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Abstract

Because of continuous potable water pollution and
scarcity of sources, water utilities in CR are
exploring alternate or cost-efficient water treatment
methods such as bank filtration (BF). Such is case
of the Barranca extraction site. The aim of this
study is to evaluate the potential for BF at the
mentioned location. The site consists of two
operational pumping wells. The occurrence of
riverbank filtration (RBF) was evaluated according
to the geomorphological, hydrogeological, and
geological criteria as well as water quality analysis.
Lithological profiles, well dimensions, and water
quality  were provided. A topographic survey,
pumping test, and a riverbed sediment analysis
were conducted. Groundwater flow modeling was
carried out with PMWIN to obtain final hydraulic
heads and travel time. An operational scenario was
modelled to determine a possible improvement to
the site. Total extraction rate was measured at
12.53 L/s. The aquifer thickness was determined at
=~24 m and hydraulic conductivities were estimated
to be 2.14x10%-2.57x10* m/s. A giving type stream
was determined as an average difference of =4 m
between surface and groundwater levels was
obtained. Water quality analysis showed a reduction
of up to 53.78+193.66 NTU in the wells. The model
was determined to have a maximum 20 cm
difference between calculated and observed heads.
Water travel times were estimated. A 12% of the
river water reaching the wells estimated to have a
travel time of 80-110 days; 22%, 10-60 days; and
66%, <10 days. Results suggest the possibility to
substitute the water treatment plant (WTP) for wells.
Modeling showed a possibility to extract 80 L/s in five
wells and operational cost evaluation estimated a
29% decrease in costs in respect to the WTP. The
occurrence of RBF in the study site was concluded
according to the criteria selected and corroborate by
the modeling. This study demonstrates the potential
for RBF as an alternate cost-efficient water pre-
treatment method.

Keywords: Riverbank Filtration, Hydrogeology,
Groundwater flow modeling

Resumen

Debido a la contaminacion del agua potable y la
escasez de fuentes, las empresas de agua en CR
estan explorando métodos alternativos o rentables
de tratamiento de agua, tal como la filtracion
inducida (BF). Tal es el caso del sitio de extraccion
de Barranca. El objetivo de este estudio es evaluar
el potencial de BF en el sitio mencionada. Este
consta de dos pozos de bombeo. La ocurrencia de
la filtracién inducida en el lecho del rio (RBF) se
evalu6 por geomorfologia, hidrogeologia, geologia
y analisis de la calidad del agua. Litologia,
dimensiones de pozos y calidad del agua fue
suministrado. Se realizé un estudio topogréfico,
prueba de bombeo y un andlisis de sedimentos del
rio. Se modelé el flujo de agua subterranea con
PMWIN obteniendo los niveles hidraulicos finales
y el tiempo de viaje. Se model6 un escenario
operativo para determinar una posible mejora del
sitio. Un caudal de extraccion total de 12,53 L/s se
midi6. El espesor del acuifero se determiné a =24
m y la conductividad hidraulica se estimé en
2.14x104-2.57x10% m/s. Se determind una
diferencia promedio de =4 m entre el nivel del rio y
del agua subterranea. El andlisis calidad del agua
mostro una reduccion de hasta 53.78+193.66 UNT
en los pozos. Se determind una diferencia maxima
en el modelo de 20 cm entre los niveles calculados
y las medidos. Se estima que un 12% del agua del
rio que llega a los pozos tiene un tiempo de viaje
de 80-110 dias; 22%, 10-60 dias; y 66%, <10 dias.
Los resultados sugieren la posibilidad de sustituir
los pozos por la planta de tratamiento. La
modelizacion mostré la posibilidad de extraer 80
L/s en cinco pozos y la evaluacién de costos
operativos estimé una disminucién del 29% con
respecto a la planta. La ocurrencia de RBF en el
sitio del estudio se concluy6 de acuerdo con los
criterios seleccionados y corroborados por el
modelo. El estudio demuestra el potencial de RBF
como un método alternativo y eficiente de
tratamiento de agua.

Palabras clave: Filtracion inducida, hidrogeologia,
modelacion de flujo de agua subterranea
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Preface

Costa Rica is a green plush country with plenty of
rain and water and it has considered to be an
inexhaustible resource. Its abundance has been
taken for granted and was not properly looked out
for. As the country’s population increases surface
water sources are over exploited, its contamination
increases, and purification has become more
challenging. Every day more chemicals and
pharmaceuticals are dumped into rivers and
streams. Contaminant concentrations increase,
and new ones appear. Conventional purification
methods are proving difficult to keep up with the
production as the population grows. Water
treatment plants are being saturated and must be
scaled up. Costs increase and with that water
prices. And through all this, most of the population
is ignorant of danger and its consequents. Added
to this, water has become scarcer in certain parts
of the country for which new sources must be
searched. Sustainability and cost-efficient
treatment methods are also important issues to be
considered in the search for new alternatives.
New water treatment methods and
filtration systems are being researched in the
country. BF has been applied in Europe for over
than 130 years and has references to Biblical times
(Exodus 7:24). The method has been investigated
and refined. In the United States this method has
been used as a pretreatment method for about 50
years. In Costa Rica however, the cases where the
method was applied was done empirically. No
official case or investigation has been reported.
The method consists of strategically
placing wells at a certain distance from a river.
These create a head difference between the river
and the well which then induces a flow through a
porous material towards the well. The porous
material then acts as a natural filter for the water.
The result being pre-treated or treated water ready
for consumption. The benefit of using this method
is the reduction in resources, time and labor
usually used on a water treatment plant.
Climate changes and the EI Nifio-Southern
Oscillation have put pressures on the county’s
water sources. This leading to water cuts by water

utilities especially in the pacific regions of CR. In
the central pacific town of Barranca is one of the
towns suffering from this situation. There is an
active ground and surface water extraction site
which supplies the town which at first glance
presents the possibility for RBF. The aim of this
study is to verify the potential for BF at a well site
along the Barranca river in Puntarenas. Various
methods for the verification can be used. Since this
research is one of the first, on this subject, in the
country; a method that could be applied with
studied subjects in the country was chosen. The
method mainly being through geomorphological,
hydrogeological, and geological criteria. A
groundwater flow model was used though this to
obtain travel times between the river and the well.
The result, other than verifying the occurrence of
RBF, is to provide operational recommendations
for the improvement of the sustainability of the
production of water extracted at the study site.

This study is aimed at researchers and
water utility companies who are exploring new or
alternate water treatment methods.

Regarding the people that helped me
through this: First, | would like to thank my tutors
Andrés Araya and Luis Romero for taking me
under their wings. For always pushing me to learn
more than | was taught, expecting me never to
settle for the average, and helping me keep in mind
that what we do is for improvement of that which
surrounds us. To Professor Grischek and the work
group at the HTW Dresden, thank you for all your
help with this subject. To Dad, thank you for always
providing, for encouraging me, and sharing your
wisdom. None of this could have happened without
you. To my siblings, thanks for understanding why
| couldn’t always come home and visit. | love you
all. To my dear friends, thank you for
accompanying me on this journey. You all
understand this more than anyone else. Finally,
thank you GOD for allowing this to happen. For
helping me in my hard times. This is all for and
because of you.
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Introduction

As a consequence of continuous worldwide
pollution and its effects on surface drinking water,
water utilities have been exploring and employing
new water treatment methods (Maeng, Ameda,
Sharma, Gritzmacher, & Amy, 2010). Traditional
methods consisting of coagulation and
flocculation,  sedimentation, filtration, and
disinfection have turned out to be complicated to
implement in developing countries due to their high
cost and lack of manpower (Kipkemoi, 2007). A
cost-effective solution to this problem is the Bank
Filtration method (Wardhani, 2010). According to
Kipkemoi, 2007, BF is a water treatment method
where surface water pollutants are removed or
degraded as infiltrating water moves from a river or
a lake, through the ground, to a well where the
water is extracted. According to Schén, 2006, BF
is the entry of river water into the aquifer induced
by a hydraulic gradient. Wells located on a bank at
a certain distance from a water source create a
pressure head difference between the source and
the aquifer. This induces water to flow down
through the porous material in to the pumping wells
(Maeng, 2010). Due to it being having similar
surface water pumping or extraction costs, BF cuts
costs in pre-treatment (which include, reagents,
manpower, time, space, etc.). Various BF sites
could be operated by one single operator,
maintenance is low and the lack of need for
backwashing allows a continuous operation. When
the surface water source is a river, this treatment
system is called riverbank filtration (RBF).
Likewise, if a lake is used as a source the system
is lake bank filtration (Ray, Jasperse, & Grischek,
2011).

In some European countries this
mechanism of water treatment has been used
effectively for over 100 years (Kuehn & Mueller,
2000) which suggests that they are leading
countries in this method. In the United States this
method has been used as pre-treatment process
for removing microbial pathogens but has been
applied as much as in Europe (Hiscock & Grischek,

2002). However, the use of Bank Filtration has
been increased by water utilities as it has been
proven to be more effective and sustainable
around the world (Kipkemoi, 2007). In Latin
America (BF) could have a great impact on the way
water is managed. In Brazil research proved to
remove turbidity and apparent color from water in
a lagoon using this method (Romero, Segalla, &
Luiz, 2012). In Bolivia BF also proved effective in
removing turbidity and suspended solids in the
water as well as coliforms (Camacho & Séanchez,
2004). There is a high potential for the use of BF
worldwide. For example, in Venezuela, Paraguay,
and Argentina there are cities with high population
built over riverbanks where the potential use for the
method is recommended (Ray, 2008). The main
advantage of applying BF is bringing about a
reduction in use of traditional water treatment
methods, which require large amounts of
chemicals and a treatment plant, even though
chlorination or other disinfection methods are still
required.

Costa Rica is a country known to have
considerable water resources yet mostly
concentrated in certain periods of the year. Certain
regions of the country have long drought periods
and, consequently water is scarce (Herrera, 2017).
In the last year close to 114 000 people had been
suffering from water scarcity problems. The
number is predicted to reach 500 000 (10% of the
population) in worst case scenario (Rojas, 2019).
Cities in the great metropolitan area and in the
norther regions of the country have had a limited
availability in water resources. Various factors
such as climate change, droughts, population
increase, contaminated water sources, low
recharge/extraction ratio in the aquifers, (Herrera,
2016; Ramirez, 2007), amongst others, have put
considerable pressure on the water resources and
traditional management methods (Saubes &
Galvez, 2015). Though BF is a widely studied
treatment method around the world, there is no
registered study in Costa Rica.
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Although BF in general has great
advantages over traditional water treatment
methods it is not applicable at any site. Before
applying RBF, the potential for the BF at a site must
be verified.

Generally, criteria such as
geomorphological, hydrological, hydrogeological,
among other are considered when identifying sites.
These criteria determine the flow of the water
through the ground. Soil particle size as well as
determine the flow velocity also has large influence
on the level of filtration obtained (Fetter, 2001). If
the criteria in the selected site doesn't fit within the
acceptable range, either the flow will be too low to
keep up with production, or so high that no filtration
is obtained. Some authors proposed methodology
intended to identify optimal sites based on
geomorphological criteria only (Jaramillo, 2015).
Surface and groundwater quality are aspects to be
considered in the selection of a site using RBF.
According to Grischek, 2007; Ray et al., 2011,
Schubert, 2002 the inner bends of meandering
rivers are preferred sites for RBF if the proportion
of bank filtered water in the well should be high.
This since a larger portion of water is reaching the
wells due to a larger catchment area. Also,
sediments deposit on the outer side of the bend
which in turn decrease the infiltration of the water
into the system. Coarse materials display high
conductivity which is necessary in terms of
hydraulic-yield. For more natural filtration, poorly-
sorted granular material is preferred over well-
sorted material due to a more complex network of
pore spaces. Furthermore, deeper and bigger
alluvial deposits yield higher groundwater storage
and a longer flow path from the river system
(Hiscock & Grischek, 2002; Jaramillo, 2015).
Groundwater flow modeling is carried out in most
cases to determine feasibility. Maximum yields and
travel times can also be determined through
modeling (W.-H. Chiang & Kinzelbach, 2001a).
Modflow 2000 determines water flow through the
governing groundwater flow (Harbaugh, Banta,
Hill, & McDonald, 2000) equation which considers
the hydrogeological data determined in the pre
selection of the sites. Prediction models also allow
the modeling of scenarios which help with selecting
optimal sites for the implementation of BF wells.

In the town of Barranca, Puntarenas, a
flood left approximately 66 000 people without
water due to turbidity levels too high for the WTP
to process (Presidencia de la Republica de Costa
Rica, 2017). Also due to the recent problems,

exploration of new sources and treatment methods
have been considered for this region. In this site
extraction wells have been operating to help supply
the high demand. There is an interest by the
Instituto  Costarricense de  Acueductos vy
Alcantarillados (AyA) for the potential use of RBF
in this region. The study site was provided by the
AyA. It is in the Pedregal-Procamar quarry in
Barranca, Puntarenas. This research has the
collaboration from the UEN de Investigacion of the
AyA and Prof. Dr-Ing. Thomas Grischek form the
University of Applied Sciences Dresden. As a
result, the overall aim of this study was to evaluate
the potential for bank filtration along the Barranca
river in Puntarenas, Costa Rica. The specific
objectives of the study were; (1) to verify if
the wells that operate along the Barranca river are
performing RBF using geomorphological,
hydrogeological and geological criteria and water
quality analysis, (2) to determine final hydraulic
head and transit time between the river and the
wells using PMWin and Pmpath, and (3) to provide
operational recommendations for the improvement
of the production of water extracted at the study
site

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica 3



Materials and Methods

The study was carried out as an applied
investigation. It consisted of nine stages including
field studies and modeling. The collected data was
used to determine the first objective as it considers
the hydrogeological, geological and
geomorphological data. Data was verified through
literature and personnel interviews. Data was
analyzed using Ms Excel, maps were obtained
using QGIS and Google Earth. Diagrams and
drawings were carried out using AutoCad.

The study was carried out as shown in
Figure 1.

Inital visual Existing historical

survey data recopilation

Aquifer and riverbed
hydraulic conductivity
estimation

Topographic
al survey

Geomorphological,
hydrogeological and
geological criteria and
water quality analysis

Data
validation
and analysis

Conceptual
model of the
study site

Computational model
using PMWin

Scenario modeling and

operational cost comparison

Figure 1 Workflow process followed for this study

Site selection, survey and
preliminary data collection

The case study site for this research is located
along the Barranca river in the town of Barranca,
Puntarenas, Costa Rica. The site was selected for
the study as it is an existing water extraction site
for the AyA, located at an adequate distance from
the river This case has the peculiarity of having the
wells located inside the active Pedregal-Procamar
stone crushing quarry.

The site consists of five pumping wells
(PW), of which only two are operational. These are
in an alluvial deposit. However, most of the area
has been filled and compacted with material form
the quarry. A weir was placed in the river to diverts
water into an intake leading to a pumping station
which supplies the town of Barranca and its vicinity
(Figure 2).

The project is being carried out alongside
the investigation branch of the AyA. Data
pertaining to the wells such as: lithological profile
for each perforation, extraction rates, dimensions
and, history were provided by the AyA. The data
provided were historical records form 1988 for
PWs 1,2, and 3 and from 2016 and 2017 for PWs
5 and 6 respectively (annexes). Data was
corroborated with  officials and operators.
Comments suggest that the top layers were thicker
than the profile for the old records as construction
was carried out in the area in recent years.

An initial visual survey was carried out as
to determine the possibility of RBF. Preliminary
data such as site location, contact information, well
integrity and operational restrictions were
determined.
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Figure 2 Location and map of study site
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Historical water quality analysis was carried out by
the Laboratorio Nacional de Aguas and were
provided by the AyA. Well water analysis was
identified in the reports by the well numbers.
Information included physical-chemical analysis of
raw water from the WTP in Barranca. This water is
taken out of the Barranca river intake located at the
study site. Raw water analysis from the wells were
also provided. Comparisons were made between
the raw river water and the well water.

The data registered was from 2008 to
2019. The well water data analyzed was registered
from between 2013 and 2018 (annexes). A
maximum of 90 samples were used in the river
water analysis and in some cases only one
measurement of a certain pollutant was registered.
Well water analysis form all the wells were
averaged and analyzed as one. Well water
samples were less using a maximum of 20
samples. Measurements for concentrations of the
same pollutant were averaged and the standard
deviation was estimated. Concentrations of
apparent color and turbidity were the measured in
all the cases (up to 90 or 20 samples) as these tend
to have the highest values (surpassing the
maximum accepted values). Values related to
water hardness and heavy metals were also
analyzed this.

A survey of the well site was performed
using and a Sokkia SET610k total station Leica
GNSS RTK Rover (Table 1). The Rover was used
to determine the exact coordinates for the site cairn
as well as precise coordinates and elevations for
the wells. The total station helped survey the
topography of the surrounding area including the
river and riverbank.

The river water level was measured at the
edge of the river by positioning the base of the
prism (used with the total station) at the water level.
The river depth was assumed though this was
done in the modeling stage of the study. Though
the measurements were carried out in the
transition time between the dry and rainy season.
The most critical measurement would be when the
water level is at its lowest (dry season). A lower
river water level would imply a lower groundwater
level. This however would have implied to wait six
months. As the river was at its normal level
according to the operators these values were
considered to be adequate for the study. Further
analysis would have to be carried out to verify the
implications and its effects on the system.

Table 1 Topographic equipment

Brand Model Accuracy

Angle accuracy: 6"

Sokkia SET610k Distance minimum

display: Imm

Static (phase) with
long observations:
Hz 3 mm + 0.1 ppm /
V 3.5mm + 0.4 ppm

Leika GNSS | GS14 v nd rapid static

(phase): Hz 3 mm +
0.5ppm/V5mm +
0.5 ppm

Estimation of hydraulic conductivity

To estimate the hydraulic conductivity of the
aquifer a constant rate pumping test including its
recovery phase was performed (Figure 3 & Figure
4). The test was carried out alongside AyA well
operators and officials (a total of 8 people was
involved, 2 per well measured). Measurements
were taken using electric contact tape measures
with a precision of +1.0cm used specifically for
measuring water levels. The recovery phase was
carried out prior to the actual test due to high
demand of the site, limiting the maximum shut off
period to about 3 hours as indicated by the AyA.
The pumps had been running continuously for over
24 hours to ensure a stabilized flow condition. Due
to a lack of observation wells, the non-functioning
PWs (1, 2, and 6) were used as such. The
frequency of the measurements from the shut off
and startup of the pumps were (Table 2). Both
pumps were shut off simultaneously.
Measurement of the residual drawdown was then
measured according to the frequency in Table 2.
The residual drawdown is the level measured as
the water rises. Once stabilization was reached the
pumps were turned on simultaneously. The
drawdown was measured according to Table 2.
The test was finished once stabilization was
reached. Stabilization was considered as a
constant level (£0.01 m) for at least 15 minutes
according to Paufler et al., 2018. The well
discharge was measured using an Hydreka
Chronoflo2 ultrasonic flow meter (0.012 L/s + 0.5%
of reading) which was fixed to the outgoing pipe of
the well and measured every minute (Table 5).
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Figure 3 Basic diagram of pumping test process carried out

[ i o
Figure 4 Water level measurements during pumping test

test

Table 2 Measurement frequency pumping

Frequency, one

Elapsed time, for the

measurement every: first:
1 min 5 min
5 min 5t0 60 min
15 min 60 to 120 min
30 min 120 to 240 min

Using pumping test data obtained, a residual
drawdown (water level measured from the time the
pump was shut off (to) to a specific time of the test
(t)) versus time graph was created and results
were and analyzed according to the Theis recovery
method for single-wells in unconfined aquifers
Equation 1 described by Kruseman & de Ridder,
1990. The aquifer was considered to be
unconfined as it presents only a impermeable layer
(Punta de Carballo) confining the lower level. The
upper levels were considered to be alluvial deposit
and highly preamble as such.

2.30Q

D4mAs',, 1)
K, hydraulic conductivity in m/s; D, saturated
aquifer thickness in m; Q, well discharge in m3/d;
Sw, residual drawdown inside PW in m.

The K-values were estimated using
equation 1 according to data from both functioning
wells. The flow data obtained was close to those
mentioned by the operators. The resulting k values
were considered reasonable as they were close to
the theoretical values found in the literature. This
will be explained in the discussion section. The
resulting hydraulic conductivities were averaged to
obtain an approximate k-value for the aquifer in the
area surrounding the wells. The estimation of the
hydraulic conductivity for the rest of the area is
discussed in the results and discussion section.

Riverbed sediment analysis

Five riverbed sediment samples were taken to
estimate the hydraulic conductivity of the riverbed.
The samples were taken at different points
separated by about 100 m each (splitting the total
distance analyzed in almost equal parts) along the
shore of the Barranca river in front of the RBF wells
(Figure 5). Each sample was that equivalent to a 1-
gallon bucket. The limitation of only taking this
sample once is that as river deposits more
sediment the result may vary. Despite that, the
value obtained gave a range in which future values
could vary.

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica 7
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15250y o b St : ?
Figure 5 Sediment samples taken from the Barranca River

The samples were oven-dried at 110 £ 5
°C for 24 hours and separated according to the
analysis required (granulometric analysis and
permeability test). Percentage of materials finer
than 75-um (No. 200) sieve was estimated through
washing according to Standard C117-17 (ASTM
International, 2017). Sieve analysis and grain-size
distribution curve were determined according to
standard C136/136M-14 (ASTM International,
2014).

Hydraulic conductivity of the clogging layer
was approximated by two methods. First, by using
the disturbed granular samples taken from the
river, the k-value was estimated by means of a
constant head permeability test (Figure 6)
according to standard T 215-14 (AASHTO, 2018).
Second, since the samples used were deformed
and this could influence the results in the constant
head permeability test, the Hazen Method was
used as verification according to Fetter, 2001,
Kruseman & de Ridder, 1990; Weight &
Sonderegger, 2001. This method consists in
determining the theoretical k-value according to
the granulometric distribution of the sample
(equation 2). The results were analyzed and
verified according to the theoretical values
discussed later on.

kclog = C(dlo)z (2)
kciog, €Stimated k-value of the clogging layer in m/s;

C, sorting and grain size coefficient m*s-1; dio
effective grain size in cm.

Figure 6 Constant head permeability test

Groundwater flow modeling and
travel time estimation

The following methodological steps were taken
according to Schon, 2006:

1. Preparation of the conceptual model,
involving the survey and data
interpretation regarding the geological
system.

2. Translation of the conceptual model into
the numerical model, involving definition of
the input parameters, discretization of the
area, definition of boundary conditions,
simulation condition, and processing of the
model.
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Anderson et al., 2015 proposes the following Conceptual model
workflow for modeling purposes.

The components of a conceptual model for
i !dentify question/ groundwater flow are suggested by Anderson et
g Define Pupose al., 2015 as follows.
_ Build conceptual
, R

Boundary conditions
Hydrogeological properties

Flow direction, sources and sinks
Groundwater budget components

Formulate
mathematical model
and select code

Boundary conditions of a conceptual model
Translate conceptual determine the mathematical conditi'ons of the
model into numerical numerical model and are considered key
model components. The boundaries can be identified

form potentiometric, topographic and geologic
el maps as well as site studies. Irr_1permeab|e soils or
calibration/approxima rocks_ are considered boundaries as they .do not
tion targets ( e.g., permit the flow of water through them. During the
heads) conceptualization of the model for this study, the
boundaries were determined by the Punta de
: . Carballo rock formation surrounding the study
Calibrate/aproximate area. This was also the inferior boundary for the
model and evaluate model. This formation was determined by the

history maich lithological profiles provided by the AyA and was
validated according to the Barranca geological
map according to Denyer, Aguilar, & Alvarado,
to be considered as these affect the flow of water
thought the ground. Values such as riverbed
Evaluate the Forecast infiltration rate (CRIV), ground vertical and
T calibration (IEES RS MPIENR)|  horizontal hydraulic conductivity, and aquifer type
hydraulic conductivity and it was validated
Asses uncertainty in accerdmg to the th_eoretlcel _valu_es. Riverbed
Evaluate results and the forcast sediment analysis estimated infiltration rates from
prepare report the river into the system. Lithological profiles gave
an idea as to the type of aquifer and the thickness
of the layers.

well static levels. Sources to be considered are
groundwater, rainwater, rivers, lakes etc. In this
case the only source considered was the river. The

reason for this decision is discussed further on.
input and output of the system. Sources and
Figure 7 Applied groundwater flow workflow adapted from extraction conditions are to be considered. In this
Anderson et al., (2015) case the river and extraction wells were the only to
be applied to the conceptual model. The reason for

=
calibration calibration The hydrogeological properties of the site are
were determined. Pumping test data provided the
Re-evaluate and update the model Flow direction was determined through a
when new data are collected measurement of the water surface levels and the
Groundwater budget balances the total
this will be explained further on
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Computational model

Once the conceptual model was discretized and
the input values were estimated the following
process was carried out in PMWin. The PMWin
manual (W.-H. H. Chiang & Kinzelbach, 2001) was
consulted for step by step guide

1. Grid mesh size, layer number and map

input

2. Layer type and boundary conditions

3. Parameter input

4. Extraction wells, observation wells, and

river input

5. Model compilation

6. Comparison between observed and

calculated head

7. Parameter modification

8. Steps5and6

9. Error calculation

10. Particle tracking and travel time estimation

11. Result report

Mesh size was consulted to experienced
modelers (T. Grischek, personal communication,
October 2018). The layer number was determined
by the lithological profiles. Maps were processed
using GIS based software.

Layer types were determined by the type
of aquifer. The boundaries were conditioned as no
flow type by the surrounding bedrock.

The parameters were:

e Layer top and bottom: Estimated by

topographic survey and lithological profiles

e Initial hydraulic head: approximated

though measurement of well static levels

e Hydraulic conductivity: Estimated by

pumping test data analysis.

The extraction wells were located by means of
topographic survey and extraction rates by
ultrasonic flow measurement. Observation wells
were also located by survey and the levels by
physical measurement. River surface levels were
again determined by survey. River bed
conductance was estimated by sediment analysis.
Assumptions regarding thickness of clogging layer
and water depth had to be made as they were not
measured.

Model compilation was carried out and the
calculated heads in the observation wells were
compared to the observed values. To approximate
these values k-values, riverbed infiltration rates,
and well extraction rates were modified within the

acceptable range stated in the literature. This will
be discussed further on.

Operational scenarios

An operational scenario for the extraction site was
modeled. This, to present technical and
operational recommendations seeking to achieve
an optimization and increase in the water
production. The scenario was aimed at replacing
the WTP with RBF wells. The purpose of removing
the water intake is to hypothetically reduce costs in
pre-treatment in the WTP by allowing the totality of
the water supplied to be extracted through RBF
wells.

To achieve this, a removal of the quarry
(since extraction wells should not be inside a
production site), a decompression of the soil, and
a normalization of the k-value was assumed. This
was done by following the steps of the previous
section. The observation and extraction wells were
removed. The k-value mas modified throughout the
model to the values obtained by the pumping test.
New wells were located. Estimating a population of
approximately 3400 users (INEC, 2011) (a 1.16%
populational growth rate was considered (“Costa
Rica Demographics Profile 2018,” 2018)) and a
daily consumption of 200 L/d (AyA, 2017), an
extraction rate of = 80 L/s was estimated. Five
wells were placed, using the software’s well
package, along the study site, at a maximum
distance possible to ensure maximum filtration,
with extraction rates of 16 L/s. No approximation
was carried out since it is a hypothetical scenario.
The only value checked was the total drawdown in
the wells as this could not be lower than 1/3 of the
total well depth which is where the pumps would
be placed.

Operational costs for the proposed
scenario were estimated. Data for water treatment
costs were obtained from workshop done by the
AyA in 2015 (Araya & Merizalde, 2015). A
comparison between operational costs per cubic
meter produced in a WTP and through RBF was
made. The operational cost for the RBF wells was
determined by estimating manpower, electric
consumption, and chlorination costs per second.
This was then multiplied by the time it takes the
pumps to extract one cubic meter of water. The
costs were taken from a cost breakdown for an
operational well done in 2015. By this mean the
costs were considered to be comparable. Details
of this are found in the next section.
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Results

The following sections show the results obtained
from the given and collected data. Results
pertaining to site description, surveys, well
lithological profiles, water quality, aquifer and
riverbed k-values were used as the selected
criteria to analyze the potential for RBF at the site.
The groundwater flow modeling corroborated the
first step along with giving results as to travel times
and the operational scenario selected

Site Description, survey and
preliminary data collection

Upon arrival the first noticeable issue was
the location of the well site. As observed in Figure
15, the PWs are located inside an active quarry.
Figure 8 shows a clearer view of PW1 surrounded
by large aggregate mounds and a rock crusher
behind the well house. This well is non-operational
due to formation of black sludge and bad odor in
the water. The origin of the sludge and odor are
unknown to the water company and no analysis
has been made.

|gur8 Location o pump‘inglwl insi eci[]ar?);‘k
According to information provided by AyA,
PWS5 (Figure 9) and PW6 (Figure 10) were drilled
in 2016 and 2017 respectively. This to substitute
PW2 (Figure 9) and PW3 (Figure 11) which have
been operating since 1988. Only PW5 has been
activated while PW3 remains operating. At the

PW3 site, a gas chlorination unit for all extracted
water is housed.

Figure 10 Pmplng well 6
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Figure 11 Pumping well 3 and chlorination station

At the surface water intake (Figure 13) at
large amounts of sediment were observed. A stone
and boulder weir (Figure 12) divert a large portion
of the river towards the intake. The sediment
settles at the intake and consists of fine sands
mixed with decomposing organic material (mainly
leaves were identified). The sand along the
riverbank north of the weir also contained large
amounts of this material the occasional flooding
washes away the weir and the sediment. Since
machinery operates upstream form the site, the
water is visually highly turbid. The suspended
material created by the machines were then
carried and deposed along the bank of the river
were flow was non-turbulent and at the water

intake.

Figure 12 Weir at water |niake

The topographic survey supplied surface
elevations of the wells and the river at different
locations. Measuring water levels before and after
the pumping test provided dynamic and static
levels in each well. The lithological information was
supplied. The following profiles were obtained at
each of the pumping wells (Figures 12, 13, 14).
Table 3 shows the well dimensions.

The average river surface elevation north
of the weir 54.61 m above sea level (asl). The
furthest point and point closest to the base were
used to calculate the average. In the same way,
the southmost point and the base point were used
to estimate the slope of the river south of the weir
which was 2.42% (Figure 14).

Figure 13 Surface water intake
sediment
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54.93 m asl

54.81 m asl

54.26 m aslg

51.27 m asl

Figure 14 River surface elevation measurements
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Figure 15 Aerial view of study site
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Thick alluvium with clay

Alluvium wit
medium sand

Gravel with sand

PW?2

PW5

Elev. 58.61 m asl

h 32.00m

7.00m

Elev. 58.61 m asl

9.72 m 10.1
; 1145 m

20.00 m

13.83 m

Dynamic Level

Static Level e

5.00m

7.00 m

5.0

0 m

32.00m

Thick alluvium formed by angular
blocks immersed in a sandy
matrix, unconsolidated materials.
High permeability, represents the
tapped aquifer.

Materials associated with the
Punta Carballo Formation,
conglomerates greenish
coloration

Figure 16 PW2 & PWS5 Surface elevation, lithological profile and water level. Data provided by the Aya. Profile dates: Pw2 1988 and PW5 2016
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PW6

Elev. 59.40 m asl

Presence of alluvial materials, formed
by healthy angular blocks within a
sandy matrix. Non-porous materials
with high porosity and permeability.
Corresponds with the aquifer to 22.00m
capture

33.00 m

PW3

Elev. 5751 ma

sl

11.18 m

1167 m 8.80m

6.0

Thick alluvium with

) m clay

17.25m

Static Level —

Materials associated with the Punta
Carballo Formation, a greenish color
predominates. Compact materials that

generate a slow advance in drilling 11.00 m

Dynamic Level

31.00 m
— 2200 m Alluvium with
medium sand
3.0? m Gravel with sand

Figure 17 PW3 & PW6 Surface elevation, lithological profile and water level. Data provided by the Aya. Profile dates: Pw3 1988 and PW6 2016
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Thick alluvium, basalts of aphanic 1083 m
porphyritic texture, with quite
oxidized sections, said fragments Static Level J—
of amorphous silica (chalcedony), Dynamic Level ——
calcarenite. The material medium 13.00 m

23.00 m

to coarse is gravel.

Of equal lithology, but with
marked reduction of the grains
tending to be fine

PW1

Elev. 61.46 m asl Clayey soil, dark brown, plastic with
3.00m 5% basaltic composed fragments with
) size of coarse sand

__________ Heterogeneous material,composed
2 00m mainly of fragments Volcanic

---------- basalt-andesitic, diameter 5 to 10

it mm. Small veinlets of calcium and
- |200m " some oxidation spots. Other

EuTaie e e fragments of amorphous silica
(chalcedony).

Figure 18 PW1 Surface elevation, lithological profile and water levels. Data provided by the Aya. Profile dates 1988

Table 3 Well profile dimensions

Pumping well 1 2 3 5 6

Perforation Year 1988 1988 1988 2016 2016
Perforation 23.00 32.00 32.00 32.00 33.00
Length (m) Casing 11.00 14.95 22.00 14.50 15.50
Screen Filter 12.00 17.05 9.00 16.50 15.50
Depth (m) 9.65 10.95 13.5 9.00 10.00
Perforation 300 300 300 437.5 437.5

Diameter (mm) Casing 200 200 200 250 250
Screen Filter 200 200 200 250 250

Using the lithological information, the river
and terrain surface elevations, water levels, and
well profile information; the following conceptual
cross section was obtained (Figure 19). A
summary of the absolute static and dynamic water
levels in meters above sea level is shown in Table

7.
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umping Well
iverbed sediment

Barranca River V;

Alluvial deposit

Figure 19 Conceptual cross section for the river-aquifer system at study site

18 Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica



Water quality

Crude water quality analysis from river and the
wells were provided by the AyA. The well water
was samples were all averaged and analyzed
together. Since the WTP is used for removing
turbidity from the river water; the reduction of this
parameter was the focus of the analysis (Figure
20) as RBF could potentially act as a pre-treatment
method. Related to the turbidity is apparent color,
which also decreases notably. These two
parameters are significantly higher than the
maximum accepted values. As these two are
comprised of suspended matter which contain
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Figure 20 Turbidity variation over time in river and wells

6-Mar-17

other contaminants it is crucial that these are
analyzed. A general comparison between other
contaminants measured in the river and wells is
shown (Table 4). There is a noticeable increase in
alkalinity, conductivity, calcium and magnesium
concentrations which are correlated to the
decrease in pH. Figure 21 shows the distribution of
turbidity levels measured in raw river water and the
well water. As observed the levels in the river on
average are higher than those in the well. The dots
in red are the outliers which reach values of up to
400 NTU.
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PW2
PW3
PY ®PW5
PW6
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Figure 21 Turbidity concentration distribution boxplot

Table 4 Water quality analysis
Parameter River water Bank filtrate Max. acceptable value
pH 7.57/+0.39 7.21/+0.22 6.5
Alkalinity (mg/l) 4911 127(£39 -
Conductivity (uS/cm) 181/+38 285+52 400
Apparent Color (UPt-Co) 133|194 0.22|+0.94 15
Turbidity (NTU) 54+127 0.65/+0.74 5
Calcium (mg/l) 19/+3 38/+9 100
Magnesium (mg/l) 4.01x0.34 7.91+1.91 50
Manganese (ug/l) 54 46[+120 500
Arsenic (pg/l) 0.60 0.62/+0.41 10
Copper (ug/l 3.2 0.97|+1.7 2000
Aluminum (ug/l) 79[x155 18.5|+36 200
Chloride (mg/l) 4.5£2.5 7.01+2.7 25
Sulfate (mg/l) 15.4/+6.2 13.5[+3.9 25
Fluoride (mg/l) 0.08[+0.08 0.10+0.19 0.7
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Estimation of aquifer k-value

Figure 22 and Figure 23 show the recovery
phase of the pumping test in PW 3 and PW 5. The
values with labels are the values used for
estimating the k-value of the aquifer as well as the
maximum and minimum levels. Figure 24 contains
the enveloped graph of the complete pumping test
for all wells except PW1. Pumping well 1 was only
measured twice during the test as it is not in the
direct vicinity of the operational wells. The levels
were measured in PW1 (Table 7) as an
acceptance parameter, measured at a long
distance from the main well, for the modeling
stage.

According to the data shown in recovery
phase graphs and dividing Equationl by the
saturated aquifer thickness (D), the k-value for the
aquifer surrounding PW 3 & 5 was estimated
(Table 6). Theoretical values according to literature
suggest k values of 102 -10* m/s for optimal RBF.

This however will be discussed further in the next

chapter.
Table 5 Well discharge rates in m3/s
PW 3 5
Maximum 5.33X10-%3 7.61X10-03
Average 4.82X1008 7.53X10%3
Minimum 4.68X1003 7.46X10°03

Table 6 Estimated aquifer hydraulic
conductivity
PW 5 3
Q (m3/d) 27.10 17.35
Asw 0.39 0.17
D (m) 16.5 20.2
KD (m?/d) 12.72 18.68
K (m/d) 0.77 0.92
K (m/s) 2.14x10%4 2.57x10°%4

Table 7 Absolute static and dynamic levels inside wells
Static Levels
PW Water level from surface (m) Point elevation (m asl) Absolute water level (m asl)
1 10.46 61.46 51.00
2 9.72 59.40 49.68
3 8.80 57.51 48.71
5 10.12 59.40 49.28
6 11.18 58.62 47.44
Dynamic levels
1 10.46 61.46 51.00
2 12.05 59.40 47.35
3 17.25 57.51 40.27
5 13.83 59.40 45,57
6 11.64 58.62 46.98
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Figure 22 Recovery phase PW 5
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Figure 24 Complete pumping test results in all wells
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Riverbed sediment analysis

Error! Reference source not
found.Using the riverbed samples taken the
granulometric distributions were determined
(appendices). These distributions also determine
that the sand is a well graded medium sand
according to Fetter, 2001. Since the percentage of
fines in the riverbed is less than 10% (appendices)
a constant head permeability test was carried out
(Table 8). Hydraulic conductivity of the riverbed

clogging layer was estimated from the grain size
distribution (Table 9). As observed there is a
significant difference between one method and the
other, about one order of magnitude between each
method. These values however are within the
acceptable range for RBF. During the modeling
process this range is used to reach the most
accurate result possible. The fact that the sampling
was only done once could imply a change in the
results over time. This because the sediments
change constantly over time as the river washes
and deposits new material.

Table 8 Estimated k-value for river sediment samples using the constant head permeability test

Manometers (cm) 3
Sample 1 2 L (BH) Head, h,cm | Q(cm?) t(s) Q/At | h/L k (cm/s) k (m/s)
59.84
7.40 1.35 6.05 22.00 150.00 59.69 0.08 3.64 2.19E-02 | 2.19x10%
58.66
159.20
7.75 1.55 6.20 22.50 150.00 161.49 0.03 3.63 8.13E-03 | 8.13x10
161.07
146.52
7.40 1.25 6.15 22.00 150.00 150.59 0.03 3.58 8.96E-03 | 8.96x10
146.34
39.11
7.75 1.50 6.25 22.50 150.00 38.73 0.12 3.60 3.38E-02 | 3.38x10®
38.85
85.59
7.40 1.53 5.87 22.00 75.00 85.94 0.03 3.75 7.30E-03 | 7.30x107°¢
88.29
Table 9 Theoretical k-value for riverbed sediment
Sample D1o(mm) Sorting C k Hazen (m/s)
1 0.35 Well 110 1.35x10°%
2 0.25 Well 110 6.88x10%
3 0.28 Well 110 8.32x10°%
4 0.33 Well 110 1.16x10°%
5 0.18 Moderate 90 2.92x10%
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Groundwater flow modeling and
travel time estimation

Conceptual model

The geological data used in the conceptual model
were taken from the lithological profiles for the
wells provided by the AyA. The lower layer was
confirmed to be true according to the Barranca
geological map by Denyer, Aguilar, & Alvarado,
2011. The upper layers were correct as they
pertained to formations found in alluvial deposits.

The model covers an approximate area of
3500 m which reach the outer no flow boundaries
and is within the area of the collected data. It
consists of three predominant layers. The two
upper layers (approximately 24-27 m thick),
formed by alluvial deposition, are comprised by
large angular block immersed in a sandy matrix.
The soil is highly permeable and unconsolidated
though exceptions are to be made in certain areas.
The first layer is limited by the terrain surface and
was considered to have a depth of approx. 12 m.
This was decided so that the remaining 12 — 15 m
of the alluvial deposit could be assigned to the
second layer. Around the wells this depth was set
equal to the length of the screen filters. The third
layer consists of a geological formation known as
Punta de Carballo. This formation, which is mainly
comprised of sandstone (Denyer et al., 2011), has
low horizontal hydraulic conductivity (10-11 — 105
m/s) in comparison to the layer of granular soil
above (10 — 102 m/s) (Fetter, 2001; Kruseman &
de Ridder, 1990; Weight & Sonderegger, 2001).
Therefore, this layer is the inferior boundary of the
aquifer.  Vertical hydraulic conductivity is
approximately ten percent of the horizontal (Todd
& Mays, 1980). As the geological formation of the
hill across the river on the western and northern
limits of the study area as well as the hill on the
eastern limit are also considered to be Punta de
Carballo, these were selected to be the outer
boundaries of the model.

Since most of the area of the alluvial plain
in this model is actively being used by the quarry,
certain assumptions regarding hydraulic
conductivity were made. Due to a high transit of
heavy machinery, vibration from rock crushers and
the brick factory, as well as stress added from the
buildings and large aggregate mounds,
compaction and consolidation of the soil in these
areas were assumed (Das, 2010). Considering

Boussinesq’s method for vertical stress
calculation, the top layer of these areas was
assigned a lower hydraulic conductivity and were
increased as the depth increased. Assuming
higher stress in the upper layers leading to higher
compaction and consolidation, a k-value of 1x10-°
m/s was assumed. A k-value of 7.5x10° m/s was
given to the second layer. Only the unused area
surrounding the PWs was assigned the k-value
estimated during the pumping test.

The hydraulic head was taken from the
static levels measured during the pumping test and
the river head measured during the topographical
survey. The historical data was not used as there
was a difference of up to 5 m with the measured
values. Since the surrounding area is comprised of
a nearly impermeable geological formation and no
evidence of a groundwater source was found, the
only water source used in the model was that of the
river. This however is explained in more detail in
the results and discussion. Any rainwater input to
the model was thought-out to be insignificant since
the catchment area is a small hill east of the site
and the top layer was considered to have low
permeability.

Computational model

Total travel times from the river to the wells were
estimated by groundwater flow and transport
modeling using Modflow-2000 code (Harbaugh et
al., 2000) with Processing Modflow for Windows
(PMWIN) (W.-H. Chiang & Kinzelbach, 2001b).

The model domain covered an area of 500
m x 700 m. To cover this area, a mesh consisting
of 50 columns and 70 rows comprised of 10 x 10-
meter cells was created. The mesh was later
refined to 0.20 m (well diameter) around the
operating PWs and increased gradually to 10 m at
the boundaries.

The cells pertaining to the eastern,
western, and northern hills (Figure 25) were set as
inactive boundaries (IBOUND = 0). As no water
sources were considered, other than the river, the
remaining cells were left as active with the default
values of 1. (Active cells allow increase or
decrease in hydraulic head. A value of -1 fixes the
head and could be used to simulate an alternative
water source)
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No flow
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No flow
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Figure 25 Discretization of catchment area and preliminary
model prior to pumping

The three layers, as mentioned above,
were added to the model. The top of the surface
layer was assigned according to the data gathered
during the survey. Pumping well elevations were
used as reference and levels in between were
interpolated linearly. The elevation of the area
surrounding PW1, which is the maximum elevation
in the model at 61.46 m asl, was assigned the
same elevation as the PW. From there a gradual
decline in elevation was assigned till the levels of
the remaining wells were reached, the minimum
being 57.51 m asl. The top of the second layer was
assigned by subtracting 12 m from the top of the
first layer. The top of the third layer, corresponding
to the bedrock, was then set at 34 m asl which was
provided by the lithological profiles. Layer bottoms
were set automatically except for the third layer
which was set at 29.46 m asl.

Initial hydraulic head (phreatic level) was
set at 50 m asl. This in level was determined by
averaging the static levels measured in the five
wells.

Horizontal hydraulic conductivity was set
at 1x10°m/s for the top layer considering that this

layer is less permeable due to higher compaction
and stress. For the second layer, the k-value was
initially set at 1x10* m/s as a theoretical value then
increased or lowered according to the correlation
between the observed and the calculated hydraulic
head values. Caution was taken as this value could
not be lower than the theoretical value for this type
of soil. The final value was set at 7.5x10-®> m/s. This
value however, was only assigned to the used area
pertaining to the quarry (Figure 15). In the unused
area surrounding the wells, the estimated k-value
obtained by the pumping test was used. For the
third layer, a theoretical k-value for sandstone was
set. The vertical hydraulic conductance was set at
ten percent of the horizontal value for each layer
and section (Weight & Sonderegger, 2001).

Using the MODFLOW river package, the
Barranca river was defined. Hydraulic head
elevation was measured during the survey. For the
section above the weir, the slope was estimated to
be very low at 0.24% and was chosen to be
neglected as done by Paufler et al., 2018. The
riverbed depth and the clogging layer thickness
were as this information was not available, and
measurement was not feasible. Hydraulic
conductance of the riverbed or CRIV (W.-H.
Chiang & Kinzelbach, 200l1a) was estimated
(Equation 3). This was done as the model requires
the hydraulic conductivity in area unit per second
for the riverbed and not in length unit per second
as the ground does

CRIV = Kclog*A

3
CRIV, hydraulic conductance of the riverbed in
cm?/s; A, area of the river cell in m?; M, thickness
of the clogging layer in m.

The PW 3 and PW 5 were then set using

MODLOW:'’s well package. Since the screen filter
length of the wells were, on average,
approximately the same as the thickness of the
second layer; the wells were set in this layer only.
The operational extraction rates were tried
variating between the maximum and minimum
rates till the correct results were obtained.
A preliminary run was carried out to ensure that the
results were within the range of measured levels.
Changes such as CRIV, elevations or layer
thickness, and hydraulic conductivities were made
within the allowable range to approximate the
results to the measured values.

26 Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica



Once the parameters were adjusted, a refinement
of the mesh, mentioned above, was carried out.
This, to obtain cells with sizes equal to the
diameter of the wells which in turn results in a more
precise result. Since the cell refinement options are
rather limited, to obtain a 0.20 m x 0.20 m (PW
diameter) cell size around at the wells, refinement
was carried out in two steps. Initially, they were
refined by a factor of 10, obtaining a 1 m x 1m cell
at the well. Then, they were gradually increased by
a factor of 2.5 until they reached the initial size. To
the 1 m cells, refinement was applied again by a
factor of 5 obtaining the 0.20 m cells. Finally, a
graduation was made by a factor of 2.5 reaching
the initial size of 1 m. Cell size dependent
parameters like CRIV were automatically adjusted.
Wells, however, had to be redefined to fit the newly
adjusted mesh size.

The three remaining PWs that were not in
use were set as observation wells (OW) in the
model since there were no OW available. The
observation well allow a more accurate
measurement since there is a skin factor in an
active well which affects the measured results
(Kruseman & de Ridder, 1990). The measured
levels during the pumping test were used as
comparison parameters to ensure that the model
results were reasonable and grounded changes
could be made if not.

Finally, estimation of travel time between
the wells and the river was carried out by particle
tracking using PMPATH. This consisted of placing
a particle of water (default for the program) and this
in turn tracks the most likely path the particle would
travel considering the site conditions set earlier.
This also estimates the velocity with which said
particle would travel through the ground. The only
way to validate the result would be through a tracer
test. But according to the literature the estimation
is quite accurate if the model is approximated
correctly.

Modeling results

The model was set up as described in the previous
chapter. The initial parameters were set according
to results obtained from the field and laboratory
tests. The initial hydraulic head was assigned, and
the model was run with the pumps deactivated.
This to simulate natural water flow through the
aquifer. These new hydraulic heads were then
assigned to the model and the pumps were then
activated.

Several iterations of the model were run,
changing well discharge rates and k-values (within
the limits) until the difference between observed
and calculated hydraulic heads in the observation
wells were minimal (Table 10).

Table 10 Observed vs calculated heads

ow Calc (m asl) Obs (m asl) | Difference (m)
1 51.02 51.00 0.02
2 47.15 47.35 0.20
6 47.09 46.98 0.11

A correlation graph between these heads
was made by PMWIN for each iteration until the
following was obtained (Figure 26).
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Figure 26 Comparison of calculated and observed heads

Once the approximation was reached a
minimal difference to the observed values
hydraulic head contour maps were made. Particle
tracking was then carried out. Each arrow in the
particle path represents 10 days of travel. In Figure
28 the green and red paths represent particle
transports for PW 3 and PW 5 respectively. For
PW3 there is a maximum of =110 days and a
minimum of £10 days while in PW5 a maximum
and minimum of =70 days and <10 days
respectively. These travel times are determined by
the distance from the well to the zone from which
the water originates and the hydraulic conductivity
of the ground. Three zones were designated, as
shown in Figure 29 Using PMWIN’s water budget
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function, the water percentages contribution from
each zone was estimated (Table 11).

In order to visualize the travel times, a
cumulative percent graph was made (Figure 27).
As observed, the horizontal axis represents the
travel times estimated. As the time decreases the
frequency increases which agrees with Table 11
and Figure 29 as the larger portion of the water
reaching the wells has low travel time. This also is
conditioned by the distance of the wells from the
river and the section from which it is taking the
water.
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Table 11 Water contribution per zone

Travel
Contribution (L/s) | Percentage time
(days)
Zone 1 1.45 12% 80-110
Zone 2 2.58 22% 10-60
Zone 3 7.77 66% <10
Total 11.80 100%
60 40 20 0

Travel Time (days)

Figure 27 Cumulative percent of groundwater travel times

Operational Scenario

Due to the resuts pointing to RBF
ocurrence in the site and the need for an
alternative scenario was modeled. This to evaluate
the importance new wells could have at the site.
The operational scenario proposed consisted in
substituting the surface water intake and WTP for
a series of 5 wells. The total extraction rate was
estimated at 80 L/s, 16 L/s per well (as explained
in the previous chapter). Figure 30 showes the
resulting heads and tavel times for the proposed

wells. Final heads in all wells not including the well
skin effect was estimated = 44 m als, about 10 m
above the confining layer. Average travel time was
estimated to be 50 days.

Using 16 L/s extraction rate for each well and a
total head of 120 psi (which is what the system
currently operates at) a 22-kW pump was selected
for each well. At an extraction rate of 0.08 m3/s a
total of 12.5 s is needed to extract one cubic meter
of water. According to production rates from a cost
estimation done in 2014 and the use of the 5
pumps mentioned; the following cost estimation
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was made. The costs were estimated for one
second of production then multiplied by 12.5 to
obtain the cost to produce 1m? of water. Araya-
Alvarez & Merizalde-Dobles, 2015 determined that
the cost to produce 1 m?3 of water in a WTP was
governed by the following regression:
¢#/m3=1.065(Q)-3.84. The cost breakdown using

the proposed RBF scenario and the total cost for a
WTP to produce one cubic meter running at 80 L/s
are shown in Table 12. The total cost reduction
using RBF in comparison to the WTP is of 29%.

Water budget for this scenario determined
that a total of 128.8 L/s entered the aquifer system
while only 80 L/s left. A total of 48.8 L/s reentered
the stream.

Table 12 Water production cost estimation

Electric consumption costs

Power (kW/h) Operation Time (h) Cost (kW/h) (Z/m3)
Pumps 110.00 2.78E-04 €120.00 ¢45.87
Chlorination pump 0.25 2.78E-04 ¢120.00 ¢0.10
Meters 0.07 2.78E-04 €120.00 ¢0.03
lllumination 0.07 1.39E-04 €120.00 ¢0.03
Labor Costs
Hourly salary operator €1,198.11
Chlorine gas costs
kg/m3 0.00015
¢/65kg tank ¢52,745.00
¢/kg chlorine gas ¢775.66
Cost m3 ¢1.44
Costs summary
Labor (€/m3) ¢8.32
Social expenses (¢/m?3) ¢3.49
Electric consumption (¢/m3) ¢46.03
Chlorine gas (€/m3) ¢0.12
Total Cost to produce 1 m?3 using RBF €57.96
Total cost to produce 1 m? of water in WTP €81.39
Difference 29%
Annual cost difference ¢59,103,781.84
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Figure 29 Particle tracking path for approximated model
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Discussion

The discussion in this section will analyze the
obtained geomorphological, hydrogeological and
geological results obtained. This will be compared to
the literature and evaluate the potential for RBF at
the study site. Using these results and those
obtained from the groundwater flow modeling the
potential for RBF was corroborated. Likewise,
groundwater flow paths and travel times were
discussed and associated to water quality data.
Finally, the benefits of installing RBF wells in the site
were analyzed.

RBF evaluation according to
selected criteria

Analyzing morphological criteria of the river
is an important step to consider when choosing or
studying RBF sites. It is recommended that the
location of the wells be on the inner side of a river
bend (Jaramillo, 2015). This is to be considered
since sediment carried by the river will tend to settle
on the outer side of a bend, this decreasing the
infiltration capability of the water into the aquifer
through the riverbank (Schubert, 2002). Observing
Figure 15, a sharp bend in the river is clearly noted.
Also, the PWs are located on the inner side of this
bend though not directly in front of it. This, though a
simple observation, could imply a big difference
between the amount of water that could be filtered
into the system.

Riverbed composition influences in the
water infiltration rate into the aquifer. If the bed is
comprised of a clayey soil infiltration will be slow and
production low. If the material consists of sand or
gravel infiltration will be high and yield high. Error!
Reference source not found.As classification
suggest that the material as a well grated medium
sand this would agree with this criterion. It must be
considered that this was obtained by a single set of
samples. As river washes and deposits sediment
this may change and has to take into account.

In order to keep the riverbed from clogging
and to maintain RBF Schubert, (2002) considers that

the river must have some self-cleaning capabilities.
Various methods are suggested however, it was
considered that the bed would be cleaned regularly
by the machinery and the occasional flooding of the
river.

As to the infiltration rate estimation in the
clogging layer of the river two methods were applied.
The first method through constant head permeability
test (AASHTO, 2018) using samples taken from the
river (Table 8). Since the samples used were
deformed, its accuracy could not be measured. Due
to this, the Hazen method was applied (Equation 2)
to the granulometric distribution. The Hazen
method, according to, Fetter, 2001; Todd & Mays,
1980, estimates the hydraulic conductivity of a
sandy sediment from the grain-size distribution
curve. The method is applicable to sand where the
effective grain size is between 0.1 and 3.0mm
(Weight & Sonderegger, 2001). Table 9 shows the
results for the k-value according to Hazen. Results
show a difference in about one order of magnitude
between methods. Chen, 2000 stated that since
the original sediment structure of the riverbed are
destroyed during sampling, the grain size analysis
does not provide hydraulic conductivity. However,
authors have used this method to determine k-
values (Ghodeif, Grischek, Bartak, Wahaab, &
Herlitzius, 2016; Ghodeif et al., 2018) A stand pipe
test would be the most efficient way of estimating
the infiltration rate of the clogging layer (Romero et
al.,, 2012). The results obtained from the
permeability test and using the Hazen method
were between 1.35x10%4 - 2.92x10% m/s and
2.19x1095 - 7.30x10°¢ m/s respectively. These k-
values however are within the range, stated by
authors, for sands (Fetter, 2001; Todd & Mays,
1980; Weight &  Sonderegger, 2001).
Consequently, this range was considered in the
modeling stage of the study in order to
approximate the results as precisely to the
measured results as possible.

Another conditioning factor with influences
the potential for RBF is the hydrogeology of the site.
(Hiscock & Grischek, 2002). RBF is dependent on
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the ability for the water from the river to flow towards
a well. This ability is conditioned by the type of soil
and its related conductivity. Geological formations
with low hydraulic conductivities, such as
unfractured rock, clay or silts, limit or restrict water
flow through it. Opposite to this, soils such as sand
or gravel and formations like karst limestone,
fractured rock, or permeable basalts allow water to
flow easily through them (Weight & Sonderegger,
2001). Since hydraulic conductivity depends on a
variety of physical factors such as porosity, particle
size, distribution and shape, arrangement of
particles, and other factors (Todd & Mays, 1980); this
determines the flow of water through it as well as any
contaminant contained in it. A lower conductivity
though limiting the amount of water, filters more
contaminant due to smaller spaces between
particles. Higher hydraulic conductivities along with
proximity from extraction well to river ensure higher
recharge and extraction rates though these could
imply water quality problems (Bertin & Bourg, 1994).
To obtain a higher yield and maximum
pollutant removal, a balance must be made between
hydraulic conductivity and well distance. Studies
have demonstrated that the optimum hydraulic
conductivity for RBF is 102 -10“ m/s. Alluvial
deposits are considered to be optimal sites for RBF.
This due to that they are comprised of gravel and
sand deposits having conductivities within the
recommended range (Weight & Sonderegger,
2001). Figure 16 through Figure 18 show the
lithological profiles for all the wells in the site. The
upper layers pertain to material found in alluvial
deposits. Furthermore, a pumping test was carried
out and values of 2.14x10* - 2.57x10“ m/s were
obtained. This confirming that the hydraulic
conductivity of the site is adequate for RBF. The
distance required for RBF is determined by the
contaminant to be removed. In cases where turbidity
is to be removed small distances are enough as the
aquifer will act as a natural sand filter. In cases with
chemicals or pharmaceuticals contaminants, large
distances are required. Cases have reported up to
1.8 km between river and RBF wells site (Kulakov,
Fisher, Kondratjeva, & Grischek, 2011). Ghodeif et
al., 2018 reports having installed wells as close as
10 — 15 m from the river for pathogen removal. The
wells at the Barranca study site are approximately 70
— 75 m from the river. This distance is within the
range for RBF especially since the main contaminant
to remove is turbidity (Dash et al., 2010).
“River bank filtration can occur under natural
conditons or be induced by lowering the

groundwater table below the surface water level by
abstraction from adjacent boreholes” (Hiscock &
Grischek, 2002). Figure 32 represents a type of flow
condition in which there is mainly riverbank filtrate
entering the wells. The presence of groundwater is
little to none. The topographical survey estimated a
surface water level of approximately 54.61 m asl for
the section above the weir and 51.22 m asl below it
(Figure 14). Likewise, the static and dynamic water
levels inside the PWs are shown in Table 7. These
levels are well below the surface water levels
pointing to a natural occurrence of RBF even though
the pumping could potentially increase the travel
time. Likewise, the elevation suggest that the river is
a losing type (Figure 31). Which is typical for areas
where the groundwater is recharged by a stream.
Since, the study site is a small area, the shallow
alluvial deposit is sitting on impermeable bedrock,
and it is bordered by a river on one side and a small
hill on the other; it was assumed the subsurface
water extracted by the well is riverbank filtrate
(Figure 32). Further analysis would have to be
carried out to verify this, but the evidence strongly
suggest that this assumption is correct.

Figure 31 Losing type stream (Fetter, 2001)

Borehole River

“

Bank Filtrate

Type 2

Figure 32 Schematic representation of type 2 flow condition at
bank filtration site (Hiscock & Grischek, 2002)
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Using the information collected, a generalized
conceptual cross section was made (Figure 19). The
figure clearly describes a losing type stream or river
as well as type 2 flow condition suggesting RBF. As
observed, the surface water flows naturally into the
alluvial plain. Any extraction from the wells would
possibly increase the velocity with which the water
flows into the system.

Since the occurrence of RBF is evidence
according to the previous criteria, a water quality
analysis was carried out. The study site, as
mentioned before, is in a quarry. Sand and gravel
are extracted from the river to be crushed and sorted
(Figure 15). The extraction of this material stirs up
fine sands and sediments which are carried by the
river and deposited at the weir and intake along with
organic material. (Figure 13 & Figure 12). This water
is then pumped to a WTP to be processed for
consumption. Turbidity values in the river water, as
observed in Figure 21, is on average =12 NTU
(excluding outliers). Likewise, the boxplot for the well
water turbidity analysis, shows an average value of
near 0 NTU. As observed outliers reaching 400 NTU
in the riverward is observed. These could be
associate to excavation periods done upstream to
the sampling point or flooding. Nevertheless, though
the water travel times are low (discussed further on)
the values measured in the wells vary insignificantly.
This suggests an effective filtration trough RBF.
Figure 20 and Figure 21 demonstrates the capability
for RBF to decrease turbidity (Sandhu, Grischek,
Kumar, & Ray, 2011) to values accepted by the
health ministry. Decreto N° 32327-S, (2005) state a
recommended value of <1 NTU and a maximum of
25 NTU. Table 4 shows an increase in alkalinity,
conductivity, calcium and magnesium
concentrations and consequently a decrease in
pH. This could be due to the erosion and
dissolution of the material forming the aquifer
(Romero et al., 2012) as water passes through it.
Another possible reason for this is that the brick
factory located in the quarry increases the calcium
concentration in the ground. Calcium is a
significant ingredient in cement, and its
concentration is correlated to the other factor.
These values however are well below the accepted
values stipulated by the health ministry.

Another strong indicator that RBF is
occurring are the peaks in Figure 20. The large
peaks in the river water concentrations are followed
by small peaks in the well water concentrations and
potentially act as a tracer (Dawe & Macquatrrie,
2005). The effectiveness of contaminant removal is

also noted in PW’s which pertain to recent water
analysis of the site

The criteria discussed in this section
strongly suggest that RBF is being carried out as it
agrees with that stated in the literature. The potential
it has is reflected in the water quality comparison
between river and well.

Limitations to be taken into account in using
these criteria is the lack of information that there may
be especially in more remote or unused sites.
Localized  geological and  hydrogeological
information was the main setback while carrying out
this study.

Groundwater flow model

A groundwater flow model was created
using PMWIN (W.-H. Chiang & Kinzelbach, 2001a).
Its main purpose, to estimate travel time between the
river and the PWs.

Prior to being able to set up the model,
various input parameter had to be estimated. Among
these parameters were surface and water levels,
hydraulic  conductivities  (k-values), riverbed
sediment hydraulic conductivity and well extraction
rates.

Well discharge rates, as presented in Table
5, were estimated using an ultrasonic flow meter.
Though all indications during the readings pointed to
be accurate, a well operator expressed that the rates
seemed low according to their measurements. Since
these operational rates were not provided, the
measured ones were used.

The horizontal k-values were estimated for
the aquifer at PW3 an PW5 (Table 6). These values
are determined by saturated aquifer thickness,
discharge rates and interpretation of pumping test
data. The aquifer saturated thicknesses were
estimated as the difference between the absolute
static level and top elevation of the confining layer.
Only the static level was measured on site and can
be verified as true. Data such as layer thicknesses
could have been subject to change since some of
the information is almost 40 years old. The reason
for this uncertainty originated when a well site
operator expressed that the terrain surrounding the
well sites had been filled by the quarry in recent
years (though information such as thickness of the
fill or exact year were not known). Figure 24
however does demonstrate connectivity between
wells since there seems to be a similar behavior
pattern in each well; thus, a general k-value for the
area surrounding the wells was used. The vertical
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hydraulic conductivity was used as 10% of the
horizontal one (Chen, 2000; Weight & Sonderegger,
2001).

For the area in which the crusher is

stationed and the aggregate mounds are places by
the quarry, a lower k value was used. Das, 2010
states that consolidation (produced by an application
of a load to the soil) and compaction (either by
vibration or application of loads) decrease the void
spaces between soil particles, therefore decreasing
its porosity. As stated before, porosity is an influential
factor for hydraulic conductivity. According to
Boussinesq’s theory (Das, 2010) however, the force
applied decrease as the depth increases. All this
would imply that the upper layer would have a lower
conductivity and then it would gradually increase as
the depth did. Assuming that this was the case, the
upper layer of the model was set at 1.0x10-° and the
second layer 7.6x10°. Both these values are in the
lower end of range for k-values for the type of
formation (Hydrogeology, 2006; Kruseman & de
Ridder, 1990; Todd & Mays, 1980; Weight &
Sonderegger, 2001).
The riverbed infiltration into the aquifer
(CRIV) was then estimated using Equation 3.
Since these results depended on the k-value for
the riverbed sediment; they were directly input into
the model as they were subject to change as the
modeling was being carried out.

The river package in PMWIN simulates the
seepage flow through the bottom of the riverbed and
assumes that the riverbank is an impermeable wall
as stated by Schon, 2006.

mpermeable Wall L

ead in Cell W
/ ¥ - Riverstage
v Riverbed v
L
M River-
i /Y. bed Riverbottom
QRW QRW QRW QRW

Figure 33 Schematic of river boundary(Schon, 2006)

This works in cases where the riverbed is large
compared to the wetted riverbank. In cases where

this differs, changes can be made to the model to
cover the issue.

Once the information was clear and the
assumptions were made for the missing data the
model was then executed. Moflow-2000 code solves
the governing groundwater-flow equation which is
subject to initial and boundary conditions (Equation
4).

7 (rxx5) + 2 (Kyy 52) + o (Kaz 5o) + W = s 50 (@)

Where Kxx, Kyy, Kxx, hydraulic conductivity along
the x-, y- and z-coordinate axes, which are
assumed to be parallel to the major axes of
hydraulic conductivity [L/T]; h, hydraulic head [L];
W, is a volumetric flux per unit volume representing
sources and/or sinks of water, with W<0 for flow
out of the ground water system (e.g. well
discharge), and W>0 for flow in [T]; SS, specific
storage of the porous material [L]; t, time [T].
The ground-water-flow process solves
equation 4 using the finite difference method in
which the ground-water flow system is divided into
a grid cell. For each cell there is a single point
called a node, at which head is -calculated
(Harbaugh et al., 2000). The model was simulated
in steady-state flow which is time independent
and has no water contributed by storage
(Anderson et al., 2015). To approximate the head
in the model to the observed head, certain variation
had to be made. Since Equation 4 is governed by
5 different variables, changes could be made to
these in each iteration on PMWIN. Since in the
governing equation dh/ot is zero for steady-state
flow (Anderson et al., 2015) and storage does not
contribute; 3 variables are left. For the equation, W
would equate to the extraction rate of the wells (Q)
and would be negative these values, though
having a deviation, could not be variated beyond
the range. The hydraulic head (h) was set as
constant at natural flow conditions. Finally, the
hydraulic conductivity remained as the most
uncertain variable. To approximate the calculated
heads in the model the variables had to be
modified all within the permissible range. Once the
discharge rates and the calculated k-values (area
surrounding the wells) had been set. the only
remaining variable to be modified was the k-value
for the quarry operated area. The value was set
low in the range pertaining to alluvium as assumed
above. A comparison was made between
calculated and observed head until the difference
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obtained was minimal (Table 10) and the
correlation between them was strong (Figure 26).

Figure 28 & Figure 29 show the final
calculated heads and the particle tracking for the
model. The contour map demonstrates a clear
hydraulic gradient between river and wells. This
supports the first objective in verifying the
occurrence of RBF. Particle tracking shows the
approximate path lines of water particles traveling
from the river to the PWs. Two important
observations are to be made. The first being the
impact the location of the wells regarding the river
bend. An important portion of the water entering
PW 3 obtained from the portion above the bend this
allowing the water extraction to be higher.
Secondly, travel time was estimated at <10 days
minimum and 110 days maximum (each arrow
represents 10 days). Water budged for the different
zones estimate a 12% of this water had a travel
time of between 80 and 110 days of travel time, a
22% between 10 and 60, and a 66% to be equal or
under 10 days. Figure 27 agrees with the water
budget and with Figure 29 as the cumulative
percent of water reaching the wells increases as
the travel time decreases. These travel times
seems to be adequate as the distance the water
particles are traveling at the k-values estimated
would also take a similar time to reach the wells.
The total sum of the infiltrated water, according to
the model, is 0.3 L/s more than the extracted water.
This points to a possibility that some of the water
in the aquifer does return to the river. It is important
to observe that having the wells places where they
are helps increase travel time from the river to the
well. This in turn increases the filtration the water
receives improving the general quality of the water.
Water quality analysis shows this to be enough
time and distance (in this case) for removing
turbidity.

The applicability of modeling in Costa Rica
is determined by the amount of information there
is. This goes in hand with the first section of the
discussion. However, if the information is available,
the value a model has is high as this allows to
evaluate future possibilities and options that can be
taken.

Operational scenario

The scenario, as mentioned, consisted of
replacing the WTP with RBF operating wells. The
reason for carrying out this scenario is would be to
lower operational costs related to the WTP. As the

WTP consist of various stages such as extraction,
coagulation and flocculation, sedimentation,
filtration, backwashing and disinfection it requires
a plant, experienced operators, reagents, etc. This
in turn leads to higher costs, manpower, and
maintenance. Also, in flooding when the turbidity
reaches extreme levels the plant can’t process this
and must cease production. A well-planned RBF
site on the other hand eliminates most of the pre-
treatment stages as the water is filtered as
extraction is being carried out. This leaves only
disinfection, in most cases. Various RBF sites can
be operated by less people and maintenance is
lower.

To achieve this, firstly, the operation of the
guarry in that area would have to cease. This, as
well as allow the plain to be used as wells sites,
would also imply a compliance with the drinking
water extraction site regulations. Ley N° 276,
(1942) states that a minimum distance of 200
meters from any source of drinking water must be
observed. This is not the case for the study site as
the quarry is directly surrounding the PWs. As the
load over the soil should be removed and water
would continue to flow through the aquifer; this
should cause the granular soil to expand once
again to its natural state. Thus, causing the k-value
to normalize over the entire study area.
Considering these two events the model was setup
such that the entire aquifer had the same k-value
as that calculated during the pumping test. The fact
that the weir would be removed must be
considered as it would increase the river gradient.
This increase would mean that the shear stress at
the river bottom would cause an unclogging effect
on the riverbed sediment. Eventually this could
cause the infiltration rates to increase,
incrementing the total yield. The original sediment
k-values calculated according to Hazen. The
assumption was made that if the original infiltration
rates were used these would be critical. If the
required yield was matched and the system could
maintain production, it would do so under a higher
infiltration rate as well.

An estimated population of 34000 was
obtained from a census conducted in 2011 and the
average population growth percentage (“Costa
Rica Demographics Profile 2018,” 2018; INEC,
2011). Average consumption per person in a
coastal town is estimated to be 200 L/d (AyA,
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2017). A total of 80 L/s was estimated to be
required to supply the users.

Five wells were placed in the model at a
distance which tried to maximize the distance of
the wells form the river uniformly. Figure 30
demonstrates that the proposed scenario, using
five wells extracting a total of 80 L/s is plausible at
the site.

Drawdowns are estimated to be average
=44 m asl which is about 10 m above the aquifers
confining layer. This would ensure enough space
to install a submersible pump and have enough
distance to consider the skin factor of the well
(Kruseman & de Ridder, 1990). Travel times are
approximately 50 days for all the wells as shown in
Figure 30. And as mentioned above, this time is
more than adequate for removing the number of
contaminants contained in the river to this date.

Knowing that the RBF method is efficient
in removing the turbidity contained in the river, a
comparison between RBF and WTP costs was
carried out. The WTP cost was estimated
according to a study carried out in 2015 by (Araya
& Merizalde, 2015). The study consisted in
analyzing costs from different WTPs and creating
a correlation between cost per cubic meter and
production of the plant in liter per second. The
estimated cost fora WTP running at 80 L/s is 81.39
@¢/m3. Using operational and disinfestation costs
from a similar time, the costs for the proposed RBF
system was estimated at 57.91 €/m3 (Table 12).
This cost is a total 29% cheaper than that of a
WTP. This in annual costs represents nearly ¢60
million. Also, the water budget estimated that a
total of 48.8 L/s was exiting the system meaning
that the site has potential for more extraction.

Considering these factors, for this site, it
would be cost beneficial to switch to RBF as well
as environmentally friendlier as the exploitation of
the site would diminish or cease.
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Conclusions

A thorough investigation was conducted to
evaluate the potential for riverbank filtration along
the Barranca river, at the Procamar well site in
Puntarenas, Costa Rica.

The potential for RBF was determined
according to the geological, hydrogeological, and
geomorphological criteria selected:

e Lithological profiles of the wells
determined the that the site is located on
an alluvial plain with a hydraulic
conductivity within the range for RBF.

e The alluvial deposit is sitting on a confining
layer of sandstone.

e The wells are located on the inner side of
a bend along the Barranca river increasing
the input of water into the aquifer.

e Pumping test analysis reveal
conductivities between 2.14x104 and
2.57x10*m/s around the wells.

e Riverbed sample analysis determined
approximate that infiltration rates into the
tapped aquifer are within the range for
optimal RBF.

e A topographical survey determined terrain
and river surface levels and further analysis
determined that the system is comprised of
a giving type river, with no evidence of
natural groundwater in the system.

e The distance of the wells from the river were
within the ranges for RBF and proved to be
effective filtering the water.

Finally, water quality analysis along with the
previous analysis strongly suggest the occurrence of
RBF.

Water quality analysis suggest an efficient
removal turbidity found in the river water through
RBF. The turbidity present in the water is mainly due
to the extraction of material upstream from the site.
Other contaminants were present, yet they were
within the acceptable limits. Analysis also concludes

that RBF is an efficient and simple pre-treatment
method for the river water.

Assumptions regarding the decrease in
hydraulic conductivities in the areas used by the
quarry due to high loads, transit, and vibrations were
made according to Boussinesq’s method and Das,
2010. Groundwater flow modeling suggest that the
assumptions were correct and that the change in
hydraulic conductivity are low closer to the surface
and decrease as the depth increases.

Groundwater flow modeling using PMWIN
estimated the travel time between the river and the
PW. A maximum of 110 days was estimated and a
minimum of <10 days. Water quality analysis
suggest that these travel times are enough to
remove high turbidity from the river water. Modeling
also concludes the occurrence of RBF in the well
sites.

An optimization scenario was executed in
the PMWIN model. Results conclude that a
substitution of the WTP for a series of wells operating
through RBF possible. A cost benefit analysis
concluded that the cost to run the RBF site could be
29% cheaper than a WTP operating at a same
extraction rate. A water budged of the site estimates
an extra 48.8 L/s which could be used while the
decrease in the river levels is minimal.

Finally, the potential for riverbank filtration
along the Barranca river is high. This study has
proven that the method plays an important role in the
providing drinking water to the town of Barranca in a
simple and efficient manner. The investigation and
proper implementation of this method should be
continued in the country.

The availability or accessibility of needed
information could present limitations to carry out
further studies on RBF in Costa Rica.
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Recommendations

Due to a large uncertainty regarding the k-value for
the area around PW1, a pumping test should be
conducted to obtain a more accurate model of the
site. Investigation regarding recharge through
rainwater or other sources should also be carried
out as this could imply a higher capability in the
system. Thickness of clogging layer should be
determined as this affects the infiltration rate
through the riverbed into the aquifer. An updated
geological study should be obtained thus
increasing the accuracy in which the model can
predict scenarios. Studies regarding river and
groundwater levels should be carried out in the
drier times of the year as this would be the most
critical condition. Surface water volume data could
help determine the maximum amount of water that
could be extracted in an RBF site. The model for
this study should be calibrated and validated to
ensure maximum accuracy for future predictions.

Investment in data loggers could ease
monitoring in the wells as these measurements
usually require long period measurements.

Observation wells should be placed
between the river and the pumping wells to monitor
levels and water quality.

Tracer tests should be implemented as a
verification for travel times. Natural contaminants
in the river could be used as tracers if the proper
measurement is carried out.

For all well sites, proper limits for land use
should respected as this affects the water quality
and availability.

Geological maps with small scales could
make locating a potential RBF site easier.

For implementation of this method in a new
site careful prior research should be carried out.
Even though costs and time for thorough research
tend to by higher, the outcome is more efficient
than most traditional methods.

Riverbank filtration is a cost-efficient method for
removing contaminants from surface water. The
potential for its implementation in Costa Rica is
high and beneficial. A long-term investigation could
be carried out. This to identify the potential sites for

its application in the country. Due to each site
being specific to its function, a large data base
should be made or broadened. Information in most
cases is available through its acquisition at times
can be complicated. Once enough data is
gathered, an Analytical Hierarchy Process could
be carried out for similar type sites. This could
potentially identify the optimal sites in the country
for implementing RBF.
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Annexes

Information for PW 5

Instituto C de y Al
UEN Administracion de Proyectos
Unidad Técnica de Perforaciones

Pozo N° 16-14 Pag. 2

Nombre: Procamar n®4 (1-2016)
N°® Pozo SENARA/MINAE:

Maiquina Perforadora Dando T40 empleada en las
labores de perforacién mediante el método rotacién
con lodos.

Prueba de bombeo realizada, caudal de prueba 30
ad ina, libs i

Lfs, agua

Zarta de perforacion empleada durante ks
del pozo. Visita de i <
setiembre del 2016.

dia 22 de

FOZO FROCAMAR 12316

™ T
=
. e o oo
Stos
ohai e Sno bt
C iento de los abatimientos d |

desarrollo de la Prueba de bombeo efectuada por fa
UTP, cuadal de extraccién 30 Ls.

Reportes de calidad de agua

No. Prueba Tipo de prueba

No.Reporte | Fecha

1

Microbiologica 14935 12/10/2016
AyA-1D-10451-
Fisico-quimica & 12/10/2016

Segun los resultados obtenidos, la muestra de agua
evaluada es de calidad excelente, no se detecta
presencia de coliformes fecales.

A partir de los resultados de los andlisis, el agua es
de calidad buena, los parametros evaluados se
encuentran por debajo de los valores maximos

lamente los

criterios de Calidad para Potabilizacién en Aguas de
Pozos y Naclentes LNA 2012.

Instituto Costarricense de Acueductos y Alcantarillados Pozo N° 16-14 Pag. 1
\
.@ "NE"H *:T::“I"“:e":";"”:““ Nombre: Procamar n°d {-2016)
Unida 3 de Perforaciones N* Pozo SENARA/MINAE:
VALIDACION: Informe generado por Luis Alonso Fallas b | . Mulo sin firma y szl d
¢l_rn2|::n Ubicacié
Sells Sanitario e Localidad: Procamar
o Coord: N 220277 - E 460283 Elev{m): 53 Slst: Lambert Norte
HIGN: BARRANCA 32451 "
Propletario: Sistemas Periféricos Ay Cantéin: Esparza
am Cadigo: 0g-02-01 Distrito: Espiritu Santo
Equipe de Perforacién
Maguinaria: Dando T40w Método: Rotacidn con ledos
Perforador:  Juan Carlos Valverde Fuentes Orden Costos: 0002016023-0
Indela:  19/08/2016  Fimal:  12/10/2016 Duracidn: 54 dias
Datos de Perforacién Datos Prueba de Bombeo
Didmetro Longitud Fecha de prueba: 13/10/2016
Hzmlg (ﬁ] |Potencia bomba (hy 50
Perforacién 7. Profundidad bomba (mi: 5
Tuberia 50 145 27
Rejilla 0 165 1805
Ademe [ [ 0
835
Material ACCA o
Tiempo Desarrallo (h): = Transmisividad (m2//di 3473
Desarralia: Caudal rec. (I ]
Aire comprimido Tiempo bombea rec.{hl: 0
papuase Observacianes: we )
CATMOS 423061 E / 1105713 N. El poza 16-14 se ubica en la margen izquierda del Rio Barranca
y sustituye al pozo BC-84. A partir de bos resultados de la prueba de bombeo s recomienda un
caudal d idin de 28 Ljs, consi un abatimiento tedrico de 9.7 m. Se recomienda
un periado de bornbeo de 20 horas diari 4 horas de repose que permitan una
recuperacidn eficiente del acuifero. Equipe deberd de ser colocado a la profundidad de 27 m.
Acvifers desarrollade en materiales aluvionales. Poze Procamar 5 segan e v de
pazns construidas en la localidad.
Litologi:
Aluvidn grueso conformado por blogues angulares inmersoso en
0-27 m una matriz arenosa, materiales inconsolidados.. Alta
permeabilidad, representa el acuifero captado.
732 m Materizles asoclados a la Formacién Punta Carballe,
conglomerados coloracién verdosa.
Fim
Hm
44

Ver validacién en pagina 1

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica




Information for PW 6

Instituto Ct de Acued y illad:
WAYA) e Administracion de Proyectos

Unidad Técnica de Perforaciones

Pozo N° 16-29 Pag. 2

Nombre: Procamar n°5 (II-2016)
N* Pozo SENARA/MINAE:

Labores de perforacion mediante el equipo
perforador T3Wn"4, el proyecto inicio en primera
instancia con la maguina Dando.

Caudal de extraccién obtenido a partir de Ia prueba
de bombeo del dia 1-03-2017. Agua cristalina libre de
sedimentos finos.

Labores de limpieza del pozo 16-29 mediante la
inyeccion de aire comprimido. La impieza se
prolongo por espacio de 24 Horas.

e oas wewa

Variacién de los abatimiento durante el bombeo.
Observese la recuperacidn del nivel, una vez que el
caudal se regula a 12 U/s. Al final de la prueba el nivel
dindmico se estabiliza.

Reportes de calidad de agua

No. Prueba [Tipo de prucha | No. Reporte |Fech,

muestra !OI_.

Institute Costarricense de Acueductos y Alcantarillades Pozo N° 16-29 Pag. 1
UEN Adminlstraciin de Proyectos Nombre: Procamar n°s (II-2016)
Unidad Técnica de Perforaciones N Pozn SENARASMINAE:
VALIDACION: Informe generado por Luis Alansa Fallas Montoya el 0702018, Nulo sin fma y ssllo de persona autorizada
¢"_“2'::" Ubicacién
Selle Sanitaria i Localidad: Procamar
o Coord: N 220222 - EAGD256 Elev[m): 5& Slst: Lambert Norte
H/IGN: BARRANCA 32451 Provincia: Puntarenas
Propletario:  Sisternas Pesiféricos Ay Cantdn: Esparza
3m Cédigo: 06-02-01 Distrito: Espiritu Santo
I Equipo de Perforacién
Maquinaria: Dando Td0w Método:  Rotacidn con lodos
Perforador:  luan Carlos Valverde Fuentes  Orden Costos: 0002016040-0
inlclo: 14102006  Fimal:  23,02/2017 Duracén: 132 dias
Datos de Perforacidn Datos Prueba de Bombeo
38 o Didmetro Longitud Fecha de prueba: 01/03/2017
2 mm Patencia bomba (hp): 60
Perforaidn 4373 iy Profundidad bomba [m): 7
- [ttt ctines | yyparia 0 155 Nivel Eﬁhu:::; 1200
5 Rejilla 50 1EE Nivel dingmico (m): 17.24
Ademe a [] Caudal prueba (g} 12
; Abatimiento (m): 522
; Material ACCA Coef.almacenamiento: 0
2 e Tiempo Desarralle (h): 4 Transmisividad (m2,/dia): 336E1
; Desarralla: Caudal rec. (Ifs): 12
! Bare comprimido Tiempa bombea rec.hl: 0
i : Observacianes: we o
_3 A parti de la prueba de bombeo sjecutada en época de verano 1-03-2017) la UTP recomienda
k, un caudal de extraccidn de 12 L's consideranda un periodo de bombea continus de 20 b
i diariasy 4 hder la del acuifera. D la prueba de bombeo el pozo
@ susituir Pozo n°3 (BE-01) ubicado a 17. 5 m de di: i aba en i j
X 2m caudal de 7.5 Lfx, por tal razan una vez fuera de operacién o paze n"3, ex de esperar que el
< nueve pora tenga pasibilidad de un mayor casdal de produccién, con respecto al que ha sido
’ recomendado. Pozo Procamar § segin el consecutive de pasos construidos en la localidad,
Equipo de bombeo debe ser ubicado a la profundidad de 28 m.
; Rl Calouin-t) Utoloa:
¥ Prasencla de materlales aluvionales, conformados por blogues
' o22m angulares sanos dentro de una matriz arenosa. Materlales
Ml Incensolidados de alta porosidad y C
con el acdifers a captar.
Materiales asoclados a la Formacién Punta Carballo, predomina
T g 2233 m una coloracidn verdosa. Materiales compactos que genaren un
avance lento en la perforacidn.
3im m
\\ Pallerc du Grova.
Hm

AYA-ID-01715-

1 Fisico-quimica 2017

01/03/2017

2 Microbiolégica 15140 01/03/2017

Segun el resultado del analisis fisico-quimico, la
muestra evaluada es de calidad excelente, los
valores de los pardmetros evaluados se ublcan por
debajo de los valores maximos establecidos.

Se determina que de acuerdo con el criterio
microbiolégico de evaluacién de pozos, la muestra
de agua es de calidad excelente, cumpliendo los

requerimientos para consumo humano.

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica

45



Information for PW3

Instituto Costarricense de Acueductos y Alcantarillades Pozo N° 88-01 Pag. 1
U::; A:r‘:'slha:::::hh dnl Nombre: Procamar n®3
Unida 2 raciones N* Pozn SENARA/MINAE: INV-194
WALIDAC IO oy por Luis Alanso Fallas M . Nudo sin Sma y ello o i
Armado Ubi Ié
Sl Sanitaria ¢'_ 200 mm Localldad: Procamar
i Coord: N 220224 -E 460273 Elev(m): 0 Sist: Lambert Morte
H/IGN: BARRANCA 32451
Propletarlo: Sisternas Periféricos Aya Cantéin: Esparza
3m Cadigo: p6-02-01 Distrito: Esplritu Santo
Equipo de Perfi id
Maguinaria: 60 RL n®4 (antes GORLI) Método: Percusion
Perforador: Pablo Mora Orden Costos:
Tulse Ciagn £
Inicho: 26/05/1988  Fimal: 23/07/1988 Duracién: 58 dlas

Instituto C de YAl Pozo N° 88-01 Pag. 2
\/
e o rocaar
s raoone N* Pozo SENARA/MINAE: INV-194

Imé

Estado del pozo durante la visita de inspeccion a

inicios del afio 2016.
Reportes de calidad de agua

[No. prueba [Tipo de prueba  [No. Reporte |Fecha

Datos de Perforacién Datos Prueba de Bombeo
Didgmetro Longitud Fecha de prueba: 01/01/1900
(mm) (m Patentia bomba (hp): [
Perforacidn 00 1 Profundidad bomba (m}: o
Tuberia 2a e Nivel estitico (m): o
Reejilla 00 3 Nivel dindmico [mj: ]
Ademe ] o Caudal prueba {I/s): [
13,5 Abatimiento (m): ]
Mhaterial FALTA Coef.almacenamiento: o
Tiempo Desarralla (h): 1o Transmisividad {m2/dia): o
Desarralla: Caudal rec. (ifz): [
Pistén Tiempa bombea rec.(h): o
[I—— Observaciones:
Grieed Pozo conacido coma Procamar N3, pozo 4= encuentra en operaciin.
Pagills Continua-80
lohracn Yot $0
T
oEm Aluvibn grande con arcilla.
:: ism B-28m Aluvidn grande con arenas medias.
]
:i 28-31m Gravas arenas finas.
]
i
]
i
]
:} Tuiza Clago B
5
]
o
5
5]
]
Hm St Tapén
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Information for PW2

UEN Administracidn de Proyectos
Unidad Técnica de Perforaciones.

Instituto Costarricense de Acueductos y Alcantarillados

Armado
=300 mm

Selle Saniturie
om

3m

VALIDACION: Informe generado por Luis Alonso Fallas Montoya e 070872018, Nulo sin rma y sello de persona auorizada

Pozo N° BC-84 Pag. 1 Instituto C de Ac Pozo N° BC-84 Pag. 2
UEN Administracion de Proyectos N g T
- ombre:
Mamibwe: Procamar i Unidad Técnica de Perforaciones i e
N* Pozo SENARASMINAE: 020 SENARA/I ]
Imé
Ubicacié
Localidad: Procamar
Coord: W 220276- E 460288 Elev(m]): O Slst: Lambert Norte
HfIGM: BARRANCA 32451 Provincia: Puntarenas
Propietario:  Sisternas Periféricos Ayl Cantén: Esparza
Cédigo: 06-02-01 Distrito: Espiritu Santo
Equipo de Perforacidn
Maguinaria: 60 RL n®3 (antes GORLL) Método: Percusion
Perforador:  Pablo Mora Orden Costos:
inicho: O7/04/1988  Final: 25/05/1988 Duraddn: 48 dias
Vista del estado del pozo al momento de |a visita de
Datos de Perforacién Datos Prueba de Bombeo inspeccién a inicios del afio 2016.
Didmetro Longitud Fecha de prueba: 31/05/1388
(mm) {ﬁl Patencia bomba (hp): 0
Perforacidn 00 Profundidad bomba (m): 0
Tuberia 00 14.95 Nivel estitico (m]: 42
Rejilla 00 1708 Niwel dindmico {m): 12.86
Ademe 0 a Caudal prueba (|fs): a7
i Abatimiento [m): i
Matesial Acera Coef.almacenamiento: o
Tiempo Desarralla {h): 1 Transmisividad (m2/dia): 0
Desarralla: Caudal ree. (Ifs): [
Pistdn Tiempo bombea rec.(h): 0
Observaciones:
Este ido por el pozo en el afio 2016, poza 16-14.
Litologia Reportes de calidad de agua
0-7m Aluvbn grande con arcilla.
No. Prueba |Tipo de prueba No. Reporte Fecha recoleccién muestra |Observaciones
72T m Alivibn con arena miedia. I I I [ I
2732 m ‘Grava con arena.

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica
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Information for PW1

Pozo N° MI-16
Nombre: Procamar n°1

Instituto C de A y di
ATA)) UEN Administracion de Proyectos

Pag. 2

Localidad: Procamar

.@ r:u;;omc:: :::::ee :medmus y Alcantarillades Pozo N° MI-16 Pag. 1 Unidad Técnica de Perforaciones N° Pozo SENARA/MINAE:
! Nombre: Procamar n®1
Unidad Técnica de Perforaciones N* Pozo SENARA/MINAE: i
VALIDACION: Informy rach Luis Alanso Fallas M | Mudo sin frma y sello di
Armado Ublcacié
¢= 200 mm

Coord: N 220450- E 460300 Elevim): O Sist: Lambert Norte
HAGN: MIRAMAR 3246 Il Provincia: Puntarenas
Propletario: Sisternas Periféricos Aya Cantdn: Esparza
Codigo: 06-02-01 Distrito: Espiritu Santo
Equipo de Perforacién
Maguinaria: 60 RL n®4 {antes G0RLZ) Método: Percushtn
Perforador:  Pablo Mora Orden Costos:
Injelo: 02/02/1988  Final: 07/04/1988 Duracidn: B5 dias Estado del pozo Procaram n"1 durante la visita de
inspeccion a inicios del afio 2016.
Datos de Perforacidn Datos Prueba de Bombeo
Dismetro Longitud Fecha de prueba: 01/01/1900
{mm) (m Patencia bomba (hp): 0
Perforacidn 300 Profundidad bomba (mi: 185
Tuberia 200 i Nivel estitica {m}: 468
Rejilla 00 1 Nivel dindmico {mj: 10.13
Ademe 00 @ Caudal prueba (Is): 172
Abatimiento (m): i
Material Acero Coef.almacenamiento: i
Tiempo Dezarrallo (hj: a Transmisividad (m2/dia): o
Desarralla: Caudal rec. {Ifs): 0
Tiempo bombea rec.(h): 0
Observaciones:
Reportes de calidad de agua
Litologia
Observaciones
oam Suela arcillso, color café oscuro, plistico con 5% de f ]no.'m&n l‘l‘lpodepmeh No. Reporte Fecha recolecclén muestra

de composicidn basiltica de tamafio arena gruesa.
Aluvidin grueso, basaltos de textura afanitica porfiritica, con

3-10 m secchones bastante oxidadas, dichos fragmentos de silice amaorfo
(calcedonla), calcarenita. El material es grava de media a gruesa.
10-16 m Idem anterior.
Material het por

wilcanlcos de composicion basalto-andesitico con un didmetro

16-18 m aprox. De 5 a 10 mm. Tiene ademas ventillas de calcita y algunas
manchas de oxidacibn. Otros fragmentos son de silice amorfo
[calcedonia).

1833m De lgual litologla, pero con marcada reducclon de los granos

tendiendo a ser finos.
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Raw water quality analysis

INSTITUTO COSTARRICENSE DE ACUEDUCTOS Y ALCANTARILLADOS

h A‘A LABORATORIO NACIONAL DE AGUAS
—_— RESULTADOS DE ANALISIS FISICOQUIMICOS DEL AGUA CRUDA DEL SISTEMA

PC-A-17-BARRANCA - EL ROBLE- CHACARITA (2008-2019)

Para: Andrés Lazo Paez

De: Yuliana Solis Castro

FECHA DE MUESTREO ID LAB PUNTO DE MUESTREO PARAMETRO RESULTADO UNIDADES
22-May-08 | AYA-ID-02425-2008 | CRUDA Alcalinidad 41 mg/L
22-May-08 | AYA-ID-02425-2008 | CRUDA Color Aparente 400 UPt-Co
22-May-08 | AYA-ID-02425-2008 | CRUDA Color Verdadero 200 UPt-Co
22-May-08 | AYA-ID-02425-2008 | CRUDA Dureza Total 80 mg/L
22-May-08 | AYA-ID-02425-2008 | CRUDA Hierro (1-10 Fenantrolina) 0.41 mg/L
22-May-08 | AYA-ID-02425-2008 | CRUDA Olor Negativo
22-May-08 | AYA-ID-02425-2008 | CRUDA pH 7.6
22-May-08 | AYA-ID-02425-2008 | CRUDA Sulfatos (Cloruro de Bario) 41 mg/L
22-May-08 | AYA-ID-02425-2008 | CRUDA Turbiedad 239 UNT

16-Jul-08 | AYA-ID-03464-2008 | CRUDA Alcalinidad 52 mg/L
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Color Aparente 7.5 UPt-Co
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Color Verdadero 2.5 UPt-Co
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Dureza Total 60 mg/L
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Hierro (1-10 Fenantrolina) 0.09 mg/L
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Olor Negativo
16-Jul-08 | AYA-ID-03464-2008 | CRUDA pH 7.45
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Sulfatos (Cloruro de Bario) 13 mg/L
16-Jul-08 | AYA-ID-03464-2008 | CRUDA Turbiedad 2.87 UNT
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Alcalinidad 47 mg/L
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Color Aparente 150 UPt-Co
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Color Verdadero 50 UPt-Co
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Dureza Total 47 mg/L
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Hierro (1-10 Fenantrolina) 0.83 mg/L
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Olor Negativo
3-Oct-08 | AYA-ID-04911-2008 | CRUDA pH 6.8
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Sulfatos (Cloruro de Bario) 6 mg/L
3-Oct-08 | AYA-ID-04911-2008 | CRUDA Turbiedad 74.5 UNT
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Alcalinidad 41 mg/L
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Color Aparente 25 UPt-Co
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Color Verdadero 10 UPt-Co
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Dureza Total 56 mg/L
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Hierro (1-10 Fenantrolina) 0.3 mg/L
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Olor Negativo
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31-Oct-08 | AYA-ID-05377-2008 | CRUDA pH 7

31-Oct-08 | AYA-ID-05377-2008 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
31-Oct-08 | AYA-ID-05377-2008 | CRUDA Turbiedad 12.9 UNT
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Alcalinidad 23 mg/L
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Color Aparente 30 UPt-Co
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Color Verdadero 12.5 UPt-Co
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Dureza Total 27 mg/L
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Hierro (1-10 Fenantrolina) 0.09 mg/L
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Olor Negativo

27-Nov-08 | AYA-ID-06047-2008 | CRUDA pH 7.2

27-Nov-08 | AYA-ID-06047-2008 | CRUDA Sulfatos (Cloruro de Bario) 8 mg/L
27-Nov-08 | AYA-ID-06047-2008 | CRUDA Turbiedad 17.6 UNT
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Alcalinidad 48 mg/L
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Color Aparente 12.5 UPt-Co
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Color Verdadero 5 UPt-Co
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Dureza Total 52 mg/L
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.23 mg/L
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Olor Negativo

21-Jan-09 | AYA-ID-00412-2009 | CRUDA pH 7.5

21-Jan-09 | AYA-ID-00412-2009 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
21-Jan-09 | AYA-ID-00412-2009 | CRUDA Turbiedad 6.88 UNT
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Alcalinidad 59 mg/L
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Color Aparente 10 UPt-Co
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Color Verdadero 2.5 UPt-Co
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Dureza Total 63 mg/L
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.37 mg/L
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Olor Negativo

29-Apr-09 | AYA-ID-02418-2009 | CRUDA pH 7.75

29-Apr-09 | AYA-ID-02418-2009 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
29-Apr-09 | AYA-ID-02418-2009 | CRUDA Turbiedad 4.56 UNT
27-May-09 | AYA-ID-02947-2009 | CRUDA Alcalinidad 48 mg/L
27-May-09 | AYA-ID-02947-2009 | CRUDA Color Aparente 400 UPt-Co
27-May-09 | AYA-ID-02947-2009 | CRUDA Color Verdadero 70 UPt-Co
27-May-09 | AYA-ID-02947-2009 | CRUDA Dureza Total 67 mg/L
27-May-09 | AYA-ID-02947-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.23 mg/L
27-May-09 | AYA-ID-02947-2009 | CRUDA Olor Negativo
27-May-09 | AYA-ID-02947-2009 | CRUDA pH 7.25
27-May-09 | AYA-ID-02947-2009 | CRUDA Sulfatos (Cloruro de Bario) 25 mg/L
27-May-09 | AYA-ID-02947-2009 | CRUDA Turbiedad 149 UNT
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Alcalinidad 0 mg/L
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Color Aparente 150 UPt-Co
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Color Verdadero 12.5 UPt-Co
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Hierro (1-10 Fenantrolina) 1.2 mg/L
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Olor Negativo

24-Jun-09 | AYA-ID-03497-2009 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
24-Jun-09 | AYA-ID-03497-2009 | CRUDA Turbiedad 89.5 UNT
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30-Jul-09 | AYA-ID-04423-2009 | CRUDA Alcalinidad 49 mg/L
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Color Aparente 250 UPt-Co
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Color Verdadero 40 UPt-Co
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Dureza Total 68 mg/L
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.41 mg/L
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Olor Negativo
30-Jul-09 | AYA-ID-04423-2009 | CRUDA pH 7.55
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Sulfatos (Cloruro de Bario) 24 mg/L
30-Jul-09 | AYA-ID-04423-2009 | CRUDA Turbiedad 116 UNT
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Alcalinidad 43 mg/L
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Color Aparente 350 UPt-Co
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Color Verdadero 150 UPt-Co
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Dureza Total 62 mg/L
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.85 mg/L
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Olor Negativo
27-Aug-09 | AYA-ID-05007-2009 | CRUDA pH 6.95
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Sulfatos (Cloruro de Bario) 27 mg/L
27-Aug-09 | AYA-ID-05007-2009 | CRUDA Turbiedad 132 UNT
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Alcalinidad 53 mg/L
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Color Aparente 12.5 UPt-Co
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Color Verdadero 7.5 UPt-Co
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Dureza Total 62 mg/L
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Hierro (1-10 Fenantrolina) 0.23 mg/L
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Olor Negativo
1-Oct-09 | AYA-ID-05974-2009 | CRUDA pH 6.95
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Sulfatos (Cloruro de Bario) 15 mg/L
1-Oct-09 | AYA-ID-05974-2009 | CRUDA Turbiedad 7.52 UNT
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Alcalinidad 38 mg/L
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Aluminio (Cianina de Eriocromo) 0.08 mg/L
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Color Aparente 500 UPt-Co
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Color Verdadero 300 UPt-Co
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Dureza Total 54 mg/L
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Hierro (1-10 Fenantrolina) 1 mg/L
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Olor Negativo
5-Nov-09 | AYA-ID-06660-2009 | CRUDA pH 7.05
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
5-Nov-09 | AYA-ID-06660-2009 | CRUDA Turbiedad 272 UNT
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Alcalinidad 44 mg/L
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Aluminio (Cianina de Eriocromo) 0.1 mg/L
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Color Aparente 20 UPt-Co
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Color Verdadero 7.5 UPt-Co
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Dureza Total 58 mg/L
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.28 mg/L
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Olor Negativo
28-Jan-10 | AYA-ID-00527-2010 | CRUDA pH 7.4
28-Jan-10 | AYA-ID-00527-2010 | CRUDA Sulfatos (Cloruro de Bario) 23 mg/L
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28-Jan-10 | AYA-ID-00527-2010 | CRUDA Turbiedad 13.2 UNT
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Alcalinidad 41 mg/L
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Aluminio (Cianina de Eriocromo) ND mg/L
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Color Aparente 25 UPt-Co
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Color Verdadero 7.5 UPt-Co
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Dureza Total 60 mg/L
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.18 mg/L
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Olor Negativo

25-Feb-10 | AYA-ID-01174-2010 | CRUDA pH 7.6

25-Feb-10 | AYA-ID-01174-2010 | CRUDA Sulfatos (Cloruro de Bario) 21 mg/L
25-Feb-10 | AYA-ID-01174-2010 | CRUDA Turbiedad 16.8 UNT
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Alcalinidad 34 mg/L
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Color Aparente 12.5 UPt-Co
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Color Verdadero 5 UPt-Co
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Dureza Total 52 mg/L
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.18 mg/L
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Olor Negativo

25-Mar-10 | AYA-ID-01905-2010 | CRUDA pH 7.65

25-Mar-10 | AYA-ID-01905-2010 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
25-Mar-10 | AYA-ID-01905-2010 | CRUDA Turbiedad 8.43 UNT
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Alcalinidad 45 mg/L
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Color Aparente 100 UPt-Co
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Color Verdadero 50 UPt-Co
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Dureza Total 70 mg/L
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.3 mg/L
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Olor Negativo

29-Apr-10 | AYA-ID-02453-2010 | CRUDA pH 7.5

29-Apr-10 | AYA-ID-02453-2010 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
29-Apr-10 | AYA-ID-02453-2010 | CRUDA Turbiedad 59.5 UNT
24-May-10 | AYA-ID-03044-2010 | CRUDA Alcalinidad 25 mg/L
24-May-10 | AYA-ID-03044-2010 | CRUDA Color Aparente 400 UPt-Co
24-May-10 | AYA-ID-03044-2010 | CRUDA Color Verdadero 200 UPt-Co
24-May-10 | AYA-ID-03044-2010 | CRUDA Dureza Total 52 mg/L
24-May-10 | AYA-ID-03044-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.25 mg/L
24-May-10 | AYA-ID-03044-2010 | CRUDA Olor Negativo
24-May-10 | AYA-ID-03044-2010 | CRUDA pH 7
24-May-10 | AYA-ID-03044-2010 | CRUDA Sulfatos (Cloruro de Bario) 28 mg/L
24-May-10 | AYA-ID-03044-2010 | CRUDA Turbiedad 290 UNT
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Alcalinidad 47 mg/L
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Aluminio (Cianina de Eriocromo) 0.24 mg/L
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Color Aparente 100 UPt-Co
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Color Verdadero 50 UPt-Co
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Dureza Total 48 mg/L
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.6 mg/L
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Olor Negativo

21-Jun-10 | AYA-ID-03616-2010 | CRUDA pH 7.25
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21-Jun-10 | AYA-ID-03616-2010 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
21-Jun-10 | AYA-ID-03616-2010 | CRUDA Turbiedad 49 UNT
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Alcalinidad 51 mg/L
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Aluminio (Cianina de Eriocromo) 0.17 mg/L
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Color Aparente 150 UPt-Co
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Color Verdadero 60 UPt-Co
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Dureza Total 50 mg/L
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.36 mg/L
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Olor Negativo
26-Jul-10 | AYA-ID-04498-2010 | CRUDA pH 7.3
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
26-Jul-10 | AYA-ID-04498-2010 | CRUDA Turbiedad 57.8 UNT
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Alcalinidad 40 mg/L
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Aluminio (Cianina de Eriocromo) ND mg/L
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Color Aparente 35 UPt-Co
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Color Verdadero 20 UPt-Co
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Dureza Total 42 mg/L
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.25 mg/L
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Olor Negativo
23-Aug-10 | AYA-ID-05237-2010 | CRUDA pH 7.1
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
23-Aug-10 | AYA-ID-05237-2010 | CRUDA Turbiedad 24.4 UNT
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Alcalinidad 38 mg/L
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Aluminio (Cianina de Eriocromo) 0.12 mg/L
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Color Aparente 600 UPt-Co
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Color Verdadero 300 UPt-Co
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Dureza Total 32 mg/L
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.46 mg/L
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Olor Negativo
27-Sep-10 | AYA-ID-06200-2010 | CRUDA pH 7.15
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Sulfatos (Cloruro de Bario) 2 mg/L
27-Sep-10 | AYA-ID-06200-2010 | CRUDA Turbiedad 260 UNT
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Alcalinidad 44 mg/L
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Color Aparente 40 UPt-Co
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Color Verdadero 17.5 UPt-Co
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Dureza Total 49 mg/L
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.24 mg/L
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Olor Negativo
25-Oct-10 | AYA-ID-06751-2010 | CRUDA pH 7.4
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
25-Oct-10 | AYA-ID-06751-2010 | CRUDA Turbiedad 20.5 UNT
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Alcalinidad 51 mg/L
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Color Aparente 12.5 UPt-Co
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Color Verdadero 5 UPt-Co
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22-Nov-10 | AYA-ID-07618-2010 | CRUDA Dureza Total 56 mg/L
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.16 mg/L
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Olor Negativo

22-Nov-10 | AYA-ID-07618-2010 | CRUDA pH 7.35

22-Nov-10 | AYA-ID-07618-2010 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
22-Nov-10 | AYA-ID-07618-2010 | CRUDA Turbiedad 5.74 UNT
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Alcalinidad 46 mg/L
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Color Aparente 12.5 UPt-Co
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Color Verdadero 7.5 UPt-Co
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Dureza Total 50 mg/L
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Hierro (1-10 Fenantrolina) 0.18 mg/L
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Olor Negativo

15-Dec-10 | AYA-ID-08263-2010 | CRUDA ph 7.2

15-Dec-10 | AYA-ID-08263-2010 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
15-Dec-10 | AYA-ID-08263-2010 | CRUDA Turbiedad 5.8 UNT
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Alcalinidad 46 mg/L
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Color Aparente 5 UPt-Co
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Color Verdadero 2.5 UPt-Co
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Dureza Total 48 mg/L
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Hierro (1-10 Fenantrolina) N.D. mg/L
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Olor Negativo

24-Jan-11 | AYA-ID-00548-2011 | CRUDA pH 7.65

24-Jan-11 | AYA-ID-00548-2011 | CRUDA Sulfatos (Cloruro de Bario) 13 mg/L
24-Jan-11 | AYA-ID-00548-2011 | CRUDA Turbiedad 2.59 UNT
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Alcalinidad 50 mg/L
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Color Aparente 5 UPt-Co
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Color Verdadero 3 UPt-Co
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Dureza Total 52 mg/L
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Olor Negativo

22-Feb-11 | AYA-ID-01302-2011 | CRUDA pH 7.5

22-Feb-11 | AYA-ID-01302-2011 | CRUDA Sulfatos (Cloruro de Bario) 15 mg/L
22-Feb-11 | AYA-ID-01302-2011 | CRUDA Turbiedad 3.05 UNT
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Alcalinidad 56 mg/L
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Color Aparente 3 UPt-Co
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Color Verdadero 1 UPt-Co
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Dureza Total 66 mg/L
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.13 mg/L
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Olor Negativo
31-Mar-11 | AYA-ID-02306-2011 | CRUDA pH 7.5
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
31-Mar-11 | AYA-ID-02306-2011 | CRUDA Turbiedad 1.85 UNT
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Alcalinidad 58 mg/L
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
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26-Apr-11 | AYA-ID-02808-2011 | CRUDA Color Aparente 13 UPt-Co
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Color Verdadero 5 UPt-Co
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Dureza Total 63 mg/L
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.14 mg/L
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Olor Negativo
26-Apr-11 | AYA-ID-02808-2011 | CRUDA pH 8.05
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Sulfatos (Cloruro de Bario) 26 mg/L
26-Apr-11 | AYA-ID-02808-2011 | CRUDA Turbiedad 7.3 UNT
23-May-11 | AYA-ID-03372-2011 | CRUDA Alcalinidad 49 mg/L
23-May-11 | AYA-ID-03372-2011 | CRUDA Aluminio (Cianina de Eriocromo) 0.14 mg/L
23-May-11 | AYA-ID-03372-2011 | CRUDA Color Aparente 300 UPt-Co
23-May-11 | AYA-ID-03372-2011 | CRUDA Color Verdadero 125 UPt-Co
23-May-11 | AYA-ID-03372-2011 | CRUDA Dureza Total 60 mg/L
23-May-11 | AYA-ID-03372-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.48 mg/L
23-May-11 | AYA-ID-03372-2011 | CRUDA Olor Negativo
23-May-11 | AYA-ID-03372-2011 | CRUDA pH 7.4
23-May-11 | AYA-ID-03372-2011 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
23-May-11 | AYA-ID-03372-2011 | CRUDA Turbiedad 166 UNT
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Alcalinidad 50 mg/L
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Color Aparente 15 UPt-Co
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Color Verdadero 8 UPt-Co
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Dureza Total 60 mg/L
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.15 mg/L
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Olor Negativo
27-Jun-11 | AYA-ID-04400-2011 | CRUDA pH 7.75
27-Jun-11 | AYA-ID-04400-2011 | CRUDA sulfatos 19 mg/L
27-Jun-11 | AYA-ID-04400-2011 | CRUDA Turbiedad 8.87 UNT
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Alcalinidad 41 mg/L
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Color Aparente 30 UPt-Co
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Color Verdadero 15 UPt-Co
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Dureza Total 58 mg/L
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.18 mg/L
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Olor Negativo
26-Jul-11 | AYA-ID-05038-2011 | CRUDA pH 7.1
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Sulfatos (Cloruro de Bario) 25 mg/L
26-Jul-11 | AYA-ID-05038-2011 | CRUDA Turbiedad 16 UNT
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Alcalinidad 44 mg/L
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Aluminio (Cianina de Eriocromo) 0.14 mg/L
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Color Aparente 200 UPt-Co
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Color Verdadero 100 UPt-Co
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Dureza Total 45 mg/L
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.5 mg/L
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Olor Negativo
29-Aug-11 | AYA-ID-05781-2011 | CRUDA pH 7.42

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica

55



29-Aug-11 | AYA-ID-05781-2011 | CRUDA Sulfatos (Cloruro de Bario) 8 mg/L
29-Aug-11 | AYA-ID-05781-2011 | CRUDA Turbiedad 62.6 UNT
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Alcalinidad 49 mg/L
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Aluminio (Cianina de Eriocromo) 0.13 mg/L
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Color Aparente 250 UPt-Co
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Dureza Total 49 mg/L
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Olor Negativo
26-Sep-11 | AYA-ID-06444-2011 | CRUDA pH 7.34
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
26-Sep-11 | AYA-ID-06444-2011 | CRUDA Turbiedad 98.5 UNT
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Alcalinidad 43 mg/L
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Aluminio (Cianina de Eriocromo) 0.13 mg/L
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Color Aparente 70 UPt-Co
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Dureza Total 45 mg/L
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.24 mg/L
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Olor Negativo
23-Oct-11 | AYA-ID-07219-2011 | CRUDA pH 7.65
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
23-Oct-11 | AYA-ID-07219-2011 | CRUDA Turbiedad 36.5 UNT
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Alcalinidad 44 mg/L
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Color Aparente 25 UPt-Co
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Dureza Total 43 mg/L
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.19 mg/L
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Olor negativo
21-Nov-11 | AYA-ID-07790-2011 | CRUDA pH 7.55
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Sulfatos (Cloruro de Bario) 6 mg/L
21-Nov-11 | AYA-ID-07790-2011 | CRUDA Turbiedad 15.1 UNT
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Alcalinidad 36 mg/L
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Color Aparente 42 UPt-Co
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Dureza Total 41 mg/L
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Hierro (1-10 Fenantrolina) 0.12 mg/L
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Olor Negativo
11-Dec-11 | AYA-ID-08260-2011 | CRUDA pH 7.3
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
11-Dec-11 | AYA-ID-08260-2011 | CRUDA Turbiedad 5.44 UNT
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Alcalinidad 53 mg/L
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Color Aparente 21 UPt-Co
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Dureza Total 54 mg/L
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Hierro (1-10 Fenantrolina) N.D. mg/L
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Olor Negativo
1-Feb-12 | AYA-ID-00649-2012 | CRUDA pH 7.54
1-Feb-12 | AYA-ID-00649-2012 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
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29-Feb-12 | AYA-ID-01296-2012 | CRUDA Alcalinidad 57 mg/L
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Dureza Total 60 mg/L
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Hierro (1-10 Fenantrolina) N.D. mg/L
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Olor Negativo
29-Feb-12 | AYA-ID-01296-2012 | CRUDA pH 7.26
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
29-Feb-12 | AYA-ID-01296-2012 | CRUDA Turbiedad 1.89 UNT
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Alcalinidad 59 mg/L
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Aluminio (Cianina de Eriocromo) N.D. mg/L
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Dureza Total 71 mg/L
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Hierro (1-10 Fenantrolina) 0.17 mg/L
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Olor Negativo
11-Apr-12 | AYA-ID-02350-2012 | CRUDA pH 8.02
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Sulfatos (Cloruro de Bario) 20 mg/L
11-Apr-12 | AYA-ID-02350-2012 | CRUDA Turbiedad 4.76 UNT
22-May-12 | AYA-ID-03380-2012 | CRUDA Alcalinidad 54 mg/L
22-May-12 | AYA-ID-03380-2012 | CRUDA Dureza Total 62 mg/L
22-May-12 | AYA-ID-03380-2012 | CRUDA Olor Negativo
22-May-12 | AYA-ID-03380-2012 | CRUDA pH 7.9
22-May-12 | AYA-ID-03380-2012 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
22-May-12 | AYA-ID-03380-2012 | CRUDA Turbiedad 19.6 UNT
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Alcalinidad 50 mg/L
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Dureza Total 56 mg/L
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Hierro (1-10 Fenantrolina) 1 mg/L
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Olor negativo
25-Jun-12 | AYA-ID-04326-2012 | CRUDA pH 7.94
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Sulfatos (Cloruro de Bario) 16 mg/L
25-Jun-12 | AYA-ID-04326-2012 | CRUDA Turbiedad 28.4 UNT
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Alcalinidad 39 mg/L
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Dureza Total 48 mg/L
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Hierro (1-10 Fenantrolina) 0.5 mg/L
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Olor Negativo
30-Jul-12 | AYA-ID-05193-2012 | CRUDA pH 7.79
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Sulfatos (Cloruro de Bario) 16 mg/L
30-Jul-12 | AYA-ID-05193-2012 | CRUDA Turbiedad 30.9 UNT
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Alcalinidad 43 mg/L
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Dureza Total 46 mg/L
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Hierro (1-10 Fenantrolina) 1.8 mg/L
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Olor Negativo
26-Aug-12 | AYA-ID-05824-2012 | CRUDA pH 7.65
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
26-Aug-12 | AYA-ID-05824-2012 | CRUDA Turbiedad 68.4 UNT
25-Sep-12 | AYA-ID-06750-2012 | CRUDA Alcalinidad 58 mg/L
25-Sep-12 | AYA-ID-06750-2012 | CRUDA Dureza Total 60 mg/L
25-Sep-12 | AYA-ID-06750-2012 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
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25-Sep-12 | AYA-ID-06750-2012 | CRUDA Olor Negativo

25-Sep-12 | AYA-ID-06750-2012 | CRUDA pH 8

25-Sep-12 | AYA-ID-06750-2012 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
25-Sep-12 | AYA-ID-06750-2012 | CRUDA Turbiedad 26.5 UNT
21-Oct-12 | AYA-ID-07359-2012 | CRUDA Alcalinidad 50 mg/L
21-Oct-12 | AYA-ID-07359-2012 | CRUDA Dureza Total 55 mg/L
21-Oct-12 | AYA-ID-07359-2012 | CRUDA Hierro (1-10 Fenantrolina) 4 mg/L
21-Oct-12 | AYA-ID-07359-2012 | CRUDA Olor Negativo

21-Oct-12 | AYA-ID-07359-2012 | CRUDA pH 7.9

21-Oct-12 | AYA-ID-07359-2012 | CRUDA Sulfatos (Cloruro de Bario) 1 mg/L
21-Oct-12 | AYA-ID-07359-2012 | CRUDA Turbiedad 1062 UNT
20-Nov-12 | AYA-ID-08251-2012 | CRUDA Alcalinidad 46 mg/L
20-Nov-12 | AYA-ID-08251-2012 | CRUDA Dureza Total 50 mg/L
20-Nov-12 | AYA-ID-08251-2012 | CRUDA Hierro (1-10 Fenantrolina) 0.22 mg/L
20-Nov-12 | AYA-ID-08251-2012 | CRUDA Olor Negativo

20-Nov-12 | AYA-ID-08251-2012 | CRUDA pH 7.6

20-Nov-12 | AYA-ID-08251-2012 | CRUDA Sulfatos (Cloruro de Bario) 13 mg/L
20-Nov-12 | AYA-ID-08251-2012 | CRUDA Turbiedad 6.89 UNT
31-Jan-13 | AYA-ID-00571-2013 | CRUDA Alcalinidad 60 mg/L
31-Jan-13 | AYA-ID-00571-2013 | CRUDA Dureza Total 65 mg/L
31-Jan-13 | AYA-ID-00571-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.16 mg/L
31-Jan-13 | AYA-ID-00571-2013 | CRUDA Olor Negativo

31-Jan-13 | AYA-ID-00571-2013 | CRUDA pH 7.71

31-Jan-13 | AYA-ID-00571-2013 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
31-Jan-13 | AYA-ID-00571-2013 | CRUDA Turbiedad 2.31 UNT
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Alcalinidad 66 mg/L
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 430 NMP/100 mL
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Dureza Total 69 mg/L
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.24 mg/L
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Olor Negativo

28-Feb-13 | AYA-ID-01405-2013 | CRUDA pH 7.64

28-Feb-13 | AYA-ID-01405-2013 | CRUDA Sulfatos (Cloruro de Bario) 21 mg/L
28-Feb-13 | AYA-ID-01405-2013 | CRUDA Turbiedad 3.28 UNT
24-Apr-13 | AYA-ID-02935-2013 | CRUDA Alcalinidad 64 mg/L
24-Apr-13 | AYA-ID-02935-2013 | CRUDA Dureza Total 69 mg/L
24-Apr-13 | AYA-ID-02935-2013 | CRUDA Hierro (1-10 Fenantrolina) N.D. mg/L
24-Apr-13 | AYA-ID-02935-2013 | CRUDA Olor Negativo

24-Apr-13 | AYA-ID-02935-2013 | CRUDA pH 7.63

24-Apr-13 | AYA-ID-02935-2013 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
24-Apr-13 | AYA-ID-02935-2013 | CRUDA Turbiedad 4.57 UNT
30-May-13 | AYA-ID-03903-2013 | CRUDA Alcalinidad 36 mg/L
30-May-13 | AYA-ID-03903-2013 | CRUDA Dureza Total 57 mg/L
30-May-13 | AYA-ID-03903-2013 | CRUDA Hierro (1-10 Fenantrolina) 3 mg/L
30-May-13 | AYA-ID-03903-2013 | CRUDA Olor Negativo
30-May-13 | AYA-ID-03903-2013 | CRUDA pH 7.05
30-May-13 | AYA-ID-03903-2013 | CRUDA Sulfatos (Cloruro de Bario) 31 mg/L
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30-May-13 | AYA-ID-03903-2013 | CRUDA Turbiedad 173 UNT
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Alcalinidad 45 mg/L
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Dureza Total 53 mg/L
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Olor Negativo
24-Jun-13 | AYA-ID-04812-2013 | CRUDA pH 7.2
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Sulfatos (Cloruro de Bario) 21 mg/L
24-Jun-13 | AYA-ID-04812-2013 | CRUDA Turbiedad 13.2 UNT
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Alcalinidad 49 mg/L
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Dureza Total 53 mg/L
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.3 mg/L
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Olor Negativo
24-Jul-13 | AYA-ID-05755-2013 | CRUDA pH 7.51
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
24-Jul-13 | AYA-ID-05755-2013 | CRUDA Turbiedad 10.8 UNT
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Alcalinidad 45 mg/L
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Dureza Total 52 mg/L
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Hierro (1-10 Fenantrolina) 8 mg/L
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Olor Negativo
14-Aug-13 | AYA-ID-06144-2013 | CRUDA pH 7.29
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Sulfatos (Cloruro de Bario) 11 mg/L
14-Aug-13 | AYA-ID-06144-2013 | CRUDA Turbiedad 194 UNT
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Alcalinidad 50 mg/L
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Dureza Total 59 mg/L
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Olor Negativo
26-Sep-13 | AYA-ID-07475-2013 | CRUDA pH 7.4
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
26-Sep-13 | AYA-ID-07475-2013 | CRUDA Turbiedad 24.4 UNT
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Alcalinidad 38 mg/L
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Dureza Total 45 mg/L
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Hierro (1-10 Fenantrolina) 6 mg/L
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Olor Negativo
3-Oct-13 | AYA-ID-07682-2013 | CRUDA pH 7.2
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
3-Oct-13 | AYA-ID-07682-2013 | CRUDA Turbiedad 400 UNT
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Alcalinidad 58 mg/L
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Dureza Total 57 mg/L
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.76 mg/L
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Olor Negativo
28-Nov-13 | AYA-ID-09101-2013 | CRUDA pH 7.3
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
28-Nov-13 | AYA-ID-09101-2013 | CRUDA Turbiedad 14.8 UNT
10-Dec-13 | AYA-ID-09552-2013 | CRUDA Alcalinidad 60 mg/L
10-Dec-13 | AYA-ID-09552-2013 | CRUDA Dureza Total 59 mg/L
10-Dec-13 | AYA-ID-09552-2013 | CRUDA Hierro (1-10 Fenantrolina) 0.6 mg/L
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10-Dec-13 | AYA-ID-09552-2013 | CRUDA Olor negativo
10-Dec-13 | AYA-ID-09552-2013 | CRUDA pH 7.25
10-Dec-13 | AYA-ID-09552-2013 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
10-Dec-13 | AYA-ID-09552-2013 | CRUDA Turbiedad 15.4 UNT
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Alcalinidad 59 mg/L
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Dureza Total 57 mg/L
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.14 mg/L
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Olor Negativo
29-Jan-14 | AYA-ID-00474-2014 | CRUDA pH 8.06
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Sulfatos (Cloruro de Bario) 15 mg/L
29-Jan-14 | AYA-ID-00474-2014 | CRUDA Turbiedad 1.96 UNT
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Alcalinidad 67 mg/L
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Dureza Total 71 mg/L
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.12 mg/L
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Olor Negativo
27-Feb-14 | AYA-ID-01369-2014 | CRUDA pH 8.12
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Sulfatos (Cloruro de Bario) 16 mg/L
27-Feb-14 | AYA-ID-01369-2014 | CRUDA Turbiedad 2.71 UNT
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Alcalinidad 70 mg/L
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Dureza Total 83 mg/L
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.14 mg/L
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Olor Negativo
12-Mar-14 | AYA-ID-01791-2014 | CRUDA pH 7.93
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Sulfatos (Cloruro de Bario) 27 mg/L
12-Mar-14 | AYA-ID-01791-2014 | CRUDA Turbiedad 4.01 UNT
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Alcalinidad 69 mg/L
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Dureza Total 75 mg/L
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.3 mg/L
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Olor Negativo
24-Apr-14 | AYA-ID-03069-2014 | CRUDA pH 7.97
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
24-Apr-14 | AYA-ID-03069-2014 | CRUDA Turbiedad 3.83 UNT
28-May-14 | AYA-ID-03896-2014 | CRUDA Alcalinidad 83 mg/L
28-May-14 | AYA-ID-03896-2014 | CRUDA Dureza Total 71 mg/L
28-May-14 | AYA-ID-03896-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.6 mg/L
28-May-14 | AYA-ID-03896-2014 | CRUDA Olor Negativo
28-May-14 | AYA-ID-03896-2014 | CRUDA pH 7.66
28-May-14 | AYA-ID-03896-2014 | CRUDA Sulfatos (Cloruro de Bario) 22 mg/L
28-May-14 | AYA-ID-03896-2014 | CRUDA Turbiedad 44.1 UNT
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Alcalinidad 56 mg/L
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Dureza Total 60 mg/L
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.48 mg/L
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Olor Negativo
26-Jun-14 | AYA-ID-04812-2014 | CRUDA pH 7.3
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Sulfatos (Cloruro de Bario) 11 mg/L
26-Jun-14 | AYA-ID-04812-2014 | CRUDA Turbiedad 5.66 UNT
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24-Jul-14 | AYA-ID-05553-2014 | CRUDA Alcalinidad 43 mg/L
24-Jul-14 | AYA-ID-05553-2014 | CRUDA Dureza Total 47 mg/L
24-Jul-14 | AYA-ID-05553-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.75 mg/L
24-Jul-14 | AYA-ID-05553-2014 | CRUDA Olor Negativo
24-Jul-14 | AYA-ID-05553-2014 | CRUDA pH 7.19
24-Jul-14 | AYA-ID-05553-2014 | CRUDA Sulfatos (Cloruro de Bario) 8 mg/L
24-Jul-14 | AYA-ID-05553-2014 | CRUDA Turbiedad 8.02 UNT
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Alcalinidad 59 mg/L
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Color Aparente Alto 273 UPt-Co
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Dureza Total 58 mg/L
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Hierro (1-10 Fenantrolina) 1 mg/L
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Olor Negativo
27-Aug-14 | AYA-ID-06349-2014 | CRUDA pH 7.38
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Sulfatos (Cloruro de Bario) 11 mg/L
27-Aug-14 | AYA-ID-06349-2014 | CRUDA Turbiedad 31.1 UNT
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Alcalinidad 57 mg/L
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Color Aparente Alto 1150 UPt-Co
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Dureza Total 58 mg/L
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Olor Negativo
9-Sep-14 | AYA-ID-06797-2014 | CRUDA pH 7.74
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Sulfatos (Cloruro de Bario) 13 mg/L
9-Sep-14 | AYA-ID-06797-2014 | CRUDA Turbiedad 125 UNT
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Alcalinidad 50 mg/L
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Color Aparente Alto 300 UPt-Co
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Dureza Total 52 mg/L
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Hierro (1-10 Fenantrolina) 1.2 mg/L
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Olor Negativo
20-Oct-14 | AYA-ID-08162-2014 | CRUDA pH 7.2
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
20-Oct-14 | AYA-ID-08162-2014 | CRUDA Turbiedad 26.2 UNT
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Alcalinidad 58 mg/L
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Color Aparente Bajo 22 UPt-Co
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Dureza Total 57 mg/L
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Hierro (1-10 Fenantrolina) N.D. mg/L
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Olor Negativo
20-Jan-15 | AYA-ID-00286-2015 | CRUDA pH 7.7
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Sulfatos (Cloruro de Bario) 19 mg/L
20-Jan-15 | AYA-ID-00286-2015 | CRUDA Turbiedad 2 UNT
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Alcalinidad 41 mg/L
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Color Aparente Bajo 21 UPt-Co
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Dureza Total 43 mg/L
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.2 mg/L
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Olor Negativo
25-Feb-15 | AYA-ID-01242-2015 | CRUDA pH 7.88
25-Feb-15 | AYA-ID-01242-2015 | CRUDA Sulfatos (Cloruro de Bario) 13 mg/L
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25-Feb-15 | AYA-ID-01242-2015 | CRUDA Turbiedad 1.97 UNT
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Alcalinidad 42 mg/L
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Color Aparente Bajo 19 UPt-Co
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Dureza Total 43 mg/L
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.12 mg/L
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Olor Negativo
26-Mar-15 | AYA-ID-02357-2015 | CRUDA pH 7.57
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Sulfatos (Cloruro de Bario) 11 mg/L
26-Mar-15 | AYA-ID-02357-2015 | CRUDA Turbiedad 2.04 UNT
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Alcalinidad 60 mg/L
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Color Aparente Bajo 18 UPt-Co
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Dureza Total 67 mg/L
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.26 mg/L
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Olor Negativo
13-Apr-15 | AYA-ID-02720-2015 | CRUDA pH 7.98
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Sulfatos (Cloruro de Bario) 20 mg/L
13-Apr-15 | AYA-ID-02720-2015 | CRUDA Turbiedad 2.49 UNT
28-May-15 | AYA-ID-04008-2015 | CRUDA Alcalinidad 45 mg/L
28-May-15 | AYA-ID-04008-2015 | CRUDA Color Aparente Bajo 38 UPt-Co
28-May-15 | AYA-ID-04008-2015 | CRUDA Dureza Total 53 mg/L
28-May-15 | AYA-ID-04008-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.4 mg/L
28-May-15 | AYA-ID-04008-2015 | CRUDA Olor Negativo
28-May-15 | AYA-ID-04008-2015 | CRUDA pH 7.45
28-May-15 | AYA-ID-04008-2015 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
28-May-15 | AYA-ID-04008-2015 | CRUDA Turbiedad 5.99 UNT
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Alcalinidad 39 mg/L
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Color Aparente Bajo 36 UPt-Co
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Dureza Total 45 mg/L
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.24 mg/L
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Olor Negativo
25-Jun-15 | AYA-ID-05045-2015 | CRUDA pH 7.47
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
25-Jun-15 | AYA-ID-05045-2015 | CRUDA Turbiedad 4.08 UNT
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Alcalinidad 41 mg/L
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Color Aparente Bajo 50 UPt-Co
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Dureza Total 46 mg/L
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.2 mg/L
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Olor Negativo
17-Jul-15 | AYA-ID-05610-2015 | CRUDA pH 7.41
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
17-Jul-15 | AYA-ID-05610-2015 | CRUDA Turbiedad 5.37 UNT
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Alcalinidad 35 mg/L
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Color Aparente Alto 172 UPt-Co
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Dureza Total 42 mg/L
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.96 mg/L
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Olor Negativo
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25-Aug-15 | AYA-ID-06434-2015 | CRUDA pH 8

25-Aug-15 | AYA-ID-06434-2015 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
25-Aug-15 | AYA-ID-06434-2015 | CRUDA Turbiedad 23 UNT
30-Sep-15 | AYA-ID-08972-2015 | CRUDA Alcalinidad 44 mg/L
30-Sep-15 | AYA-ID-08972-2015 | CRUDA Color Aparente Alto 600 UPt-Co
30-Sep-15 | AYA-ID-08972-2015 | CRUDA Dureza Total 56 mg/L
30-Sep-15 | AYA-ID-08972-2015 | CRUDA Hierro (1-10 Fenantrolina) 1.7 mg/L
30-Sep-15 | AYA-ID-08972-2015 | CRUDA pH 7.97

30-Sep-15 | AYA-ID-08972-2015 | CRUDA Sulfatos (Cloruro de Bario) 9 mg/L
30-Sep-15 | AYA-ID-08972-2015 | CRUDA Turbiedad 65.7 UNT
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Alcalinidad 40 mg/L
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Coliformes fecales Serie 3 tubos 10 mLa 0,1 mL 2400 NMP/100 mL
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Color Aparente Alto 472 UPt-Co
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Dureza Total 50 mg/L
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Hierro (1-10 Fenantrolina) 2 mg/L
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Olor Negativo

16-Oct-15 | AYA-ID-09709-2015 | CRUDA pH 6.73

16-Oct-15 | AYA-ID-09709-2015 | CRUDA Sulfatos (Cloruro de Bario) 16 mg/L
16-Oct-15 | AYA-ID-09709-2015 | CRUDA Turbiedad 58.8 UNT
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Alcalinidad 54 mg/L
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Color Aparente Alto 65 UPt-Co
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Dureza Total 62 mg/L
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Hierro (1-10 Fenantrolina) 0.12 mg/L
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Olor Negativo

27-Nov-15 | AYA-ID-11618-2015 | CRUDA pH 7.61

27-Nov-15 | AYA-ID-11618-2015 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
27-Nov-15 | AYA-ID-11618-2015 | CRUDA Turbiedad 8.09 UNT
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Alcalinidad 58 mg/L
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Color Aparente Bajo 27 UPt-Co
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Dureza Total 58 mg/L
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.08 mg/L
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Olor Negativo

29-Jan-16 | AYA-ID-00635-2016 | CRUDA pH 8.05

29-Jan-16 | AYA-ID-00635-2016 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
29-Jan-16 | AYA-ID-00635-2016 | CRUDA Turbiedad 2.3 UNT
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Alcalinidad 52 mg/L
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Color Aparente Bajo 43 UPt-Co
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Dureza Total 57 mg/L
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.32 mg/L
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Olor Negativo

12-Feb-16 | AYA-ID-01067-2016 | CRUDA pH 8.4

12-Feb-16 | AYA-ID-01067-2016 | CRUDA Sulfatos (Cloruro de Bario) 8 mg/L
12-Feb-16 | AYA-ID-01067-2016 | CRUDA Turbiedad 5.12 UNT
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Alcalinidad 58 mg/L
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Color Aparente Bajo 20 UPt-Co
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Dureza Total 67 mg/L
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31-Mar-16 | AYA-ID-02899-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.28 mg/L
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Olor Negativo
31-Mar-16 | AYA-ID-02899-2016 | CRUDA pH 8.21
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Sulfatos (Cloruro de Bario) 17 mg/L
31-Mar-16 | AYA-ID-02899-2016 | CRUDA Turbiedad 3.64 UNT
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Alcalinidad 46 mg/L
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Color Aparente Alto 279 UPt-Co
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Dureza Total 48 mg/L
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.5 mg/L
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Olor Negativo
28-Apr-16 | AYA-ID-03891-2016 | CRUDA pH 6.98
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Sulfatos (Cloruro de Bario) 16 mg/L
28-Apr-16 | AYA-ID-03891-2016 | CRUDA Turbiedad 29.8 UNT
8-May-16 | AYA-ID-04149-2016 | CRUDA Alcalinidad 51 mg/L
8-May-16 | AYA-ID-04149-2016 | CRUDA Color Aparente Alto 81 UPt-Co
8-May-16 | AYA-ID-04149-2016 | CRUDA Dureza Total 63 mg/L
8-May-16 | AYA-ID-04149-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.8 mg/L
8-May-16 | AYA-ID-04149-2016 | CRUDA Olor Negativo
8-May-16 | AYA-ID-04149-2016 | CRUDA pH 8.63
8-May-16 | AYA-ID-04149-2016 | CRUDA Sulfatos (Cloruro de Bario) 18 mg/L
8-May-16 | AYA-ID-04149-2016 | CRUDA Turbiedad 8.93 UNT
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Alcalinidad 55 mg/L
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Color Aparente Bajo 39 UPt-Co
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Dureza Total 60 mg/L
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.18 mg/L
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Olor Negativo
28-Jun-16 | AYA-ID-06402-2016 | CRUDA pH 8.17
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Sulfatos (Cloruro de Bario) 15 mg/L
28-Jun-16 | AYA-ID-06402-2016 | CRUDA Turbiedad 3.66 UNT
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Alcalinidad 48 mg/L
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Color Aparente Alto 163 UPt-Co
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Dureza Total 56 mg/L
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.36 mg/L
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Olor Negativo
25-Jul-16 | AYA-ID-07265-2016 | CRUDA pH 8.07
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Sulfatos (Cloruro de Bario) 6 mg/L
25-Jul-16 | AYA-ID-07265-2016 | CRUDA Turbiedad 22.3 UNT
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Alcalinidad 49 mg/L
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Color Aparente Alto 138 UPt-Co
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Dureza Total 64 mg/L
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.8 mg/L
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Olor Negativo
10-Aug-16 | AYA-ID-07734-2016 | CRUDA pH 8.25
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Sulfatos (Cloruro de Bario) 14 mg/L
10-Aug-16 | AYA-ID-07734-2016 | CRUDA Turbiedad 16.9 UNT
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Alcalinidad 68 mg/L
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30-Sep-16 | AYA-ID-09932-2016 | CRUDA Color Aparente Alto 145 UPt-Co
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Dureza Total 59 mg/L
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.8 mg/L
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Olor Negativo
30-Sep-16 | AYA-ID-09932-2016 | CRUDA pH 7.68
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
30-Sep-16 | AYA-ID-09932-2016 | CRUDA Turbiedad 20.1 UNT
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Alcalinidad 52 mg/L
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Color Aparente Alto 118 UPt-Co
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Dureza Total 53 mg/L
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.56 mg/L
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Olor Negativo
27-Oct-16 | AYA-ID-10909-2016 | CRUDA pH 7.5
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Sulfatos (Cloruro de Bario) 12 mg/L
27-Oct-16 | AYA-ID-10909-2016 | CRUDA Turbiedad 13.7 UNT
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Alcalinidad 61 mg/L
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Color Aparente Alto 61 UPt-Co
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Dureza Total 55 mg/L
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Hierro (1-10 Fenantrolina) 0.34 mg/L
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Olor negativo
10-Nov-16 | AYA-ID-11462-2016 | CRUDA pH 7.16
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Sulfatos (Cloruro de Bario) 10 mg/L
10-Nov-16 | AYA-ID-11462-2016 | CRUDA Turbiedad 7.12 UNT
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Alcalinidad 63 mg/L
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Color Aparente Bajo 21 UPt-Co
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Dureza Total 52 mg/L
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Olor Negativo
6-Jan-17 | AYA-ID-00078-2017 | CRUDA pH 7.2
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Sulfatos (Cloruro de Bario) 6 mg/L
6-Jan-17 | AYA-ID-00078-2017 | CRUDA Turbiedad 2.94 UNT
11-Mar-17 | AYA-ID-02068-2017 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 70 NMP/100 mL
28-May-17 | AYA-ID-04986-2017 | CRUDA Alcalinidad 52 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Aluminio ICP 736.2 ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Antimonio N.D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Arsénico ICP 0.6 ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Cadmio ICP N.D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Calcio 16.8 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Cloruros 3.44 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Cobre ICP 3.2 ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Color Aparente 74 UPt-Co
28-May-17 | AYA-ID-04986-2017 | CRUDA Conductividad 154 uS/cm
28-May-17 | AYA-ID-04986-2017 | CRUDA Cromo ICP N.D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Dureza de Calcio 42 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Dureza Total 58 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Fluoruros N.D. mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Fosfatos N.D. mg/L
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28-May-17 | AYA-ID-04986-2017 | CRUDA Hierro ICP 0.581 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Magnesio 3.8 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Manganeso ICP 53.8 ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Mercurio N.D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Niquel ICP D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Nitratos N.D. mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Nitritos N.D. mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Olor Aceptable

28-May-17 | AYA-ID-04986-2017 | CRUDA pH 8.37

28-May-17 | AYA-ID-04986-2017 | CRUDA Plomo ICP D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Selenio N.D. ug/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Sulfatos 12.19 mg/L
28-May-17 | AYA-ID-04986-2017 | CRUDA Temperatura 27.6 °C
28-May-17 | AYA-ID-04986-2017 | CRUDA Turbiedad 36 UNT
28-May-17 | AYA-ID-04986-2017 | CRUDA Zinc 49.2 ug/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Alcalinidad 57 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Calcio 16.8 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Cloruros 3.87 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Color Aparente 11 UPt-Co
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Conductividad 167 uS/cm
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Dureza de Calcio 42 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Dureza Total 58 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Fluoruros 0.17 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Fosfatos N.D. mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Magnesio 4 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Nitratos D. mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Nitritos N.D. mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Olor Aceptable

24-Nov-17 | AYA-ID-11970-2017 | CRUDA pH 8.38

24-Nov-17 | AYA-ID-11970-2017 | CRUDA Sulfatos 11.49 mg/L
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Temperatura 23.2 °C
24-Nov-17 | AYA-ID-11970-2017 | CRUDA Turbiedad 5.96 UNT
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Alcalinidad 58 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Calcio 19.3 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Cloruros 8.68 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 49 NMP/100 mL
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Color Aparente 4 UPt-Co
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Conductividad 174 uS/cm
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Dureza de Calcio 48 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Dureza Total 64 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Fluoruros 0.1 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Fosfatos N.D. mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Magnesio 3.9 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Nitratos N.D. mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Nitritos N.D. mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Olor Aceptable
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27-Feb-18 | AYA-ID-01769-2018 | CRUDA pH 7.97
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Sulfatos 15.14 mg/L
27-Feb-18 | AYA-ID-01769-2018 | CRUDA Turbiedad 1.66 UNT
10-Mar-18 | AYA-ID-02371-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 330 NMP/100 mL
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Alcalinidad 62 mg/L
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Calcio 23.1 mg/L
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 23 NMP/100 mL
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Color Aparente 46 UPt-Co
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Conductividad 227 uS/cm
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Dureza de Calcio 58 mg/L
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Dureza Total 75 mg/L
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Magnesio 4.1 mg/L
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Olor Aceptable
26-Apr-18 | AYA-ID-04031-2018 | CRUDA pH 8.01
26-Apr-18 | AYA-ID-04031-2018 | CRUDA Turbiedad 28.8 UNT
4-May-18 | AYA-ID-04662-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 70 NMP/100 mL
2-Jun-18 | AYA-ID-05530-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 5400 NMP/100 mL
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Cloruros 4.42 mg/L
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL 490 NMP/100 mL
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Color Aparente 21 UPt-Co
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Conductividad 161 uS/cm
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Fluoruros 0.12 mg/L
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Fosfatos N.D. mg/L
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Nitratos D. mg/L
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Nitritos N.D. mg/L
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Olor Aceptable
4-Jul-18 | AYA-ID-06883-2018 | CRUDA pH 7.46
4-Jul-18 | AYA-ID-06883-2018 | CRUDA Sulfatos 13.02 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Alcalinidad 50 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Calcio 16.4 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Cloruros 2.09 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Conductividad 141 uS/cm
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Dureza de Calcio 41 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Dureza Total 56 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Fluoruros D. mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Magnesio 3.8 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Nitratos 1.75 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Nitritos N.D. mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA pH 7.28
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Sulfatos 9.52 mg/L
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Temperatura 23.7 °C
2-Oct-18 | AYA-ID-09903-2018 | CRUDA Turbiedad 55.8 UNT
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Alcalinidad 67 mg/L
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Calcio 23.3 mg/L
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Coliformes fecales Serie 5 tubos 10 mLa 0,1 mL Negativo NMP/100 mL
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Color Aparente D. UPt-Co
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28-Mar-19 | AYA-ID-02554-2019 | CRUDA Conductividad 241 uS/cm
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Dureza de Calcio 58 mg/L
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Dureza Total 77 mg/L
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Magnesio 4.7 mg/L
28-Mar-19 | AYA-ID-02554-2019 | CRUDA Olor Aceptable

28-Mar-19 | AYA-ID-02554-2019 | CRUDA pH 8.21

28-Mar-19 | AYA-ID-02554-2019 | CRUDA Turbiedad 1.9 UNT

Well water quality analysis
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INFORME DE RESULTADOS
AYA-FPT-0118

LABORATORIO NACIONAL DE AGUAS

Tras fios, Cartage
Talifons: [S08) 2705116
Fa 1508) 279 597y
emait: dmore 4va.00.c0

INFORME DE RESULTADOS
AYA-FPT-011B

LABORATORIO NACIONAL DE AGUAS

los, Carlaga
aiona: (S08) 2T0-5118
[S08] 270 5873

-
DATOS DE LA MUESTRA DATOS DE LA MUESTRA
|C|ien|:e: REGION PACIFICO CENTRAL Proc. muestreo JAYA-PT-015-3 [cliente: REGION PACIFICO CENTRAL Proc. muestreo JAYA-PT-015-3
|Contacto: [Ing. German Araya Montezuma Muestreade por Canales Jose Foo |Contacte: [Ing. German Araya Montezuma Muestreado por Canales José Foo
SISTEMA: JCARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 05-sep-13 SISTEMA: [CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestrea 03-sep-13
Fecha de ingreso : 09-oct-13 Fecha de ingrese : 09-oct-13
Muestrao: [POZ0 POCAMAR 2 Fecha de Reporte: 17-oct-13 Muestreo: |POZ0 POCAMAR 2 Fecha de Reporte: 17-ocr-13
Direccion: |LLAVE DE CHORRO Inicio Analisis MIC: Direccion: |LLAVE DE CHORRO Inicio Analisis MIC:
Telaf 2663-57-98 [Teléfono: 2663-67-98
PROVINCIA: | Puntarenas IEF'NTDN-' Puntarenas [Tipo de muestra: Agua PROVINCIA: | Puntarenas IEI"NTDN-' Puntarenas [Tipo de muestra: Agua
e-mail: arayam@aya. go.or Fax: | Hora de recoleccion: 14:15 e-mail: arayam@aya.go.cr Famx: | Hora de receleccion: 1415
DETALLE REPORTE DE RESULTADOS ANALISIS DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO | VA WV.MAX PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO | V.A. WVUMAX
Aluminio * 13 pgfL 1,0 1,0 40 3125B 200 Aluminio * 15 pgfL 1,0 1,0 4.0 3125B 200
‘Antimonic * N.D. pgfL 0,10 0,20 0,30 3125B 5 ‘Antimonic * MN.D. pafL 0.10 0,20 0,30 3125B 5
\Arsénico *|  ND. pg/L 1,0 20 | 30 31138 10 Arsénico v N.D. pgfL 1,0 20 | 30 3113B 10
Cadmio *| D pg/L 030 | 040 0,50 31138 3 Cadmia v N.D. pgfL 030 | 040 05031138 3
Cobre * N.D. pgfL 1,0 1,0 20 31138 1000 2000 Cobre * MN.D. pafL 1.0 1.0 20 3113B 1000 2000
Cromo * MN.D. pgfL 1,0 20 30 31138 50 Cromao * MN.D. pgfL 1,0 2,0 3,0 3113B 50
Hierro * 18 pgfL 4,0 50 | 7,0 31138 300 Hiermo * 18 gL 4,0 50 | 7.0 31138 300
Manganeso * N.D. pgfL 4,0 5.0 60 3113B 100 500 Manganeso * MN.D. pafL 4.0 5.0 60 3113B 100 500
Mercuria * N.D. pgfL 0,10 0,11 0,15 31258 1 Mercurio * MN.D. pafL 0,10 0,11 0,15 3125B 1
Niguel *| D pg/L 2,0 3,0 | 50 31138 0 Miquel [ N.D. pgfL 2,0 30 | 50 31138 20
Ploma * N.O. pg/L 1,0 0 3,0 3113 10 Flomo * M.D. pgfL 1,0 20 | 3.0 31138 10
Patasio * 2,2 magfL 0,80 1,0 1,5 3500-K B 10 Potasio * 2.2 mg/L 0,80 1.0 1,5 3500-KB 10
Selenio * N.D. pgfL 0,10 0,20 0,70 31258 10 Salenio * MN.O. pgfL 0,10 0,20 0,70 31258 10
Sodio * 10,3 mgfL 19 20 2,5 3500-Na B 25 200 Sodio * 10,3 mg/L 1.9 2.0 2,5 3500-MNa B 25 200
Zinc *|  ND. pg/L L0 20 |30 318 3000 Zinc v M.D. pgfL 1,0 20 |30 3125B 3000
INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza INCERT: Carresponde a la Incertidumbre expandida k=2 para un 95% de confianza
LD: Limiite d& Deteccitn en las unidades del parametra analizada LD: Limite de Deteceibn en las unidades del pardmetnd analizada
LC: Lirmite de Cuantificacitn en las unidades del pardmetro analizada LC: Lirnite de Cuantificacitn en las unidades del pardmetrs analizada
METODO: Correpande al eddige del Standard Methods for the Examination of Water and Wastewater, METODO: Correpande &l codigo del Standard Methods for the Examination of Water and Wastewater,
N.D.: Ne detectable baje el limite de deteccidn N.D.: Ne detectable bajo el limite de deteceidn
D.: Detectable paro no cuantificable D.: Detectable pero ne cuantificable
*  Ensayo acreditado. Ver aleanes en www eca orer *  Ensayo acreditado. Ver alcance en wwy 863 or er
** Ensayo no acreditado ** Ensayo no acreditado
Aprobado por: Aprobado por;
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Editade e impresa par

AYA 2006

Cliente:  |[REGION PACIFICO CENTRAL F?roc. muestreo jAYA-PT-013-3
Contacto: |Ing. German Araya Mentezuma |Muestreado por Canales Canales J
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 18-oct-14
I@ a-nov-1a
Muestreo: |POZ0 POCAMAR 1 Fecha de Reporte: 1inow-14
Direccion: [LLAVE DE AFDRO IIniciD Analisis MIC:
elafono: 2663-67-98
PROVINCIA: | Puntarenas I'E“NTD"-'I Puntarenas [Tipo de muestra: Agus
e-mail: lazrayam@aya.go.cr |Fax: | mm 11:35
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADD | UNIDADES | INCERT LD LC | METODO VA W.MAX
lalurminio ' MD. gL 1.0 1,0 | 40 31258 200
Antimonic * M.D. pgfL 0,10 0,20 0,30 3125 B 5
\Arsénico * 0,8 pgfL 0,10 0,20 0,30 3125 B 10
Cadmio * M.D. pgfL 0,10 0,20 0,30 3135 B 3
Cobra * 3 pa/L 10 2,0 30 31258 1000 2000
Hierro ' 289 gL 10 20 | 3,0 31358 300
Manganeso * 316 pg/L 10 2,0 3.0 3125B 100 500
Mercurio * M.D. pgfL 0,10 0,11 0,15 3125 B 1
Miguel + M.D. pafL 1,0 2,0 30 31258 20
Plomao * M.D. pgfL 0,10 0,20 0,50 3135 B 10
Potasio * 24 mg/L 0,80 1.0 1,5 3500-K B 10
Selenio * M.D. pag/L 0,10 0,20 0,70 31258 10
Sodio * 14,2 mgfL L 2,0 2,5 3500-Na B 25 200
Zinc ' 3 pgfL L0 2,0 | 30 31258 3000
INCERT: Corrésponde a la Incertidumbre expandida k=2 para un 95% Je cenfianza
LD: Limite ge Deteccién en las unidades del pardmetro analizada
LC: Limite de Cuantificacién en las unidades del pardmetro analizade
METODO: Correponde al chdiga del Standard Methads for the Examination of Water and Wastewater.
M.0.: No detectable bajo el imite de deteccidn
D.: Detectable pero no cuantificable
*  Ensaye acreditado. Ver aleance en oy 863.0r 61
** Ensayo no acreditado
Condiciones Ambientales:
Aprobado por:

Dr. Darner Mora Alvarado

DATOS DE LA MUESTRA

REGICN PACIFICO CENTRAL Proc. muestreo |AYA-PT-013-5
Ing. German Araya Montezuma Muestreade por Canales Canales J
CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 1B-oct-14
Fecha de ingreso : 04-now-14
: |POZ0 POCAMAR 2 Facha de Reporta: 11-now-14
Direccion: |LLAVE DE AFCRO Inicio Analisis MIC:
[Telef 2663-67-98
[FROVINCIA: | Puntarenas JeanTon] Puntarenas [Tipo de muestra: Eguz
e-miail: Jazrayam@aya.ac.cr |Fax: | Hora de recoleccion: 11:40
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VAL WLMAX
|aluminio * M. uafL 1.0 1.0 | 40 31258 200
Antimonio * N.D. pagfL 0,10 0,20 0,30 3125 B 5
|Arsénico ¥ 0,7 pafL 1.0 20 |30 31138 10
Crama ' N.D. gL 0,10 0,50 | 1,60 31358 50
Hiera * N.D. wafL 1.0 2,0 30 31258 300
Mamnganeso MN.D. pgfL 1,0 2,0 30 3135B 100 500
Mercurio * N.D. pgfL 0,10 0,11 0,15 3125 B 1
Miguel * ND. /L 1.0 2.0 3.0 31258 0
Bloma * M. wafL 0,10 0,20 | 0,50 31258 10
Paotasio * 2,3 mgfL 0,80 1,0 1,5 3500-KB 10
Selenic * MN.D. pgflL 0,10 0,20 0,70 31258 10
Sodio * 10,2 mgfL 1,5 2,0 2,5 3500-Na B 25 200
Zinc * 5 pofL 1.0 20 3.0 31258 3000

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 5% de conflianza

LD: Limite de Deteccidn en las unidades del pardmetra analizada
LE: Limite de Cuantificacion en las unidades del pardmetre analizade

METODO: Correpande 2l ebdige del Standard Methads for the Examination of Water and Wastewater,

M.D.: No detectable bajo el Fmite de deteceidn

D.: Detectable pero no cuantificable

*  Ensaye sereditads. Ver Aleancs ef wiyw 863 OF &
** Ensayo no acreditado

Condiciones Ambientales:

Editads & impresa par
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DATOS DE LA MUESTRA ' dmaiag arasnss
Cliente: REGION PACIFICO CENTRAL Proc. muestreo JAVA-PT-015-5 s
Contacto: [Ing. German Araya Montezuma Muestreado por |Guzman Caros
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 11-may-15 PARAMETRO E RESULTADO | UNIDADES INCERT LD | LC | METODO | V.A. | V.MAX
Fecha de ingreso @ 12-may-15 S + 3
[Muestreo: [FOZ0 POCAMAR 1 Fecha da Regporle= 21-ma3‘:-15 Zfasf" - NZ 'g mglll_' g’?g 01'2(:) 01 '750 ;igg; g 12
Direccisn: |LLAVE DE CHORRG Inicio Analisis MIC: oo : T gl : : :
T R Sodio 93 mg/l | 19 | 20 |25 3500-NaB 25 | 200
PROVINCIA: | Puntarenas JeanTon] Puntarenas [Tipo de muestra: Eous Sulfatos * 19,37 mag/L 0,79 0,81 1,60 41108 Cro 25 250
e-mail: Erayam@aya.ge.cr [Fax: [ JHora de recoleccion: 12:22 Turbiedad * D. UNT 0,10 0,12 0,15 2130 B <1 5
Zinc * 39 palL 1,0 20 |30 31258 3000
DETALLE REPORTE DE RESULTADOS ANALISIS INCERT: C PO! a la Incerti k=2 para un 95% de confianza
PARAMETRO E | RESULTADO | UNIDADES | INCERT L LC | METODO VA WLMAN LD: Limite de Deteccidn en las unidades del pardmetro analizado
Alcalinidad * &= mag/fL 1,0 2,0 3,0 2320 LC: Limite de Cuantificacién en las unidades del pardmetre analizado
Aluminio * v pgfL 1,0 1,0 40 3125B 200 METODO: Correponde al cddigo del Standard Methods for the of Water and
JAntimonic * N.D. pa/L 0,10 0,20 0,30 3135 B 5 N.D.: No detectable bajo el limite de deteccidn
|Arsénico * 10 pg/L 0,10 | 020 0,30 31258 10 D.: Detectable pero no cuantificable
Cadmia * M.D. pgfL 0,10 0,20 0,30 3125 B 3 *  Ensayo acreditado. Ver alcance en yoyw,8Ca,0r.00
Cakio * 31,32 mg/L 1,0 15 2,0 3500-CaB i00 ** Ensayo no acreditado
Claruros * 11,57 ma/L 0,81 1,30 | 1,10 4110BCra | 25 250 N P
Cobre * M. /L 1.0 20 30 31256 1000 | 2000 Condiciones est
pg
Color Aparente * M.D. UPt-Co 1,0 20 4,0 2120 C 5 15
Conductividad * 222 pSfem 1,0 2 4 2510 400 Observaciones:
Cromo * M.D. pafl 0,10 0,50 1,60 31258 50 |Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable 32327-S.
Dureza de Calcio * 78 mag/L 2,0 2,0 3,0 3500-CaD
Dureza Total * 100 mg/L 2.0 .0 30 2340C 300 400 Se prohibe la reproduccidn de este documento en forma total o parcial sin la autorizacién del Laboratorio
Fuoruros * D. mg/L 0,027 0,040 0,100 4110B Cro 0.7-1,5
Fosfatos * N.D. mg/L 0,32 0,40 0,280 4110B Cro
Hierra ' 54 g/l 1,0 20 |30 31358 300 s B @
Magnesio * 5.3 mgfL 0,10 0,50 1,0 3500 B 30 50 £V e
Manganeso * N.D. pgfL 1,0 20 3.0 31258 100 500 Licda. Azucena Urbina Campos
Mercurio * M.D. pg/L 0,10 011 |0.153125B 1 Jefe del Laboratorio Quimica
Niquel ¥ N.D. g/l 1,0 20 |20 B13se 20
Hitratos * M.D. mag/L 0,53 0,81 1,40 4110B me =0
Hitritos * MN.D. mag/L 0,026 0,040 | 0,10 4110B Cro 01
pH * 6,91 0,10 0,10 | 0,20 4500-H+ | 6,0-8,0
Plomo * 0.6 pg/L 010 | 020 |0,503125B 10
pagna s ce 2 Edhado & mpress por 0. Oover b Alemencis
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LABDRATORIO NACIONAL DE AGUAS

AYA-ID-03559-2015

INFORME DE RESULTADOS

AYA-FPT-0118

DATOS DE LA MUESTRA

REGION PACIFICO CENTRAL

INFORME DE RESULTADOS
AVA-FPT-0118

Lpd
LABORATORIO NACIONAL DE AGUAS

Tras fios, Carags
Talilnna: (50612 70-8718
F ispejare sury

Proc. muestreo YA-PT-015-5 : dmorad ave.q0.c
ng. German Araya Montezuma huﬁtreado por Euzman Caros -
(CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 11-may-
Fecha ingreso : 12-may-
Muestreo: [POZ0 POCAMAR 2 Fecha de Reporte: 21 may- PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO | V.A. | V.MAX
Direccisn: [LLAVE DE CHORRO |Inicio Analisis MIC: Potasio * 24 mafL 0,80 1,0 | 1,5 3500-KB 10
- . [Teléfono: 2663-67-58 Selenio +| ND. /L | 010 | 020 |0703135E 10
PROVINCIA: | Puntarenas I'E“NTDN- Puntarenas [Tipo de muestra: Aguz = . K9 ‘ ! ’
e-mail: ErayamEaya, 00,00 Fax: | [Hora de recoleccion: 12:26 Sodio 57 mg/L 13 20 25 3500-Na B 2 200
Sulfatos * 863 ma/L 0,79 0,81 1,60 41108 Cro 25 250
DETALLF RFPORTE DE RESULTADOS ANALISIS Turbiedad * M.D. UNT 0,10 012 | 0,15 21308 <1 5
PARAMETRO E | RESULTADO | UNIDADES |INCERT| LD LC | METODO | VoA, | W.MAX Zing * 82 pgfL 1.0 0 30 31358 3000
Hlealinidad * 53 mgfL 1.0 20 | 30 2320 INCERT: Correspende 2 la Incertidumbre expandide k=2 para un 95% de eonfianza
\Aluminia ¥ D. pgfL 1.0 1.0 40 3125B 200 LD: Limite de Deteceibn en las unidades del pardmetro analizada
Antimanio * M.D. ug/L 0,10 020 | 0,30 31258 5 LC: Limite de Cuantificacién en las unidades del pardmetrs analizado
Arsénico * 1,0 pgfL 010 0,20 0,30 3125B 10 METODO: Correpande al chdiga del Standard Methods for the Examination of Water and Wastewater.
Cadmio * MN.D. Mgl 0,10 0,20 0,30 3125 B 3 N.D.: Mo detectable bajo el Emite de deteccidn
Calio * 310 mafL 1,0 15 2,0 3500-CaB | 100 D.: Detectable pero no cuantificable
Cloruros * 5,03 magfL 0,81 1,30 | 1,10 4110BCro | 25 250 + Ensayo acreditado. Ver alcance &n www.8ca.ar.er
Cobre * N.D. pg/L 10 20 3,0 31258 1000 | 2000 ** Ensayo no acreditado
Color Aparente * N.D. UPt-Co 1,0 2,0 4,0 2120C 5 15
Conductividad * 273 uSfcm 1,0 2 4 2510 400 Condiciones Ambi I
Croma * N.D. /L 0,10 0,50 | 1,60 31258 50
Dureza de Calcio * & mgyL 2,0 20 3.0 3500-CaD Observacionas:
Dureza Total * 100 mgfL 2,0 20 3,0 2340 C 300 400 -
Flucruras * M.D. majL 0,027 0,040 0,100 4110B Cro 0,7-1,5 |Las determinaciones efectuadas, cumplen con el Reglamento para |z Calidad del Agua Potable 32327-5.
Fosfatos * N.D. mgfL 0,32 0,40 0,80 4110B Cro
Hierra * 16,0 pgfL L0 2.0 3.0 31358 300 Se prohibe la repreduccidn de este decumente en forma total o parcial sin la autorizacidn del Laboratarie
Magnesio * 5.5 mgyL 0,10 0,50 1,0 3500 B 30 50
Manganesa * N.D. /L 1,0 2,0 30 31358 100 500
Mercurio * N.D. pg/L 0,10 011 | 0,15 31258 1 i F i
MNiguel * N.D. pafL 1,0 20 3.0 31258 20
HNitratos * MN.D. mgyL 0,53 0,81 1,40 4110B mo 50 Lieda. Azucena Urbina Campos
Ritritas * N.D. mgfL 0,026 0,040 | 0,10 4110B Cro 01 Jefe del Laboratorio Quimica
pH * 7,66 0,10 0,10 0,20 4500-H+ &,0-8,0
Plomo * N.D. pgfL 0,10 0,20 0,50 3125 B 10
; Aprobado por:
Pagina 11 oz 32 Ed“ad::‘m;:;:o per Dr. l}.a-nferﬁmrspaivarado
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INFORME DE RESULTADOS
AYA-FPT-0118

LABORATORIO NACIONAL DE AGUAS Wiianalin

T
T
1

DATOS DE LA MUESTRA

INFORME DE RESULTADOS
[Cliente:  [REGICN PACIFICO CENTRAL Proc. muestreo [2vA-PT-015-5

AYA-FRT-011B
[Contacto: [Ing. German Araya Montezuma Muestreado por [Guzman Carlos o
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO |Fec||a de muestreo 11i-may-15 LABORATORIO NACIOMAL DE AGUAS {'“ n'"]fn'e::'u’u.s- 18
Fecha de ingreso : 12-may-15 ! 1308 278 Bars
Muestreo: |POZ0 POCAMAR 3 Fecha de Reporte: 21-may-135 e ot
Direccion: |LLAVE DE CHORRO isis MIC:
2663-67-98
PROVINCIA: | Puntarenss [EoR] Buntarenzs T e, T PARAMETRO E | RESULTADO | UNIDADES |INCERT| LD ic |mEToDo | v | vamax
e-mail: Erayam@ays.0o.cr Fanx: 1 [Hora de recoleccion: 12:32 Patasio * 24 ma/L 0.80 1.0 L5 3500-KB 10
Selenic * N.D. pafL 0,10 0,20 | 0,70 31258 10
; * -
DETALLE REPORTE DE RESULTADOS ANALISIS fodio 54 mgll | 1S | 20 |25 3S00NsB 25 | 200
P ETRO £ | RESULTADO | UNIDADES | TNCERT D c | m VA v Sulfatos * 13,71 mg/fL 0,79 0,81 1,60 4110B Cro 25 250
Ialcalinidad + = L 10 ) 3.0 2320 - : Turbiedad * N.D. UNT 0,10 0,12 0,15 2130B =1 5
ceinida mg/| d 2 " Zinc * 55 pa/L 1,0 20 3.0 31258 3000
Aluminio * 17,0 ug/L 10 1.0 4,0 3135B 200 ) )
|antimonic * N.D. /L 0,10 0,20 0,30 3125 B 5 lLl;CELF:.T:“C?;re;:;nd;a la lroertux.j:n‘;brede?uam:.da[k=2 pT.ra :n 55% de confianza
. * ¢ Limite de ceitn en las unidades del parametro analizada
Arsen!cn : 11 ra/L 0,10 0,20 0,30 5125 B 10 LC: Limite de Cuantificacin en las unidades del pardmetre analizado
Cadmio N.D. pgfL 0,10 0,200 | 0,30 31258 3 METODO: Corepande &l codiga del Standard Methods for the Examination of Water and Wastewater,
Calcio * 30,4 mgfL 1,0 15 2,0 3500-Ca B 100 M.D.: No detectable bajo el imite de deteccidn
Claruras * 11,63 mgfL 0,81 1,30 1,10 41108 Cro 25 250 D.: Detectable pero no cuantificable
Cobre * N.D. pgfL 1,0 2,0 30 3125B 1000 2000 *  Ensaye acredilado. Ver aleanee en ywww 203,08 £F
Color Aparente * N.D. UPt-Co 1,0 2,0 40 2120C 5 15 *#* Ensayo no acreditado
Conductividad * 220 uSfem 10 2 4 2510 400 Condiciones Ambi 1
Croma * M.D. g/l 0,10 | 050 1,60 31258 50 |
Dureza de Caldo * 76 mag/L 2.0 2,0 3,0 3500-CaD . -
Dureza Total * o mgfL 2,0 20 30 2340C 300 400 Observaciones:
Fluoruros * o magfL 0,027 0,040 0,100 41108 Cro 0,7-15 |Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable 32327-5.
Fosfatos * N.D. mgfL 0,32 0,40 0,80 41108 Cro
Hisrmo * B,E pgllll_ 1’0 2.«0 3'0 3135 B 300 Se prohibe la reproduccidn de este documents en forma total o parcial sin la autorizacion del Laboratario
Magnesio * 55 mgfL 0,10 0,50 1,0 3500 B 30 50
Manganeso * N.D. pgfL 1,0 2,0 30 31258 100 500 . 2
Mercurio * N.D. pgfL 0,10 0,11 | 0,15 3135B 1 - s
Niguel * M.D. g/l 10 2,0 3.0 B125B 20 Lieda. Azucena Urbina Campes
Nitratos * N.D. mag/L 0,53 0,81 1,40 41108 mo 50 Jefe del Labaratorio Quimica
Mitritos * N.D. mgfL 0,026 0,040 0,10 41108 Cro 0.1
pH * 7.40 0,10 0,10 0,20 4500-H+ &,0-8,0
Ploma * D. /L 0,10 0,20 | 0,50 3125B 10
. Aprobade por:
Editado e impresa po
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LABORATORIO NACIONAL DE AGUAS

INFORME DE RESULTADOS

AYA-FPT-011B

Trus fios, Carags
fone: [S08) ITE-5118
[508) 270 SuFy

INFORME DE RESULTADOS
AVA-FPT-0118

Jras Riow, Curinge

LABORATORIO NACIONAL DE AGUAS ane: [S0%)279-5118

Faz [508) 279 5073
w i e :

dosogacagac:
757-2015 >

AYA-TI

DATOS DE LA MUESTRA

DATOS DE LA MUESTRA

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteceibn en las unidades del parametro analizada

LC: Lirnite de Cuantificagion en las unidades del pardrmetre analizada

METODO: Correponde &l cddiga del Standard Methods for the Examination of Water and Wastewater,
M.DL: Ne detectable bajo el limite de deteccidn

D.: Datectable paro i cuamtificable

*  Ensayo acreditado. Ver alcance en yoww, 8C3.0r.0r

** Ensayo no acreditado

Condiciones Ambientales:

Pagina 15 de 32
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Cliente: |R EGION PACIFICO CENTRAL |Proc. muestreo |2 vA-PT-013-3 Cliente: REGION PACIFICO CENTRAL
Contacto: [Ing. German Araya Montezuma Muestreado |Guzman Cardos Contacto: |Ing. German Araya Montezuma
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 05-nov-15 SISTEMA: |CARMEN LYRA-LA GUARTA-MOJONCITO 03-nov-15
|Fecha de ingreso : 10-now-15 10-nov-15
Muestreo: [POZ0 POCAMAR 1 |Fecha de Reporte: 18-nov-13 [Muestreo: [POZ0 POCAMAR 2 18-nov-15
Direccién: [LLAVE DE CHORRO |tnicie Analisis MIC: Direccion: |LLAVE DE CHORRO
[Telafono: 2663-57-98 2663-57-98
PROVINCIA: | Puntarenas IU""'D"-'I Puntarenas [Tipo de muestrar Agua PROVINCIA: | Puntarenas JerwToN] Buntarenas Bguz
e-miail: [ozrayam@aya.go.cr JFax: 1 [Hora de recoleccion: 12:04 e-mail: 2rayam@aya.ao.cr JFax: | Hora de recoleccion: 12:07
DETALLE REPORTE DE RESULTADOS ANALISIS DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT| LD Lc |meToDo | wa. | vmax PARAMETRO E | RESULTADO | UNIDADES |INCERT| LD LC |METODO | V.A. | V.MAX
\Alcalinidad * 116 mag/fL 1,0 2.0 3,0 2320 Jlcalinidad * 116 mg/L L0 2.0 3.0 2320
Calcio * 40,3 mag/L 1,0 15 2,0 3500-CaB | 100 Cakia * 355 mg/L 1.0 15 2,0 3500-CaB| 100
Claruras * .30 mafL 0,81 130 1,10 41108 Cra | 25 250 Cloruras * 4,76 magfL 0,81 1,30 1,10 4110BCro| 25 250
Color Aparente * N.D. UPt-Co 1,0 2,0 40 2120C s 15 Color Aparente * D. upt-Co 1.0 2.0 40 2130C 5 15
Conductividad ' 288 pSiem 1.0 2 4 3510 400 Conductividad * 265 pSfem 1,0 2 4 2510 400
Dureza de Cakeio ' 101 mifL 2,0 0 3,0 3500-Ca D Dureza de Cakio * [::] magfL 2,0 20 3,0 3500-CaD
Dureza Total ' 137 magfL 2.0 20 3,0 2340 C 300 400 Dureza Total * 125 mg/L 2.0 .0 3.0 2340C 300 400
Fosfatos * M.D. mgfL 0,32 040 | 0,80 41108 Cro Fosfatos * N.D. ma/L 032 | 040 0,80 41108 Cro
Magnesio ' 8,8 ma/L 0,10 050 | 1,0 35008 30 50 Magnesia * 5.8 mafL 010 | 050 | L0 35008 30 50
hitratos * D. mg/L | 053 | 081 1,40 41108 mo 50 Mitratos *|  ND. mg/L | 053 | 081 1,40 41108 mo 50
Nitritos +|  ND. mg/L | 0,026 | 0,040 | 0,10 41108 Cro 0,1 Pitritos a1 mgfL | 0,026 | 0040 | 0,10 41108 Cro 01
pH +| 688 010 | 040 | 020 4500-H+ | 60-B0 pH =z 010 | 010 1020 4500+ | 6.0-8.0
Sulfatos +| 1760 mg/L | 079 | 081 | 1,60 41108Cra| 25 250 _?_”':_3 J . 1‘:'21 ﬂ:‘:— gi’g g'f: ;T‘; ;EEBBC"’ 251 2;"
Turbiedad * M.D. UNT 0,10 012 |0,15 21308 <1 5 maeca & e " g =

INCERT: Correspands a la Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteccitn en las unidades del pardmetra analizada

LC: Limite de Cuantificacién en las unidades del pardmetre analizade

METODO: Correpande &l coddigo del Standard Methods for the Examination of Water and Wastewater,
M.0.: No detectable bajo el limite de deteccidn

D.: Detectable para no cuantificable

*  Ensayo aereditado. VEr AlCANce &N yoww £C3.0r 6

** Ensayo no acreditado

Condiciones Ambientales:

Aprobade por:

Editade e impresa par
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LABORATORID

NACIONAL DE AGUAS

AYA-FPT-011B

INFORME DE RESULTADOS

Tras Rigs, Eartags
T

ona: [S0E) 2195118

INFORME DE RESULTADOS
AYA-FPT-0118

LABORATORIO NACIONAL DE AGUAS s
Fa
il

B=
ne: 12T0-5118
[1508) 279 5973

5 bl Py

flacams |« ECA

Faz: (S0&)are 59y
AYA-ID-10758-2015 . -
DATOS DE LA MUESTRA
DATOS DE LA MUESTRA REGICN PACIFICO CENTRAL Proc. muestreo [vA-PT-013-5
Ing. German Arayas Mantazuma Muestreado por [Guzman Cadas
Cliente: [REGIOMN PACIFICO CENTRAL [Proc. muestreo JAYA-PT-015-5 CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 0%-mar-16
[Contacto: [Ing. German Araya Mentezuma Muestreado por [Guzman Caros |Fecha de ingreso : 10-mar-16
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 05-nov-15 S Fecha de Reporte: T r——
Fecha ca ingreso : 10-nov-13 Direccion: |LLAVE DE CHORRO Tnicio Analisis MIC:
|Muestreo: |PO70 POCAMAR 3 Fecha de Reporte: 18-nov-15 reler AN
Direccion: |LLAVE DE CHORRO IniI:'D Analisis MIC: FROVINCIA: | Puntarenss lr_gu-mn_- Puntarenas = de muestra: Faus
elefono: 7665 67-98 - , e ,
FROVINCIA: | Duntarenas P"TDN_.I Puntarenas po de musstra: Figus e-mail; @rayam@aya.go.cr Fax: | ra de recoleccion: 08:43
e-mail: 3rayamEaya,q0.cc |Fax: | JHora de recoleccion: 12:11 .
DETALLE REPORTE DE RESULTADOS ANALISIS
DETALLE RFPORTE DE RESULTADOS ANALISIS PARAMETRO E | RESULTADO | UNIDADES | INCERT LD LC | METODO | WV.A. WVaMAK
PARAMETRO £ | ResuLTADo | unDADES |NcerT| 1D | Lo | mETODO | waA. | vamax lcalinidad * 125 mafL 1.0 20 30 2320
|alcalinidad * 108 mafL 1,0 2,0 3,0 2320 \Arsénico * M.D. pgfL 10 2,0 30 311z B 10
; +
Cakio v e ma/L 10 15 | 2,0 3500CaB | 100 Cakia 36.3 mafL 10 15 | 2,0 3500CaB | 100
Cloruros * 6.28 mafL 0,81 1,30 110 4110BCro | 25 250 Cloruros * 511 mgfL 081 1,30 1,10 4110BCro | 25 250
Color Aparente ' M.D. untCo | L0 2.0 | 40 2130C B 15 Color Aparente * M.D. UPt-Co 1,0 20 | 40 2120C 5 15
Conductividad * 287 pS/em 1,0 2 4 2510 400 Conductividad * 293 pSfem L0 2 4 2510 400
Dureza de Caldo * ) magfL 2,0 2,0 3,0 3500-Ca D Dureza de Calcio * 31 ma/L 2.0 2.0 3,0 3500-CaD
Dureza Total * 135 mgfL 2,0 2,0 3,0 2340C 200 400 Dureza Total * 123 mag/L 2,0 2,0 3,0 2340C 300 400
Fosfatos * M.D. mgfL 0,32 0,40 | 0,80 4110B Cro Fluoruros * 0,12 mag/L 0,027 | 0040 0,100 41108 Cro 0,7-1,5
Magnesio * 8.8 mgL 0,10 0,50 1,0 3500 B 30 50 Fosfatos * M.D. mgfL 0,32 0,40 0,80 4110B Cro
Mitratos * D. mgfL 0,53 0,81 1,40 41108 mo 50 Hiermo * 15 pgfL 4,0 5.0 7.0 31138 300
Nitritos * MN.D. mgfL 0,026 0,040 0,10 4110B Cro 0.1 Magnesio * 7.8 mgfL 0,10 0,50 1,0 3500 B 30 50
oH + 7,07 0,10 0,10 | 0,20 4500-H+ | 6,0-8,0 Manganesa * 9 pg/L 4,0 50 | &0 31138 100 500
Sulfatos * 16,93 mg/L 0.79 0,81 1,60 4110B Cro 25 250 Nitratos * M.D. magfL 0,53 0,81 1,40 41108 mo 50
Turbiedad * MN.D. UNT 0,10 0,12 0,15 2130 B <1 5 Mitritos * M.D. mg/L 0,026 0,040 0,10 41108 Cro 01
INCERT: Correspende a la Incertidumbre expandida k=2 para un 95% de confianza Olar **|  Megativo N.A. M.A. |MA. 21508 Aceptable Aceptable
LD: Limite de Deteecién en las unidades del parametra analizada pH * 7,20 0,10 0,10 0,20 4500-H+ &,0-8,0
LC: Lirmite de Cuantificacidn en las unidades del pardmetre analizada Potasio * 1,5 mgfL 0,80 1,0 1,5 3500-K B 10
:I—.‘Drf-J?‘o:dCfnep:Ind: al cnflun:lljgg cledl S::;amjar.dd Methods for the Examination of Water and Wastewater, Sabar £+  Negativo M.A. . 2160 B Aceptable Aceptable
D-: No detectable bajo el limite de deteccidn Sodio * 10,9 mafL 1.9 2.0 2,5 3500-MaB | 25 200
D.: Detectable pero no cuantificable *
L Sulfatos 13,19 mgfL 0,79 081 1,60 4110BCro | 25 250
[Turbiedad * 0.2 UNT 0,10 0,12 0,15 2130 B =<1 5

** Ensayo no acreditado

Condiciones Ambientales:
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INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza
LD: Limite de Deteccibn en las unidades del pardmetro analizado
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INFORME DE RESULTADOS

INFORME DE RESULTADOS

AVA-FPT-D118 AVA-FPT-0118
LABORATORIO NACIOMAL DE AGUAS y2fu.si1e LABORATORIO NACIOMAL DE AGUAS amat P TR
|S0&j 270 507F3 |sp€)are sar3
DATOS DE LA MUESTRA DATOS DE LA MUESTRA
Cliente: |[REGICN PACIFICO CENTRAL Proc. muestreo YA-PT-013-5 Cliente:  [REGION PACIFICO CENTRAL [EVA-PT-015-5
Contacte: |Ing. German Araya Mentezuma Muestreado uzman Carlos [Contacto: |Ing. German Arays Maontezuma [Guzman Carlos
SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 05-mar-16 SISTEMA: |CARMEN LYRA-LA GUARIA-MOJONCITO 03-mar-16
Fecha de ingreso = 10-mar-16 10-mar-16
Muestreo: [POZO POCAMAR 2 Fecha de Reporte: 18-mar-16 Muestreo: [POZ0 POCAMAR 3 18-mar-16
Direccion: |LLAVE DE CHORRO Inicio Analisis MIC: Direccion: |LLAVE DE CHORRO
eléfono: 2663-67-98 2663-67-98
PROVINCIA: | Puntarenas IUNTDN-'l Puntarenas ipo de muestra: Agus FROVINCIA: | Puntarenas JeanTon] Puntarenas i Agua
e-mail: [azrzyamEava.go.cr JFax: | JHora de recolaccion: 05:49 e-mail: Srayam@aya,00.cr Fax: [ Hn:mmmn:_ 08:54
DETALLE REPORTE DE RESULTADOS ANALISIS DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO | V.A. | V.MAX PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO | V.A. V.MAX
Plealinidad * 121 mag/fL 1,0 2,0 30 2320 \Alcalinidad * 123 mag/L 1,0 2,0 30 2320
JArsénico ¥ N.D. pg/L 1,0 2.0 3.0 31138 10 \Arsénico * N.D. pgfL 1.0 2,0 30 3113B 10
Cakio * 35,5 mafL 1.0 1.5 2,0 3500-CaB | 100 Calkcio * 36,3 mg/L 1,0 15 2,0 3500-CaB| 100
Claruras * 4,85 mg/L 0,81 1,30 1,10 4110BCro | 25 250 Claruros * 5,08 mg/L 0,81 1,30  |1,10 4110BCro | 35 750
Color Aparente * M.D. UPt-Co 10 2,0 40 2120C 5 15 Color Aparente * N.D. UPt-Co 1,0 2,0 40 2120C 5 15
Conductividad * 285 pSfem 1,0 2 4 2510 400 Conductividad * 295 wSjem 1,0 2 4 2510 400
Dureza de Calcio * =] ma/fL 2,0 2.0 3.0 3500-CaD Dureza de Calcio * a1 mag/L 2,0 2,0 3,0 3500-Ca D
Dureza Total * 127 magfL 2,0 2,0 30 2340C 300 400 Dureza Total * 123 mg/L 2,0 2,0 30 2340C 300 400
Fluoruros ¥ 0,12 mg/L 0,027 | 0,040 |0,10041108 Cro 0.7-15 Fluoruros * 0.11 mag/L 0,027 | 0,040 (0,100 41108 Cro 0,7-1.5
Fosfatos * M.D. mag/L 0,32 0,40 0,80 41108 Cra Fosfatos * M.D.} mgfL 0,32 0,40 0,80 41108 Cro
Hiermo * 3 pofL 4.0 5.0 70 31138 300 Magnesio * 7.8 mg/L 0,10 0,50 1,0 35008 30 50
Magnesic * 9,3 mg/fL 0,10 0,50 1,0 35008 30 =0 Manganesa * 5 pgiL 4,0 5,0 60 3113 B 100 500
Manganaso * 7 pgfL 4.0 5.0 60 31138 100 500 Nitratos * N.D. mag/L 0,53 0,81 1,40 41108 me 50
Mitratos ¥ M.D. mg/L 0,53 081 1,40 41108 mo s0 Nitritos * M.D. mg/L 0,026 | 0,040 0,10 41108 Cro 01
Nitritos * N.D. mag/L 0,026 | 0,040 | 0,10 41108 Cro 01 Olor 4| Nagativo NA. MA. | MNA. 2150B  |Aceptable Aceptable
Olar **|  Negativo N N MA, 2150 B Aceptable Aceptable pH * 7,33 0,10 0,10 0,20 4500-H+ | £,0-8,0
pH * 7.41 0,10 0,10 | 0,20 4500-H+ | 6,0-8,0 Potasio * 16 mg/L 0,80 10 1.5 3500 B 10
Potasio * 1,5 mag/L 0,80 1,0 1,5 3500-KB 10 Sabor ** Negativo WA, . 21608 |Aceptable Aceptable
fSabar **|  Negativa MA. . 2160 B |Aceptable Aceptable Sadic *| 106 mgll | 13 20 2,5 3500NaB| 25 200
Sedio Y 108 mag/L 19 20 |25 3500-NaB| 25 200 Sulfatos | 1338 mg/lL | 079 081 160 4110BCra| 35 250
Sulfatos * 8,46 mag/L 0,79 081 |1,60 4110BCro | 25 250 Turbiedad * ND. UNT 0,10 0,12 0415 21308 -1 5
Turbiedad * 02 UNT 0,10 012 |0,15 2130 B =1 5

INCERT: Corresponde a la Ineertidumbre expandida k=2 para un 95% de canfianza
LD: Limite de Deteccidn en las unidades del parametra analizade
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INCERT: Corresponde a la Incertidumbre expandida k=2 para un 5% de confianza
LD: Limite de Deteceidn en las unidades del pardmetra analizada
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AYA-FPT-0118

INFORME DE RESULTADOS

LABORATORIO NACIONAL DE AGUAS

flios, Cartags

I AYA-ID-09818-2016 I
DATOS DE LA MUESTRA
[Cliente: |REGIDN PACIFICO CENTRAL [Proc. muestreo |AYA-PT-013-5 PARAMETRO E | RESULTADOD | UNIDADES | TMCERT LD LC | METODO WA, WLMAY
Contacto: [Ing. German Araya Montezuma Muestreadopor ~ |Canales Canales Jf BH * 711 0,10 0,10 | 0,20 4500-H+ | 60-8.0
SISTEMA: |PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de !‘nuElrED 28-sep-16 Ploma * MN.D. pgfL 0,10 0,20 0,50 3125 B 10
Muestreo: [POZ0 POCAMAR T 'EFE::: i Reporte: Taie Potasio 32 mgll | 080 | L0 | 15 3S00KB 10
Direccion: |LLAVE DE CHORRD Inicio Analisis MIC: 23-sap-16 Sa'”’_ ““ Aceptable H.A . 2160 B |Aceptable Aceptable
T E— SEE3-27.50 Selenio M.D. pgfL 0,10 0,20 0,70 31258 10
PROVINCIA: | Puntarenzs I-I:ANTDN.- Puntarenas Fino de muestra Sodio * pL-%:] mag/L 13 0 2,5 3500-Na B 25 200
[e-mail: [pzrayam@ava.go.cr Fax: | Hn%mmn:_ 12:08 Sulfatos * 11,07 mg/L 0,73 0,81 1,60 4110 Cro 25 250
Temperatura * 27.8 °C 0,10 2550 B 18a30) o
DETALLE REPORTE DE RESULTADOS ANALISIS Tf.lrbiedad : 1,50 UNT 0,10 0,12 0,15 2130 B =1 5
PARAMETRO E | ResuLTADO | UNIDADES |mcerT| 1D | Lo |meTopo | v | wmax iine L8 bl Lo Z0 |30 B1ssE 2000

|alcalinidad * 257 mafL 1,0 2.0 3.0 2320 INCERT: Corresponds a la Incertidumbre expandida k=2 para un 95% de confianza

[Aluminio ¥ 160 pgfL 1,0 1,0 40 31258 200 II:‘I::n: II;im.r[le :e‘l:Dec.ec:_ian eg las Tnidad'fjs :el p:]arlame:o ‘:nalizaﬂro .

Amania * N.D. mgfL 0.10 0.1 0,15 4500-NH3 0.05 0.5 HI:‘.rDanc;:eC‘Srreupaor:\':J::TIc;;i}:o f;lu;la:d:?d :e‘::;u??o:‘:l‘i‘;;‘;n?naliou\ of Water and Wastewater.

Antimonic * N.D. pafL 0,10 0,20 0,30 31258 5 N.D.: Ne detectable bajo el limite de deteccidn

Arsénico * 0.9 pgfL 010 0,20 0,30 51258 10 D.: Detectable paro ne cuantificable

Cadmic * N.D. pgfL 0,10 0,20 0,30 3125 B 3 *  Ensays screditeds. Ver AICANCE &N pwi S0 OFEF

Calcio * 68,5 mg/L 1.0 15 | 2,0 3500-CaB | 100 ** Ensayo no acreditado

Cloruros *| 12,35 mg/l | 0,81 | 1,30 1,10 4110BCro 25 250 Condiciones Ambiental

[Cobre ' ND. ugfL L0 20 3.0 31258 1000 2000 Pozo P{:-camarréI fuzra de operacion

Color Aparente * N.D. UPt-Co 1,0 20 40 2120C 5 15 | . |

Conductividad * 445 wSfem 1,0 2 4 2510 400 Observaciones:

Cromao * N.D. pgfL 0,10 0,50 1,60 3125 B 50 Lz suma de las concentraciones de Hierro y Manganesa, no cumplen con el Reglamento para la Calidad del |

Dureza de Cakio ' 171 malL 2,0 20 | 3.0 3500CaD |Agua Potable 38324-5.

Dureza Tetal * 228 mgyL 2,0 2,0 30 2340C 300 400 Se prohibe la reproduccidn de este documente en forma total o parcial sin la autorizacion del Laboratarie

Fluoruros * 0,44 magfL 0,027 0,040 |0,100 4110B Cro 0,7-1,5

Fosfatos * N.D. mgyL 0,32 0,40 0,80 4110E Cro

Hierro * 51 pgfL 1.0 20 30 31258 300

Magnesio * 13,7 mgyfL 0,10 0,50 1,0 3500 B 30 50 '_ -

Manganeso +| aa20 g/l 1,0 20 | 30 31258 100 500 ;ﬁadehL:L:meol::ﬁn;ﬁ.:?:M

Mercurio * N.D. pgfL 0,10 0,11 0,15 3135 B 1

Niquel * N.D. pa/L 1.0 20 30 31258 20

Mitratos * N.D. magfL 0,53 0,81 1,40 4110B mo 50

Nitritos * N.D. mgyL 0,026 0,040 0,10 4110E Cro 0.1

Olar ** | Aceptable MLA MN.A. M.A, 2150 B Aceptable Aceptable

Editade e impresa par Aprobado por:
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LABORATORIO NACIONAL DE AGUAS

INFORME DE RESULTADOS

AYA-FPT-011B
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INFORME DE RESULTADOS

AYA FPT 0118

Trus fiox, Cartags
one: (508) 2795118
(508)279 5973

DATOS DE LA MUESTRA

Cliente: [REGION PACIFICO CENTRAL F’roc. muestreo JAYA-PT-015-5
(Contacto: |Ing. German Araya Montezuma Muestreado [Canales Canales 3
SISTEMA: |PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 28-sep-16
Fecha de ingreso : 29-sep-16
POZ0 POCAMAR 3 Fecha de Reporte: 07-oct-16
LLAVE DE CHORRD Inicio Analisis MIC: 29-sep-16
[Teléfono: 2663-67-98
Puntarenas I'EMTDN: Puntarenas [Tipo de muestr: Eous
le-mail lgarsyam@aya.go.cr Fax: | m%m‘?'_ 12:30
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VA WV.MAX
\Alcalinidad * 168 mgL 1,0 2,0 3.0 2320
\Aluminia + MWD, /L 1.0 1,0 | 40 31358 200
Amanio * N.D. mg/L 0,10 0.1 0,15 4500-NH3 0,05 0,5
Artimanio ' D, /L 0,10 | 020 | 0,30 31258 5
\Arsenico * 0.8 pg/L 0,10 0,20 0,30 3125 B 10
Cadmio * N.D. Mg/l 0,10 0,20 0,30 31256 3
Cakia * 50,8 magfL 1,0 15 2,0 3500-Ca B 100
Claruras * 7,76 mg/L 0,81 1,30 1,10 4110B Cro 25 250
Cobre * N.D. pg/L 1,0 20 30 3135E 1000 2000
Color Aparente * MN.D. UPt-Co 1,0 2,0 40 2120C 5 15
Conductividad * 334 pSfem 1.0 2 4 2510 400
Croma + M. /L 0,10 | 050 | 1,60 31358 50
Dureza de Calcio * 127 mg/L 2,0 20 3,0 3500-CaD
Dureza Total * 159 mg/L 2,0 20 3.0 2340 C 300 400
Fluorurcs * 0,57 mgfL 0,027 0,040 0,100 41108 Cro 0,7-1,5
Fosfatos * N.D. magfL 0,32 0,40 0,80 41108 Cro
Hierra * D. gL 1,0 2,0 3,0 31258 300
Magnesio * 7.8 mgfL 0,10 0,50 1,0 3500 B 30 50
Manganeso * N.D. gL 1.0 20 30 31258 100 s00
Mercurio * N.D. pg/L 0,10 0,11 0,15 31256 1
Miguel + MWD, gL 1.0 2,0 | 30 31358 0
Nitratos * 2,31 mg/L 0,53 0,81 1,40 41108 mo 50
Nitritos * N.D. mg/L 0,026 0,040 0,10 41108 Cro 01
olar **  aceptable [y M.A | MA, 21506 Aceptable Aceptable
pagna 23 0e 32 Eathado e impresn por e qinad il
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PARAMETRO

Selenio
Sodio
Sulfatos
Temperatura
Turbiedad
Zinc

E | RESULTADO | UNIDADES | INCERT

*
*
*

=+

7,02
0.6
2,6

Aceptable
D.

134
18,78
28,7
1,30
9.2

0,10
gfL 0,10
ma/L 0,80
N.A.
pg/L 0,10
mg/L 1,9
ma/L 0,79
°oC 0,10
UNT 0,10
pg/L 1,0

LD
0,10
0,20

1,0

0,20
2,0
0,81

0,12
2,0

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza
LD: Limite de Deteccidn en las unidades del pardmetro analizado
LC: Limite de Cuantificacién en las unidades del pardmetro analizado

METODO: Correponde al codigo del Standard Methods for the E:

N.D.: Ne detectable bajo el limite de deteccién

D.: Detectable pero no cuantificable

of Water and ¥

LC |METODO | V.A. | viMAX

0,20 4500-H+  6,0-8,0

0,50 31258 10

1,5 3500K B 10
21608 |Aceptable/Aceptable

0,70 31258 10

25 3500-NaB 25 200

1,60 4110BCro | 25 250
25508 182 30)0f

0,15 21308 <1 5

30 31258 3000

* Ensayo acreditado. Ver alcance en ywww.6C2.Qr.0r
** Ensayo no acreditado

Condiciones Ambientales:

Pozo Pocamar 2 fuera de operacion.

Observaciones:

|Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable N° 38924-5.,

Se prohibe la reproduccidn de este documento en forma total o parcial sin la autorizacién del Laboratorio

Licda. Azucena Urbina Campos
Jefe del Laboratorio Quimica
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LABDRATORIO NACIONAL DE AGUAS

INFORME DE RESULTADOS
AVA-FPT-0118

ins, Cartags
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[508) 270 5973

LABORATORID NACIONAL DE AGUAS

INFORME DE RESULTADOS
AYA-FPT-0118.

Tras fins, Cartags
T no: [S08]2TU-L11E
[808) 270 807

DATOS DE LA MUESTRA

Cliente: REGICN PACIFICO CENTRAL® [Proc. muestreo JAVA-PT-015-5
|Cnr|tad:n: Muestreado por Cubillo Joze
SISTEMA: ICARMEN LYRA Fecha de muestreo -gCt-
Fecha de ingreso Foct
Muestreo: |POZ0 POCAMAR. 5 Fecha de Reporte: -oct-
Direccion: [TUBO DE AFORQ Inicio Analisis MIC:
[Teléfono:
FROVINCIA: | Puntarenas JeanTon:| Esparza [Tipo de muestra: Agua
e-mail: ‘Fax: | thmhac_ciun: i2:00
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VA WVMAX
Alcalinidad * 173 mag/L 1,0 2,0 3,0 2320
|aluminia * 78,7 pg/L 1,0 1,0 | 40 31258 200
Amonio * N.D. mgfL 0,10 0.1 0,15 4500-NH3 0,05 0.5
Antimanic * MD. gL 0,10 0,20 |0,30 31358 5
\Arsénico * 0.9 paf/L 0,10 0,20 0,30 31256 10
Cadmio * MD. gL 0,10 0,20 [03031358 3
Cakio * 44,3 mgfL 1,0 1,5 2,0 3500-Ca B 100
Cloruras * 7.13 mgfL 0,81 1,30 1,10 41108 Cro 25 250
Cobre * N.D. pafL 1,0 2,0 3,0 31358 1000 2000
Color Aparente * 4 UPt-Co 1,0 2,0 4,0 2120C 5 15
Conductividad * 323 pSfem 1,0 2 4 D510 400
Crama * N.D. pg/L 0,10 0,50 | 1,60 31258 50
Dureza de Calcio * 111 mgfL 2,0 2,0 3.0 3500-CaD
Dureza Total * 147 mg/L 2,0 20 3,0 2340 C 300 400
Fluoruros * MN.D. mgfL 0,027 0040 |0,1004110B Cro 0,7-1,5
Fosfatos * N.D. mgfL 0,32 0,40 0,80 41108 Cro
Hierra * 77.2 pgfL 1.0 20 30 31258 300
Magnesio * 88 mgfL 0,10 0,50 1,0 3500 B a0 50
Manganesa * 165 gL 1.0 20 3,0 31358 100 500
Mercurio * N.D. pgfL 0,10 0,11 0,15 3135 B 1
Miguel * MD. gL 1.0 20 3,0 31358 20
Mitratos * N.D. mgfL 0,53 0,81 1,40 4110 mo 50
Nitritos * N.D. mgfL 0,026 0,040 0,10 41108 Cro 01
Olar **| Aceptable M.A. MN.A. M.A. 2150 B Aceptable Aceptable
. Aprobado por:
Pagina 31 de 32 = Md:::::;:o per Dr. Dar:er Mﬂrﬂ"‘ivar&dﬂ

o :
PARAMETRO E | RESULTADO | UNIDADES |IMCERT LD LC | METODO WAL WV.MAX

pH * 746 0,10 0,10 0,20 4500-H+ &,0-8,0
Ploma * M.D. g/l 0,10 | 020 0,50 31258 10
Paotasio * 2,5 mgL 0,80 1,0 1,5 3500-K B 10
Sabor ** | Aceptable MN.A. . 2160 B Aceptable Aceptable
Selenic * =} pgfL 0,10 0,20 0,70 31258 10
Sodio * 12,3 mg/L 19 2,0 2,5 3500-Ma B 25 200
Sulfabos * 13,92 mgL 0,79 0,81 1,60 41108 Cro 25 250
Turbiedad * 1,64 UNT 0,10 0,12 0,15 2130 B =1 5
Zine * M.D. gL 1,0 20 |20 31se 3000

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteccitn en las unidades del pardmetra analizada

LC: Limite de Cuantificacion en las unidades del pardmetre analizada

METODO: Correpande al chdiga del Standard Methods for the Examination of Water and Wastewater,
M.OL: No detectable baje el limite de deteccidn

D.: Detectable pero no cuantificable

*  Ensayo acreditado. Ver alcance en www EC3.orer

** Ensayo no acreditado

Condiciones Ambientales:

Muestra recolectada después de 26 horas de bombeo. Profundidad: 31 m. Cauwdal: 30 Ufs. Cadigo de
erforacién del pozo: 16-14. Agua con apariencia limpia y cristalina.

Observaciones:

Agua de calidad buena, sequn los parametros fisicos-quimicos evaluados, y los criterios de Calidad para
Potabilizacién en Aguas de Pazos y Macientes LNA 2012,

Se prohibe la reproduccidn de este documento en forma total o parcial sin la sutorizacion del Laboratario

e 2

Lieda. Azecena Urbina Campos
Jefe del Labaratorio Quimica

Aprobade por:

Editade e impresa par
Dr. Darner Mora Alvarado

AYA 2006
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INFORME DE RESULTADOS
AYA-FPT-0118

LABDRATORIO MACIONAL DE AGUAS

AYA-ID-01715-2017

Trus Rios, Car

foma: [588

tagn
y2T8.5118
[508) 279 8973

Laboratoric de Ensayo
Alcance de Acreditacidn be. B4
Eereciiacin s pavti-de 11022000

Alane disgosible e wew.etaonn

DATOS DE LA MUESTRA

Enicin Analisis MIC:
elefono:

Cliente: REGICN PACIFICO CENTRAL® Proc. muestreo AYA-PT-015-5
Contacto: Muestreado por Carlos M,
SISTEMA: (CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 02-mar-17

Fecha de ingreso : 03-mar-17
Muestreo: [POZ0 POCAMAR & |Fecha de Reporte: i3-mar-i7
Direccion: [TUBD DESFOGUE

FROVINCIA: | Puntarenas JEANTON:| Esparza Tipo de muestra: Agua
e-mail: Fax: Hora de recoleccion: 10:21
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VA, V.MAX

\Blcalinidad * 114 mg/L 1,0 2,0 3.0 2320
Aluminio * D. gyl 1.0 1.0 4,0 31258 200
Amonio * N.D. mg,L 0,10 0,1 0,15 4500-NH3 0,05 0,5
\Antimonio * N.D. pafL 0,10 0,20 0,30 3135 B 5
\Arsénico * 1,0 gyl 0,10 0,20 0,30 3125 B 10
Cadmio * N.D. pafL 0,10 0,20 0,30 3135 B 3
Caldio * 342 mg,L 1.0 15 2,0 3500-CaB 100
Cloruros * 437 mg,L 0,81 1,30 1,10 41108 Cro 25 250
Cobre * N.D. pafL 1.0 2.0 3.0 3125B 1000 2000
Color Aparente * D. UPt-Co 1.0 2.0 4,0 2120C 5 15
Conductividad * 260 pSfem 1.0 2 4 2510 400
Cromo * N.D. pafL 0,10 0,50 1,60 3125 B 50
Dureza de Calcio * 85 mg/L 2.0 2.0 3,0 3500-Ca D
Dureza Total * 114 mg,L 20 2.0 3,0 2340 C 300 400
Fluoruros * D. mig/L 0,027 0,040 |0,100 41108 Cro 0,7-1,5
Fosfatos * N.D. mg,L 0,32 0,40 0,80 41108 Cro
Hierro * 44,6 pafL 1.0 2.0 3.0 31358 300
Magnesio * 6,8 mg/L 0,10 0,50 1,0 3500 B 30 50
Manganesa * 22,6 pafL 10 2,0 3,0 3125 B 100 500
Mercurio * N.D. pafL 0,10 0,11 0,15 3125 B 1
Niguel * N.D. pajL 1.0 2,0 | 3,0 3125B 20
Mitratos * D. mg,L 0,53 0,81 1,40 4110B mo 50
Nitritos * N.D. mg,L 0,026 0,040 0,10 41108 Cro 01

S — o
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INFORME DE RESULTADOS P

AYA-FPT-011B h:__m ECA
30 8
e HE v S
emaildnong - Laboratorlc de Ensayo
LABORATORIO NACIONAL DE AGUAS Mcance e Acredmackie W (.08
Acredndo s partr de 11022000
Aanice disporible €3 wwwecs ot
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO V.A, V.MAX
Olor ** Aceptable N.A, N.A. N.A. 2150 B Aceptable Aceptable
pH % 7.03 0,10 0,10 0,20 4500-H+ 6,0-8,0
Plomo * N.D. pa/L 0,10 0,20 0,50 3125 B 10
Potasio * 2,0 mg/L 0,80 1,0 1,5 3500KB 10
Selenio * N.D. pafL 0,10 0,20 0,70 31258 10
Sodio ¥ 10,4 mg/L 19 2,0 2,5 3500-Na B 25 200
Sulfatos * 12,95 mg/L 0,79 0,81 1,60 41108 Cro 25 250
Turbiedad * 0,69 UNT 0,10 0,12 0,15 21308 <1 b
Zinc x 20,5 pajL 1,0 2,0 3,0 3125 B 3000

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteccidn en las unidades del pardmetro analizado

LC: Limite de C il i6n en las unidades del & lizad

METODO: Ceorreponde al cbdigo del Standard Methods for the ination of Water and
N.D.: No detectable bajo el limite de deteccibn

D.: Detectable pero no cuantificable

* Ensayo acreditado. Ver alcance en www eca.orcr

** Ensayo no acreditado

Condiciones Ambientales:

Observaciones:

|Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable N° 38924-5,

Se prohibe la reproduccidn de este documento en forma total o parcial sin la autorizacion del Laboratorio

A oklra &

Licda. Azucena Urbina Campos
Jefe del Laboraterio Quimica

Rige: 16/01/17 Aprobado por:

Pagha 2de 12
AYA Dr. Darner Mora Alvarado

Evaluation of the potential for bank filtration along the Barranca river in Puntarenas, Costa Rica



LABDRATORIO NACIONAL DE AGUAS

AYA-ID-03380-2017

INFORME DE RESULTADOS
AYA-FPT-011B

rua Rina, £ artago
mn:[S08)IT9.-5118
[808) 279 8973

domoedd wys.go.cr

1
1
F
.

Laboratoric de Ersayo.
Abcance de AcredNacin be. LEC4
dereciado s partirde 11023000

Alange disporible e wwweta oo

DATOS DE LA MUESTRA

INFORME DE RESULTADOS

AYA FPT D11B

LABORATORIO NACIONAL DE AGUAS

Rina, Curtago
foma: [528) 2 T8-5118
[508) 2T% 5973

emsil: dmooed ewe.go.cr Lsboratoric de Ersaye

Alcance de AcredNacin b,
deyeciadon s pasticder 1107200

Alance disoonible e weweias

Cliente: REGION PACIFICO CENTRAL [Proc. muestren AYA-PT-015-5
Contacto: |Ing. German Araya Montezuma Muestreado por Acufia Acufia Wilb
SISTEMA: (PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 18-abr-17
Fecha de ingreso : 19-abr-17
Muestreo: [POZ0 POCAMAR 1 Fecha de Reporte: 08-may-17
Diraccidn: [Uave de chorro [Inicio A 5 MIC:
[Teléfono: 2663-67-98
FROVINCIA: | Puntarenas |CANTON:] Puntarenas Tipo de muestra: Agua
e-mail:  |farsyam@aya.go.or |Fax: | ﬁnra de recoleccion: 11:27
DETALLE REFORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADCO | UNIDADES | INCERT LD LC | METODO VA, WLMAK
Alcalinidad * 117 mg/L 1,0 2.0 3,0 |2320
Aluminic * 16,5 pafL 10 1.0 4,0 3125 B 200
\Antimonio * N.D. pafL 0,10 0,20 0,30 3135 B 5
Arsénica * 0.8 pa/L 0,10 0,20 |0,30 31258 10
Cadmio * N.D. pa/L 0,10 0,20 |00 31258 3
Caldio * 336 mgyL 1.0 1.5 2,0 3500-Ca B 100
Cloruros * 5.03 mgyL 0,81 1,30 1,10 |4110B Cro 25 250
Cobre * 3.7 pafL 10 2,0 3,0 3125 B 1000 2000
Color Aparent= * N.D. UPt-Co 10 20 4,0 2120 C 5 i5
Conductividad * 270 pSfem 1,0 2 4 2510 400
Croma * N.D. pa/L 0,10 0,50 |1,60 31258 50
Dureza de Calcio * B84 mg/L 2,0 2.0 3,0 [3500-Ca D
Dureza Total * 113 mgyL 2.0 2.0 3,0 23490 C 300 400
Fluoruros * N.D. mg/L 0,027 0,040  0,100/4110B Cro 0,7-1,5
Fosfatos * N.D. mgyL 0,32 0,40 0,80 41108 Cro
Hierra * 17,5 pa/L 1.0 2,0 3.0 31258 300
Magnesio * 7.0 gL 0,10 0,50 1,0 3500 B 30 =]
Manganeso * D. pafL 1,0 2.0 3,0 [3135B 100 500
Mercurio * N.D. /L 0,10 0,11 0,15 3125 B 1
Niquel * N.D. pa/L 1.0 20 3,0 31258 20
Nitratos * N.D. mgyL 0,53 0,81 1,40 |4110B mo 50
Nitritos * N.D. mgyfL 0,026 0,040 0,10 |4110B Cro 01
Oliar **| Areptable M.A, M.A. M.A. 2150 B Aceptable Areptable

Pagina 3 de 12

Rige: 16/01/17
AYA

Aprobado por:
Dir. Darner Mora Alvarado

PARAMETRO E | RESULTADO | UNIDADES |INCERT| 1D LC | METODO | wA. | viMax
pH * 6,92 0,10 0,10 | 0,20 4500-H+ | 6,0-8,0

Ploma * D. pajL 0,10 0,20 0,50 31258 10
Potasio * 19 mg/L 0,30 1.0 1,5 3500-K B 10
Selenio * N.D. pajL 0,10 0,20 | 0,70 31258 10
Sodio * 3,7 mg/L 19 2,0 |25 3500-NaB | 25 200
Sulfatos * 11,5 mg/L 0,79 0,81 | 1,60 4110BCro | 25 250
Murbiedad * 0,58 UNT 0,10 0,12 0,15 21308 <1 5
Zinc * 52 pajL 1.0 20 |30 31358 3000

INCERT: Corresponde a la [ncertidumbre expandida k=2 para un 95% de confianza

mite de Deteccidn en las unidades del pardmetro analizado

LC: Lirmite de Cuantificacidn en lag unidades del parametnd analizado
METODO: Correpande al codign del Standard Methods for the Examination of Water and Wastewater.

M.D.: Mo detectable bajo el limite de deteccitn

D.: Detectable pere no cuantificable

= Ensayo acreditade. Ver alcance en yww Sca.00.0
** Ensayo no acreditado

Condiciones Ambientales:

Observaciones:

Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable N° 38324-5,

Se prohibe |a reproduvecidn de este documento en Torma total o parcial sin la sutorizacidn del Laboratorio

Licda. Azucena Urbing Campos
Jefe del Labaratorio Quimica

Paginaddei2

Aprobado por:

Rige: 16/01/17
Dr. Darner Mora Alvarado

AYA
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LABORATORIO MACIONAL DE AGUAS

AYA-ID-03381-2017

INFORME DE RESULTADOS

AYA-FPT-011B

Trun Rina, Eartage
Tulafono: [S88) 2755118
1588) 2T% 8874

Lo puet de 11022900

Acance divoosible e wawea

LABORATORIO NACIONAL DE AGUAS

INFORME DE RESULTADOS
AVA-FFT-0118

Rios, £ artage
fono:[508) 2785118
[508) 279 5973

DATOS DE LA MUESTRA

Laboratonc de
Alcance de Acredaciin b LE-OES
Eeracirindin s pastde 1102390

Alance diszorible e saweta o

Cliente: REGION PACTFICO CENTRAL Proc. muestreo AYA-PT-013-5
Contacto: |Ing. German Araya Montszuma Muestreado por Acufiz Acufiz Wil
SISTEMA: (PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 18-abr-17
Fecha de ingreso : 19-abr-17
[Muestreo: [POZ0 POCAMAR 2 Fecha de Reporte: 08-may-17
Direccion: |Uave de chorro Inicio Analisis MIC:
[Teléfono: 2663-67-98
FROVINCIA! | Puntarenas |CAWN= Puntarenas Tipo de muestra: Agua
e-mail: |Fax: | Hora de recoleccion: 11:30
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VA, V.MAK
\Alcalinidad * 106 mg/L 1,0 20 3,0 2320
‘Aluminic * 131.1 pafL 1.0 1.0 4,0 3125 B 200
Antimanio * N.D. pglL 0,10 0,20 0,30 31358 5
Arsénica * 0,9 palL 0,10 0,20 [030 31358 10
Cadmia * N.D. palL 0,10 0,20 |0,30 31258 3
Calcio * 30,6 mgfL 1.0 15 2,0 |3500-Ca B 100
Cloruros * 528 mgfL 0,81 1,30 1,10 |4110B Cro 25 250
Cobre * N.D. pa/L 1.0 20 30 3125 B 1000 2000
Color Aparente * D. UPt-Co 1.0 2,0 4,0 2120 C 5 15
Conductividad * 245 pSfcm 1.0 2 4 2510 400
Cramo * N.D. palL 0,10 0,50 |1,60 31358 50
Dureza de Calcio * 77 mg/L 2.0 2.0 3,0 3500-CaD
Dureza Total * 104 magfL 20 2,0 3,0 2340 C 300 400
Fluoruros * N.D. mgfL 0,027 0,040 |0,1004110B Cro 0,7-1,5
Fosfatas * N.D. mg/L 0,32 0,40 0,80 4110E Cro
Hierra *| 1478 gL 1.0 2,0 3,0 31258 300
Magnesio * &6 mg/L 0,10 0,50 1,0 3500 B 30 50
Manganesa * 543 pafL 1,0 20 3,0 3125 B 100 S00
Mercurio * N.D. pafL 0,10 011 0,15 3125 B 1
MNiguel * N.D. = 1.0 2,0 3,0 31358 0
Mitrabos * N.D. mg/L 0,53 0,81 1,40 4110B mo 50
Nitritos * N.D. mg/L 0,026 0,040 | 0,10 |4110B Cro 0,1
Olor **| Aceptable M.A. MN.A. M.A. (2150 B Aceptable Aceptable
Pagha 5 de 12 Figes Jerilay i, Devate Sy Amrese
82

PARAMETRO E | RESULTADO | UNIDADES |INCERT| 1D Lc | METODO | waA. | v.max
pH * 7,56 0,10 0,10 | 0,20 4500-H+ | 6,0-8.0

Plomo * D. palL 0,10 0,20 0,50 31258 10
Potasio * 18 mgfL 0,80 1.0 1,5 3500 B 10
Selenio * N.D. pafL 0,10 0,20 | 0,70 31258 10
Sadio * 9 ma/L 13 2,0 |25 3500MaB| 25 200
Sulfatos * 8,25 mgfL 0,79 081 | 1,60 4110BCro | 25 250
Turbiedad * 2,24 UNT 0,10 012 04521308 <1 5
Zinc * 27,7 palL 10 2,0 |30 31258 3000

INCERT: Corresponde a |a Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteccidn en las unidades del pardmetra analizado

LC: Limite de Cuantificacién en las unidades del pardmetro analizado

METODO: Correpande &l chdigo del Standard Methods for the Examination of Water and Wastewater.
M.D.: No detectable bajo el limite de deteceidn

D.: Detectable pere no cuantificable

*  Ensayo acreditado. Ver SlCance en gy Sca orcr

** Ensayo no acreditado

Condiciones Ambientales:

Observaciones:

Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable N° 383245,

Se prohibe la repredeccin de este documenta en ferma tetal ¢ parcial sin la autorizacién del Laberatorio

A Llina &

Licda. Azucena Urbing Campos
Jefe del Labaratorio Quirmica

Pagiha 6 de 12

Aprobado por:

Rige: 16/01/17
Dr. Darner Mora Alvarade

AYA
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LABORATORIO NACIONAL DE AGUAS

AYA-FPT-011B

INFORME DE RESULTADOS

Tras Rina, Curtugn

Fus 15298y 278 3973
mail: dnpee g goer

Tulafono:[508) 2795118

gk . EGA
- S
I
Laboratonic de Ersayo
Alcance de AcredNaciin Ne. LEO4S

Aacreciiadio s partirce 1102300

Alanue disgoibbe e wwweLam

DATOS DE LA MUESTRA

Cliente: REGION PACIFICO CENTRAL Proc. muestreo AYA-PT-015-5
Contacto: |Ing. German Araya Montezuma Muestreado por Acuiiz Acufiz Wilb
SISTEMA: |PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 18-abr-17
Fecha de ingreso : 19-abr-17
Muestreo: [POZ0 POCAMAR 3 Fecha de Reporte: 08-may-17
Direccian: |Uave de charra Inicio Analisis MIC:
[Teléfono: 2653-67-98
FROVINCIA: | Puntarenas |canTon [ Puntarenas Tipo de muestra: Aguz
2-mail: |Fax: | Hora de recoleccion: 11:33
DETALLE REPORTE DE RESULTADOS ANALISIS
PARAMETRO E | RESULTADO | UNIDADES | INCERT LD LC | METODO VA V.MAX
\Alcalinidad * 115 mgyL 10 2.0 3,0 2320
{Aluminio * 8,2 pafL 10 10 4,0 3125 B 200
\Antimonio * N.D. pafL 0,10 0,20 0,30 3135 B 5
\Arsénico * 0.9 pafL 0,10 0,20 0,30 3135 B pli]
Cadmio * N.D. pgfL 0,10 0,20 0,30 3125 B 3
Caldio * 335 mgjL 1.0 15 2,0 3500-Ca B 100
Cloruros * 508 mgyL 0,81 1,30 1,10 41108 Cro 25 250
Cobra * N.D. pafL 10 2.0 3.0 3135 B 1000 2000
Color Aparente * N.D. UPt-Co 10 2,0 4,0 2120 C 5 pLy
Conductividad * mn pSfcm 10 2 4 2510 200
Cromo * N.D. pafL 0,10 0,50 1,60 |3125 B 50
Dureza de Calcio * 84 magyL 2.0 2,0 3,0 3500CaD
Dureza Total * 113 mgjL 2.0 2.0 3,0 2340 C 300 400
Fluoruros * N.D. mgyL 0,027 0,040 0,100 41108 Cro 0,7-1,5
Fosfatos * N.D. mgjL 0,32 0,40 0,80 |4110B Cro
Hierro * 5.5 pafL 1.0 2,0 3,0 3125B 300
Magnesio * 7.0 mgfL 0,10 0,50 | 1,0 35008 T 50
Manganeso * N.D. pafL 1.0 2,0 3,0 3125 B 100 500
Mercurio * N.D. pgfL 0,10 0,11 0,15 3135 B 1
Miquel * N.D. pafL 1.0 2,0 | 3.0 31358 20
Nitratos * N.D. mgyL 0,53 0,81 1,40 41108 mo 50
Mitritos * N.D. mgjL 0,026 0,040 | 0,10 4110B Cro 01
Olor **| Aceptable MA MNA MN.A, 2150 B Aceptable Aceptable
P— o

AYA-FPT-011B

INFORME DE RESULTADOS

Trus Rios, Cuttago
Tuléforno: (508) 279-3118
Fax: (508) 279 5973

!
fiacuas - ECA
—
an N’
Laboratoric de Ensayo
Alcance o Acredtaciin W, LEOIS
Keredeadn s pactde 11022000

Alance disoor b e wwwetaonis

PARAMETRO E | RESULTADO | UNIDADES |INCERT| LD | LC | METODO | WV.A. | V.MaX
pH * 719 010 | 010 020 4500H+ | 60-8,0

Plomo * D. palL 0,10 | 020 05031258 10
Potasio . 2,0 mg/ll | 0,80 10 | 1,5 3500K8 10
Selenio *|  ND. b/l 0,10 | 020 |0,70 31258 10
Sodio * 9,8 mg/L 19 20 |25 3500NaB| 25 200
Sulfatos | 11,54 mg/l | 073 081 1,60 41108Cro 25 250
Turbiedad | 02 UNT 010 @ 012 015321308 <1 5
Zinc * 4,6 b/l 1,0 20 |30 31258 3000

INCERT: Corresponde a la Incertidumbre expandida k=2 para un 95% de confianza

LD: Limite de Deteccién en las unidades del pardmetro analizado
LC: Limite de Cuantificacién en las unidades del pardmetro analizado

METODO: Cerreponde al cédigo del Standard Methods for the E

of Water and

N.D.: No detectable bajo el limite de deteccibn
D.: Detectable pero no cuantificable

Ensayo acreditado. Ver alcance en www 8ca.oro

** Ensayo no acreditado

Con

nes Ambientales:

Observaciones:

|Las determinaciones efectuadas, cumplen con el Reglamento para la Calidad del Agua Potable N° 38924-5,

Se prohibe la reproduccion de este documento en forma total o parcial sin la autorizacidn del Laboratorio

A loliwn &

Licda. Azucena Urbina Campos
Jefe del Laboraterio Quimica

Aprobado por:

Rige: 16/01/17
Dr. Darner Mora Alvarado

AYA
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INFORME DE RESULTADOS
INFORME DE RESULTADOS AVA-FPT-011B

AVA-FPT-D11B

Trus Rina, £ astage
Fomo:[S08) 2T9-8118
[398) IT% 5973

Trua Rios, Eactagn
Tulsfono: [508) 3794118

[308) 279 5973 . LABDRATORIO NACIONAL DE AGUAS

LABORATORIO NACIONAL DE AGUAS R — bl o S ’?..'“'J:.'ﬂ"'n. oo
N emeiaiespetrie a2 on - g
Akance dlsootible e wwwetsous
Mg st ibbe e wwwista e o
PARAMETRO E | RESULTADO | UNIDADES | INCERT LD LC | METODO VA VLMAK
DATOS DE LA MUESTRA Turbiedad * 1,10 UNT 0,10 0,12 0,15 2130 B =1 5
Cliente: [REGION PACIFICO CENTRAL Proc. muestreo AYA-PT-015-5 Zinc *l 185 bl L0 40 |30 3158 2000
Contacto: |Ing. German Araya Montezuma Muestreado por Canales Canales J INCERT: Correspende a la [neertidumbre expandida k=2 para un 95% de confianza
SISTEMA: |(PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de muestreo 10-may-i8 LD: Limite de Deteceidn en las unidades del parametra analizado
Fecha de ingreso : 10-may-18 LC: Limite de Cuantificacién en las unidades del parametro analizado
[Muestreo: [POZ0 POCAMAR = 2 T+ 1 a0 INTOANG 12015 Reporte: 07-jun-18 METODO: Correpande & codigo del Standard Methods for the Examination of Water and Wastewater.
Direccion: |Uave de chorro Zinc* 4,8 pgll 1.0 2,0 3.0 3125 B 3000|Lnicio Analisis MIC: M.D.: Ma detectable bajo el limite de deteceién
I eléfono: 266 3-67-98 D.: Detectable pero no cuantificable
PROVINCIA: | Puntarenas CANTON:| PUNTARENAS Tipo de muestra: Agua *  Ensaye acredilade. Ver 2lcance &n w83 OLEF
e-mail: |Fax: | Hora de recoleccion: 10:35 ** Ensayo no acreditado
DETALLE REPORTE DE RESULTADOS ANALISIS Condiciones Ambientales: —
El Pozo pocamar "1 est3 fuera de operacion temporalmente, |
PARAMETRO E | RESULTADO | UNIDADES |INCERT Lo LC | METODO Vb V.MAX
Alcalinidad * 134 magfL 1,0 20 3,0 2320 Observaciones:
\Aluminio * 4.7 pafL 1,0 1,0 4,0 3125B 200 En este analisis puntuzl las determinaciones efectuadas, cumplen con el Reglamento para |z Calidad del Agua |
\Antimania * N.D. pajL 0,10 0,20 0,30 3125 B 5 Potable N® 38924-5.
\Arsénico * 0,5 pafL 0,10 0,20 |0,30 3135 B 10 Se prohibe la repreduccidn de este documenta en forma total o parcial sin la autorizacidn del Laboratorio
Cadmio * N.D. pajL 0,10 0,20 0,30 31258 3
Caldio * 39,6 mg/L 1.0 1.5 2,0 3500-CaB 100
Cobre * 3,9 g/l 1,0 20 3,0 31258 1000 | 2000 A Lol
Color Aparente * N.D. UPt-Co 1.0 2.0 4,0 2120 C 5 15 —
Conductividad * 311 pSjem 1,0 2 4 2510 400 Lieda. Azicena Urbina Campos
Cramo * N.D. pafL 0,10 0,50 | 1,60 31258 50 Jefe del Labaratorio Quimica
Dureza de Calcio * 99 mgfL 2,0 2,0 3,0 |3500-Ca D
Dureza Total * 133 mag/L 2.0 2.0 30 2330C 300 400
Hierra * 52,0 pafL 10 2,0 30 31258 300
Magnesio: * 84 mg/L 0,10 0,50 1,0 3500 B 30 50
Manganeso * D. pa/L 1,0 2,0 3.0 [31258B 100 500
Mercurio * MN.D. pafL 0,10 0,11 0,15 3125 B 1
Miguel ¥ N.D. palL 1,0 20 |30 31358 20
pH * 723 0,10 0,10 0,20 4500-H+ 6,0-8,0
Ploma * D. palL 0,10 0,20 0,50 3135 B 10
Potasio * 2,5 mgfL 0,80 1.0 1,5 3500 B 10
Selenic * N.D. pafL 0,10 0,20 | 0,70 31258 10
Sodio * 11,2 mg/L 1,9 2.0 2,5 3500-Ma B 25 200
Temperatura * 27,2 oC 0,10 2550 B 18 a 30) @
e Aprobado por:
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INFORME DE RESULTADOS

AYA-FPT-011B
INFORME DE RESULTADOS
AVA-FPT-011B Tras ins, Catage
— ECA e
rua Rios, Custago — = ail: :
::';""'““ ::g:;jj::"ﬂ': i L LABORATORIO NACIONAL DE AGUAS Aleance e Azradiaeiin I LEOHD

amail: dm e are g0 Acreciindo s particde 1102200

LABORATORIO NACIONAL DE AGUAS AdeSrie g ACTeNacIAn BB, LECHE
Rereckindnn s pawt dee 11023500 Alcance disoosibke e wawetao
Aleanue dlscorlble e wawecanns PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO V.A. WV.MAX
Turbiedad * 140 UNT 0,10 0,12 0,15 2130 B =1 1
DATOS DE LA MUESTRA Zinc * 4,8 pajL 1.0 2,0 | 3,0 31358 3000
Cliente: |REGION PACIFICO CENTRAL Proc. muestreo AVA-PT-013-5 INCERT: Correspende a |2 Incertidumibre expandida k=2 para un 959 de eanfianza
|Contacto: |Ing. German Araya Montezuma |Muestreado por Canales Canales J LD Limite de Deteceidn en las unidades del pardmetra analizads
SISTEMA: |PC-A-19-CARMEN LYRA-LA GUARIA-MOJONCITO Fecha de f“‘-'eslm“ | 10-may-18 LC: Limite & Cuantificacién en las unidades del pardmetra snalizado
[Fecha de inareso : 10-may-18 METODO: Carrepande &l ebdign del Standard Methads for the Examination of Water and Wastewater.
Muestreo: [POZ0 POCAMAR = 3 |Eecha de Reporte: 06-jun-18 N.D.: Mo detectable bajo e limite de deteccién
Direccién: [Uave de charro w MIC: 0.: Detectabile pero no cuantificabile
T T T B [ERToR BUNTARENAS T?;eof::.:ll’mﬁlra: 256’:’9:: 38 -" Ensayo acredilado. Ver alcance en WiL8ca0LE
e-mail: Fax: | Hora de recolecdion: 10:43 Ensayo no acreditado
DETALLE REPORTE DE RESULTADOS ANALISIS El Pozo pocama esta fuera de operacion temporalmente. |
PARAMETRO E | RESULTADO | UNIDADES |INCERT LD LC | METODO VA Vo MAK Observaciones:
Alcall.nl.dad : 131 mg/t Lo 20 3.0 2320 En este analisis puntual las determinaciones efectuadas, cumplen con el Reglamento para |z Calidad del Agua
Alurmninio * N.D. pafL 1,0 1,0 4,0 (31258 200 Potable N° 28924-5. |
Antimania + N.D. palL 0,10 0,20 0,30 31358 5 - - — — -
Arsénico + 0.4 gl 0,10 020 0,30 31258 10 Se prohibe |a repreduceibn de este dacumenta en forma total o parcial sin la autorizacin del Labaratoris
Cadmio * N.D. pajL 0,10 0,20 0,30 3125 B 3
Caldio * 40,4 mgfL 1.0 1,5 2,0 3500Ca B 100 = - -3
Cobre ' N.D. palL 1.0 20 |30 31se 1000 | 2000 ¥ Lalra O
Color Aparente * ND. UPtCa | 10 | 2,0 | 40 2120C 5 15 Cicda Azcena Urbina Compes
Conductividad * 309 wSfem L0 2 4 2510 400 Jefe del Labaratorio Quimica
Croma + N.D. pafL 0,10 0,50 |1,60 31258 0
Dureza de Calcio * 101 mgfL 2.0 2.0 3,0 3500-Ca D
Dureza Total * 134 mgfL 2.0 2.0 3,0 2340 C 300 400
Hierra ' N.D. palL 1.0 20 | 3.0 31358 300
Magnesio * 81 mg/L 0,10 0,50 1,0 3500 B 30 50
Manganeso * N.D. pafL 1,0 2,0 3,0 3125B 100 500
Mercurio * N.D. pa/L 0,10 0,11 0,15 3135 B 1
Niquel * N.D. palL 1.0 20 | 3,0 31358 20
pH * 7.22 0,10 0,10 0,20 4500-H+ 6,0-8.0
Plama ' D. palL 0,10 0,20 0,50 31258 10
Potasio * 2.6 mgfL 0,50 1.0 1,5 3500 B 10
Selenio * N.D. pa/L 0,10 0,20 0,70 31258 10
Sodio * 12,1 magfL 19 20 2,5 3500-Ma B 25 200
Temperatura * 272 oz 0,10 2550 B 16a30) @
Rige: 16/01417 Aprobado por:
Pagina 11 de 12 Rige: ;i.:nh? o m‘:":'::;':’i:’n” Pagha 12 g2 12 . AvA Dr. Darner Mora Alvarado
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Appendices

Pumping test annotation sheet

Sitio
Nombre Fecha
Pozo Prueba
Observacion (min) Hora Caudal (L/s) Miwvel (mi) Comentarios

i} 11:00 AM

1 11:01 AM

2 11:02 AM

3 11:03 AM

A 11:04 AM

5 11:05 AM

10 11:10 AM

15 11:15 AM

20 11:20 AM

25 11:25 AM

30 11:30 AM

35 11:35 AM

40 11:40 AM

45 11:45 AM

50 11:50 AM

55 11:55 AM

60 12:00 PM

75 12:15 AM

a0 12:30 PM
105 12:45 AM
120 1:00 PM
150 1:30 PM
180 2:00 PM
210 2:30 PM
240 3:00 PM
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Recovery phase annotation sheet

Sitio
Nombre Fecha
Pozo Prueba
Observacion (min) Hora Caudal [Lfs) Mivel (m) Comentarios

a 5:00 AM

1 5:01 AM

2 5:02 AM

3 59:03 AM

4 9:04 AM

5 5:05 AM

10 9:10 AM

15 5:15 AM

20 9:20 AM

25 9:25 AM

30 9:30 AM

35 5:35 AM

40 9:40 AM

45 9:45 AM

50 9:50 AM

55 9:55 AM

&0 10:00 AM

75 10:15 AM

a0 10:30 AM
105 10:45 AM
120 11:00 AM
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Granulometry for Barranca riverbed sediment sample 1

Sieve # Size (mm) | Retained (g) | Retained % | Ret. Accumulated % | % Passing
4 4.75 0 0.00% 0.00% 100.00%
8 2.38 55.69 17.24% 17.24% 82.76%
16 1.18 63.59 19.68% 36.92% 63.08%
20 0.85 55.45 17.16% 54.08% 45.92%
30 0.60 53.36 16.52% 70.60% 29.40%
50 0.30 73.78 22.84% 93.44% 6.56%
100 0.15 17.39 5.38% 98.82% 1.18%
200 0.07 3.45 1.07% 99.89% 0.11%
pan - 0.26 0.08% 99.97% -
> weight 322.97 Dry weight pre-wash 329.19
Initial Weight 323.08 Dry weight post-wash 323.08
Error 0.03% Percentage of fines 2%
Granulometry for Barranca riverbed sediment sample 2
Sieve # Size (mm) | Retained (g) | Retained % | Ret. Accumulated % | % Passing
4 4.75 2.81 0.91% 0.91% 99.09%
8 2.38 3.98 1.29% 2.20% 97.80%
16 1.18 12.12 3.92% 6.11% 93.89%
20 0.85 16.42 5.31% 11.42% 88.58%
30 0.60 22.98 7.43% 18.86% 81.14%
50 0.30 190.75 61.68% 80.54% 19.46%
100 0.15 48.21 15.59% 96.13% 3.87%
200 0.07 11.02 3.56% 99.69% 0.31%
pan - 0.88 0.28% 99.97% -
> weight 309.17 Dry weight pre-wash 322.53
Initial Weight 309.25 Dry weight post-wash 309.25
Error 0.03% Percentage of fines 4%
Granulometry for Barranca riverbed sediment sample 3
Sieve # Size (mm) Retained (9) Retained % Ret. Accumulated % % Passing
4 4.75 0 0.00% 0.00% 100.00%
8 2.38 0.27 0.08% 0.08% 99.92%
16 1.18 5.72 1.69% 1.77% 98.23%
20 0.85 13.88 4.09% 5.86% 94.14%
30 0.60 40.45 11.93% 17.79% 82.21%
50 0.30 228.43 67.38% 85.17% 14.83%
100 0.15 40.64 11.99% 97.16% 2.84%
200 0.07 8.53 2.52% 99.67% 0.33%
pan - 1.01 0.30% 99.97% | -
> weight 338.93 Dry weight pre-wash 343.15
Initial Weight 339.03 Dry weight post-wash 339.03
Error 0.03% Percentage of fines 1%
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Granulometry for Barranca riverbed sediment sample 4

Sieve # Size (mm) | Retained (g) | Retained % | Ret. Accumulated % | % Passing

4 4.75 0 0.00% 0.00% 100.00%

8 2.38 19.91 5.64% 5.64% 94.36%

16 1.18 67.96 19.24% 24.88% 75.12%

20 0.85 80.58 22.81% 47.69% 52.31%

30 0.60 77.23 21.87% 69.56% 30.44%

50 0.30 77.13 21.84% 91.40% 8.60%

100 0.15 24.27 6.87% 98.27% 1.73%

200 0.07 5.6 1.59% 99.86% 0.14%

pan - 0.46 0.13% 99.99% | -
> weight 353.14 Dry weight pre-wash 356.09
Initial Weight 353.19 Dry weight post-wash 353.19
Error 0.01% Percentage of fines 1%
Granulometry for Barranca riverbed sediment sample 5

Sieve # Size (mm) | Retained (g) | Retained % | Ret. Accumulated % | % Passing

4 4.75 0 0.00% 0.00% 100.00%

8 2.38 54.64 17.47% 17.47% 82.53%

16 1.18 59.63 19.06% 36.53% 63.47%

20 0.85 28.54 9.12% 45.65% 54.35%

30 0.60 24.27 7.76% 53.41% 46.59%

50 0.30 78.24 25.01% 78.41% 21.59%

100 0.15 49.55 15.84% 94.25% 5.75%

200 0.07 15.8 5.05% 99.30% 0.70%

pan - 2.04 0.65% 99.96% | -

> weight 312.71 Dry weight pre-wash 324.56
Initial Weight 312.85 Dry weight post-wash 312.85
Error 0.04% Percentage of fines 4%
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Granulometric distribution Sample 3
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