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EXECUTIVE SUMMARY

Introduction

The increment of access to sanitation services like:  drinkable water, sewage system, trash collector services and the reduction of the infant mortality constitute the main problems for most of the developing countries.

However, there isn’t a guideline to achieve this objectives. The last two services are the principal causes that are affecting the environment. The untreated sewage are discharged to the rivers, lakes and other receiving bodies, decreasing the availability of fresh water to have other uses. In addition, garbage is also thrown in the river bed affecting the groundwater resources, rivers, landscape, flora and fauna among others.

This document resumes the social evaluation and techniques of sustainability of CARE-Peru intervention in two communities called: San José and José Domingo Choquehuanca which are located in Azángaro, Puno – Perú. In San José we built a pipeline sewage system and a treatment plant while in José Domingo Choquehuanca we have improved the water pipeline system, the pipeline sewage system and a sewage treatment plant.

The following paper is organized in eight chapters:

Chapter II, presents the analysis of the National context regarding population and sanitation, current politics of sanitation and politics and environmental situation in Peru.

Chapter III, presents an analysis of current legal framework in relation with the benefit of the sanitation services and environment. 

Chapter IV, presents an analysis of the characteristics of the intervention area of CARE Peru.  Chapter V,  presents the evaluation and technical validation of the sewage treatment in detail indicating their replica possibility in other similar populations. 

Chapter VI, contents  the evaluation of the environmental impact of operation activities treatment system. 

Each chapter contents their all conclusions and recommendations.

Chapter VII, presents  an  analysis of sustainability of the system for which an analysis of the involved institutions is made and at the end is given its sustainability without the intervention of CARE Peru. Further more,  the estimate of the ratio cost efficiency of the system is given.

Finally, Chapter VIII, brings  the conclusions and recommendations of the whole evaluation.

Objectives of the Evaluation

1. Evaluate  the characteristics and the efficiency of the sewage treatment system in San José's district.  

2. Evaluate the environmental, social and economic sustainability of the system and their possible replica in other communities with similar characteristics

CHAPTER 2: NATIONAL CONTEXT

Population, Sanitation and Environment

Peru has an extension of 1'285,215.60 Km2 and has geographical boundaries with Equator, Colombia, Brazil, Bolivia and Chile. Peru is the third biggest country in territorial extension of South America, after Brazil and Argentina.

According to the INEI, the population from the Peru is 26.3 million inhabitants, with a rate of growth of 1,9% in the last decade, 71% inhabits the urban areas and 29% in the rural ones.

The Ministery of Housing Construction and Sanitation (MVCS) estimates a rural population of 8.9 million inhabitants, this is 35% of the total population, 1.8 million of poverty homes which the 60% in condition of poverty and 24% in extreme poverty. 20% of the poorest homes receives income average of  US $234 per capita / year and the other 20% US $933 per capita / year (US $82 / month). Of the 8.9 million rural inhabitants, 3.3 millions don't have access to fresh water, this is 37%, the last 70% this is 6.2 millions they have lack of an appropriate elimination of excretes and sewage system (J. Calderón C. 2004).

The national environmental politics in Peru are governed by the  National Politics of Environment and the National System of Environmental Administration. CONAM is the National Council of the Environment in charge to guide the execution of the laws and to implement environmental politics's instruments in coordination with the different sectors, the Regional Governments through the Managements of Natural Resources and Administration of the environment and narrow coordination with the Regional Environmental Commissions.

The National Politics of Environment, constitutes the group of guidelines, objectives, strategies, goals, programs and public character instruments, that has the purpose to define and guide the national, regional and local government's institutions; private sector and civil society, in environmental matter, the same one that is established in General Law of Environment  (Law No.28611), together with the National System of Environmental Administration.

The main environmental problem that Peru affords is the contamination of the water sources due to untreated mining and sewage discharged to the rivers, lakes and lagoons depleting the availability and increasing the treatment costs for human consumption supply and other activities. In 2005, the Agriculture Ministry estimated that only 14% of the total sewage received treatment.

CHAPTER 3: CURRENT LEGAL FRAMEWORK

This chapter contents the General Current Legal Framework which are:

a) The Political Constitution of Peru (promulgated in 29/12/1993)

Article 2: This article establishes that all person has the right to have peace, tranquility, and enjoy the free time, as well as to enjoy a balanced and appropriate atmosphere to the development of his/ her life.

Article 67:  The Peruvian State determines the National Politics of Environment and promotes the sustainable use of the natural resources. 

b) General Law of Environment  (Law No 28611 22/12/2005)

Is the highest law  in the order of hierarchies inside the Peruvian legislation environment, in which establishes the politics's general guidelines and environmental administration in Peru.

Article 9°. - Objectives

The National Politics of Environment has the objective to improve the quality of people's life, guaranteeing the existence of healthy, viable and functional ecosystems in the long term; and the sustainable development of the country, by means of the prevention, protection and recovery of the atmosphere and their components, the conservation and the sustainable use of the natural resources, in a responsible and appropriate way with the respect of the person's fundamental rights.

c) Law of Creation of the National Council of Environment. CONAM.  (Law Nº26410  22/12/1994)

Article 3:  CONAM ´s objective is to promote the environment conservation and to propitiate the balance among the economic development, the sustainable use of the natural resources and the environment conservation.

Article 4:  CONAM ´s functions among others are:  

Formulate, coordinate, manage and evaluate the Environmental National Politics and to look after their strict execution. To coordinate and to concert the actions and  sectors and organisms in environmental matters, with the purpose to keep harmony with the established politicians.

d) Framework Law for the Growth of the Private Investment (Law Not 28059 18-08-2003)  

e) Penal Code ( Law Decree Nº 635 of  06/04/91)

Article 304:  It settles down punishment for those who contaminate the environment with discharge of residuals, liquids, or other materials above the Permissible Maximum Limits that cause or can cause damage in the flora, fauna and hydro biological resources. The law establishes the  cut of freedom for less than 3 years.  

g) Health General Law  (Law Nº 26842 of 20/07/1997)

Article 104:  It establishes that is forbidden to discharge  waste or polluting substances in water, air and soil, without having adopted the purification cautions in the form that point out the sanitary norms and  protection of the environment.

i) City Hall Organic Law. ( Law Nº 27972 of 27.05.2003)

This law establishes among other general functions that the City Hall should carry out diverse actions in other to provide the citizen the appropriate atmosphere for the satisfaction of their vital necessities (Art. 10°). Also, this law settle down that the City Hall and the Local Governments should promote the integral development, for reach economic growth,  social justice and  sustainable environment.  

4. Specific Functions of distrital City Hall:
4.1 To manage and regulate the fresh water service, sewage and drainage system, public cleaning and solid residuals treatment when it is in capacity of making it directly or by concession. 

               h) Law Nº 26338 -  General  Law of Sanitation Services (23-04-2003)

               General law of Water (Law Decree Nº 17752,1969)

Article 10:  The Agriculture and Fishering Ministery are in charge of the conservation and increase of water resources while the Health Ministery concerns to the preservation of the hydrics ones.

Regulation of the Title III of the Water General Law (D.S. Nº 007-88-SA,007-83-INC; 029-83-INC; 032-89-INC)  

Article 173:  It indicates that the Sanitary Authority  must approve the discharge of all kind of solid residuals, liquids or another element whenever their chemical and bacteriological physical characteristics don't overcome the established maximum conditions for the reception bodies.

SUPREME LAW DECREE No  0012007-AG (04-01-2007)

This law establishes the rate of surface water that communities must pay in the year 2007 when it is used in other activities that are not agriculture.

Art.3th . It settles down for 2007 a fix rate of S /. 50.00 Nuevos Soles or $15 US that must be paid for the communal organizations in the rural environment, due to the use of surface water for drinking water purpose.

CHAPTER 4: CHARACTERISTICS OF THE EVALUATION AREA 

The intervention areas of CARE Peru (ENSEMBLE), are located in the department of Puno, Azángaro County, and districts of:

District of San José.

San José is located at 29 Km far away from Azangaro, it has an altitude of 4,082 m.o.l.s and an area of  372.73 km2. 

The last National Survey that take place in 2005, indicated that the population was about 7,183 inhabitants, 39.02% was urban and 60.98% was rural, 49.14% were men and 50.86% were women. The population density was 19.3 hab/km2. 

San José district presents 47 rural villages and two towns both concentrates a total of 1,054 housings (INEI1 2005).

San José district has the following basic services:

· 89% of the population have access to electric services

· 87% of the population have access to water supply (includes: 2 caption sources, conduction line, 2 reservoirs, distribution nets and more than 300 house connections), the water doesn't receive any kind of treatment due to lack of management of the system and political decisions of the city hall and ignorance of its functions regarding the benefit of the basic services.  

· Concerning sanitation services, these are very rustic, with earth bricks walls, calamine roof and rustic toilets of turkish type. All of this toilets don´t have any tank instead of it people use a deposit of water that allows the discharge of sewage. Moreover, the doors are just plastics or calamines. It is compulsory to change this kind of rustic toilets and to promote an efficient use of them.  

CARE Peru (ENSEMBLE) with the contribution of San José City Hall and the population has installed 5838 meters of the main sewage system net of 7,000 meters that is the goal. In addition, Care Peru has also installed 110 sewage connections of a total of 200 connections that are programmed; this corresponds to the 30% of the population's covering.

San Jose district has one kinder garden center, one primary school and one secondary school, all of them are publics and the students can be male and female. It has a Health Center with professional personnel: 01 doctor, 02 nurses and 06 technicians in health, the basic limited equipment and a motorcycle.

District of José Domingo Choquehuanca.

José Domingo Choquehuanca is located at the west of Azangaro county. It was created by Law No 12121 on October 11th, 1954. It has a surface 69.73 km2 and and altitude of 3870 m.o.l.s The last National Survey that take place in 2005, indicated that the population was about 5,286 inhabitants, 72% was urban and 28% was rural, 49% were men and 51% were women. The population density was 75.8 hab/km2. 

José Domingo Choquehuanca district presents 17 rural villages and 1 town, both concentrates a total of 1,752 housings (INEI1 2005).

José Domingo Choquehuanca district has the following basic services

· 84.6% of the population have access to electric services

· 90% of the population have access to water supply, there are 1,130 connections and  the service has a continuity average of 08 hours.

· 47% of the population have access to sewage system this is 250 housings lacking 50 to fulfill the goal of CARE

Jose Domingo Choquehuanca district has better sanitation services in comparison with San José district due to the commercial activities in this district.

Concerning education, josé Domingo Choquehuanca has two kinder garden center, three primary school being one of them private, two secondary school and one upper education school

It has a Health Center with appropriate l equipped with includes 4 small health centers in the rural area with the following professional personnel: 01 doctor, 02 nurses and 12 technicians in health and an ambulance.

Social organization

The organizational Structure of the district is integrated by:

· Civil Society Organization of the district.

· Executive Committee that is conformed by diverse institutions and representative organizations: City Hall and other members of the civil society organization

· Committees of Management

In addition, there are other governmental representation compose by: Local Governments, City Hall, the Health Center that represents the Health Ministery, Agriculture Ministery and 20 members of the army.

CHAPTER 5: EVALUATION AND VALIDATION OF THE SEWAGE TREATMENT SYSTEM IN  SAN JOSÉ AZÁNGARO

5.1   Introduction

Titicaca´s basin has 56,169 Km2 in Peruvian sector. In  the basin lives more than a million inhabitants, located in the rural and urban centers. Actually, there are 100 districts with populations that vary between 3,500 and 12,000 inhabitants, where many of them don't have water and sewage services. But some of them have water and untreated sewage systems.

The main urban centers are: Puno (capital of the department), with 125 thousand inhabitants, Juliaca with 218,845 inhabitants, then toward the south, we can find the cities of Acora, Ilave, Juli, Pomata, Yunguyo, Zapita and Desaguadero. Toward the north are the cities of Ayaviri, Pucará, Azángaro, Putina, Huncané, etc.

The main reason of pollution in rives that discharge in Titicaca´s lake is due to untreated sewage systems. It has been estimated that the volume of sewage discharged annually is 12.3 million cubic meters per year (MMC), equivalent to a flow of 394 lps; and an annual discharged organic matter of 2,670 TM/year, not considering the discharge of nutrients.

5.2   OBJECTIVES

5.2.1   General Objective

The main objective of the evaluation of San José’s sewage treatment system is to determine the efficiency of this system, and its contribution in the prevention and control of the environmental pollution, as a consequence of the treatment system operation.

5.2.2 Specific Objectives

· To determine the indexes of removal of chemical and biological pollutants in order to evaluate the efficiency level in the treatment system. 

· To determine the restrictive and favorable factors that influence in the level of efficiency of the system.

· To identify, to describe and to communicate the derived environmental impacts of operation activities in the treatment system.

5.3 SAN JOSÉ ´S SEWAGE  SYSTEM  TREATMENT– AZÁNGARO

The sewage system treatment in evaluation is located in San José's district at 800 meters of the urban center. San José is situated in Azangaro County, in Puno and has an altitude of 4,080 m.o.l.s. The figure 5.1 describes the treatment units.  

The sewage system of San José is a mixed system, that combines two different processes: The first one, a Primary treatment of conventional type that includes basic units as: solids separation,  sedimentation and a polish system conformed by macrophytes lagoons (totora), called artificial wetland land a final filter.

5.3.2 Area, volume and hydraulic flow of the treatment system

The treatment system has an effective area of 188.70 m2, and a total volume of approximately 203.95 m3 (Figure 5.3 - Chapter V -Main Report). This parameters are important factors to determine the hydraulic retention time in the system.   

The type of flow in the treatment system, is continuous and longitudinal type in the first units, from the solids separator until the biological reactor; while the flow in wetland has serpentine type, that means that 100% of the water flows through the whole biological filter; what gives place to a bigger contact between the water and the totora biomass, allowing the assimilation of nutrients.  

Figure  N° 5.1  

Units of treatment of residual waters of San José

	Units of Treatment
	Quantity


	Description

	Units of treatment of residual waters

	Solids Separator
	02
	It has two solid separators. The solids separator are the initial units of the treatment system, both includes a grill system that is used to retain  thick solid floating residuals bigger than 2" (wood, cloths, plastics, fecal material, etc). It also allows to deposit all material of high density, as sand, rubble, and lime. The first separator of solids has a volume of 4.23 m3 and the second 3.51 m3.

	Grease Remover
	01
	It has the function of separating all the materials in suspension that were not eliminated in the first units, besides the associate compounds as fatty, oils, fllocs and foams composed by residuals of detergents, elements of low density. The principle that allows the separation of fatty, flocs and foams are the difference of density regarding of  water which makes that these locates in the water surface.

This unit has a dimension of 3.23 m x 1.22 m x 2.3 m and an approximate capacity of 9.06 m3.

	Settlers
	02
	It has two units of continuous setters. It allows the decantation of settleable solids that  were not eliminated in the previous units. This occurs due to the decrease of the hydraulic fluid velocity. The first settler has the following dimensions: 5.6 m X 2.1 m X 1.6 m and a volume of 18.82 m3, and the second one: 4.1 m X 2.1 m X 1.73 m and a volume of 14.090 m3.

	Biological reactor
	02
	This units contribute with the organic matter oxidation because the water passes through sieved pipes, allowing the oxygen increase. This unit is conformed by a bed of porous stones in which communities of bacteria and mushrooms develop. This organisms oxidize and reduce the organic matter.

	Artificial Wetlands
	05
	The secondary treatment is conformed by the operation of five artificial wetlands sowed with totora. In each wetland, is carried out the polish phase of the complementary removal of organic and nutrient matter .

The dimension of each wetland is as follow: 0.30 m of substratum and 1.20 m of water column in which the totora emerges.

The totora provides surfaces for the formation of bacterial sheets, it facilitates the filtration and the absorption of the constituents of the stabilized residual water, it allows the oxygen transfer to the column of water and it controls the growth of algae when limiting the penetration of solar light.

	Filter
	01
	It is the last treatment unit, the one, which is conformed by a gravel filter and sand, which allows the improvement of the physique quality of the treated water (transparent water), because it eliminates algae and grain material.

	COMPLEMENTARY  UNITS

	Sludge Digester
	01
	This unit allows the reception of the mud coming from the settler unit of the solid separator and grease remover. Then sludge digestion take place

	Decomposition slab
	01
	This unit is conformed by a concrete flagstone roofed with transparent fiber glass leaves that allows  solar radiation elevating the temperature. In this step mud is kept for their maturation, stabilization and drying.  This unit has a surface of 36 m2 and  allows to accumulate up to 7.2 m3 of mud.


5.3.3 Outflow management in the system

The outflow discharge of sewage treatment system is used in the irrigation of 0.25 hectares of cultivate grasses  (Pine radiata), therefore there are not problems of contamination of surface water.  

5.3.4 Production of Mud

The production of mud is approximately 1.92 m3 per month equivalent to 23.04 m3 per year, that determines a rate of average production of 46.08 litres/hab-year, amount that is lower than the established between 100 to 120 l/hab-year in other urban populations and with other consumption habits.

5.4 TECHNICAL CHARACTERISTICS OF THE TREATMENT SYSTEM  

Current Flow of Operation

Two measures campaigns have determined that the current flow in San José sewage flow during a period of 13 hours of registration between 5.00 to 17.00 hrs. is about  0.98 lps, which is increased until 47% on Saturdays as a consequence of the arrival of residents to the fair, while during the week the sewage flow rates between 0.82 and 0.83 lps.  

In relation with the flow schedule behavior, it has been determined that this increase between 13.00 and 17.00 hours. This behavior obeys the residents habit whom use more amount of water in hours when the environmental temperature increases. There are not evenings flow registrations but it is considered that during night the flows deplete under 0.50 lps.  

It is thought that the sewage flow will be increasing in relation with the changing habits of uses of population and when the whole covering is achieved from the service to 100%. Actually, the system functions with only the 25% of the design flow.  

5.5 EVALUATION OF THE EFFICIENCY IN THE  SEWAGE TREATMENT SYSTEM

The minimum conditions to reject or approve the quality of a sewage system are the following criterias:  

· Treatment system must operate at least with 95% of flow because this volume will allow determining the real efficiency of the system. In this case that volume is expected to be reach after 20 years.

· It is required to have a historical series of quality physique, chemistry and biological data of six months at least, which allow to evaluate the behavior of each one of them at least two times per year.

· The system must operate in appropriate maintenance conditions with control of each treatment units.

According to the requirements explained above, we can say that the period of operation is still short, and that the current flow presents lack of series of the data concerning physique, chemical and biological quality. The levels of efficiency in the system cannot be validated and the results must be taken as a reference or preliminary.

Characterization of Sewage Outflow

The sewage outflow is classified according to their origin and composition. There are different types of outflows: domestic one, which comes from housings, public buildings and other sources; including the water used for cleaning the streets and those that comes from small local industries connected to the sewer system. 

In our study, the residual water come only from the use of bathrooms, lavatories and clothes laundry plus the infiltration waters; rain water whose bigger or minor percentage depends on the climatic conditions of the town.

5.6 EVALUATION OF THE TOTAL EFFICIENCY OF THE SEWEAGE SYSTEM AT A GLOBAL SCALE

At a global scale the levels of efficiency in the sewage system treatment show that the obtained results don’t satisfy the permissible limits, this in relation with the main parameters as BOD5 and load of bacterias (fecal and total coliforms).  

The organic matter removal has fluctuated between 24.40% and 19.94% in the period of evaluation. These concentrations overcome the Maximum Permissible Limits of Class III indicated in the General Law of Water (irrigation of fresh vegetables in Peru). One of the reasons that influence the low results of organic removal matter in sewage levels is the reduced time of hydraulic retention estimated in 2.4 days, insufficient time to assure the basic processes of oxidation of the organic matter. However the outflow is used to watering trees and pasture

We suggest that a new treatment unit like a stabilization lagoon must be design and added to the model in order to get better parameters of BDO5, this outflow must be kept by a minimum time of retention of 20 days. 

On the other hand, it has not been possible to determine the causes that originate the high concentrations of organic matter reported in the laboratory. It is compulsory to continue with the collection of samples in order to achieve confidence in the results.  

In relation with pathogen bacteria and fecal coliforms the removal concentrations are over the permissible limits indicated in  the General Law of Water; the concentrations  oscillate between 70.83% and 73.85%. In order to confirm or discard these values, we recommend continuing with the daily collection of samples for at least six months and carry them in two different laboratories (private one and university). It is indispensable that both laboratories use the same method of analysis.  

Other removal parameters have also been evaluated, the results showed that the total Nitrogen didn't register high removal levels, on the contrary an increment of 25.99% was observed (2.247 mg/l); while one month later the removal index was of 66.96%, which can be considered as acceptable value. The causes that originates the increment of total nitrogen in the first sample has not been determined yet; however it can be due to the contribution coming of the organic bottom and poor density of totora biomass in the last two pools, since the difference in increment terms registered between the biological reactor and the outflow.  

According to nitrate removal it doesn't exist (NO3), on the contrary, nitrates have increased significantly, in the first month from 0.018 mg/l to up to 0.12 mg/l. The concentrations are upper the Permissible Maximum Limits of Class III published in the General Law of Water, while in the second month, the concentrations were very low (0.1 mg/l), but above the Permissible Maximum Limits (0.01 mg/l). The removal of Nitrite is not significant neither has any relevance from the environmental point of view.  

The removal of phosphates is also heterogeneous; it appeared increased in the first month of sampling in 28.50% (0.0805 mg/l) while in the second month the removal was of 60.66% regarding the total match, phosphates measures the eutrophic level of an aquatic ecosystem mainly lakes; but in case of irrigation use, phosphates contributes to the fertilization of the soil and don’t have a negative effect. The removal levels are variable, sometimes can increase and other time can decrease.

5.6.1 Macrophytes biomass Evaluation and relationship with the Physical Water Parameters  

Actually, the totora in artificial wetlands presents high levels of density, which oscillate between 460 and 580 stem/m2, density that contributes to organic and nutrients load removal  as well as with the contribution of dissolved oxygen.  

The pH in the wetlands remains in a normal and appropriate range. Ph fluctuates between 7.08 and 7.75 improving the biological reactions level of the wetland. In spite of the fine oxygenation registered in the wetland, it has been observed that the coloration of the water in the ponds is light gray with abundant organic material in suspension, typical aspect of a wetland with totora.  

5.6.2 Production, Management and Use of Mud 

The production of mud is a result of the treatment system, and its around 23 m3/year equivalent to 46 sacks of 50 Kg each one; which characteristics are: 1.63 mg/kg of Nitrogen, 127 mg/kg of phosphor, 841 mg/Kg of potassium, and low levels of total coliforms of 20X102.  

The concentrations of nutrients displays that the sediments stabilized in San José’s Treatment plant constitutes an organic fertilizer of good quality, with low coliforms load; therefore the mud can be commercialized and this implies  to be milled  and  pocketed.    

CHAPTER 6: ENVIRONMENTAL EVALUATION IN THE OPERATION OF THE SEWAGE TREATMENT SYSTEM

6.1 INTRODUCTION

Every human activity generates diverse environmental impacts, sometimes positives and others negatives; whose incidence and seriousness are in function of the activity and characteristics of the environment.

An environment evaluation has been identified and evaluated in the project’s area of San José sewage system as a consequence of its operation and maintenance. 

The evaluation of each environmental impact, will contribute to determine the efficiency level of the sewage treatment system. Untreated sewage discharge can contaminated air, soil, water and all of them can involve population risks.

6.2 OBJECTIVES

To identify and to analyze the environmental impacts produced by the activities related with the operation of the sewage treatment system

To propose mitigation measures.

6.2.1 Description of the Main Actions 

The following figure resumes the actions that take place in the current sewage treatment system.

Figure  N° 5.2

Identification and description of Main Actions 

	Important actions
	Description

	Outflow
	Actually, the annual volume is 28382 m3, and it is project to increase to 750 000 m3 

Currently the flow is 0.90 l/s that allows the irrigation of cultivated grasses and forest for 10000 m2, however this outflow is use to irrigate less than 2500 m2  

	Sewage Treatment 
	This is a permanent activity that must be done during the whole system life.

This activity requires trained manpower, which assures the appropriate technical handling 

	Totora harvest
	This is a temporary activity, which is carried out during the highest production biomass period, implies "to harvest the mature totora", in order to contribute maintaining the levels of efficiency of the system.  

	Production and cleaning of mud
	This activity is permanent and must be done during the whole lifetime of the system, which is carried out for two operators and in a manual way using a modified Ekman dredge.

Actually the mud  23 m3/year to 2.3 TM/year. The total production during the whole life of the system would be  58 TM.

	Maintenance treatment system
	This activity consists on the manual cleaning of the grill system, elimination of mud carried out in the units of soil separator, grease remover and settlers, as well as the cleaning of muds from the main units toward digesters.  In addition, the control of  drying of mud in the drying camera and finally the laundry of filters.

	Irrigation of grasses and forest
	Currently, the watering of grasses and forest is carried out in the sowed area; this is a temporary activity, since only it will be carried out during six months a year, that is in the period April – December.

	Security and custody
	The treatment system has a boundary fence. There is personnel in charge of security whose salary is paid  by San José city hall .This activity will have permanent character during the whole life of the project.


6.2.2  Analysis and description of the environmental impacts

The environmental impact is the difference between the environmental situation in the influence area of the project with non-operation activities of the system and the current environmental effect as a consequence of the diverse activities of operation of the treatment system.

This comparison is done considering, the effect of the permanent environmental impacts (effects that l last the whole life of the project).

The environmental evaluation has the following results:

· The total environmental impact in the operation stage of the sewage treatment system results positive and bring benefits for the physical and socioeconomic environment.

· The soil is the reception body affected by the outflow of the sewage system treatment due to the low organic matter removal (BDO5) , nitrates  (NO3),  and huge amount of bacteria  load.

· The main positive environmental impact is concerning socio economic aspects because along the whole project it generates employment, and improve the quality of life of San José's inhabitants.

6.2.3 Mitigation measures

The mitigation measures are guided on one hand to reduce and eliminate the negative environmental impacts and increase the number of positive environmental impacts. The mitigation implies the implementation of structural and not structural measures.   

The implementation of each one of the outlined mitigation measures should be management by the city hall authority with the purpose of guarantees their financing and promote training events in order to inform to the authorities and the inhabitants the proposals measures.

CHAPTER 7: SUSTAINABILITY ANALYSIS

7.1. ANALYSIS OF THE INSTITUTIONS INVOLVED WITH SANITATION PROGRAMMES

The government has the following responsibilities:

· The Housing Construction and Sanitation Ministery is charge to approve, execute and supervise the national politics applied to housing, urbanism, construction and sanitation. This ministery works together with  theNational Sanity Direction and the  Rural Sanitation  National Program (PRONASAR).

The regional governments (Organic Law 27867) should execute promotion actions, technical attendance, training, scientific and technological investigation as regards to construction and sanitation. Moreover, regional governments should bring technical and economical support to local governments in benefit of sanitation services; and  assume the execution of the sanity and housing programs.  

The county city hall (Law 27972) have the functions to manage and regulate fresh water, sewage, public services and soil residual treatment. Also, to provide rural sanitary services when these they cannot be assisted by the districts city halls and small villages.

The district city hall (Law 27792, May 2003) is charge to manage and regulate, directly or by concession, fresh water, sewer system, public cleaning and soil residual treatment, when they have the capacity to do it as well as to provide rural sanitary services and coordinate with small villages authorities campaigns of epidemics and animal control.  

Peruvian´s Health Ministery (MINSA) and the General Environmental Health Direction (DIGESA) have the responsibility to guarantee the water quality though control analysis programs and giving permissions for water use in different activities. Also Health Centers in  small villages have to control the water quality for human consumption inside their jurisdiction. The 80% of all the illnesses and more than a third of the deaths in the developing countries are due to the consumption of polluted water. The tenth part of each person’s productive time average is lost because of illnesses related with water (MINSA 2005). The investment of U.S. $.1.00 in sanitation generates a saving of U.S. $3.00 in Health, therefore it is necessary the coordination between the sanitary authority and other organisms involved.  

The hydric resources authority called INRENA, institution that depends of the Agriculture’s Ministery, is the entity in charged of authorizing the use of water with the support of other governmental institution called Autoridad Técnica del Distrito de Riego(ATDR).  

CARE Peru has been working in Domingo Choquehuanca´s and San Jose’s Districts for more than four years, period in which the work has focused in water and sewage supply, feed security, and improvement of inhabitant’s quality of life. These four years allowed us to have continued relationship with the population that supports our work.

CARE France has been collaborating with CARE Puno during five years. CARE France support has been crucial in the execution of CARE Peru projects. Care France brought the financial support for most of CARE Peru projects in the region of Puno. Due to the relation between Peru and France, it has been possible to get funds of the Ministry of Relations Affairs of France (2002), Water Sienna Normandie Agency (2001), European Commission (Dec 2005); ENSEMBLE FOUNDATION (August 2005). ; for these considerations and technical support that we get, the collaboration between CARE France and CARE Peru - Puno is very significant.

The results and impacts achieved in rural communities of Peru with financing coming from France, are positive, so it’s valuable the relationship of mutual collaboration between CARE France and CARE Peru - Puno.  

The sustainability of the sewage net and sewage water treatment plant management built by CARE Peru (ENSEMBLE), depends on the political decision of the City Hall and the support of involved institutions. It is required that each institution assumes their responsibilities and achieves the goal that the inhabitants understand and perceive the benefits in health and environment. Education programs and information are an important aspect to be considered when we refer to sustainability.  

The construction of the sewage pipelines and water treatment plant will allow to preserve the environment without affecting soil, flooding and odors in order to improve the landscape. 

CARE Peru (ENSEMBLE) should motivate and carry out an informative program among all the involved institutions with the objective to guarantee its sustainability.

Cost Efficiency Ratio (CE)   

The ratio estimation CE was made for the treatment of San José's sewage plant because it was working and the necessary data was available.  

The cost efficiency ratio was calculated taking into account the social discount rate of 11% established by the Economic and Financial´s Ministery (MEF) for the evaluation of social projects, a population of 7,183 inhabitants and a growth rate of 1% estimated by the INEI (Peruvian Statistical Institution),  a correction social factor prices of FC =0.792 and a period of evaluation projected to 20 years. As a result the cost efficiency ratio is CE1 = S/.19.34 Nuevos Soles (equivalent to US $6) per inhabitant and CE = S/. 96.71 Nuevos Soles (equivalent to US $ 30.32) per house/family, this ratios are lower than the those established by the Economy and Financial´s Ministery for similar projects.

This results explain that the sewage treatment proposed by CARE Peru with contribution of the City Hall and the inhabitant's participation is sustainability due to the low operation and maintenance cost without intervention of entities support.

CHAPTER 8: RESULTS AND RECOMMENDATIONS  

Main conclusions  

Chapters 2, 3 and 4  

1. The Peruvian national politics doesn't have a real and effective sanitation achieve in the rural area, exists lack of information from authorities and inhabitants in relation with the topic.

2. The environmental politics don’t involve the communities, it is compulsory that new mechanics involve inhabitants. Further more, local authorities don’t know how to prepare an environment system management and its implementation in order to improve quality life of their inhabitants.  

3. City Halls and inhabitants have lack of knowledge concerning legal laws of sanitation systems and protection of the environment. Social problems are often shown in the area because authorities take wrong decisions when it refers to sanitation and improvement of quality life of their inhabitants.  

4. Inhabitants of both communities, San José and José Domingo Choquehuanca, told that the quality services of the Ministry of Health is regular and recommended to improve it.

5. It has been noticed that in San José's district the water supply for the community does not satisfy the quality parameters because it doesn't have any kind of treatment and pipelines have more than 38 years. The water pipelines crash frequently and nobody takes care of it.  Inhabitants don’t pay for the service and there is not organism in charge to manage the  water system. 

6. The water supply service in José Domingo Choquehuanca district has good  quality. The water receives an appropiate treatment, its continues during raining period for 12 hours) and the rest of the year 8 hours.  

7. A private company called OPSA manages the water supply service´s in José Domingo Choquehuanca system. Care Perú (ENSEMBLE), the city hall and other organizations support the implementation of OPSA. Inhabitants have a fix rate of S /. 2.00 Nuevos Soles. OPSA is in charge of the installation of new connections, reparations, operation and maintenance of the system. OPSA receives montly  S / .1,741.00 Nuevos Soles      ( US $ 545.80 ), monthly expenses are of S /. 922.00 Nuevos Soles (US$ 289) and its  average  utility of S /. 819.00 Nuevos Soles ( US $ 256.73)

8. OPSA is a good example that the private administration conformed by residents of the same place guarantees the sustainability of the service in short and medium terms. It is known that at long terms more investments will be required and OPSA cannot afford it. Actually, OPSA generates permanent work positions for their residents.

9. Having a Fixed rate brings an inappropriate use of water. Users use a bigger quantity of water than the cost it represents. Users waste water due to the losses in the service and deterioration of the pipelines there is a lack of population's conscience on the use of water.

10.   A new sewage system in San Jose´s district its being implemented by CARE Peru (ENSEMBLE), the city hall and the participation of the inhabitants support.  Actually, the pipelines have a length of 5.8 Km of 7 km that is the goal, 110 house connections of a goal of 200. 

The contribution of San Jose´s inhabitant’s is with manpower. The salary is paid with house installation accessories; this motivates that population feel involved with this project.

11.   The sewage treatment system in San José's district that CARE-Peru (ENSEMBLE) built has a positive acceptance. However, only half of the population visited it, and it is necessary to make guided visits to show them the benefits of having a sewage treatment plant

12.   In José Domingo Choquehuanca, CARE Peru (ENSEMBLE) and the contribution of the city hall, 8.5 Km of pipelines of 12 km and 285 house connections of  a goal of 500 were implemented The water treatment system  is in installation and prove process.

Chapters 5 and 6

1. San José district has a mixed sewage treatment system. It has six units of preliminar operation and an artificial wetland of superficial flow conformed by five (05) pools sowed with totora (Schoenoplectus totora) and a filter.

2. 100% of the outflow is used for watering cultivated grasses and forest that are installed in the low part of the treatment plant.

3. The production of mud is of approximately 23 m3/year, equivalent to 1.92 m3/month and 46.08 l/ hab-year. (low volume regarding the average production per capita of 100 - 120 l/hab.year). The low production of mud increases the maintenance period of primary treatment of the units.

4. The current treatment system is working with an average flow of 0.98 l/s, the same one that is increased up to 1.44 l/s on Saturdays as consequence of the weekly fair that takes place that day.

5. The total average production of residual waters per day is of 84,680 equivalent l/day to 84.68 m3/day.

6. The hydraulic retention period is short and it is estimated in 3.8 days. The world health organization recommends 10 days as minimum. The hydraulic retention period influences directly in the low removal matter (BDO5) and bacterias removal. It is thought that the efficiency of the sewage treatment will decrease if the volume of sewage water increases.

7. The sewage water in San José's has domestic origin, generated by the use of sanitary services, showers, laundry of clothes, and cooking. The organic load levels (BDO5) reported by the laboratory are very high, they oscillate between 300 mg/l and 400 mg/l, range considered to be very high for this source of water. It is recommended to collect field data to confirm or reject this information. Concerning load bacterias this are in normal ranges established for residual waters.

8. In general terms, the total efficiency level of the treatment system can be considered to be very low, due to the following results:22.17 % of organic load removal, 72.34% of fecal coliform removal and  66.67% of total coliform removal when the advisable ones are of 85%, 99.99%, and 99.99% respectively. It is suspected that the reason of the low efficiency leves is due to the reduce hydraulic retention period. 

9. The primary treatment units works at evening in anaerobic phase because the DO levels fluctuates between 0.01 and 0.23 mg/l, and during the day in aerobic phase, with concentrations that vary between 0.58 and 1.6 mg/l. The  change of type phase ; determines the water color, between light gray to dark gray, characteristic color of the anaerobics processes. Artificial Wetlands on the system work in aerobic phase due to the oxygen levels which vary between 3.24 mg/l and 5.92 mg/l, what explains that totora biomass contributes with dissolved oxygen that improve treatment processes.  

10. One of the environmental factors that influences in a negative way to the biological process in relation with the degradation of the organic matter is the temperature, which is considered to be very low. In a common day of February the day fluctuates between 11.00 °C and 14.5 °C; range that is lower during evening and reaches levels below 10°C. Therefore this parameter together with the organic load should be taken into account in the new treatment plant design.

11. The stabilized and dehydrated mud have high concentrations of nutrients:  nitrogen 1.63 mg/Kg, phosphorus 127 mg/Kg, and potassium 841 mg/Kg, and total coliform load of 20 X 102, therefore these can be considered a good quality of fertilizer.  

12. In general term, the total environmental impact in the operation  of sewage treatment system is positive for the physical and socioeconomic environment.  

· The soil is the reception body that is being affected by the sewage outflows of the treatment plant. This outflow presents low organic removal matter (BDO5), nitrates (NO3), as well as high discharge load of bacterias.  

· The main positive environmental impact can be seen in the socioeconomic aspect. During whole life period, this treatment plant generates employment and contributes to improve the quality life of San Jose inhabitants.

13. This report does not evaluate the sewage treatment plant of José Domingo Choquehuanca because it has recently start operating and the input flows are still very low.

Chapter 7

1.    The involved institutions as City Halls and Health Centers ignore their functions and obligations that the Law assigns them. The Technical Area of Watering District (ATDR) knows its functions and try to  fulfill them in spite of the limitations. CARE Peru has to improve the coordination among all the organisms to implement the project, with the aim guarantee the sustainability of the project.

2.    San José's City Hall authority is willing to continue working contributing to the project but he priories other activities as:  cattle improvement, construction and improvement of roads, and infrastructure in communities. The current city hall authority ignores the legal norms and is not qualified to manage the resources. He requires an adviser and continues interviews. He has not shown his desire to invest money in the maintenance of water and sewage pipelines system and sewage treatment plant. 

3.    San Jose´s inhabitants agree to pay a monthly fix rate of S /. 1.60 Nuevos Soles that multiply by the number of users is expected a monthly collection of S / .480 Nuevos Soles. This amount is not enough to cover the operative costs (S /. 556 Nuevos Soles) then it will be necessary the intervention of the city hall to achieve the sustainability of the service or to negotiate with the population that is the beneficiary.

4.    The Health Center doesn't make any analysis of water quality that is consumed by the population even when is one of their functions. The Health Center is the organism in charge to pressure the City Hall to improve the quality of water and to force them to implement a treatment.

5.    The population is very involved with CARE Peru, due to the work that is done in the developing area, and they demand that CARE continues supporting them.

6.    The Cost Efficiency Ratio (CE) estimated for the sewage treatment system was S /. 19.34 Nuevos Soles (equivalent US $ 6.06) per inhabitant and S /.96.71 Nuevos Soles (equivalent US $ 30.31) per house. Both rates are lower than the amount of money fixed by the Housing Construction and Sanitation Ministery for similar works.  This shows that CARE Peru proposal in the construction, operation and maintenance of the water treatment plant could be sustainability without intervention of CARE Peru and that the management could be done by an organization similar to OPSA in J.D.Choquehuanca’s District.

7.1 RECOMMENDATIONS

Chapters 2, 3 and 4

1.    To diffuse the politics of the sanitation sector to inhabitants and authorities  knowledge, the same one that should be assumed by the Regional Government, City hall, PRONASAR and FONCODES, in order to get the participation of all of them  in the rural area.

2.    To diffuse the legal norms in relation with sanitation and environment matters. This diffusion must be done though conferences, courses, and trainings that should be paid by the Natural Resources and environmental administration of the Regional Government and the Regional Environmental Commission (CAR Puno) in coordination with other institutions like city hall, and educational Centers.

3. The Health Center of both districts should improve the quality attention they bring to the population. They should also make a permanent data control to analyze the quality of water that the inhabitants consume fulfilling this way their functions and obligations.

4. OPSA must receive training concerning the water system management, sewage and sewage treatment plant. They should also begin with the implementation of the gradual installation of measuring device and modify the fixed rate according to the measure display to make an efficient use of the water, to reduce the losses and to have more available water.

5. The collaboration between CARE France and CARE Peru - Puno should continue. Care France contribution is already very significant and important for the develop of rural communities. Care France has brought technicial and financial support  to improve the quality life this communities

Chapters 5 and 6

7. It is recommended to design and build a treatment unit with the aim of increasing the efficiency in the sewage treatment plant of San José, guided mainly to the removal of pathogens and organic matter. The design alternatives for the treatment unit are as follows:

a. A stabilization lagoon whose dimensions are:

i. Water surface



= 2136 m2
ii. Length



             = 64.25 m

iii. Width


            

=  33.25

iv. Column water depth

 
= 1.50 m

v. Height of mud



=  0.20 m

vi. Free border


             = 0.825 m

vii. Total depth

                          = 2.52 m

viii. Bank inclination (z)

             = 1:1.5

ix. Crest Dimension


= Length : 66.72 m

             = Width   : 35.72 m

x. Bottom dimension
               
= Length : 59.15 m

             = Width   : 28.15 m

xi. Unit flow discharge

             = 164.64 m3/day

             
= 2 lps

b.  An additional setter and a multiple vertical filters system for 4.34 l/s whose   dimensions are:  

      Additional Settler: width = 4.5 meters    lengh: 7.00 meters   

      Vertical filters:  

      Prefilter One    : length :10.45 m    width : 1.50 m  

      Prefilter Two   : length : 10.45 m    width : 1.85 m 

      Prefilter Three : length : 10.45 m    width : 2.50 m  

      With outflow weirs in successive compartments

It is necessary to highlight that both alternatives were put into consideration and discussed with the technical team of CARE Peru who manifested their decision of implementing immediately any of them depending on the technical, economic and operation and maintenance costs.

8. With the purpose of getting the scientific validation of the treatment system, it is recommended to record data for a period of six months at least. CARE should work with two laboratories one credited and one of reference with the objective to confirm or discard the high levels of organic load, determine the efficiency behavior in the  treatment system, and verify the behavior of the most important parameters in the raining months and winter months. It is recommended to control the following parameters:  organic load (BDO5), fecal coliform, total coliform, total nitrogen (NTK), total phosphor (PT), nitrate (NO3), phosphate (PO4), amoniacal nitrogen (NH3-N)pH, dissolved oxygen, temperature of the water, settle solids (SS). The control data must be carry out monthly.

9. It is recommended to cut the the Totora during the production period  (December - April), in this period Totora must be cut 20 cm below the water surface or 10 cm above water in the period April or May to avoid the overload of organic matter as product of decomposition.  

10. It is recommended to sell the stabilized and dehydrate mud in consideration of its chemical and biological quality. This mud should be milled for commercialization. In addition, it is necessary a previous training of the advantage use of this natural products and the installation of demonstrative parcels.

11. Itt is recommended to implement each one of the identified mitigation measures with the purpose of mitigate and/or eliminate the negative environmental impacts and increase the positive environmental impacts. It is suggested to coordinate with  San José City Hall authority to get the financial support.   

12. Once  the Sewage Treatment System of José Domingo Choquehuanca operates with at least 50% of the design flow  it is recommended to do an evaluation to determine the efficiency treatment level for that is required to control data concerning  physique, chemistry and biological  quality during at least six months.  

13. It is recommended the acquisition of a  water  quality  laboratory for the evaluation of fresh water and sewage water. (economic proposal indexed). The same that must have:  

· A potentiometer  

· An oxymeter 

· A thermometer  

· A calorimeter  

· Chemical reagents

14. It is possible to built replicas of the model in other communities with similar characteristics, but taking into account the recommendations explained before besides the respective validation obtained after 6 continues months of data collection. 

Chapter 7

1.    Have meetings with  San José city hall authorities and one representant of the regional government to search mechanisms to be use in the rehabilitation of the water system , and immediately  implementation of management commission in charge of water, sewage  systems and treatment plant.   

2.    To request the Regional Government's intervention in training Programs directed to authorities and inhabitants  regarding the benefit of sanitation  services, in order to know the problem,  get the solutions, evaluate the benefits and guarantee the sustainability of the system without the intervention of  foreign or national support.

3.    To maintain the independence between the City Hall and the managment of the system avoiding the political influence.

4.   To maintain the personnel's Stability that manages and operate the system.
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