTSasd - -
%»Um».u.&-q&mo& = w.b....bw.“ﬁ
§5 "Ny 50440 £ WOl el gl OTIONY SPILSL L 0ro-T R | B UL 009 R {0 - 09 P0 — 53433044
w3y o ,.Mm_m.t._, LN m.l : "
“ZLOAy " 56430 zt wOs el |1 owlony Touozbogl |, O-gi-gTyesen-aEdng |, 0z 4l 005 ¢ AT 0= 08 | "§sITRk = S34B20Lg -
. [ 55430014} SILQT 0LV
_ T b el moofeseesedsl, s e 000'¥L | .58 = .2 - 80 - 52 jop venr o5 ~oelmy
M JUESRE raumjol ounButu| ‘oupsy of oasoufuay 010 | 3<ouaD-usdng by £i -9 Q09T WL~ W49 | o -2 vo - 28 soupy - 9e{aoay
! S8V amsspal detipom] : sgraag whisad . . :
I G 1 jeinn 49 1 OJrasd 1| Flva { PR Lt < oy "5 otseon -
m mmxbd_wotuwﬁo 0 Juow T _ _“UM.DJ *Dododay cduww”/“wo.d erogad) mmw..h_mmmw ﬁm« Qm_.wmﬁﬂ S_&w Bw.a &mnmmme..a i %m.@vwwon d ..wm ..M i.\.%. cﬂwmwwwmm
; Bﬂmm‘_h apdy i an cﬁ%m SJLUOOTICE *PELS SRVITWOIAID3HSS A¥d vy H 23 3 ' ’
] -
m Yiwd2d SINOIOVYVASY B NOILYVIYISNI NOIDWIYLSNI
F o3sJoucsiadng +od sopootuqoy onba ap sojleqny ev.cwﬁ.uouonum A uQIDOTOAISUL FOWJOJU] T-LTV TIEVE

Al7-—2



X’I’~#*‘quxw HWL + 183.0

La Atarijea Py = 20kg/cm? Y]
w74l

purification
Plant
Reservoir
+75.0 ' qi\ Blow off
GL o

77 —
B Pl = 7.5kg/cm?

(Total Head of Pump)

GL + 176.0

Well

Change of main transmissiOn line from the existing well pump line (P1) to

the line from Atarjea (Pz2) caused breakage due to excessive pressdre.

BREAEKAGE BY EXCESSIVE PRESSURE

FIGURE Al7-1
(Proceres - Reser 2000)
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BREAKAGE BY ELECTRICAL CORROSIORN

FIGURE A17-2
(Proceres - CR4)
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When the booster pump was started at the time that the inlet valve of

reservoir closed, increase of inner pressure broke the pipe.

FIGURE A17-3 BREAKAGE BY EXCESSIVE PRESSUEE
(CR4 ~ Villas El Salvedor)
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APPENDIX 18  FITTINGS AND SMALL STRUCTURES
FOR TRANSMISSION L,INE

Various small gtructures are necessary in pipeline construction. The

follcwing typical dzawingq show the concept of such- structures

FIGUREHAIBei .Inlet Chamber for Inverted Slphon

FIGURE A18-2 Standard Type of Manhole

FIGURE Al8-3 'Air Valve Box o

FIGURE Al8-4 . Inspectlon Manhole (Pressufe Manhole)
FIGURE A18-5 ~ 'Plan of Drain (Blow Off Valve)
FIGURE A18-6 Rio Lurin Underpass (Phase I)
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Rio Lurin Underpass (Phase I)
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