LRl B i s

ENCY (UICA)







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

MUNICIPALITY OF LA PAZ
THE REPUBLIC OF BOLIViA

"THE STUDY ON
'CONTROL OF WATER CONTAMINATION OF THE RIVERS
IN THE CITY OF LA PAZ

Main Report
- N Ligra

T

11118837}

MAY 1993

PACIFIC CONSULTANTS INTERNATIONAL



BE Y FEE

26008

In this report, project cost is estimated in June 1992 prices at an exchange rate of
1 US$ = Bs, 3.87 (=Y127)



PREFACKE

In response to a request from the Government of the Republic of Bolivia, the
Government of Japan decided to conduct a master plan and feasibility study on Control of
Water Contemination of tﬁe Rivers in the City of La Paz and entrusted the study to the
Japan International Cooperation Agency (JICGA).

JICA sent to Bolivia a study team headed by Dr. Akira Uchida, Pacific Consultants
International, three times between February 1992 and March 1993.

The team held discussions with the officials concerned of the Government, of Bolivia,
and conducted field surveys at the study ares. After the team veturned to Japan, further

" studies were made and the present report was preparéd.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countries.

1 wish to express my sincere appreciation to the officials concerned of the Government

of the Republié of Bolivia for their close cooperation extended to the team.

May 1993
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¢

Kensuke Yanagiya
President

Japan International Cooperation Agency






'THE STUDY ON CONTROL OF WATER CONTAMINATION
OF THE RIVERS IN THE CITY OF LA PAZ

Mr. Kensuke YANAGIYA

‘President
Japan International Cooperation Agency

LETTER QF TRANSMITTAL

Dear Sir,

We are pleased to submit to you the final report entitled "THE STUDY ON CONTROL
OF WATER CONTAMINATION OF THE RIVERS IN THE CITY OF LA PAZ". This report
has been prepared by the Study Team in accordance with the contract signed on 28 January
1992, 13 October 1992 and 27 April 1993 between the Japan International Cooperation
Agency and Pacific Consultants International,

The report examines the existing conditions concerning river water poliution in La Paz,
presents a basic plan for control of water pollution in La Paz and the results of a feasibility

study on & priority project for sewerage development selected by the basic plan.

The report consists of the Summary, Main Report, and Supporting Report. The
Summary summarizes the results of all studies. The Main Report presents the results of
the whole siudy including background conditi'ons, formulation of the basic plan for contrel of

“the river water pollution, selection of the priority project, and the feasibility study on the
priority project. The Bupporting Rep.ort describes in detail the same contents in the Main
Report, and includes relevant appendices and & complete list of references. In addition, a

Data Book has been prepared and is submitted herewith.

All members of the Study Team wish to express grateful acknowledgment to the personnel of
your Agency, Advisory Committes, Ministry of Foreign Affairs, Ministry of Construction, and
Embassy of Japan in Bolivia, and also to officials and individuals of the Municipality of La
Paz and the Government of Bolivia for their nssistance extended to the Study Team. The
Study Team sincerely hopes that the results of the study will contribute to the improvement

of aquatic environment and the social and economic development in La Paz.
Yours faithfully,

W oe B

Akira UCHIDA
Team Leader
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1.1

1.2

CHAPTER 1
INTRODUCTION

BACKGROUND OF THE STUDY

The City of La Paz is the largest city in Bolivia and the de facto capital of the country
with a population of about 720,000. The c¢ity has developed along the Choqueyapu

River which constitues the central axis of the urban area.

The Choqueyapu River and some of its tributaries have been suffering serious water
pollution as the city developed intensively during the recent decades. Major causes of
the river water pollution are domestic and industrial wastewaters that are discharged

into the rivers directly or via sewer cutlets.

The degree of the pollution is such that the BOD value of the Choqueyapu River in the
central zone of the city often exceeds 300 mg/], a level surpassing that of normatl

demestic sewage,

This situation has brought about offensive odors and aesthetic deterioration along the
rivers in the urban area, and damages to the use of the river water in the downstream

farm lands,

In order to im.prove the degraded quality of the aquatic environment of the city and the
adjoining areas, development of a water pollution contral plan that can be

materialized with a reasonable degree of resources input is required.

With this background, the Study on Control of Water Contamination of the Rivers in
the City of La Paz (hereinafter reforred to as “the Study"”) was undertaken by the
Japan International Cooperation Agency (JICA) responding to the request made by the
Government of Bolivia. The Scope of Work for the Study was signed between JICA
and the Bolivian Government on February 27, 1991,

OBJECTIVES OF THE SUTYE

The objectives of the Study are to prepare a basic plan for control of water pollution of
the Choqueyapu River and its tributaries, and to conduct a feasibility study on the
first priority project to be selected from the components of the basic plan.
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1.4.1

STUDY AREA

The st;udy area is the catchment area of the Choqueyapu River above the Llpa‘l’l bndge
as shown in Fig. 1.3.1, with a total area of 535 km2

The study area covers most of the édministrative area of the City of L.a Paz and a
large area composing upstream catchiments of the Choqueyapu, the Orkojahuira, and

the Irpavi Rivers,

The Chogqueyapu (or the La Paz) River, in fact, changes its name as shown iﬁ .Fig.

-1.3.1. In the presen£ Study, however, the stretches of the Kaluyo, the Chogueyapu,
and the La Paz Rivers within the study area will be called by the unified name "the
Ghoqueyapu River". | ' |

'éTUDY ORGANIZATION

General Organization

The General orgamzation for the Study is as shown helow.

J;anaueae.sm Bolivian Side
Advisory Steering
Committee JICA Committee
HAM-LP
Study ; Counterpart
Team Team
Note : JICA:  Japan International Cooperation Agency.

HAM-LP:  The Municipality of La Paz.
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1.4.2  Japanese Organization

The Japanesé'Orgahization con_sisté of the Study Team under the JICA headquarters
and the Advisory Commiitee for the JICA headquarters. ‘

The members of the Study Team ave as follows:

Akira Uchida : - Team Leader

Akira Takechi Sewerage Planning

Akira Mihara Sewage Treatment Planning

Téutorﬁu Kurihara Water Pollution Analysis

Kenichi Takashima Water Qﬁ_aiity Analysis

Toshio Ago | Water Quéliﬁy Analysis |

Mitsugu Futéka | , EnvironmeﬁUSanitation

Dennis R. Harris Facilities besign / Construction Planning /

Cost Estimation

Tatsuo Tashino © - QOrganization / Economic and Financial

Analysis

The members of the Advisory Committee are as follows:

Name Field in Charge P zglggnt,_ Post

Hitoshi Murakami Leader . Executive Director, Japan
Sewage Works Agency

Hironori Suzawa Sewage Treatment  Assistant Manager, Planning

Section, Consbruction
Department, Sewage Bureau,

Kitakyushu City
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Eijirou Takashima Water Pollution Senigr Researcher, Water
Control Quality Division, Public Works
Research Institute, Ministry of

Construction

Yasushi Irie River Environment  Director of Investigation,
Chikugo River Works Office,
Kyushu Regional Construction

Burean, Ministry of Construction

Bolivian Organization

The Bolivian organization consists of the Counterpart Team, to the JICA Study Team,
and the Steering Committee, with the general coordination of the Municipality of La

Paz.

The principal members of the Counterpart Team are as follows:

Joaquin Aguilar A, Overall Coordination Director of
DICOMAC, HAM-LP
Alberto Yutronic C. Technical Field DICOMAC, HAM-LP
Jose Luis Mérquez G. Technical Field DICOMAC, HAM-LP
Gaston Araoz T. Development Planning DICOMAC, HAM-LP
Camille Ponce F, Economy and Management  DICOMAC, HAM-LP
Javier Marza T. Main Sewer Interceptor/ DICOMAC, HAM-LP
' River Course Protection
Eddy Jaén F. Sewerage Planning Director of GIP,
SAMAPA
Roger Saravia L. Sewerage Operation and Director of GOM,
Maintenance SAMAPA
Andres Zegada L. Sewerage Planning / Field GOM, SAMAPA
Survey
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Diego Contreras V. Sewage Planning / Field GOM, SAMAPA

Survey
Jose A. Diaz B. Sewage Treatment Director of IIS,
UMSA
Grove.i- RiveraB. Sewnge Treatment / Water  1IS, UMSA
' Quality Analysis

Note: DICOMAC:  Burean of Control and Maﬁagement of
Watershed and Environment

SAMAPA ; Municipal Corporation of i’otable Water and
: Sewerage in La Paz

aiP Management of Engin_eering an-d'Projectr
GOM Management of Operation and Maintenance
UMSA - University of San .Andres

I8 Institute of Sanitary Engineering

The members of the Steering Committee are as follows:

Oscér .Péz R. Technical Mﬁior Official, HAMLP
Joaquin Aguilar A. Director of DICOMAC, HAM-LP
Hernando Poi)pe A Director of -DENASBA, MAU
Eddy Jaén F. Director of GIP, SAMAPA

Note : MAU :  Ministry of Urban Aff'airs-

DINASBA : National Bureau of Basic Sanitation
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1.5

REPORTS
The study reports prepared are as follows:

{1) Main Report (English)

{2) Main Report (Spanish)

(3) Supporting Report (English)
{4) Summary Report (English) '
(5) Summary Report (Spanish)

(6) Data Book (English)

The main report presents the summarized results of the whole study. It consists of
three Parts; Part (I) Introduction, Part (II} Basic Plan, and Part (1I) Feasibility Study.
Part (II) consists of Chapter 2 through Chapter 6, and describes existing conditions
related to the water pollution, generé.l framework for the basic plan for water pollution
control, simulation modei analysis of river water quality, formulation of the basic plan,
selection of a priority project out of the basic plan, and recommendations. Part (ITI)
consists of Chapter 7 through Chapter 10 and is devoted to the feasibility study on the

priority project.

The supporting report describes in detail the same contents presented in the main
report. It includes Appendices concerning discussions on various water pollution
control measures that were not adopted for the basic plan (appendices A, B and C)
and detéiied description on the preliminary design of wastewater treatment plant;
aerated lagoons for Lipari option (Appendix D). A complete list of references is also

included in the supporting report.
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2.1

2.1.1

2.1,2

CHAPTER 2
EXISTING CONDITIONS

NATURAL CONDITIONS

Topography and Geology
(1} Topography

The City of La Paz is located in deeply incised valleys near the eastern edge of the
Altiplano. The Choqueyapu River originates in the Central Mountains and flows down
through the city. The basin of the Choqueyapu River is in the natural depression
formed by the past erosion and consists of relatively young valleys. The difference in
height between the northern limit (Mt.Charquini) and the southern limit (Lipari
district) of the study area is 2,372 meters, and the length of the stretch of the
Choqueyapu River is about 44 kilometers. In the northern limit of the basin, there are
high mountains belonging to the Central Mountains, In the southern limit of the basin,
there are mountains and settlements. Urbanized area of the City of La Paz extends
along the main channel of the Chogueyapu River and major tributaries, i.e., the
Orkojahuira River, the Irpavi River and the Achumani River, and is located between
3,200 m and 3,900 m above the sea level. The western limit is the edge of the
Altiplano which is roughly the same as the administrative limit of the La Paz
municipality, and the eastern limit is the Murille Mountains. The total catchment area
of the basin is 535 km?

(2) Geology

Generally, 30 % of the basin of the Chogqueyapu River is composed of the sequence of
the Palevzoic with the major area made up of Silurian. The Paleozoic is composed of
sandstone mixed with intercalated mica, quartzite and slate of the marine origin. The
other 70 % of the basin is constituted of slightly consolidated clay, silt, sand and
gravel of the La Paz Formation, and alse includes a large quantity of fluvial-glacial
deposits distributed in moraines that have formed the surface of the river basin and

the terrace of Miraflores and central part of the city.

Meteorology

The climate of Bolivia depends on three wind systems and the high mountains of the

Andes. The first wind system is a northeasterly trade wind which blows from the
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Atlantic Ocean and carries a warm and humid atmosphere. The second system is a
southeasterly trade wind which blows from the Argentine pampa_s and carries a cold
and dry atmosphere, The third system is a southwesterly wind which blows from the

Pacific Ocean and carries a cold and dry atmosphere.

The City of La Paz is located in the valleys near the eastern edge of Altiplano where
the third wind system is rather dominant, and its climate is therefore rather cool and
dry. Its seasons are classified into two, according to the level of rainfall,. because
monthly vaﬁation of the preciﬁimtion but not in temperature . The rainy season is

generally defined as the period from December to March and the dry season is defined

. as the period from April to November. The first win.d syéteﬁx (northeasterly trade

wind) may slightly in’f_luencé the weather in the rainy season', and the meso-scale

system around the Titicaca Lake may also influence the weather.

The annual precipitation is about 510 mm, the average temperature is aprox. 110C,

and tﬁe atmospheric pressure is about 660 mb in Central La Paz.

Hydrology

There are some observation statioris of river flowrate in the Chegqueyapu River basin.
Observations are conducted by SENAMHI, HAM and others. The location of the

stations are shown in Fig. 2.1.1.

The flow data observed for a decade have been obtained for three stations, and
monthly mean flow rates are shown in Table 2.1.1. foe largest monthly average
flowrate was observed in January: Achachicala(1.8 m3/sec), Holguin(2.0 m3lsec),
Obrajes(13.8 m¥/sec). The smallest monthly average flowrate was observed in July,
August and September: Achachicala(0.4 m3/sec), Olguin(0.3 m3/sec),

Obrajes(2.3 m/sec).

Sub:surface flows seem to contribute the water balance of the river systems. However,
according to the existing data, the groundwater outflow from the El Alto zone in the

dry season is about 0.5 lit/sec at most.

2-2 (CHAPTER 2 4/20/93)



y N N
! A\
@4 \ \‘\‘\\
| y
-"4’!\\"\ 4 I;"A‘\\ \. P
N R T
.-‘;f‘. Q' III :" uﬁhi*ﬂ\
J & i Vs N
f ,QA;-Y :’] r‘j 5 bl
i" 8 . \‘:) 5
- g e S Ly
/ o T N i
- § Y : ?
{ o) } \ R
: ll’ (7 I S e
, 4,?3‘6 / 139 ~ré P N
\¢ ‘2*00}?2) S & AN S
! -
.}5 . fv-*""l - . "‘;"‘ 12
baf® S
’ a AN \‘ & 8 ’, Q-
'y | " @ e QQ)
K {'3" @3 4 .\{_o o 2 T ——
N :g ‘: th . :", : ‘Q" ,r" AN . f#
AT I, S Fi A, . .
{ ¢ 100 / 3 e
;Y i q’?" . &~ _7"‘ J
/ /", “\-\ @ ’} o\’Q- _,-'/' .-", j
\ N ! 3 @ *:’ﬁ’ r
1R o {
> / :

'\ i }{UP\NAJAHUIRA RIVE

.
\\. PrLELTPLL Sy e }..' “
)

LEGENTD o 0
% o e S Y
@ Meteorological Observation Station

A Hydrological Observation Station
\C

Flg 2.1.1 Location Map of Meteorological & Hydrologlca!
_ Observation Stations

2-3



Table 2.1.1  River Flowrate (Monthly Mean) (m3/sec)

 Month-

Station vael 1 1 2l al afs el 718l ol nwliw]ve
1. ACHACHICALA | Ave. | 181} 167 102 ] 1148 057 042 | 041 | 041 ] a7 | 067) 090 ] 1147 028
(1980.2 —» Mar. | 3061 266 4241 231} 105 o7 ] 0771 oes | 074 | 06| 176 ] 2t 15
1992:3) Min. ] 082 080 | 073 ] 048] 021] 0o 012 015) 0221 031 043 052 ] 047
2. HOLGUIN Avo. 1 2021 172} 090 ] 100 076§ 0511 040} 033 033} 053] 050} 090§ o
{1981.10 > Max { 300 | 384 206§ 307 177 152 | 061 ] 051§ 040l 088 ] 0es | ias) 105
1991.8) Min. § 044 ] 049 057 036 ] 031] 012| 023} 020§ 018 | 028] e8] 027] 041
3. OBRAJES Avo, 11378 |1107 | 835 | 422 | as7 | 320 ) 227 228 ] 236 | 523l 348] 740 635
(1981.2 ~> Max. [2270 |3220 [170 | 685} 930 | 052 336 | 405 | 53] 448 795 |1es0 § 83
1901.8) Min, | 508 ] 4241 ap0 | 250 | 152] 1421 184 ] 124 ] 100 170] 165 245§ a4
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2.2 SOCIAL AND ECONOMIC CONDITIONS
2.2.1  Population
The national census of Bolivia was conducted in 1950, 1976 and 1992, Since the last
one was just conducted in June 1992, the available results for the latest census are
partial and tentative. Between 1976 and 1992, INE also made a check investigation
of the population in 1988. Table 2.2.1 shows historical change in the population of
the whole country and the metropolitan area extracted from the results of these
censuses and investigations.
Table 2.2.1 Historical Change In the Populatlon of the Country and
the Metropolitan Area
Population (persons) é?;l\:lrta}i 1?::: 8(‘%?)
1850 1976 1988 _ 1992 1976-1988 1976-1892
(1) National Total 3,023,031 | 4,613,486 ] 6,405,100 - 2.89 -
(2} - Metropolitan Area 321,073 635,283 976,793 1 1,103,714 3.66 3.51
& City of La.Pza - 538,598 669,399 710,940 1.83 1.7
(4) _City of El Alto ) 96,885| 307,394| 892,774 1012 9.16
(2D (%) 10.62 13.77 15256 -
(3Y(2) (%) - 84.78 68.53 64.41
(4A2) (%) - 15.22 31.47 356.59

The annual average population growth in the City of La Paz during the last 16 years

shows a moderate rate of about 1.8%, while the rate in the metropolitan area
including El Alto is about 3.5%. This indicates that the City of La Paz is approaching

the limit of its devélopment potential because only a little land available for new

residential development, while available land in EI Alto permits large-scale

development of residential areas at relatively Jow cost,

The information on population distribution within the City of La Paz in 1992 was
obtained from the Sanitation Unit, La Paz. From this information, the City is divided
into 6 districts and each district is divided into several sub-districts. The location of

each district and the populations of each sub-district are shown in Fig. 2.2.1. The

Figure gives a total population of the city as about 720,000 which is very close to the

tentative result of the 1992 census,

The area covered by the above information is almost, 100 % contained within the study

area. The study area further covers upstream areas of the Districts along each river

2-5
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2.2.3

for which the population in such upstream areas was estimated by an interview

survey in each area. The present population in the study area is summarized as

follows:
La Paz Veity _ Central zone . ' 616,025 .
South zone 103,931
. . Total 712,956
Upstream areas o ' _ 1,650
Grand total for the Study area o 721,506
Land Use

A large part of the urbanized area in the City of La Paz is residential particularly in
the South zone, '

- A densely developed commercial area is located at the very center of the Central zone

ncross the covered section of the Chogueyapu River. The commercial center is
surrounded by the commercial-residential-mixed area which stretches up the slope
towards the City of E]1 Alto.

An industrial area lies a little upstream from the commercial center along the
Chogueyapu River. There is another industrial area on the right bank of the
Orkojahuira river in the northern part of the Central zone,

Forests are scarce in the study area, but there are significant afforestations along the
border between El Alto and the Central zone, and at outskirt of the South zone on the
both sides of the Choqueyapu River.

Relatively large farmlands within the study area are locatad upstream from the
urbanized area along the Choqueyapu and the Irpavi Rivers. Below Lipari, a number

of farmlands are scattered along the lower reach of the Choqueyépu River.

Economic Profile of La Paz .
(1) GDP and GRDP

The gross domestic product (GDP) of Bolivia recorded continuously negative growth

“from 1981 to 1986. During this period from 1982 and 1985, Bolivia experienced

serions hyper inflation, and in August 1985 its economy almest reached a point of
chaos. The new government moved swiftly and decisively, and promulgated a new

economic policy.' The new policy succeeded quickly in'resboring MAcro economic
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st.ahahty However, the recover of the economy has been slow. GDP grew for the first
time in six years in 1987 although at only 2.6%, T‘nereaﬂaer it grew by 3.0% in 1988
2.8% in 1989, 2.6% in 1990 and 4.1% in 1981, '

In spite of the steady 'growth' of GDP, per'capita GDP has not grown as expected even
after the recession. GDP per capita in 1986 was US$765 at current price, In 1891,
however it was US$832 or 8.8% increase from 1988,

Figures for gross regional domestic product (GRDP) are available for the La Paz
Department, but GRDP data after the recession period are not available. GRDP in
the reeessiori period has constantly decreased in proportion to the national GDP.
GRDP of La Paz City accounted fdr less than 30% of the total national GDP,
Pépulation in La Paz Department, however, continuously accounted for more than
30% of the country total. Therefore, GRDP ﬁer capita was lower than the national

average.
@ | Agriculture and Livestock

The agricultural sector, absorbing more than half .of the labour force of the country, is
one of the most important sectors. However, the GDP share of the sector is only about
20%. This might be because the native people, who accounts for more then half of the
total population and most of whom live in high land area called ' alt,:plano carry on
traditional and labour intensive subsistence farms and their economic activities are

not completely included in the national accounts.

La Paz Department is located in higﬁ land areas, so it is not always.suitable for crop
cultivation. In spite of that, some crops such as coffee, tea, and cocor, inéiuding cash
crops, are produced in the Department. On the other hand, the staple foods in the
department,; potatoes and wheat,' are not produced sﬁﬁ'iciently to'cover self-
consumption. In addition, their production system: is primitive and the productivity is
very low. Around the study area particular]y, fertilizer is sometimes used to cultivate
potatoes only, and not be used for other crops. Within the river basin of the study
area, no large-scale cultivated areas with significant production of agricultural crops

were found by inspction of the basin by the JICA study team.,

Instead of crop production, stock farming seems to be an important industry in La Paz
Department. The production of Alpaca and Llama accounted for 59% and 34% of the
country total for these animals, respectively. In the study area, they are raised in
many places. However, there are no large-scale ranches in the. area, and all of them

are managed in small-scale grazing.
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{3) Mining and Manufacturing

In ﬁhé Bdiiﬁ'an economy, the extraction industries such as erude oil, natural gas,
mining and quarrying are guite impo.rtant for earning foreign money through
exportation. It accounted for 15% of GDP in 1991, and is expected to gfow as the
most significant foreign money earner in the future. However, there are no crude oil
and natural gas fields 61‘ major mines in La Paz Department. In fact, the extraction
production in thé department occupies only 9% of the country total for these industries,
which is broken down to 0% in the crude oil and natural gas sub-sector and 20% in
mining sub-sector, respectively. There are some small-scale mines in the study area.
From the environmental poini of view, even these small-scale mining sources cause

water pollution of rivers in the study area.

Although the manufacturing sector is important in the Bolivian economy as well as the
extraction industry, it is biased toward light industry such as food and beverage
processing. Thereforé, basie capital goods and intermediate materials are provided by
imports. In terms of production, a) flour and bread, b) meat products, ¢) petroleum
refinery, d) basic metal products, and e) beverages are the top five manufacturing
types in order in the country. In the Department, a) flour and breads, b) beverages, b) .
meat p’roducté., d) sugar and confectionery , and e) textile and garment are the top five

manufacturing types.
{4) Tourism

The foreign currency earning through tourism was US$74.4 million in the country in
1989. This amount accounted for approximately 10% of the merchandise exports
(US$724 million in FOB) in 1989, so its rate was not small in the Bolivian economy.

Of the national total arrivals, 116.1 thousand or 55% arrived in La Paz City. Thus,

La Paz City keeps the most important position in the tourism industry. Moreover,
tourists into La Paz City stay somewhat longer and spend more money in the city
than the national average. From the economic point of view, tourism in La Paz City

should be promoted to increase the tourist arrivals by means of improvements in the

infrastructure for tourism,

People's Income and Expenditure

People's income data is part of the essential information needed for appraising the
viability of water supply and sanitation projects. Data on income and its distribution
are not available in the census. According to the househeld sample survey conducted

by INE in 1990, in which households were divided into four classes of income, the
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average monthly household income of each quartile was Bs.225, Bs.407, Bs.609 and
Bs.1,890 in order, respectively. The average monthly household expenditure was
Bs.359, Bs.599, Bs.935 and Bs.1,816, respectively. Oniy the fourth quartile group's
income can cover their expenditures. '

The expenses for utilities such as water, gas and electricity were 3.1%, 2.6%, 1.9% and
2.2% of the total expenditure of the respective quartile groups. In monetary terms,
they were Bs.10.9, Bs.15.6, Bs.18.1 and Bs.39.8 per month, respectively. If the
expenses for water is assumed to be one-third of the above amounts, they would be
estimated at Bs.3.6, Bs.5.2, Bs.6.0 and Bs.13.3 per month,

Financial Status

The public entities concerned with water are categorized into four groups as follows.
1) Central government '

2) Goy"ermhent enterprise

3) Departmental government -

4) Municipal government

The tctal.budgets of these entities were: Bs.4.57 billion in 1986 at current prices;

Bs.4.64 billion in 1887; and Bs.6.46 billion in 1988. On the other hand, the GDP in
the same period were: Bs.8.92 billion in 1986 at current prices; Bs.10.18 billion in
1987; and Bs.12.30 billion.in 1988, Thus, the budgets by these public entities as a
percentage of total GDP accounted for: 51% in 1986; 46% in 1987, and 52% in 1988.

After the recession period, the new economic policy has led the public accounts to
succeed gradually in restoring stability. Moreover, since foreign assistance is
increasing year by year, the public finance is expected to increase public investment for

infrastructure development.

The muriicipal government is ﬂze responsible organization regarding water pollution
control of the Choqueyapu river. The government used public finance for basic
infrastructure between 1986 and 1989 as follows: Bs.2.72 billion in 1986; Bs.11.87
million in 1987; Bs.54.10 million in 1988; and Bs.11.04 million in 1989. The Bureau
of Control and Management of Watershed and Environment (DICOMAC), in charge of
the Choqueyapu river management, was allocated Bs.2.99 million in. 1991 and
B5.42.08 million in 1992,

The Municipal Corporation of Potable Water and Sewerage in La Paz (SAMAPA)
operates and maintaing water supply and sewerage facilities in La Paz City and El
Alto City. According to the profit and loss (P/L) statement of SAMAPA for the latest
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five years, it seems to be managed soundly from the point of view of financial
management. In partieular, the income covers cornpletely the expenditure for the
latest three years. The major income conéists of water supply and sewerage service,
which accounted for: Bs.25.41 million or 73% of the total income through water supply
and Bs.6.99 million or 20% through se{vemge service in 1950; and Bs.31.48 million
(73%) and Bs.8.98 (21%), respeciively, in 1991, In the same years, its fixed assets
holdings were evaluated at Bs.324 million (1J5$95.4 million équivalent) in 1990 and
Bs.377 million (US$100.7 million) in 1991,

Consciousness of the Public Toward Ri_ver W._ater Pollution

A guestionnaire suii'vey was carried out by HAM-LP during the first site study period to
throw light on people's consciousness of river water pollution such as the water
color/smell, the contraction of diseases, the expectation of water quality improvement

and the conditions of water supply services in the objective zones of Central and South.
(1) Consciousness and Utilization of River Water

955 respondents or 28% of the residents polled were aware that purification of river
water around their houses is important. This figure proves that the rivers in the city
are contaminated and give an unfavourable impression to citizens. 62% of the

respondents answered that the rivers are used for sewerage. Also, 16% of the

're_spondents answered that the rivers are used for dumping garbage, as well.

Although a quarter of respondehfs think that there are no problems with river
conditions, other people are conscious of the following problems: 1) 53%, obnoxious
odours from the rivers; 2) 42%, eye-sore in riparian conditions; and 3) 25%, breeding

ground of mosquitoes and germs.
(2) Contraction of Dizeases

According to the poll, the people were most susceptible to diarrhoeal diseases.
Additionally, people in the area were susceptible to the following water-borne diseases
in order of the number of patients: 2) skin sepsis and ulcers; 3} typhoid; 4) dysentery;
and 5) infective hepatitis. 174 people spent Bs.17,249 in total for medical care during

the previous 5 years with Bs.99 per patient on average.
(3) River Water Quality

More than 60% of the .respbndents desired that the quality of the river water be clear.
Also, 17% of them desired to decdorize the contaminated rivers; and14% desired to get

rid of the eye-sore in the river courses.
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For improvement of river water quality; 58% of the respondents desired the people to

stop throwing garbage into rivers. 24% agreed to establish a public sewage treatment

' plant, although the people realize they will have to bear a fair share of the cost. 13%

approved the regulation and control of industrial waste water, although the prices of

“industrial products may increase a little as a result,
(4) . Houschold Income and Willingness to Pay for Purification of Rivers

‘Family size of respondents _was'5.6 persons on avefage, of whom 1.7 persons on

average were income earners in the family, The total monthly income of household

was Bs.763 on average. Likewise, willingness to pay for purification of rivers was

Bs.2.8/month on average or 0.37% of the total household income,

INSTTITUTIONAL FRAMEWORK FOR WATER POLLUTION CONTROL

Legel Framework
{1 | General Law of Environment

On April 27, 1992, the General Law of Environment was enacted as Law No. 1333,
The law provides, for the first time in Bolivia, the objectives and the general policy
concerning protection and conservation of the environment and natural resources in
harmony with the suétainab!e development of the cbuntry. The law also provides the
iﬁstitutional arrangements inciuding the creatib_n_ of the National Environment Agency
{Secretaria Nacional dél Medio Ambiente;_ SENMA) . - |

It is expected that provision of specific laws, fules, regulations and standards to effect
control and abatement of water pollution will now be made by the relevant national

and local authorities, based on the requirements of Law No. 1333;
{2) Organization of the Basic Sanitation Sector

On November 1, 1991, the Government promulgated the Supreme Decree No. 22965

concerning reorganization of the basic sanitation sector in Bolivia,

The decree designated the Ministry of Urban Affairs (MAU) as the national authority
of the basic sanitation sector in charge of planning administrative reorganization of the
sector. The functions of MAU and the national and the local organizations of the

sector is described in Section 2.3.3.
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2.3.2  Water Quality Standards

Under the provisions of the Article 80 of Law No. 1333 and the Supreme Decree No.
22965, MAU has been authorized to establish and enforce water quality standards for

environmental waterbodies and wastewater effluents. -

A draft of these standards was prepared during the period of 1983 to 1984 by the
_regulation commission composed of the members from the Ministries of Urban Affairs
(then Urbanization and Housing, MAYV), Industry and Commerce, Social Security and
Public Health, Mining and Metallurgy, and Peasant and Stockbreeding Affairs, and
San Andres University, SAMAPA, and the relevant industrial groups. The content
was pﬁb]icized as the Ministerial Resolution No. 010/85 by MAV. At that time,
howevef, it was regarded that MAV did not have the authority to establish and enforce
such regulation; therefore, the regulation has not been implemented until recently.

Having recently given such authority to MAU', the regulation called "Regulation on
Discharge of Industrial Wastes into Waterbodies", which was already prepared in
1984, has just become effective.

The regulation gives specific water quality values as the upper limits for the
environmental waterbodies and the industrial wastewater effluents. The former is

shown in Table 2.3.1 and the laiter is shown in Table 2.3.2.

In Table 2.3.1, environmental waterbodies are divided into the five (5) clasaes

according to the usage of the water as follows:

Class Special: Waters designated for public water supply without treatment or

with simple disinfection.

Class A: Waters designated for public water supply after sedimentation,
filtration and disinfection, for the irrigation of vegetables to be

eaten raw, and for bathing,

Class B: Waters designated for public water supply after conventional
treatment, i.e., coagulation, flocculation, sedimentation, filtration
and disinfection, for preservation of flora and fauna, and for

drinking water for animals,

Class C: Waters designated for public water supply after special
© treatment, for irrigation, scenic harmony, navigation, and for

power generation,
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Class I, Waters designaied for transport and removal of wastes.

The maximum permissible values of water quality of wastewater effluents shown in
Table 2.3.2 are applicable not only to industrial wastewaters but also to any

wastewater when it causes water pollution.

The regulation also stipulates the details of wastewater discharge conditions,
procedures for registering the discharge, reporting of the effluent quality, qualification

of wastewater analysis, penalties, and others,
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Note :ABS=Alkyl Benzene sulfonate
LAS=LInear alkylate Sulfonate
MPN=Most Probable Number

Table 2.3.1-4/20/1993

TABLE 2.3.1 Water Quality Standards for Envirohmenial Waterbodies
'PARAMETER SPEGIAL CLASS CLASS A CLASS B CLASS C CLASS D
Physlcal-biologlcal parameters . _

8005 (mg/) ' _ <@ <5 <10 <50 1 <300
Do 80% sal. 70% sat. 60% sat. 50% sat. 2 mgf
Floating Sollds Absent Absent Absent None that could  None that could

be retained on a be retalned on a
' . 2 mm sieve 2 mm sleve
Suspended solids (mgA) §00 1000 1500 2000 5000
Greases and olls (mg/l) Absents 0.8 1 10 20
Coliform Bact, {MPN/100ml) . <500 - <5000 <10000 <20000
< 50 in 80% <1000in 80% <2000in80% <5000 In 80% 100000
of the samples  of the samples  of the samples  of the samplas

PH 6.5-9.0 6.0-9.5 55-95 5.0-10.0 4.5-10.0
Color (Color unit) <20 <50 <100 <200 <1000
Chemical paramsters {(mg/l)

As 0.05 0.05 0.05 0.1 1
Ba 1 1 2 5 10
B 0.1 0.1 0.5 2 5
Cd 0.01 0.05 0.2 0.5 1
Cu 1 1.5 2 3 5
Cré+ 0.05 0.05 0.1 1 5
Hg 0.0014 0.005 0.01 0.02 0.05
Pb 0.05 0.1 01 0.2 2
Se 0.01 0.01 0.05 0.1 0.5
Cyanide 0.05 0.05 0.1 0.2 i
Phenols 0.001 0.002 0.005 0.01 0.1
Detergents (ABS and LAS) 015 0.5 i 2 5
Totat Nitrogen NO3 45 50 60 80 100
Zn 5 10 15 20 50
Mn 0.5 1 2 5 10
Fe 0.5 1 2 5 10
Mg 100 200 300 400 500
Ca 200 300 400 500 700
F 0.6-17 06-17 2 3 5
Chlorides 500 500 700 1000 5000
Sulfates 400 400 600 1000 8000
Herbicides {mg/l)

Aldrin 0.G17 0.017

Chlordans 0.003 0.003

D.D.T. 0.042 (.042

Bleldrin 0.017 0.017

Endrin 0.001 0.001

Heptachlorine 0.018 0.018

Epoxyheptachlerine 0.018 0.018

Lindane 0.056 0.056

Metoxychlorine 0.035 0.035

Omganic Phosphate with

Carbonates 0.1 0.1

Foxatene 0.005 0.005

Total Herbickdes 0.1 Q.1

Source : Rel. K3



TABLE 2.3.2  Maximum Allowable Values for Industrial Wastewater Discharge

to Waterbodies

PARAMETER ' - UNIT ~ MAXIMUM VALUE
Tempegrature | °G _ 40
PH _ - 45-100
Sulfate (SO4) mgl 8000
Settleable solids - my 1
BOD mg/l 300
cOD : mg/l 500
Floating solids ~ mg!  None that could be

: | '_ retained on a 3 mm sieve
Greases and oils Comgl 20
Coliform Bacteria MPN/100 mi 100000
Color color unit ' 1000
As : - mg/l 1
Ba : mg/ 10
B ‘mg/i | 5
Cd mg/! | 1
Cu : mg/l 5
Cré+ mg/l 5
Hg mgl 0.05
Pb mg/l 2
Se mg/i 0.5
Cyanide mg/l 1
Phenols mg/l 0.1
Datergenis (ABS and LAS) mg/ 5
Total Nitrogen NO3 mig/l 100
Zn mgi B0
Fe me/l 10
Mg : mg/l 500
Mn may/l ' 10 -
Ca mg/t 700
Chlorides - mgf S000

Source : Ref. K3

Note : ABS = Alkyi Benzene Suifonate
LAS = Linear Alkylate Sulfonate
MPN = Most Probable Number
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2.3.3

Organization

The Bolivian Government Decree 22965, proclaimed on November 1; 1991, classified
the basic sanitation sectors as follows: '

1) The Ministry of Urban Affairs (MAU)

2) The Regioﬁal Development Corporations

3)  The Municipalities

4)  The Administrative Entities

B8)  The Financial Entities

8) The Advisory Bodies

In addition to these domestic entities, 7) Foreign Organizations contribute to the

sanitation sectors as financing agencies.
(1) Ministry of Urban Affairs (MAU)

The MAU is the national government authority in charge of basic sanitation and water

| . services, It attempts to improve and preserve the health and quality of life of the

Bolivian people regarding services of potable water, sewerage, excretal elimination,

solid waste disposal and environmental pollution control.

Under MAU, the National Bureau of Basic Sanitation (DINASBA) was created to
provide integral plans and projects of basic sanitation programs in the country. It
also elaborates tﬁe other nét_ional development plans and programs, along with
private, national and international financing organizations, in coordination with the
Miniétries concerned with these issueé, such as the Ministry of Planning and
Coordination (MPC) and the Ministry of Social Security and Public Health (MPSSP),

(2) Regional Development Corporations

There are nine Regional Development corporations in the country. They were created
to take over the administrative offices of basic sanitation in their respective
Department. The Regional Development Corporation of La Paz (CORDEPAZ) is the
one in charge of regional development in La Paz Department. Its objective is to ensure
an efficient execution of the projects regarding regional development, coordinating with
the basic sanitation plans in urban and rural areas and with the provihcia]

government concerned.
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(3) Municipalities

The Municipal Government of La Paz (HAM-LP) is a self-supported local gd‘}e’mment.
It functions to coordinate urban development pTéns with local basic sanitation
programs and to coopef_ate in procurement of finaneing for the local entities from the
national authorities, HAM-LP itself is obliged to keep the Choqueyapu river elean and
to prevent it from contamination. The Bureau of Control and Management of

) Watershed and Environment (DICOMAC) is the responsible section .

(4)  Administrative Entities

Administrative entities are categorized as follows: administrative bedies, cooperatives,
privaie entities, associations and NG0s. These entities are self-supporting in
administrative and financial matters. They are, of course, résponsibl_e for supplying

basic sanitation services in their respective assigned areas.

The .Muiniéipal Corporation of Potable Water and Sewerage in La Paz (SAMAPA) is a
monopolistic enterprise regarding water supply and sewerage systems, covering both

the cities of La Paz and El Alto. Thus, the water supply aﬁ_d sewerage systems in the
study area are mainly implemented, operated and maintained by SAMAPA.

In addition to SAMAPA, cooperatives, religious groups and neighbeuring groups
implemént water supply and sewerage systems on behalf of SAMAPA in the study
area. Because, SAMAPA is administratively so young and financially weak these
entities can implement sanitation systems independently. However, they must conform
to the technical standards of SAMAPA which will be entrusted with the maintenance

and operation of the works after completion.

SAMAPA is the largest entity in terms of investment in these sectors. In recent years,

its total investments for water supply and sewerage projects were as follows:

Yoar Total Investments Sewerage System
| (1,000 US$) (1,000 US$)
1987 1,611 55 (3.4%)
1988 9,261 1,675 (18%)
1989 22,217 3,234 (15%) -
1990 18,375 1,838 (10%)
1991 5,652 574 (10%)
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2.4.1

(5) Financial Entities

The National Fund for Regional Development (FNDR) is an official agency to support
all regional development projects by means of loans. 1t is destined to cover public

honlth sector projocts in main urban areas having more than 2,000 people.

The Social Investment Fund (FIS) is a financial agent of the central government,
functioning to finance sanitation projects through grants for poor people in rural and

urban areas having less than 2,000 population .
(6) Advisory Bodies

The National Association of Enterprises and Institutions for Water Supply and

Sewerage Services (ANESAPA) was created to exchange technical and managemeht

- information, and to cooperate in establishing unified tariff systems and standard

specifications. Nine public corporations in the country including SAMAPA are affiliated
with ANESAPA at present.

(7)Foreign Organizations

Regarding water éupply and sewerage s.ectors in La Paz, the fn]luwing foreign
organizations have contributed to related projects: World Bank, Interamerican
Development Bank (BID), Germany (GTZ and KfW), Japan (JICA), United States
(USAID) and CARE (NGO of the US). As for sewerage systems, World Bank, BID and
Germany contributed between 1987 and 1991. '

WATER QUALITY AND WATER USE

Water Guality Conditions
(1) General

The water quality survey was carried out in this study to understand the overall water
guality conditions in the study area, Fig. 2.4.1 shows the locations of river water

survey points

The water quality of the rivers in the urbanized area has been confirmed by means of
tield survey to be similar to that of influents to wastewater treatment plants rather
than that of river water. The observed values of BOD of the rivers in the area were in

a range between 100 and 300 mg/l as shown in Table 2.4.1.
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(2) The Chogueyapu River

As illustrated in Fig. 2.4.2, the BOD concentration of the Choqueyapu River sharply
increases at the point of the entrance to the urbanized area (No. R3) particularly when
the water is taken into the Achachicala water treatment plant. Even in normal
periods, the BOD values are in a range between 100 and 180 mg/l above the
confluence with the Irpavi River (No. R9). Ttis evident that the river water in most
parts of the ufbanized area is badly polluted. However, since the Choq’uey_apu River in
the Central Zone of the City is mostly covered and remaining open sections are deeply
incised, péopie have little chance to recognize the actual guality of the river water.
Also, deterioration of aesthetic condition is less than that expected from the actual

- water quality, because vigorous aereation of river water due to steep flow reduces the

generation of septic conditions. Still, many residents in the downstream zones suffer
from obnoxicus odors of the river. Moreover, such deteriorated water quality conditions
are said to be causing damage to irrigational uses of the Chogqueyapu River. The river
water is utilized as irrigation water for farm lands located downstream from the
Lipari bridge. Hesitation against eating vegetables irrigated by the bolluted river
water is .very common smong the citizens of La Paz, and farmers in the srea have

suffered from the unpopularity of their products in the market.
(3) Tributaries

Conditions of the rivers other than the Choqueyapu River arehlmost the same as the
Choqueyapu River. As shown in Table 2.4.1, the BOD concentration values at the
most downsiream points of these rivers ranged from 100 to 200 mg/l. These
tributaries are not only major pollutant sources to the Chogueyapu River, but are also

causing unpleasant living conditions to the residents along them.

Water Use
(1) QGeneral

The rivers in the urban area are mostly used for drainage of stormwater and

wastewater, and many of them are covered especially in the Central zone. Beneficial

. uses such as water supply, irrigation, fishery, recreation and aesthetics are limited

except for the rural area.

2-20 (CHAPTER 2 4/26/93)



1
L il
~ , !
,,,,, a/J g .:I\ ¥ |
N,
=. 4
]
4
¢, ‘r/ }
Pl +
! / (
u-‘.
K‘

’ ) .
\ng- - "/’
’/} \).,;."'*\ . ~ S
_ vdb f
..... £ ‘
J

:"h-a * t-J.
LIPAR}

RIS
O Sampling point {R1 - RiG)

e River
---~-3ub-catchment boundary

-~ Study arao
2

Lt ]

f ot

<
i
A

3

3
1
|-

Fig. 2.4.1 Sampling Points for River Water Quality Survey
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Note: During the survey of March 23, the Achachicala water treatment plan was
taking river water from just below the point R16. This caused the ruction of
the flow rate and therefore the high BOD concentration in the downstream,
‘since there were factory wastewater discharges between R16 and R3 as
usual.

Fig. 2.4.2 BOD Changes Along The Choqueyapu River
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2.4.3

(2) Water Supply Use

Part of the water supply in La Paz city is drawn from Hamp_atuéi reservoir, which is
located in the upstream of the Hampaturi/frpavi river, and from Incachaca reservoir in
the upstream of the Orkojahuira river. However, most of water supply sources are

located ouiside of the study area,
3) Indusirial Water Use

St_)me of the factories draw water from wells located at their sites. However, most of
the factories depend on the piped water system, and the overall volume of

groundwater for industrial use is not considered to be large.
(4)  Trrigation

The agricultural land use and production in the study area are small are small in
scale, Comparatively large farmlands are developed albng the loWer reaches of the
Chocjueyapu river, outside the study area, and they are irrigated by the water of
Choqueyapu river,

Water Supply
{1) Waster Supply System

The overall water supply system of SAMAPA consists of four systems at present, three
of which depend on surface water as the water source: Achachicala, E1 Alto and

Pampahasi. The fourth one is the groundwater supply system of El Alto.

The water supply in the study area is covered by the whole of the Achachicala and the
Pampahasi systems and a part of the E} Alto surface water system. In the other
areas where distribution pipes are not installed, the drinking water is provided by

private wells, springs and water tank lorries,
(2) Water Consurption

The annual volumes of piped water consumption in 1991, by 5 categories of water

usage, are as follows:
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(m%fyear) (m3/day) (%)
Domestic 18,465,102 50,589 61.5
Commercial 4,387,534 12,048 14.6
Industrial 2,106,988 | 5,773 7.0
Governmental 4,411,057 12,085 14.7
Public tap 661,650 1,813 2.2
Total 30,032,361 82,308 100.0

Water-horne Diseases

Among classical water-borme diseases, the two main diseases having a high mortality,
if untreated, are typhoid and cholera. The La Paz sanitation unit of MPSSP reported
the following seven diseases which infected people in La Paz Department during 1988
- 1990: gastroenteritis, salmonella, amebiasis, hepatitis, typhoid, dysentery and

malaria.

In La Paz, cholera had not appeared until it occurred in Rio Ahajo, the downstream of
the Ch_oqu_'eyapu River, in August 1991, and spread over the Department. Earlier, in
February 1991, cholera occurred in the Republié of Peru. Since then the Bolivian
government prepared for an emergency. After a half year later, the first patient came
out in Rio Abajo. Table 2.4.2 shows the infection number accumulated from August to
December in 1991 within the territory of the La Paz sanitatibn unit, During the
period, 124 patients were confirmed to have cholera and 43 were enumerated as
patients suspicious of having cholera. The cholera panic has quieted down, but the

sanitation unit. is still taking special precautions against cholera.
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Table 2.4.2 Number of Cholera Cases In La Paz Sanitation Unit:
" August 25 - December 28, 1991 '

{Unit: Pe_rsons)

_ : Total Urban . Rural
Item Total Conf. Prob. Conf, Prob. Conf. Prob.
1. Age Group S
0-4 6 5 1 1 i 4 0
B-14 12 12 A1) 8 0 4 0
15 - 29 32 23 9 10 1. 13 8
‘30 - 44 36 25 11 i4 3 11 B
45 - b9 39 28 i1 18 2 10 9
60 - 74 35 25 16 13 '3 12 7
75 and over 7 B 1 3 o 3 1
2. Total _ 167 124 43 - 617 10 57 33

2.5

2.5.1

Source:  Sanitation Unit of La Paz
Notes:  Conf, means the number of infected cases.

"Prob." means the number of suspicious but not confirmed cases.
"Urban" does not include El Alto City.

A report of the WHO, prepared in November 1991, attributed the introduction of

cholera into the Rio Abqjo communities to pollution of the Chogueyapu River because

the residerits con_suined the river water for drinking and crop cultivation. ‘At the
initial dissemination in La Pﬁz city, the consmhption of fresh vege.tablés coming from
Rio Abajo was suspected of causing cholera infection. However, the analysis.of' causes
indicated that the transmission can be attributed to consumption of other stréet foeds
and drinks of dubious quality, and not only the vegetables. The report recommended _
to look for alternatives in Rio Abajo, such as {a) to find other non-contaminated water
sources like ground-water; (b) to look for other type of products not offering sanitary
risk; and (¢) as the final alternative, to construct treatment facilities which guarantee
the necessary water quantity and quality for the irrigation.

WATER POLLUTION SOURCES

Genersal

The following activilies within the urbanized area of the city are recognized as the
major water pollution sources :

- Domestic wastewater
- Public and commercial wastewater

- lndustrial wastewater
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2.5.2

2538

Agricultural, stock-farming and mining activities are scattered in the upstream areas
of the rivers, and their influence on the water quality of the rivers in the City of La Paz

is considered to be small.

In this section, characteristics of those major pollution sources, as well as the sewage

collection system and the solid waste disposal system are discussed hereinafter.

Sewage Collection System

Méjor parts of the City of La Paz are covered by a sewage collechion system provided
by SAMAPA and private developers,

The system covers 32 % of the total city area. The estimated population covered by the
system is about 400,000, about 56 % of the total population.

_ The system consists of sewage collection pipslines and stormwater collection pipe

lines, i.e., the separated system. Both lines discharge directly to the rivers.

There éire many malconnections of sewage pipes to stormwater lines and vice versa.
According to the SAMAPA's estimation, the number of the malconnections account for
40 % of the total connections,

Domestic Wastewater

The features concerning domestic wastewater in the City of La Paz can be discussed
from the view points of the water supply systém and the wastewater disposal system.
The former affects the wastewster generation and the latter affects the amount of

wastewater reaching the river system,
(1) Water Supply System
There are three types of the water supply in the City of La Paz as follows:

- The area where water is supplied by SAMAPA through the house connections.
(Zone 1 and Zone 2)

- The area where water is supplied by SAMAPA through the public hydrants.
{(Zone 3) '

- The area where water is not supplied by SAMAPA and people use water from

private wells or water ﬁenders. (Zone 4)

The estimated population in each area is shown in Table 2.4.1.
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2.5.4

(2) Wastewater Disposal System .

In some areas in the City of La Paz, the wastewater is colfectéd by the sewage
collection system and discharged to the rivers. In the areas Jocated near the rivers, the
wastewater is discharged to the river not through the public sewage collection system,
but througii pri#ately installed pipes or open channels, In other areas, there are no
wastewator disposal facilities and some of the waétewéter may reach the rivers but

mostly penetrates into the ground,

The population in the above types of area as estimated by SAMAPA is shown in
Table 2.5.1

Table 2.5.% ' Area ard Population by Type of Wastewater Disposal

Type of Sewage Sewége Collection Dischargeto-

Disposal . System . Rivers No Faciiles - Total
Area (ha) ' 1,800 650 3,150 5,600
%) (32.1) (11.6) (56.3) (100.0)
Population ‘ . 403,000 123,200 183,500 719,700
(%) - - {56.0) (17.1) (269) (100.0)
Industrial Wastewater

There were a total of 769 factories having 4 or more employees in the City of La Paz in
1989, Of the total number, the factories of the food and the textile industries accounts
for almost, 50. The number of the small scale factories with less than 18 employees
accounts for 76% of the total,

These facts suggest difficulty in implementation of wastewater treatment because the
wastewaters from the food and the textile industries have a high content of organic
substances, and small businesses can not often afford investment in wastewater

treatment.

The quantity of wastewater generation can be estimated from the amount of water
consumption. The total amount of SAMAPA supplied water to all the factories was
about 130,000 cubic meters per month i'n 1992. One beer factory uses about 55
thousand m3/month or 43 % of the total for all the factories, Bef_:atise this factory is
said to use ground water from their wells | the quantity of the wastewater from thig
factory probably exceeds 50 % of the total for ail the factories:
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The total water consumption by food and the texiile industries, including the beer

factory, accounts for almost 76 % of the industrial total, The total water congumption

by the factorios consuming more than 3,000 m3/month accounts for 70 % of the total,
while the number of such_factories is only 20 % of the total. This indicates that the
effects of the implementation of the industrial wastewater control would be significant

even if the application of the control is limited to the factories having a large scale of

the wastewater discharge.

2.5.5

Other Wastewaters

"Pable 2.5.2 shows the water consumption rates by the large scale consumers other

- than facteries. The consumption hy the public facilities is large at about 130,000

m3/month, being egual to the industrial consumption.

Teble 2.5.2 Monthly Waler Consumpticn by Largs Scale Conaumers Othar Than Faciorles

- Scale of Mothly Consumption (cum/monih)
750 - 1499 1600 - 2099 3000 - ) totad
No.of  Total Water |No.of  Total Water |[No.of  Total Water [No.of - Total Water
facillies Consumptionfadilities Consumption [facilities Consumption [facilities Consumgption
_ {cunmymonth) (cumm/month) {cum/month) {eum/month)
Type of Facilides
Public Fadilities 52 2,624 728 58,0594 11 70,479 N 131,697
Hotels 53 6,030 1 2,681 2 13,647 9 22,358
Commercial Bulldings 17 16,834 7 13,477 1 6,062 25 35,473
Others 42 47,659 17 31,816 6 27,308 65 107,083
The public facilities consist of schools, hospitals, stadiums, parks, and other buildings
for the public uses. In terms of the water quality, it is considered te be the same as
the domestic wastewater. However, special consideration should be taken for the
hospital wastewater in order to prevent pathological contamination.
2.5.8 Solid Waste Disposal
0 General

The situation in the management of solid wastes in the City of La Paz was

investigated mainly through interviews at the Bureau of Urban Sanitation (Direccién
de Saneamiento Urbano; DSU) of HAM-LP in March through May, 1992,

The amount of domestic solid wastes generated in the City of La Paz is estimated by
DSU at about 350 - 380 ton/day. Of this amount, 300 - 320 tons is regularly collected
at present with the collection ratio being steadily increasing.

2-29

(CHAPTER 2 4/26/93)



- BSU was confident that ;he amount of solid waste collection wouid be increased to
360 -ton/day by the end of 1992,

Uncollected wastes are disposed ii‘reguiaﬂy in nearby places such as river banks and
BIOpes DSU recent!y set up a campaign with the help of the military force to clean up

those irregular dumping sites, and mbends to continue th:s campaign.

The total amount of industrial solid wastes geﬁerat,ed is not known to DSU. Although
DS is prepaved to collect factory solid wastes at each site with a modest, charge, the
majority of factories have not yet heen wﬂimg to accept this service. DSU is continuing
their eﬁ‘orts to control factory solid wastes, and their prospects appear to be bright,

As regards construction wastes, the Bureau of Public 'Werks, HAM.LP is'respc:isible to
apecify disposal sites, ' ' '

95% of hospital wastes are collected by DSU as the result of the campaign initiated 2

YEars ago.

Collected solid wastes are transported to a transfer station, where the wastes are re-
loaded in large-size dump trucks. The wastes are then transported to a final disposal
site in Mallasa for landfill. '

The Mallasa landfill site has been used formally since August 1991, and its capacity .
s estimated to be sufficient to accept the wastes for the next 10 years.

The bed material of the landfill site consists mainly of ¢lay which prevents leachate
from seeping out of the landfill. Hospital wastes are buried in a ¢lay-dominant portion

and are covered with lime.

Aiming to increase the efficiency of the solid waste disposal service, DSU was planning

to transfer most of the service operations to the private sector within the year 1992,
(2) Possible Contribution to Water Pollution

The solid waste disposal system in the City of La Paz has been much improved in the
recent years, Thus, the amount of solid wastes dumpad into the rivers has been
drastically reduced from the yenr 1987 when the World Bank reported the contribution

of the solid wastes to water pollution of the rivers.

As far ag the water quality parameters such as BOD, COD and DO are concerned,
the contribution of uncollected solid wastes to the water pollution of the Choqueyapu
River is not considered to be significant at preséent as compared with the domestic and
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2.6

2.8.1

the industrial wastewaters. However, the old sanitary landfill at Sopocachi may be a

source of some heavy metals such as Hg.

RELEVANT PLANS

Neational Plans
1) Long-term Development Plan

In August 29, 1985, the government promulgated the new economie policy -
{Government Decree No.21060). The new policy stance aimed at guickly restoring
macro economic stability, but it did not focus on long-term economic development
planing. Then, the government formed the "Secial and Economic Development
Strategy, 1989-2000" and published it in April 1989, The "strategy” included water

supply and sanitation projects

The average growth rate of GDP during the period 1989-2000 is estimated at 4.9%

per annum in the "strategy".

The extraction, manufacturing and utility sectors are expected to grow more quickly

than other sectors in the national economy.
(2) National Plan for Potable Water and Sanitation (1992-2000)

The national Plan for Potable Water and Sanitation 1992-2000 (Ref.I1) has been
established by DINASBA, MAU and was published on May 19, 1992.

A.ccording to the plan, the national coverage of the population in water supply and

sewerage in 1991 and the year 2000 are as follows:

1991 2000
Water Supply: National (%) 53 70
Urban (%) 74 80
Rural (%) 31 60
Sewerage: National (%) 24 53
Urban (%) 35 6b
Rural (%) 14 50
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A total of US$ 768 million is to be invested to achieve the above coverage by the year
2000 by roughly equally allocating it to the water supply and the sewerage sectors,

2.6.2  Urban Development
(1) Present .Situation

The city has been developed by following the natural topography. Therefore, the
central axis of the urbanization lies on the Choegueyapu river, causing various
préblems ineluding the pollution of the river, The DGDU (Direccion General de
Dessarrollo Urbano) thinks it necessary to disperée this concentration in order to

correct the situation.

The DGDU in 1983 prepared a map of future land use and township patterns (Ref13)

based on a comprehensive geological study conducted in 1976.

The DGDU intends to develep a compreheﬁsive city development plan based on the
result of the latest national census which was conducted on June 3, 1992.

(2} Future View

The DGDU envisages a development model in which the whole urban area will be
divided into several districts each having an urban center with a branch office of the

Municipality.
At Present, the following division is being considered.

Central District

South District

East District

Western Slope District
Eastern Slope District

In the future, there will be 8 or so districts by further diw‘ding'some of the above

districts.

In any case, however, the urban area within the City of La Paz is not expected to
expand significantly from the present., Instead, urban expansion will be realized in
the City of E1 Alto.
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2.8.3

2.64

Water Resources Development and Water Supply

There is no authorized water resources development plan and water supply plan in

the study area.

SAMAPA recognizes the necessity of developing new water supply sources to cope with

* the increasing water demands of the metropolitan area.

SA_MAPA'is considering their development plan from two aspects, i.e., improvement of
the quality and increasing the quantity. One plan is to construct a new reservoir
upstream of ﬁhé_existing Milluni reservoir which has been polluted by mine tailings.
For another, they are secking an sﬂtemative source in the Choqueyapu River basin,

i.e., construction of a dam on the Chogueyapu River.

CORDEPAS is conducting a pilot project to treat the Choqueyapu river water in order
to meet the quality requirements of irrigation water for the farm lands in Rio Abajo.
The plant evaluation started in May, 1992. If the result is promising, they intend to

construct practical-seale treatment plants for those farm lands.

Sewerage Development

A comprehensive plan for developing sewerage and stormwater drainage systoms in
the metropolitan area was prepared in 1982 through the technical cooperation of then
West Germany, The sewerage development plan covered the Central and South Zones
of the City of La Paz as well as the City of El Alto, then a part of the City of La Paz,
and Achocalla Zone,

For the Central and the South Zones of the City of La Paz, one wastewater treatment,
plant was planned to be installed in Aranjuez beside the Coqueyapu River to treat all
wastewater from these zones. Wastewaters in these areas were to be collected
separately from stormwater throngh sewer netwerks and finally to be transferred to
the treatment plant through a main sewer interceptor. The construction costs for this

sewerage system were estimated at about $US210 million

How'éver, this plan has not been implemented, mainly because of the high cost which
exceeded the financial capacity of the country. The planned site for the treatment
plant is no _longér available at present because it has been developed for other

purposes including houses and recreational facilities.

In consequence, there is no workable sewerage development plan at present for

treating wastewater from the Central and South Zones of the City.
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2.7

SUMMARY OF THE PROBLEMS
)] Extent of the Water Pollution

The river water in the urban area of the City of La Paz _ié geverely polluted.. The
concentration of BOD, which indicates the degree of poliution by organic substances, is
in a range between 100 mgﬂ and 300 mg/l in the urbanized aren. This level is similar
to that of ordinary domesti.c s._eﬁage. The BOD value at the Lipari bridge, the
downstream end of the City of La Pagz, is around 50 mg/l to 80 mg/l excesding the

" maximum allewable limit of the Bolivian standards for irrigation water.

Since a large part of the Choqueyapu River is cavered in the cén.tral zone of the city,
deteriarating effects of the water pollution in this zone may not be pei‘ceived often. But
in the south zone of the eity; where the rivérs are mostly open-chaﬁneied, offensive
odors, aesthetic degradation, and in some areas, breeding of flies are observed

particularly in the dry season,

Damage by the river water poliution is particularly severe in the farmlands in the
downsiream areas, Since the outbreak of cholera in August 1991, the farmers have
been forced to switch their products from freshly eaten végaf,nbies to other less
marketable or less profitable crops.

(2) Pollution Sources

Estimation of the BOD load of wastewaters generated in the study area indicates that

~ the domestic wastewater accounts for some 50% or more, the industrial wastewater

some 30% or more, and the rest is shared by commercial and institutional
wastewaters. The contribution of solid wastes is considered to be insignificant in the
terms of BOD loading as compared with the above wastewaters.

(3) Wastewater Collection and Disp'osal

'The wastewaters are discharged into the rivers, without treatment, via relatively well-

developed sewer networks, stormwaster coflection pipes or ditches, or difectly.

Sewage discharge without treatment through sewer networks causes serious water
pollution problems, because all of the collected wastewater reaches the river, and the

amount of wastewater tends to increase when it is connected 10 a sewer system,
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Malconnections of sewer pipes to stormwater drainage lines or vice versa that are

common in the city also present a difficult problem.

One of the most difficult problems concerning treatment of wastewater is scarcity of
lands usable for the treatment plants. The situation is most severe in the eentral

zone.
(4) Conscionsness Among Industries

Wastewater from factories in the city no doubt comprise a signiﬁcant portion of the
total pollutant load.

However, technical characteristics of the industrial wastewaters and their source
facilities in La Paz have not been understood sufficiently yet. This is largely because
of the uncooperative attitude of the factories. This will prevent development, of a
rational water pollution control plan in which each person contributes a fair share of

the cost for its implementation,

It is of great importance that the industries deepen their consciousness more on the

abatement of water pollution.
(5) Urban Development Planning

There has been no comprehensive urban development plan in the City of La Paz in
order to achieve orderly and efficient development aimed at improving quality of the
living environment, Therefore, developments of housing, roads, water supply,
electrici.ty, sewerage and =o on have proceeded within the field of vision of each sector
without adeguate coordination among various sectors. Without a rational and
comprehensive city develdpment policy that precedes the policy of each sector, real

improvement of the quality of the living environment will be difficult to achieve.
(6) . Institutional Requirements

Although there h&vé been no effective legal means in Bolivia to control water pollution
until just recently, the introduction of the GGeneral Law of Environment has presented
a bright prospect for the future. However, a great deal of work has yet to be done to
establish an overall legal system consisting of practical rules and regulations, and to
develop adequate national and local organizations with a sufficient number of
competent personnel to implement this legal system. In order to succeed in these
works, a high degree of determination by the relevant authorities and the cooperation

of citizens and industries are required.
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(N Economic Condition

. In order to reduce significantly the amount of pollutant load to the rivers,'a large sum
of public and private investments ig required. In Bolivia, however, capital resources
affordable to water pollution control are not sufficient so as to meet everyone's

satisfaction.

Therefore, development of the pollution control plan must be made within the limit of
capital availability for initial investments and the limit of affordable contnbut.mn of

the public for its 1mp1ementat1on and management.
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3.3

3.2

3.2.1

| CHAPTER 3
GENERAL FRAMEWORK FOR THE BASIC PLAN

TARGET YEARS

It is foreseen that improvements to the sewerage system will be one of the major
components of the Basi¢ plan. Implementation of a sewerage basic plan is

ususally divided into several phases with each phase comprising 5 years.

Therefore, it is proposéd to set the target year at the year 2010 by assuming
that the implementation of the Basic plan will be divided into 4 phases each
taking 4 to 5 years. The formulation of the Basic plan will be based on the
predicted values of various factors at the year 2010, However, for the time
schedule for the implementation of the project, it may not be possible to complete
the project by the target year, because major portions of the project are expected
to be financed by foreign funds and it is not certain whether such financing can
be implemented in accordance with the target dates, Although the target year
determined here will be used for the year to predict future conditions, it should

net be regarded as an absolute target for implementation,
GOALS

The final geal of the Basic plan is to achieve a suitable water quality

_improvement in the catchment area of the Choqueyapu River above the Lipari

_ bridge. The goals are specified as follows:

Evaluation Points for Water Quality Improvement

The evaluation peints for water quality improvement are selected as shown in
Table 3.2.1 so as to be able to assess the water quality conditions along the

Chodueyapu River above the Lipari bridge.
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3.2.2

Table 3.2.1 ‘Evaluation Polnts for Water Quality Improvement

__Points

Characterislics .

Achachlcata (R2)*

Ava, Ejercito (Rd)"

Calacoto (R9)*

Lipari bridge(R15)"
?A%sit. downstream of the Orkojahuira river
Most downstream of the Irpavi fiver (R11)*

{Aosl)downstream of the thumam river
A1)

To Indicate the water guality of the -
Choqueyapu River at the upstream of the
urbanized area

To indicale the water quamy in the
urbanized area

To indicate the water t]ualrry of tw :
Chogqueyapu Rivar befow the confluence
with the Orkejahuira River

To ingicals the water quality for the
imgation water

To indicate the water quahry ot the
Orkojahuira River -

To indicate the water quality of the Ipavi
fiver

To indicate the water quality of the
Achumanl Siver

* Mumbers refer o the sampling points in this study; refor to Fig. 24.1.
2 Urgent project

Apart from the above general water quality evaluation points for the whole
basin, it is proposed to set up tentative evaluation poinis. The déterinratism of
the water quality conditions of the Chogueyapu river is so severe that one can
not wait for the completion of all phases of the Basic Plan. Consequently, it will
be necessary to implement an urgent project to tentatively improve the present

conditions.

Considéring the effects to irrigation water use and the aesthetic conditions to the
residential aren, the following two points at the Chequeyapu river are proposed

as gvaluation points for an urgent project.

- Lipari bridge _
- Crossing of Avenida Libertadores

Water Quality Target

The water queality target is determined so that the improved water quality

ensures the expected water uses in each river ¢r in each gection of the rivers,

The water quality targets for the Basic pian are determined as shown in Table
3.2.2, considering the expected water uses of each evaluation point and required

water quality for each water use.
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3.3

The required water quality limits are based on the Bolivian Standards.

- However, the water quality parameters include only BOD, DO and coliform

bacteria, although the Standards specify limits for SS too. The SS concentrations
in the rivers in this area are mainly caused by soil erosion in the catchment area,

which is difficult to control by means of water treatment, thus it is not

- considered to be practical to include S5 in the required water quality target.

Table 3.2.2 Water Quallly Targeis

Evalualion Poinls* Loca_tion Required Water Conditions Required Water Quality
R2 Upsirgam of Water quality which is suitable  BOD: 10 mgh
urbanized area of for conventional water BO: 0%
gach river treatment for potable waier Coliform: 10000
and/or which does not worsen MPNAOOmI
. natural environment.
RO,R8RILAIZ  In urbanized area  Water qualily which does nol ~ BOD: 50 mg/
' : generate obnoxious DO: 50%
gonditions along the stream. Coliform: 20,000
: MPNAQGOmI
R15 Downstream of ~ Same as above. For the BOD: 50 mg/

wrbanized area  Chogueyapu river , water DO; 50%
quality suitable for irigation Coliform: 20000
_water MPN/1COmI

*  Refer to Table 3.2.1 and Fig. 2.4.1.
PLANNING AREA

The study area covers the entire catchment of the Choqueyapu river above the
Lipari bridge, comprising the catchments of the Orkojahuira, Irpavi, Achumani,
Huafiajahuira, and other rivers, as well as the Choqueyapu river, as shown in
Fig.1.3.1. Itis requiréd that the Basic Plan improve water quality of the whole

area.

As a result of the water quality survey in this Study and review of previous
studies, it is evident that the water pollution problems are significant only in

and below the urbanized areas, and that the water poliution is being caused by

" wastewaters from various urban activities which are discharged to the rivers

without treatment. The measures to be proposed in the Basic plan for the water
quality improvement will naturally focus on the reduction of pollutant discharges

from urban activities. Therefore, areas covered by the water quality

improvement measures are those areas within the urbanized areas in the study

area.
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3.83.1 Current Urbanized Aveas

The current urbanized and semi-urbanized areas are scattered as shoivn in Fig,
331 'Mnst of the urbanized areas w.i'_th. high population density are spread in
the catchment of the Choqueyapu and the Orkojéhuira Tivers. Urbanized areas
with lower population density are developed along the downstream reaches of
th_e Irpavi, Achumani and Juafigjahuira rivers in the South Zone and seattered

in their catchments,
$.8.2 Future Urbanized Area

. Flg 3.3.2 indicates the expected scatteﬁhg of the urbanized ahd _seini-urbanized
areas in the year 2010, These future urbanized areas have been projeéted by
considering the population growth in the currently less populated areas and also
expansion of the urbanized areas based on the planned urbanized area

indicated in the Landuse Plan Map.
3.2.3 Planning Arvea

All the wastewaters from the urbanized and semi-urbanized areas both in the
present and future are considered to be potential pollution sources to the rivers.
Therefore, the urbanized and semi-urbanized areas indicated in Figs. 3.3.1 and
3.3.2 are considered to be a planning area for the formulation of the Basic Plan,
Pollutant load generation in those asreas will be taken into the considerations for

poliution analysis and the study of improvement measures.
34 POLLUTANT SOURCES

Domestic wastewater and industrial wastewaters are considered to be the
principal sources of the river pollution. The amount of pollutant generation from
those wastewater are estimated from present and future population and

industrial activities.
3.4.1 Popuiation
(1) Present

The present population in the study area has been discussed in the Section 2.2.1
in this report. The population in the study areas is regarded as almost the
same as that in the planning area because the populaﬁon in the upstream areas
is negligible as compared with the total of the Central Zone and the South Zone,

i.e. the planning area.
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N<50

50<N<100

100<N<200

200<N

[ ——

Fig. 3.3.1 Existing Urbanized and Semi-Urbanized Areas
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EXISTING URBANIZED AREA

FUTRE URBANIZED AREA

Fig. 3.3.2 Future Urbanized and Semi-Urbanized Area
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(2 Fature

The future population was estimated as follows from regression analyses and

the caleulation of possible land developments in the area.

Year 1992 1995 2000 2005 2010
Population 720,000 760,000 820,000 900,000 1,000,000

Distribution of the population in the planning area was estimated by allocating
the population increase to each district considering the future development
potential evaluated from the present population density. Table 3.4.1 shows the
esti:ﬁat,ed future population distribution. A significant population inerease is
estimaied to take place in the South Zone because the population in the Central

Zone has nearly reached saturation,

Table 3.4.1 Estimated Population 'Dlstributlon In Future

Zones - 1992 2000 2010
Central Zone 631,000 640,000 650,000
South Zone 84,600 130,000 . 240,000
{Achocalia) 4,400 50,000 110,000
Total 720.000 820,000 1,600,000

3.4.2 Industries .

The present conditions of industrial wastewater in the study area are discussed
in the section 2.4.4. Based on this discussion, indﬁstries to be considered in the
Basic plan are determined as shown in Table 3.4.2. The listed industries are
those having more than 25 m%day of wastewater discharge. Total wastewater

from these industries comprises 75 % of total industrial wastewater.

For the future industrial growth, the value added of the manufacturing sector in
the Department was estimated to increase from Bs.0.8 billion in 1991 to Bs.3.0
billion in 2010. However the Central zone in the planning area has no room for
future expansion and new factories are supposed to be located outside of the
planning area, i.e. El Alto. Thus, in the consideration of the Basic plan, no

increase is considered in the future industrial wastewater,
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Table 3.4.2 List of Industries in the Planhning Area

Fabrica D. Saligno
Combogel
Ibusa

AMOUNT OF
WASTEWATER NAME MAIN PHODUC?S
" {m3/month) L
> 3000 Universal Tex Textilo (Wool Dyeing & Textie)
Industria Venado Food {Instant Food)
Garcia Maria Other =
Enbotelladora Salvietti Food (Soft Drink
Fabrica Indupe! Pulp & Papsr (Paper Making)
La Papelera Pulp & Paper (Papar Making)
_ Cerveceria Boliviana Food (Beer) _
500205 1500 Macobdl Neplula Antora Textile (Wool Dyaing & Textle)
Fabrica Eslatex Textile (Cotlon & Synthetic Fiber)
Cartiembre [Himani Leather (Tannery of Raw Hide)
Behidas Gaseosas Food (Soft Drink} .
Marboilex Textile {Wooi Dyeing & Téxtile)
Manufacturas Texiiles Forno  Textile {Wool Dyeing & Textile)
Fabrica Famalex Textile {(Cotton & Synthetic Fiber)
Marmolera Tiahuanaco - Food (Soft Drink)
Laharatorio Vita Phammacy (Fermentative)
Fabrica Cascada Food {(Confectionary)
_ Marmolera - Other '
R R Y Mendoza Oscar Verlente Food (Soft Brink) -
indusiria Tabagco Food {Cigareiie)
Cuatquira Gregorio Other
Liende Romero Other
Fabrica Nacional de Vidrios  Glass
Ponce Lucio . Other -~
Pingl Laura Super Taxi Taxi Sarvice

Car Repair Shop .
Toxtife {Cotion & Synthetic Fiber)
Textile (Fehl)
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CHAPTER 4

ANALYSIS OF WATER QUALITY OF THE CHOQUEYAPU RIVER FOR

4.1

4.1.1

4.1.2

PRESENT AND FU'I‘URE
UNIT LOADING FACTORS FOR POLLUTANT GENERATION
Outliﬂe | |
i’ollutant sources are generally cléssiﬁéd as follows:

1) Domestic

2) Industrial

.3) Others (Cominercial, Public Fstablishment, Natural)

Wastewater discharge and pollution load were estimated by using unit loading factors

and socic-economical data: population, volume of water consumption, ete.
Domestic Wastewater

In this study, water supply modes were classified into two: SAMAPA's house
connection service and the supply by other forms such as public hydrant, wells and tank
trucks. There is a clear difference in water consumption between these two modes,
which reflect living standards. Per capita wastewater discharge and pollution load were

estimated according to this classificetion as described below.

(D House Connection Service Area

By referring to existing data in Bolivia and Japan, the unit wastewater discharge in the

future was estimated as shown in Table 4.1.1.

Tabie 4.1.1  Unit Wastewater Discharge

Unit: lit/day/persen

Value Ratio | 1992 | 1995 | 2000 | 2005 | 2010
Daily Mean 0.8 130 | 140 | 145 | 150 | 160
Daily Max. 1.0 | 160 | 170 | 180 | 190 | 200
Hourly Max. 1.5 | 240 | 255 | 270 | 285 | 300

Per capita BOD loading, composition of daily mean wastewater discharge and BOD

concentration for the various kinds of wastewater were estimated as shown in
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4.1.8

4.1.4

Table 4.1.2.

Table 4.1.2 Composition of Daliy Mean Wastewater Discharge and
BOD Concentration '

BOD Unit- Wastewater Discharge .

_ (tit/day/person)
Kind | , -
(mg/1) t 1992 | 1995 | 2000 | 2005 | 2010
Human wasie 600 30 :30 30 30 30
Gray water 150 80 85 95 100 110
Business use 250 20 | 20 20 20 0 20
Total 130 140 145 150 160

From Table 4.1.2, the per capital BOD load in cach year was calculéted as follows,

Year 1992 | 1996 | 2000 | 2005 | 2010
BOD Load (g/day/person) | 35 36 | 38 | 3 | 40

(2) Other area

For the "other areas" category (without piped water), the unit wastewater discharge was
estimated to be 60 lit/day per capita, and the unit BOD load was estimated at
27 g/day per capita.

Industrial Wastewater

Industrial wastewater discharge was estimated by the water usage dats of SAMAPA for
factories, commercial buildings, hotels, atc. .that use more than 750 fn3lmonth. The
poliution load was caleulated by multiplying the discharge amount by the BOD
concentration. The BOD concentrations of wastewaters from these sources are found in
the existing data. The BOD concentration of other wastewaters was assumed to be the
game a8 that.for the business use of domestic wastewater (250 mg/l). Wastewaters from

smaller industries were included in the per capita load for domestic wastewater.
Others

Natural pollution load and poltution loads which are generated in or permeate into the
river bed, farmland, etc. were integrally estimated as "others”. Since it is not possible to
predetermine the value for these loads, it was estimated through calibration of the

water guality simulation model,
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4.2

4.2.1

4.2.2

4.8

4.3.1

4.3.2

AMOUNT OF POLLUTANT GENERATION

Qutline

The Choqueyapu basin was divided into blocks and the river course was divided into
reaches. The amount of wastewater discharge and the pollution load were estimated for

each block/reach to be used in & mathematical water quality simulation model.
Pollutant Generation Amount by River Catchment
(1 Domestic Wastewater

Distribution of population was firstly estimated for population blocks used in the
census of 1976 and the data of the La Paz Sanitary Unit. The population was

distributed according to the level of urbanization or the form of land use.

The estimated populations for population blocks were secondarily distributed to
discharge blocks for the water quality simulation model. The amount of wastewater
and the BOD load were obtained for each discharge block using the population and the

unit loading factors described in Section 4.1.2,
{2) industrial Wastewater

The wastewater discharge amount and the BOD load from the major water consumers

(over 750 m3/month) were estimated for each discharge block.

DEVELOPMENT OF WATER QUALITY SIMULATION MODEL
Outline of the Model

A water quality simulation model for BOD and DO was established essentially based
on the Streeter-Phelps model.

The saturation concentration of DO varies with temperature and atmospheric pressure,
and these meteorological parameters vary with altitude. Therefore, the effects of

altitude difference was incorporated into the model.
The flowchart of the activities included in the model is shown in Fig. 4.3.1 .
Pollutant Run-off Model

'Fhe entire basin of the Choqueyapu River including all tributaries was divided into eight

reaches as shown in Fig.4.3.2. The lower end of the reaches are the points of the water
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quality and flowrate survey conducted in this Study. These points used are also the

representative points used to evaluate water quality of the Choqueyapu River,

TReach] [Representative Point] (Remarks]

1 - Rl Unpolluted Area |

2 . R2 Some Vil]ages, Pasture of Alpacas,
Sheep, ete.

3 : R3 Industrial Zone, Some Community

4 R4 Densely Populated Area, Commercial

: Zone _

b R5 Residential Zone, Some Hospitals

6 ' R9 Residential, Industrial Zone, Inflow of
Tributaries (Kotahuma, Orkejahuira)

7 Ri4 New Residential Zone, Inflow of
Tributaries o
(Irpavi, Achumani, Huariajahuira)

8 R15 ' Subufban Area
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e Lo : Existing Data
Partilion of River Basins inle Reachs .
Gy b (Pepulation, Industry, Water Supply,
and Blocks for Simulation Model Sewerago, Water Quality, elc.)

Calibration

Analysis of Pollutant Mass Balance ]
along the River

Survey
{(Water Qualily & Flowrate of tha River
Politants Discharge & Inflow, &tc.}

l : ’ Estimation of Coelfficient Values of
e s o 1 the Simulation Moedel
Estimation of Waslewater Dischargé (K1,Kr.61c.)

and Pollution Load for Each Type of <
Pollulion Source in Fach
Block/Reach

l

Calculation of Water Quality for Each
Heach

Comparison of the Resulls of

NO -
Catculation with the Surveyed

Data

Establishment of Waker Quality Simulation Model

Fig. 4.3.1 -ﬂogcpart of Construction of Water Quality Simulation
‘Mode
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4.3.3

The reaches were further divided into blocks to estimate wastewater discharge and

pollution load.

Amounts of wastewater discharge and pollution load for each discharge block were
estimated through comparing the computed generated values with the actually cbserved

values.
Discusgsion on the Present Water Quality

The simulaied values for flowrate in the di-y season are shown in Table 4.3.1 and
Fig.4.3.3, those for BOD are shown in Table 4.3.2 and Fip.4.3.4, and for DO in Table
4.3.3 and Fig. 4.3.5, with each being compared with observed values. From these
results, the model can be judged to be capable of simulating actual water quality of the
Choqueyapﬁ river. Therefore, this simulation model can be applied to predict future
water quality and to evaluate the effects of pollution control measures to be considered

in the present Study. -
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Table 4.3.1 Comparison of Simuiated River Flowrate with Obseived Data

Evaluation y Distance Flow Rate {m3/sec)

: Observed Value " Resultof
Paint (km) 1 (22/Apr./1992) | {29/Apr./1892)| Simulation
R1 0 -0t 0.08 0.10
R2 16 .31 017 0.24
A3 .20 0.62 K 3 0.43
R4 23 1031 - 074 098] -
RS 26 131 1.34 1.33
Re .30 1.85; - 1.68 1.58
R14 32 - 2.48 262 258
R15 39 282 3.00 296

Simulated Flowrate [1932)

3.00 T

''''' *-—— Simulation

Flowrate {m3/sec]
P
=)
]
{
I
i
|
%

LTIV Y —

0.50 _r__y__..u USRI

e ]

Distance (km)

Fig, 4.3.3 Comparison of Simulated River Flowrate with Observed Data
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Table 4.3.2 Comparison of Simulated River Water Quality {BOD) with Observed Data

Evaluation | Distance | BOD Concentration (mg/l)
: ' Observed Value Result of
Point {krn) | (22/Apr./1892)] (29/Apr./1892)] Simulation
‘R1 0 1.3 09 12
Rz 16 22 2.1 2.2
A3 20 67.5 68.4 - 678
R4 23 1150 169.0 1517
R5 26 127.0 151.0 143.0
R9 30 109.0 970 1071
Ri4 32 75.0 76.0 711
R15 39 51.0 58.0 54.3
Simulated BOD Concentration (1932)
180 -
R4
180 - — /’"\ ?5
140 + //l’\ ‘\ e i
= 1204 N N —m— (2IAPI/1992)
E 100 s \\fﬂg |
Lol : ST 1
2 a0 R/a \ mal - (28/Apr./1892)
2 ol R3 S RIS || —e—— Simulation
40 //
20
21 H
0 ® : ; - S
0 S 10 15 20 25 36 35 40
Distance (km)
Fig. 4.3.4 Comparison of Simulated River Water Quality (BOD) with Observed

Datr
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Table 4.3.83  Comparison of Simulated River Water Quality {DO) with Observed Data

Rate of

Evaluation { Distance | DG Concentration (mg/l}
: Observed Value Resultof |Saturation (%)
Point (km) [(22/Apc11992)] (20/Apr/1992)| Simutation
Al 0 23 3.7 3.0 42.5
R2 16 27 41 34 478
R3 - 20 28 45 3.7 518
R4 23 27 38 33 452
RS 28 33} 2h 3.0 416
R9 30 36 3.1 34 463
R14 32 32 3.0 30 41.5
Ris 39 3.7 2.9 3.2 44.5
Simulated DO Concentration {1992)
50 - N —
45 R34
4.0 - g \\?4 _ Ri5
Uy SR R9
15 l?_i;n - ‘? =N \1\\ H.S i.__,.,,_‘::,f, .
g 3.0 =5 S —4 i —- W= (32/Apr.11992)
|
E 25 T —-=Th—— (28/Apr./1992)
8 20 == R ———¢-—— Simulaiion
185 oo - - _ :
10 - - — ]
05 -~ —
0.0 - - - S
0 5 10 16 20 25 30 35 40

Distance (km)

Fig. 4.3.5 Comparison of Simulated River Water Quality (DO) with Observed

Data



4.4

4.4.1

4.4,2

PREDICTION OF FUTURE WATER QUALITY WITH OUT POLLUTION
CONTROL

Amount of Polintant Generation

The future water quality of the Choqueyapu river was predicted for the years 1995 and
2010. The manner to estimate pollutant generation is the same as that in Section 4.1
The social framework for the future, deseribed in Section 3.4, was used as the basis to

estimate the future amount of pollutant generation.

In the Central Zone (Block A ~ ¥), the population is expected to increase only 3.0% in the

| following eighteen years (from 1992 until 2010), because the present population has

nearly reached the saturation point. On the other hand, the population of the South
Zone is expected to increase abo_ut three times as high as in 1992. The increase of
poliutant generation in the future will reflect such population increases. The rates of
increase of wastewater discharge were estimated to be 5% (by 1995) and 35% (bir 2010)
in the Central Zone, and 38% (by 1995) and 500% (by 2010) in the South Zone. The
rates of increase of BOD load were estimated to be 3% (by 1995) and 18% (by 2010) in
the Central Zone, and 29% (by 1995) and 890% (by 2010) in the South Zone.

The increase of wastewater discharge in the Central Zone is mainly caused by the

increase of the per capita discharge which reflects the improvement of living standard,

- and that in the South Zone is mainly caused by the increase in population.

" Thus, water pollution of the Choqueyapu river tends to spread out toward the lower

reaches corresponding to the direction of urban development of the City of La Paz.
River Water Quality

River water qualities in the dry season in 1995 and in 2010 were predicted by the
simulation medel, The results for BOD are shown in Fig. 4.4.1 and Fig. 4.4.2, and the
results for DO are shown in Fig. 4.4.3 and Fig. 4.4.4,

As mentioned in the previous section, a significant increase of the BOD concentration in
2010 was predicted in the lower reaches represented by the points R14 and R15. A
little decrease of the DO concentration in 2010 was predicted inversely proportional to
the increase of BOD.
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Predicted BOD Concentration (1595)
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100 ) - :
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80 . _
- R3 ! h\\B‘IS —CF— Future (1 995)

40 ' - ' /
20 -

R1- . Ri’r/
0L e

0 5 10 15 20 25 3 35 40
Distance (km)

Fig. 4.4.1  Predicled Future {Uncontrolied) River Water Quality [BOD] in 1995

Piedicted BOD Concentration {2010)

180 S .
140 - '

120 }-

g
|

_ .

15 : Present (1932)
[aSS —-—{1=— Fuyture {2010)

\w L e —————————

80

60 4 —

20.‘
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Distance {km)

Fig. 4.4.2 Predicted Future (Uncontrolied} River Water Quality [BOD] in 2010
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Predicted DO Concentration [1995)
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Fig. 4.4.3 Predicted Future (Uncontrolled) River Water Quality [DO] in 1985

Predicted DO Concentration (2010)
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Fig. 4.4.4 Predicted Future {Uncontrolled) River Water Quality [DO}] in 2010
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5.1

5.2

5.2.1

CHAPTER &
FORMULATION OF THE BASIC PLAN

CONCEPTS FOR TIHE BASIC PLAN

It is understood that the waters of the rivers in the urbanized areas and

downstream are so polluted as to be regarded as sewage, and there is no doubt
that the causes of this water pollution is untreated wastewater from residences,
factories, hospitals, public buildings and so on. It is strongly recommended that
the basic plan for water quality improvement should include measures to reduce

the pollutant loads to the rivers from the urbanized area.

Theref‘ore; the basic plan will propose, in addition to non-structural mitigation
measures, a water quality improvement system that is based on the wastewater
treatment. The wastewater treatment requires a large construction cost, & long
implementation period and a strong organization for its management. Those
may exceed the eapability of the present organization. Even though i is not
possible for each phase to exactly follow the schedules proposed in the basic
plan, it will be worthwhile to draw up an ultimate goal and to make every effort
to approach to the goal as much as possible,

SELECTION OF ALTERNATIVES FOR THE BASIC PLAN

. Conceivable Measures

After a preliminary sereening, the following 4 structural measures to improve the

water quality of the rivers were considered:

- Reduction of pollutant loads to the river by wastewater treatment
- Dilution of the river water
- Direct purification of the river water

- Diversion

Huweifer, those measures other then reduction of pollutant loads were found to

be not appropriate for the basic plan for the following reasons:

1} 'The river waters are too polluted to be improved substantially by these

methods.

ii) The rivers carry a large amount of suspended solids, mainly silt and

sand from upstream, If the river water is to be treated, a large amount
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of sludge containing silt and sand must be also treated, and this is not
 practical. '

Therefore, it was proposed to implement a wastewater treatment system 88 &
practical measure for the Bagic Plan. This plan may be supplemented by other

measures.

In the case of La Paz, the most critical condition for the pl.a.nni.n'g of wastewater

_ treatment Byétém is considered to be its topograpﬁy; large altitude differences
‘within the area and & deficiency of flat lands, This causes sévere restrictions on
capacities of treatment plants located near to the sewage collection areas.
Therefoz'e, the possibilities of the construction of the wastewater treatment plant
is carefully studied mainly from a view point of land availability.

The total maximum treatment capacity By' _ﬁti!izing all the available lands in the
urbanized area is calculated at about 300,000 m3/day by conventional
treatment method while the wastewater amount to be treated from this area is
estimated at about 200,000 m3/day. ‘The largeatﬁ land located in the south zone
(Calle Los Mardos) would be able to cover 200,000 m%day. However, available
lands for treatment plant site in the céntral zone including the Orkojahuira River
basin, where most of wastewater is generated, would permit the construction of
plants with a total capacity of only 60,000 m3/day. Even though it would be
possible to construct wastewater treatment plants in all the available lands of '
the central zone and to treat the wastewater at the rate of the estimated
maximam capacity, they would treat only less than 50% of the wastewater
generated in the central zone. Actually, some of them would be difficult to
construct because of environmental concerns, and pumping would be required for
some sites, because they are located at high places. Thus the land for the
treatment plant for the remaining wastewater must be found outside of the
central zone; this will require the installation of the sewer transmission line from

the central zone to the plant site,

In addition to the above discussion, further study was conducted to investigate
the feasibility of constructing wastewater treatment plants in the central zone as
presented in Appendix C of the Supporting Report. According to that study, only
three sites in the central zone are considered to be possible to construct a plant, -
and for these sites the total capacity is only 25,000 m3/day and the estimated
costs to construet wastewater treatment plant in 15 proposed sites are 50%
higher than those to construct one plant with capacity 20% larger than the total
of the 15 plants,
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From abqve'cbnsidaration it is concluded that the decentralized treatment option
of constructing several wastewater treatment plaats is not feasible from view

points of land availability and costs.
5.2.2 Alternatives for the Basic Plan

As 5 conceivable messure for the Basic Plan, it is pfoﬁase to install a centralized
wastewater treatment plant. There are t;wo possible plant sites in the area; one
alohg.the lower Irpavi River and another near the Lipari Bridge. Therefore it is
possible to propose two options with regard to sites. Also there would be more
alternatives by treatment methods. These options and aternatives are outlined
below. '

(1) Irpavi Option
1) Water Intake Weir

A water intake weir would be installed in the Choqueyapu River at the
-upstream of th'é confluence with the Orkojahuira River in Kantutani. The
Choqueyapu River above this water intake peint is regarded as a sewer channel
and the dry season flow would be tranémitted to the wastewater treatment

plant from this point.
2) Sewer Pipelines

.'i‘he_ wastewaters from the Central zone would be collected from the Choqueyapu
River as mentioned above. The wastewaters from other areas would be
transmitted .thr_nu'gh sewer pipelines. The routes of the pipe lines throughout the
area are shown in Fig §.2.1, and the route for magin sewer interceptor in Fig.
5.2.2,

3) Wastewater Trestment Plant
A provisional design of the wastewater treatment plant is shown as follows:
A Design Conditions

Design flow in the year 2010 is 230,000 m3/day; daily average wastewater flow
plus dry season flow of the Choqueyapu River.

Influent water quality BOD 250 mg/l
s8 250 mg/]
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