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I. Executive Summary

This report is a documentation of work completedsionv sand filter designs to be implemented in the
rural highlands near Barbosa, Colombia. This @toj&s initiated in January 2011 as a partnership
between the Kimberly-Clark Company, Purdue Globadikeering Program (GEP), and the city of
Barbosa. The initial goal was to design and ihbehch-scale slow sand filter units to treat dirigk

water for students in rural communities surrounddagbosa. Prototypes were designed, construated, a
installed in three schools, where a noticeable awpment in water quality was seen. This past yhar,
project has continued under GEP and Purdue Engmgeg@rojects in Community Service (EPICS). New
design criteria for the redesign of the initialvglsand filter included replacing the gravel suppeyer

with a solid porous media, replacing piping hardwand reducing overall cost. These goals were
achieved by installing a Porex support plate, ¢glly used in rapid sand filters), using smallemaéeter
piping, and replacing piping fittings.

Unfortunately, even after treatment with the slamdfilters, the water is still unsafe to drinkur@ntly,
the schools boil the water to disinfect it befoomsuming, but in the process use large amountsaifrig
fuel. In order to improve the overall quality betwater treatment system, two disinfection teaimsg
were explored. A UV disinfection system was des@yand is currently being tested. The second
disinfection method involves the use of a seriggledted filters to physically remove pathogensgiftbe
water. Primary removal occurs in a Qu# filter but a 1um pre-filter can be used first to extend the life
of the smaller (and costlier) filter. Both disinfn systems would include chlorine disinfectianget
pathogens which are resistant to UV or are not xetidy the pleated filters. By utilizing two
disinfection methods, a safety factor is provideshie system fails.

To meet the needs of community members aroundctimoss, a large-scale slow sand filter system was
designed. A pilot-scale continuous flow filter wamstructed and operated, identifying design
constraints, and allowing data to be gatheredIter fierformance. It was determined an 8 hour
hydraulic retention time is sufficient to produdgthquality water. An on-site conceptual desigrswa
created consisting of a pair of sedimentation lsafsinpre-treatment, a pair of large slow saneéfit and

a storage basin. The design was completed withdhEeof minimizing cost while still meeting theaus

of the community. A total cost of $19,537.04 wasreated, a 55% reduction from a previous design
completed in spring 2011.

This summer, an onsite workshop will be held tmttaachers from other schools in the Barbosa amea
how to construct their own bench-scale filters gatme new design. Further work will be done in
assessing disinfection options and directly conmgattie effectiveness and feasibility of the UV and
pleated filter systems. More information needbécollected on water use in these communities and
other on-site conditions to improve and finalize turrent conceptual large-scale design.

Il. Introduction to Slow Sand Filtration

Purpose and Function

Slow sand filters are inexpensive water treatmentats that can be constructed and used even imeem
locations. They require few materials for constiaugtno electricity during operation, and only véasic
maintenance. The “filter” is composed of mediumdsdayered on different diameters of coarse sand an
gravel.



Figure 1shows the basic structure of a slow sand filtéghkghted in blue is the layer of medium sand,
red is the coarse sand, and yellow is the laygrafel. The setup of the filter consists of two kete
sitting on top of one another. Each bucket has#me and gravel layers, with tubing transferrhmg t
clean water from the top bucket to the bottom, wharce it filters through, the completely filtenseter
will exit from the bottom bucket.

Figure 1. Point-of-use SSF Schematic

The large surface area of the sand efficiently aonorganic particles present in the influentexdby
attachment), and acts as a substrate for the grfwtticroorganisms. This in turn consumes dissblve
organic materials. In addition, a large fractioranf/ pathogenic protozoa, bacteria, or viruseken t
untreated water, are retained in the filter throagachment to the sand. Retention of these
microorganisms for long periods of time eventusdlyds to their inactivation or death. Slow sarntefd
should not be confused with rapid sand filters.

Rapid Sand Filters (RSFs) process pre-treated \atterate of ~ 21 m/h (21°%of raw water per fof

filter surface area hourly). This is a larger amtoof water than a slow sand filter can process, bu
produces a higher clogging rate. To inhibit biadadgrowth on the sand patrticles, the influentevao

RSFs is generally pre-treated by chemical flocoute&nd settling, and by chlorination. After seater

days, sometimes weeks, the hydraulic pressurerelifée across an RSF increases due to cloggingnWhe
this occurs, automated backwashing must be perfhrBee to pretreatment and backwashing
requirements, RSFs are one of many processes iraptethwithin treatment trains for drinking water
treatment plants in larger communities. They rezjgome automation, are more complex in design, and
therefore are not suited for small-scale commumitieindividual household due to the higher
maintenance needs, (Fewster, 2004).

In comparison, slow sand filters (SSFs) are opdratiermittently or continuously at much lower flow
rates per area, typically at or less than 0.4 mvmf/m?xhr). SSFs characteristically contain fine to
medium sand to provide a large surface area, pamgixtensive contact of water and sand and atthch
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organisms. The large surface area and the highablidrretention timeq= V/Q, where V is volume
(m3) and Q is flow rate (*hr)] provide sufficient time and contact for theyanic materials in the water
to be mineralized by the attached biological comityudecreasing clogging over extended periods of
time. After prolonged use, slow sand filter desitpuild-up inorganic materials between the sanihgra
requiring cleaning of the sand layer. The timaqukbetween cleaning events depends on the influent
water quality.

The uppermost 1-3 cm is often referred to asSittemutzdeckey “slime layer”. Because the dissolved
concentration of organic molecules is highest atttip of the filter, this is where microorganismesd to
accumulate. Gradually a zone of rich biologicdivity is formed. The density of this layer provida
more efficient filtration zone for materials presanthe influent water, including other microorgsms.
The Schmutzdecke biological zone is not truly &imtis and cohesive layer, but rather a dense ptipola
that steadily develops within the upper regiorhef $and (Fewster, 2004). Even though the majofity
pathogen removal takes place in the Schmutzdeekearch performed on continually operated SSFs
shows that biological activity is distributed thgihwut the top 40 cm of the sand bed, becoming less
dense with depth. Below a depth of 30-40 cm, thellef bacterial activity drops to a level that is
dependent upon the filtration rate (Fewster, 2004).

There are two ways slow sand filters can operatepplying a continuous and uninterrupted flow of
water, or by adding water to the filter bed at péid intervals. The influent water provides botbdand
oxygen to the biological community in the filtero@inuously operated filters, designed with water
retention times of at least several hours, depenghinterrupted use to maintain biological stapilib
comparison, intermittently operated slow sandr§ltere designed to function without a continualvflaf
water into the filter, and thus have retention 8mé&24 hours or more. During the periods of tinmithwo
water flow, the organisms within the biological eaeceive additional oxygen through the diffusién o
oxygen into the shallow level of standing watereTével of standing water is important in contragi
the diffusion of oxygen and the development ofSishmutzdecke (Fewster, 2004). In order for SSFs to
remain effective, the resident microorganism comitgunust be sustained through a constant
(sometimes intermittent) supply of organics (ifeqd), oxygen, and moisture. The sand bed must
therefore be kept saturated with water at all times

Slow sand filters are remarkably simple in botheriat requirements and construction. They consist o
an open container filled with specific depths afrgrlated media, often arranged into several discret
layers of increasing grain size. The biologicalifive sand layer is situated at the top, and gréorel
other water collection system) is at the bottonpofous pipe or tube is placed in the gravel laier,
convey the filtered water from the container. Tdhiginpipe, often regulated by a valve or by adhgsthe
level of water in the container, carries the fdigeffluent water to a ventilated reservoir.

The specific properties of the media (sand) amgikaly unimportant as long as it is chemicallyrtrend
of an effective uniform size; sand is typically tihhest economical and readily available materiatiuse
(Manz, 2008). Similarly, the material and shap¢hefcontainer are subject to discretion. If thetamer
material is resistant to corrosion, and the veissel an appropriate size, it can be used. Sméillieation
systems normally use a plastic or metal drum, waeel&rger-scale applications have a concrete-lieed
installed in the ground. The grain size and tdggdth of the filtration medium may vary betweenigies;
a more detailed discussion of these design parasrfelows in later sections. Generally, finer mite
and deeper filter beds provide for more effectilteation; however these require that a greaterriwytic
head be applied to maintain adequate flow of thiemthrough the SSF (Huisman and Wood, 1974).



Operation and Maintenance

Operation and maintenance of SSFs are relativeiglsi While water must be continuously (or
frequently) added in order to oxygenate the fiknated, the amount of water added varies deperating
the size and design of the system (Fewster, 208D fficiently turbid water is put through the $gmn,
the top layer of sand will eventually become clatjgdth clay and other large particles. As this happ
the flow rate of water through the system will gege. While this actually increases the effectisend
the filter, it may reduce the flow rate of thediltto below a suitable level for daily use. Onehodtof
clearing the debris from this layer of the filtertdo remove all of the sand from the SSF and waéhllg
replace it, and then rebuild the filter bed. Thisot practical due to the high labor and time iremoents
of such a task. Further, this method forces thigeehiological layer to rebuild itself, leading to
significant down time before the filter is functing at an optimum efficiency (Fewster, 2004). Amwt
approach involves removing only the top few centareof media for replacement or cleaning. The
specific amount of sand removed depends on theasidelesign of the filter. This method, over thstfi
requires considerably less labor and a shorteogef time for the filter to re-establish the
Schmutzdecke. The third method is called wet hamg\Fewster, 2004). Wet harrowing involves
blocking the effluent pipe of the system if necegsansuring an adequate water depth above the sand
and then stirring the water by hand without tougttimee media layer. This causes the debris clogijiag
top layer of the filter to be suspended in the wakbe water is then drawn off of the top removing
debris along with it. This may be repeated a femes if necessary. The advantages of this method
include low labor input, and non-disruption of tBehmutzdecke, both critical factors for SSF
effectiveness. This leads to almost no downtimeHerfilter. Backwashing (reverse flow of water
through the filter bed) should never be used foiotogical sand filter (Fewster, 2004). Cleaningais
and other chemicals should never be added toltbe ffuch chemicals will destroy the biologicalda,
which is necessary for the slow sand filter to apsf (citation of Spring 2011 document).

lll. Project Background

The main overarching objective of the project isiéwelop an economical and effective drinking water
treatment process for rural communities in Colomblae project first began in January of 2011 when t
Kimberly-Clark Corporation, a paper products mantifeer, sponsored a student project in conjunction
with the Global Engineering Program at Purdue Unsitye With a facility in Barbosa, Colombia,
Kimberly-Clark was looking to improve drinking watguality for some of the schools in the surrougdin
area. In most parts of the world, naturally filgégroundwater is a key water source. However, meso
regions, like Barbosa, groundwater resources aagailable, not economical, or inefficient to pump
treated water from the base of the mountain td areas in higher elevations. In these regiores, th
treatment of surface water through slow sand fitirahas been shown to be the cheapest, simplesbt, a
most effective means of improving drinking wateeglify.

Previous Work: Point-of-use Filter Design

After the initiation of the project, a team of stutls was able to come up with a design for poinisef
filters to be utilized in schools outside of Barbo§he initial design incorporated inexpensive aasily
obtainable materials. The main structure of therfil consisted of 5-gallon plastic pails. In ordereach
a sufficient sand depth for proper filtration, eartit consisted of a stack of two pails. By havihg filter
split into two pails, rather than one large corgajthe units could be easily moved. In each fmild-
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grade plastic tubing carried the filtered watenfrthe bottom gravel layer up to an outlet in the sf
each pail near the top. Inside each bucket wereumegrain sand and a coarse gravel layer at the
bottom. The level of the water above the sand vessrohined by the location of the outlet in eachketic
This design allowed the sand to be fully saturateal times which is a key aspect for proper fiorcof
the slow sand filters.

While this design was successfully implementedieé small schools in Buga, Graciano, and Las
Bugas, there were several possible improvementswhra identified after the filters were re-eva@dhin
the summer of 2011. The cord grips that were usedrt the tubing from the inside of the buckethte t
outside were not sealing correctly, producing semater leaks. Also, it was noted that sieving out
different sizes of sand and gravel was extremeliptes and time consuming. With one of the goathef
project being to produce the filters in high quéesi, improving the efficiency of construction was
essential.

With these improvements identified, the fall seraesf 2011 was dedicated to evaluating new hardware
options and redesigning a base layer to enableetheval of the gravel completely. By removing the
gravel layer, the intention was to cut down corwtam time and increase the sand depth, thus inipgov
the overall effectiveness of the filters. To kelep tost of the filters to a minimum, a $5.00 goasw
established to replace the gravel layer. In ordetHe filters to function properly for an extendestiod

of time, the new base layer was expected to bestpbs it would be under the pressure of the veatdr
sand in the 5 gallon pails. It was to fulfill thesponsibilities of the gravel layer: preventingdsénom
flowing out while allowing water to pass through.

The student team from fall of 2011 was able to comevith a new prototype that utilized a porous
aluminum plate that was wrapped in both a coarshraad a fine mesh. Because the plate was rather
thin, it needed to be braced off of the bottomhef pail, forming a reservoir for the filtered water

collect. Supports were constructed of excess gJlaind held the plate less than an inch abovedtierh

of the pail. The prototype was constructed antktethroughout the semester. After extensivertgsii

was determined that there were several areas ichvthé design could be improved. These improvements
will be discussed in detail in a later portion loftreport.

Previous Work: Scale-Up Design

A large-scale slow sand filter could provide cleter to the roughly 40 families that make up each
community. A pilot scale continuous-feed slow séitter has been built at Purdue and is currending
evaluated for filtration efficiency and design pasters. A successful design will then be scaletbuye
built in-line with current water infrastructure gwiding approximately 36,900 L of clean water edaly.
The sand filters currently operating in Colombia batch systems. In batch systems, a set amount of
water is directly poured into and collected frora fiiter over a given time period (in this case [if€rs
each day). A continuous flow system operates tmlai biological filtration mechanisms; however a
continuous source of water will feed into the filbky means of a pump or in this case the gravitatio
flow of a mountain stream. Certain devices musidmgned to promote independent sustainability, bu
the main advantage of a continuous flow sand fitehe ability to operate with very little mandalbor.
The continuous flow system capitalizes on the fimging fresh water source located near the intende
construction site, and providing enough water fgpsut approximately 160 people. Designs for thalfi
system take into consideration the unpredictabhl tf incoming water, a pre-filtration settling chier,
an overflow mechanism, adjustable flow controld\@s, wires, etc.), and a large storage tank. The
proposed three-tiered filter design will be exptainater in ‘Filter Design’. These considerationik
maintain an appropriate hydraulic retention timd bypdraulic head without disrupting the
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Schmutzdecke. An overflow system especially untgueontinuous flow systems will direct excess
water back to the water source (mountain stream).

At least two SSFs will be built in parallel, proind adequate filter area and back up if one fikaxnder
maintenance. A continuously fed slow sand filtdl mveet the needs of the community while
minimizing cost of implementation and maintenan@erapid sand filter has the potential to operdie 5
times faster than a slow sand filter however iufegs an equivalent 50 times more maintenance and
relies on backwashing to clean the filter, an uiisgamethod (Huisman, 16). To clean a slow sand
filter, the top 1 to 2 centimeters of filter medimost commonly sand) is scraped out, freeing ther ff
any suspended patrticles or colloidal material thay have collected during operation.

V. Spring 2012 Semester Goals

Redesign Team

In the initial construction of the prototype, it svaoted that tubing supports took a considerableuamn

of time to put together. The goal of cutting dovemstruction time was met, but there was still rdom
improvement. The filter functioned properly ovee ihitial weeks of operation, consistently prodgcin
effluent water with turbidity levels of less thatNTU. After a longer period of testing, it was falthat
the effluent water was becoming discolored. Thaollyesized cause was the porous metal plate in the
bottom layer design. Another recommendation wakitmpat smaller diameter tubing, tees, and cord
grips to reduce the overall cost even further. \ilikse results and recommendations, a new team of
students in the spring of 2012 set out to makenduessary improvements on the point-of-use slow san
filters, and prepare for an on-site workshop inghenmer of 2012.

Scale-Up Team

In the fall of 2011 the scale-up team designedtariid a pilot-scale continuous SSF in anticipatadn
designing a SSF built into the mountain landscapetkd outside of Barbosa, Colombia. The system

will be built in-line with existing water infrastature, relying on the flow of the mountain stream t

provide a constant flow of influent water. Thedikd effluent water will exit the SSF system antéea
centralized storage basin that can provide furdinfection and access to clean water for the
community. The future community-scale filter will be a contous flow system, unique to the area
and its topography. This semester, spring 20Etdhm treated 600 L of Wabash River water over a
period of three months, intent on evaluating thieatifveness of our most important design

constraint, retention time, (initially chosen to&haours.)

0.2um Filter Team

While slow sand filtration has been proven to befiective means of removing solid particles anthso
pathogens from water, it is still essential that ¢ffluent water be disinfected to ensure that ihifact
safe to drink. The goal of the Quen Filter Team was to explore the various typesltrfcartridges
including ceramic, pleated, depth, and membraterdilas a secondary method for disinfection. Eéch
these filters can remove different types and sifgmthogens in the water. The filter cartridgaseh
different benefits and disadvantages in water tistion that will be explored in depth.



UV Disinfection Team

The students and teachers in the rural mountaitsédeuof Barbosa, Colombia, face difficulty accegsi
clean drinking water. Without a way to retrieveatievater from Barbosa, the only alternative ig¢att
surface water from the surrounding local arearévipus semesters, the Water Resource Management
team has designed, built, and deployed slow sétedsfin these schools. Although these satisfy the
customer’s need, the teachers still have to beiffittered water to disinfect it. The objectivetbé UV
disinfection team is to design a UV disinfectiostsyn that can eliminate the need for boiling thadsa
filtered water. It will have to adequately inaetig giardia, cryptosporidium, and viruses in théewa
when used in conjunction with chlorination.

After through research and understanding of UVhdisition and inactivation applications, the UV

Disinfection team has established a goal to desightest an economically feasible UV disinfectioit.u
This will serve as an alternative to the currenthud of disinfection for rural schools in Colombiehich
involves boiling filtered water. UV disinfection wiml be a more efficient and less expensive method.

To begin, an extensive research study analyzingffieets of UV radiation as a method of biological
inactivation was completed. An overview of theswliings is discussed in the background sectioneof th
report, including the study of EPA UV recommendadiglines, various electronic components of design
including housing, bases, and ballasts. Basedenrtterion of cost, UV output, and size, the teaith
select the optimum lamp and associated fixtureterAéceiving these parts, a prototype will be
constructed. The team will continue the semestgrdnforming an actinometry experiment using
potassium ferrioxalate, measuring the intensity effectiveness of the selected lamp’s UV radiatitime
system will then be verified with EasyGel using e&dtom the bench scale slow-sand filters and the
scale-up models. The semester will culminate withoaough review of test results and cost analysis.

V. Case Studies, New Literature, Methods, and Apmaches

Case Studies: Continuous-flow Large Filters

The ease of construction, operation and affordgtiifs
made slow sand filters successful in many rural \\
communities similar to the partnered communities in / S0t e e o TN
Colombia. Large-scale slow sand filters have been / A s \
designed and built in several of these communitigss
section investigates two cases and evaluates #igrde
constraints, unigue mechanisms/design processgs, an
overall cost of the project.

Kenya

In 2010, a team from Purdue University collaboratstth
Moi University, and Aqua Clara International, taltwa
biosand-filter reactor that would reduce fluoride
concentration in the water supplies of a scho@ldoret,
Kenya (Blatchley et.al., 2010). The non-continusiosv
sand filter delivered approximately 1000 litergotable
water each day and cost $450.00, the result oleatly Figure 2. Underdrain system of PVC pipes placed at

scaled-up pilot filter. the base of the filter, directing filtered water and
7 reducing non-vertical flow (Blatchlet et al., 2005).




The design featured a 5000 L HDPE tank with infiueamd overflow pipes to ensure a 1000 L tank
holding capacity, with overflown water returningckdo the water source. A valve on the influeniepip
controlled flow rate and directed water into a tdizution bucket’ that allocated the inertia of the
incoming water. The distance between the overfiod effluent pipes was found by dividing the volume
of water delivered each day by the surface ardheotank.

Two design options were presented to ensure tlker¢éaeives no more than 1000 L/day. (1) A valve on
the effluent pipe is closed until 1000 L is pumfr&d the filter, or (2) an automatic pump shutsafter
1000 L. An underdrain systerRigure 3 was constructed with 1.5-inch PVC pipe and figsir{#1, #2,
and #3 inFigure 2 that divided the tank into 8 equal areas to rechan-vertical flow in the filter.

The final design was the assumed linear scalimloff filters built at Purdue after plug flow was
verified. The test columns were six-inches in dééan and filled with gravel, course sand, and giugr
third layer upon which the filters were evaluatedtioree varying filter medias: (1) “dirty” fine sdmvith
an ACX layer, (2) “clean” fine sand with an ACX ky or (3) “clean” sand without an ACX layer.
“Clean” refers to industrially processed sand ‘atidy” refers to non-industrial-processed sandeT
ACX layer is a brass alloy that can be used asiafdctant.

The following method summarizes the scale-up proead

1 Determine required (L) water needed

2 Verify plug flow (the velocity of the wates constant across any cross section)

3. Determine surface area needed (ratiolof filter cm2 SA/L water produced)

4, Find tank diameter & size that gives SA

5 Tank height * Tank diameter = Tank surfacea

6 Keep media height of pilot filters condtan

7 Tank volume — media volume = volume avwddlao hold water (options include multiple tanks)
8 Calculate amount of each media layer nebdedd on linear scale-up factor

The pilot filters tested at Purdue were successftéducing viable coliform concentration to lelsar

5% presence in one month, and turbidity to levelsuw the USEPA recommended 0.3 NTU. This study
suggested the use of, “entirely natural and rumaligilable materials,” to reduce system cost withou
compromising performance and ensuring a

e

sustainable system that empowers the user Support Sersper Japireated Water
permitting flexibility in construction, operatioand ity ' Valve and Floar
maintenance (Blatchley et. al., 2005). Jemimm /
Bangladesh Grvestiow _ l:,:”m
A community scale water treatment plant was ot T | i g S | OH & crvane:
designed to serve 1000 people living in a small T siopmei_ W »
Bangladesh community (Manz, 2005). Dr. David | .-i...;'é'liiim\'ﬁ‘- _____________ [ — é‘%'"”"“
Manz used pre-cast concrete rings to design a-lar . 2

scale biosand filter serving 200 families in a dmall o SRR  Fitterea
community in Bangladesh. The water treatment i 2 erutier
plant consisted of separate tanks for (1) raw watel v __L Ly, 4_1';1'.’:;'.','
storage, (2) biosand water filtration, (3) wastewat : i

storage, and (4) treated water storage. Multiple <+ e
biosand filters would operate in parallel, receivin .. Vale
water from the raw water storage and delivering it~ M« L, — ] 4
treated water storage tanks. Valves were used to l'"*"“""""-—-:F “““““““““““““““ i el

X

8 Figure 3. Biosand filter design with three concrete rings and
base stacked vertically with pipefittings, valves, overflow, and
scraping mechanisms (Manz, 2005).

control the water flow and direction between tanks T




An independent biosand filter (see Figure X) wasigleed to run for 10 hours each day producing a
maximum of 600 liters per hour. Each filter useke rings (44.5 inch internal diameter and 12nl4 i
height) and included a concrete base with sandjesnckl filter media. The use of locally produced
concrete rings, versus a single concrete cylirelknwed for easier assembly and flexibility in tiee of
a filter, through adding or subtracting a concretg. The rings stack on top of one another wittches
cut in designated edge spots that form circle fitiegs. The pipe fittings are sealed with cortere
mortar.

Maintenance on each biosand filter was requiredratiuced flow rate of 300 liters per hour, (50%
reduction). A large-scale design with multiplédik operating in parallel allowed the full system
continue operating even while one filter was outrfmintenance.

The design of the biosand filter required focughmlocal production of concrete rings in Bangléxles
averaging a cost of $3 USD per ring. The systastuding valves, filter media, floater valves, atost a
total of $150 USD and was able to produce 600slitéiwater each hour.

Conclusions

The goals of both case studies researched matghrdfext goal of large-scale distribution at an
affordable cost and effective, sustainable, fitratmechanisms. The under drain mechanism, ACX
disinfection layer, stackable ring design, and ptharacteristics of referenced designs are usefihle
design of the Colombia community scale filter.

Literature Review

Waterborne diseases including cholera and dyseateryesponsible for approximately 2 million deaths
each year. A high percentage of this number ctmnefschildren living in developing countries (Wabrl
Health Organization, 2011). These diseases ar@dduyspathogenic microorganisms that are transthitte
in contaminated fresh water. The use of traditiditteation and chlorination for drinking water atgment

is effective at removing bacterial pathogens likbrid cholerae (responsible for cholera), Salmanell
typhi, and S. paratyphi (responsible for typhoidefs) (Huq et al. 1996).

Bacterial and virus contaminants range in sizastasces to disinfection methods, and concentration
based on location. Each of these factors needs takien into account when choosing a primary and
secondary disinfection method. Traditional filibatmethods are efficient at reducing turbiditynater
and removing color from water. However, surfacéensamay contain other pathogens that are
environmentally persistent and resistant to disitide. One example is the oocysts of Cryptospondi
parvum(Peter-Varbanetes et al., 2009Qryptosporidium is a protozoan parasite of @AY in diameter
that have spherical oocysts. Some of the most itapbCryptosporidium species are Cryptosporidium
parvum and Cryptosporidium hominis. They are geaé#ti distinct, differ in host range, and have
potential to cause human infection (Cummins e&i1,0). The medium of exposure to cryptosporidium
is ingestion of the oocysts in water and food, yodivect contact. Patients with acute infected $emsuld
contain up to 1x107 oocysts per gram (Chappel. e1899). Infections with Cryptosporidium species
have been reported in developed and developingtgesiincluding the United States and the United
Kingdom. It has been observed that effective oacsetoval can be achieved through filtering water
(Richardson et al., 1991).

For a primary treatment method, slow sand filteesam easy and effective way to remove suspended at
least 90% of solids from water; more than 65% efriimaining BOD, and over 95% of coliform
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organisms (Ellis, 1987). They are cheap and sirtpé®nstruct, which is why developing countries ar
better suited to adopt slow sand filter technoloBgpid sand filters are another primary method of
filtration to disinfect water. They remove pathongdrom water, but require frequent maintenancetdue
clogging. The technology to replicate rapid sahdrg is more complicated than slow sand filters.

This paper serves as an exploration into the varigpes of filter cartridges including ceramic,gikd,
depth, and membrane filters, as a secondary méthnatisinfection. Each of these filters can remove
different types and sizes of pathogens in the wakée filter cartridges have different benefitslan
disadvantages in water disinfection that will bplered farther. Chlorine, Ozone, and UV treatmeinés
other secondary disinfection options that have legtored in water quality testing. Each method has
several advantages and disadvantages that needd&edn into consideration when selecting the most
effective method for secondary disinfection in Goloa.

Research: 0.2um Filters

Filtration Overview

Filtration is used to remove microorganisms angbended solids in drinking water. This process
involves the circulation of water through a porouedia or membrane. Media layers can be sand,
anthracite, or membranes with varying pore sizetgBcourt and Rose, 2004; Cummins et al., 2010).
Sand is found in many filtration systems includahgw sand filters, rapid sand filters, and mixedirae
filtration. The anthracite filtration method is eft combined with varying particle-sized sand for
filtration. This is called dual media or tri-mediliration (LeChevallier et al., 1991).

Slow Sand Filters are a cheap and relatively simppheary method of removing larger suspended solids
(Langenbach et al., 2009). Particles become tappthe pores of the sand and the filtering frow t
Schmutzdecke. The Schmutzdecke is a biologicallaythe top of SSF that helps reduce turbidity an
color present in water. The Schmutzdecke is thadtion of the fine layer of sand at the top of 8&F
and the biological particles that have been removidus is the first step in pathogen removal ofexa
Any chemical pretreatment to the influent of thd=S@ll disrupt the formation of the Schmutzdecke,
hindering its performance (Cummins et al., 2010).

Rapid sand filters are another primary method teegdmove suspended solids and other contaminants i
drinking water. Rapid sand filters require frequieaickwashing because filters become clogged due to
microbial growth, air bubbles, deposition of pdes; and precipitation from iron, manganese, cheatk,
calcite. To achieve a desired performance of pahaegmoval, filter heterogeneity is not desired.
Heterogeneity in a filter is caused by variatiomriadia size with an uneven distribution of biofilarsd
particles. Because rapid sand filters requireufest) backwashing and maintenance, it is not a tédoby
that could be easily adopted in developing coustii@ Columbia (Lopate et al., 2011).

It has been observed that rapid sand filters aadujar activated carbon filters have a high prdiigbi
compared to dual and mixed media filters in allgpudocysts to pass through (LeChevallier et al. 1199
The more effective removal of oocysts observedhéndual and mixed media filters are from the larger
potential the filters have in trapping the oocy§tammins et al., 2010). According to Harrington,
filtration can result in a 1.7-3.6 log10 reductafroocysts depending on the filter media used (2001
Water treatment facility use of mechanically preizsd filtering systems, are becoming more popular.
These filtration systems include microfiltratiodtrafiltration, nanofiltration, and reverse osmosis
Depending on the type of filter media they can bpth, pleated, or surface filters. Some of the most
commonly used materials are cellulose, polypropyleylon, ceramic, and membrane.
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Low-pressure microfiltration filters have poresgany from 0.1 to 1um. However, ultrafiltration
membranes have lower permeability than microfitrafilters because of their smaller pore sizegiran
from 0.002-0.1um (Betancourt and Rose, 2004). The more commorerafigore sizes in water
treatment processes range 0.01 toudBwhich is over one order of magnitude smaller tinen
Cryptosporidium oocysts’ size. Microfiltration anttrafiltration reduction ability is around 4-610g1
(Jacangelo et al., 1997). Based on the informatiornided, the use of microfiltration and ultrafition
filters within a range of 0.01 to O\Bn is accepted to remove all Cryptosporidium oocysts

Filter Cartridge Types

According to Brown, pleated membrane cartridgeshavto a 53% superior performance and deposition
of suspended solids than flat sheet cartridgesdtimgathe clean water flux of the cartridge (2009).

Brown suggests that the better performance of lemtgd filters is due to the fluid/particle accbasy

into the pleat structure. Two important charastas in pleated filter performance are based eatpl
packing density (PPD) and pleat height (hp).

Depth filters have a relatively thick media thaquiges the fluid to travel through a tortuous rofuten

the upstream surface of the filter to the downstrearface. As the fluid maneuvers throughout the
process, decreasing sizes of all pathogens becameet and adsorbed as the matrix of fibers become
tighter. Depth filtration is used to remove celslalebris by physically capturing the debris inlaerow
pore spaces. Positively charged depth filters teddgh efficiency removal of negatively charged AN
viruses, and endotoxins (Charlton et al., 1999gsEfilters are typically used in combination with
surface filters providing a cost-effective procéRsis et al., 2007).

Ceramic filters are an effective way to remove pgéns from water because it is cost efficient
technology. Ceramic filters can be produced frontemias found in nature, (i.e. clay, soil, and fine
organic materials such as saw dust or rice hifghen the natural material is fired the organicterds
burned away and leaves behind small pores. The sfzgathogens removed from the water are based on
the pore size of the ceramic filter and the surfdwge it has. To provide a more effective desitibn
method the filters are coated in silver to enshat smaller pathogens capable of seeping throwgh th
filter are removed through the silver coating. Tineatest disadvantage of a ceramic filter is ohat

time the silver coating wears off and disinfectismot as effective (Bielefeldt, 2010).

Membrane filters are made from a variety of badgrpers including polyethersulfone (PES),
polyvinylidene fluoride, nylon, and polypropyleneP)PThese filters are able to remove microorganisms
by size exclusion and protein aggregates by bathesiclusion and adsorption (Reis et al., 2007).

Filter Specifications

Not only do the various filter cartridge types coimelifferent sizes, they are rated differentlyach of
these classifications affects the pathogen remavahter. Drinking water standards can help gtie
selection of the filter size, type, and rating$heTilter must be capable of removing the pathogens
including viruses and bacteria present in the watere filtration takes place.

Filters can be found in pore sizes ranging fron200um. The size of the filter selected for
disinfection is determined by the pathogens presedtin need of removal. Pathogens can rangeeén si
so different filter sizes will need to be selectedeffective removal (Bielefeldt, 2010). The
microfiltration membranes have pores that rang fdol to 1Qum. Pore sizes for microfiltration and
ultrafiltration range from 0.1-0.pm, which is at least one order of magnitude loweantthe size of the
protozoa. When selecting a filter for disinfectitime filter size should be an order of magnitugelter
than the pathogen to be removed (Betancourt and,R684).
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Nominal and absolute are the two types of ratinfisest can have. When a filter is nominally ratéd
will effectively remove between 80% and 90% of plagticles at the specified size. An absolute gatif
a filter means at the specified size it will remdetween 98% and 99.98% of the particles. As the
percent removal efficiency is increased more pagiwill be removed from the water at the selected
filter size. For drinking water standards an absotated filter is optimal, because it is ablegimove
more contaminates from the water (Parker HannibrpGration, 1994).

Protozoan Types/Particle Removal

There are several types of pathogens that canunel fim water, all of which range in siz&aple ). The
sizes of the protozoa are important when seletkiagorrect size and type of filter needed for
disinfection. If a proper removal technique witle ttorrect filter size and type is not used, corgion
of the water can become produce iliness becaugatbbgens that not removed (Bielefeldt, 2009).

Table 1. Diameters of Typical Pathogens

Pathogen Diameter (um)

Escherichia coli ~1x3

Cryptosporidium parvum {4 -7

oocysts ~ 4.7

Giardia cysts 9.3x12.2

Cryptosporidium and Giardia are common pathogerdtogoa found in water. These protozoa can be
transferred through drinking water and then founthe gastrointestinal tract (Hsu and Yeh, 2008g T
removal requirements for the two, as well as ofitetozoa, bacteria, and viruses are dependenttingon
concentration of the protozoa to be removed. It observed that Giardia is more resistant to
disinfection then bacteria. However, both Giardid &ryptosporidium can be removed through
conventional disinfection treatment and slow saltiifion. In Colombia, some of the prevalent [sites
found in elementary school children were Ascanmhucoides, Hymenolepis nana, Trichuris trichiura,
Blastocystis hominis, and Giardia lamblia (GoméX)%). Each parasite has unique effects on thelpeop
of Colombia. These parasites range in size, arréfibre will need to be explored to determine which
filter size is necessary for removal.

Ascaris lumbricoides, often referred to as roundwds one the most common infections in the world,
especially in children 10 years of age and unéscause climate conditions favor transmission ef th
infection, Ascaris lumbricoides is more commonlgrsén tropical and subtropical areas where there is
inadequate sanitation because of the warm andlingte. Roundworms can measure to be 40 cm in
length and 6 mm in diameter and are often tranethitirough ingestion of food or water. The eggs of
these parasites are resistant to chemical treatimgintan be removed through filtration or boilify
water before consumption (Zaman, 2005).

Another common parasite in Colombia is Hymenol@egisa. It is a short tapeworm favored by warm
climates. The worm measures to be between 15 anth#th length and 0.5 and 1.0 mm in diameter. The
egg diameter of these worms ranges anywhere bet®@&and 4um. The eggs are not resistant to heat
and are transmitted mostly by hand and mouth, duidcalso be transmitted through food and water.
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Trichuris trichiura are found frequently in warneas with inadequate sanitation similar to Ascaris
lumbricoides. They are 3-5 cm long, and the femialg$000-7000 thick-shelled, yellow-brown eggs per
day. Their eggs can remain viable for months org/@dayser, 2005). Humans can be infected with
Trichuris trichiura by ingesting contaminated sfold, or water with their eggs. Children agingnfr3

to 9 years old are the majority affected.

Blastocystis hominis is a protozoan ranging froto 80pum in size. Their mode of transmission is by
contaminated food or water. They are relativelystagt to environmental conditions; however theyldo
die if exposed to direct sunlight (Gunther et 2006).

Secondary Disinfection

Even though filter cartridges can act as a mettiatisinfection, there is a heed for secondary disition
in some cases. The most popular types of secoulilsinfection methods are: chlorine, ozone, and
ultraviolet (UV) disinfection. Each of these havadtages and disadvantages.

Chlorination is an effective method for furtheridfection of drinking water. It is the leading chdate
because of chlorination’s inexpensive cost and k&nmplementation using hypochlorite species.
Chlorine is effective at disinfection because it easily adhere to the cell wall of pathogens. éOnc
attached to the cell wall, chlorine (the hypochisolution) is able to diffuse into the cell. @rtbe

small molecule of hypochlorite is diffused into twll, it is able to inactivate the microorganisyntbe
dysfunction of the internal enzyme group (Wanglet2z®12). Chlorine as a disinfectant can removéoup
90% of the oocysts present in drinking water (Betamt and Rose, 2004).

There are also disadvantages when using chloriaedasnfection method. Chlorine is not able to
remove Cryptosporidium from water. Since Cryptagpom is resistant to the effects of chlorine,
another disinfection process is needed to remdverit drinking water. Chlorine also produces
disinfection byproducts, including haloacetic acsl trihalomethanes, which has become a moretrecen
health concern (Li et al., 2011). These byprodagtsbit carcinogenic behavior in humans (Wand.et a
2012).

Ozone is another method of disinfection for drimgkimater, which is highly effective against all gpswof
microorganisms and capable of treating high voluafesater. An advantage to ozone is that few
byproducts are produced. Although ozone has stadrgntages, it also has disadvantages. Ozone can
produce bromate if bromide is present in the watdre treated, which is harmful if consumed. Its
effectiveness is reduced in colder temperaturegatér (Betancourt and Rose, 2004).

The third method of disinfection to be exploredilisaviolet (UV) disinfection. UV disinfection doemt
rely on any additional chemicals and has highlysasful inactivation of protozoa results. These
protozoa include Cryptosporidium and Giardia. Thédisinfection requires minimal contact time and
does not form any byproducts. However, UV lamp desaare difficult to measure in practice and the
turbidity of the water interferes with the dosafidstancourt and Rose, 2004). This means if therwate
being treated has a high turbidity, the dosagdswilbe transmitted equally.

An optimal dosage of chlorine must be used, with@gen removal, chlorination to be considered a
method for disinfection. If too much chlorine @ded to water it can be harmful for human consuonpti
but if too little is used there will be pathogenghe water that can make humans sick. A study was
completed to find the optimal dosage of chlorinerMeen these two potentially harmful levels. Thegadi
a chlorine solution prepared from deionized watet laypochlorite species (Li, 2011). By varying the
initial dosage used, ranging from 0.1-5mg/L, andwating the survival of the bacteria in wategh
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found that the optimal dosage of chlorine to effety remove E. coli was 0.5 mg/L in a 200 mL sant
of microorganisms in deionized solution.

The optimal ozone concentration was found in tieesexperiment from Li (2011). In the experiment,
ozone was produced from Fischer's 52 ozone genrerBisparging ozone that contained oxygen
through deionized water, and cooling it in an ie¢hbthe solution was made. It was found withahit
ozone concentrations from 0.5-5 mg/L that the ogtidosage of ozone to remove E. coli from watér is
mg/L in a 200 mL solution of microorganisms in deied solution (Li et al., 2011).

In an experiment conducted to determine the optdunaage of UV irradiation that will disinfect water
two water samples that were collected from twoedéht waste water treatment plants. The expetanen
used low-pressure lamps with emission around 26@.7 The first step was placing a 20 mL sample
from the first wastewater site under the UV lamg aalculating the optimal dosage. The efficienty o
disinfection by UV irradiation deals with partidezes as well as turbidity. The increase in theeduf

UV resulted in inactivation of particles in the wmat This study showed that in order to removeagela
percentage of pathogens from the water the UV desded to be around 12-16 mJ¥cifhe dosage will
be different for each sample because of the amenohtypes of contaminates in the water (Wang gt al.
2012).

Summary

Based on the needs of Colombia and the resulteeddisinfection analysis, it has been determinatl th
pleated filters should be used for final filtratioDue to their increased surface area, pleateatdilvill
remove more pathogens. Their price is a little @ighan other filter types, but the longer life eg@ancy
outweighs the cost of the filter. Depth filters aftective in removing larger sized pathogens aed a
more cost efficient. When using a higher ratinggathogen removal, depth filters should be chogen.
is crucial to use absolute ratings when selectifigea for final disinfection, because it can remed8% -
99.98% of the pathogens at the stated micron rangpposed to the 80% - 90% removal of nominally
rated filters. A small enough rating to removeddithe pathogens present in the water being tleatest
be used. Because no filter has the capabilityrrmoke all pathogens and viruses, it is necessary to
combine filtration disinfection with a secondaryrfoof disinfection to avoid clogging. A secondary
form of disinfection will also prevent any microbéactivity and viruses from appearing in the effite
The lifetime of a filter can be determined by timesand amount of pathogens in the water, thereafise
important to use multiple forms of disinfectiore(ichlorination combined with different filtratigizes).

For secondary disinfection purposes, chlorinatioarn effective step in the disinfection process.
Chlorination combined with filtration can effectlygemove Giardia cyst and other pathogens that may
be present in the water in Colombia. Directly faliog chlorination, the selected filter is a 1 mitro
absolute depth. This filter was chosen becausdiiexpensive and capable of removing 98% - 99.88%
pathogens and Cryptosporidium oocysts at the lamilevel. After the 1 micron filter, there will lze

final filter of 0.2 micron absolute pleated filtdmhe 0.2 micron pleated filter will remove the pagkens

that were able to flow through the 1 micron filtoat process. The 0.2 micron pleated filter willther
eliminate any remaining pathogens at the seledted I was chosen at an absolute rating in omer t
ensure the most efficient removal of pathogensiplessThe pleated filter was selected due to its
increased life expectancy and surface area forrmaxi pathogen removal.

Research: UV Disinfection

Disinfection Overview
The research necessary to form a basis of thiegrédlls under two categories: UV application and
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electrical construction. The ultraviolet researeht@ins to the properties associated with the 6§8/0
light as a means of water disinfection, while thecgical research deals with the proper use aledtisen
design of germicidal lamp systems.

Ultraviolet light has a wavelength ranging anywhieoen 100 - 400 nanometers. UV light used for
germicidal applications is generally between 208 200 nanometers. Mercury vapor lamps produce
light of a wavelength 254 nanometers, making tiésrhost common output wavelength. (U.S. EPA,
Section 2.2.1, 2006)

For germicidal applications, UV serves as an ivatitig agent. Unlike other methods of disinfection
UV prevents the microorganism from reproducing bynhing nucleic acids such as deoxyribonucleic
acid and ribonucleic acids (DNA and RNA). Becaumsesé control reproduction, the microorganism can
no longer infect the host (U.S. EPA, Sections 2.3,1; 2006. The level of inactivation depends on
factors like the UV output wattage of the lamp, ttamsmittance of the material, the distance frben t
source, intensity of UV to reach the water, andtitine of treatment. According to Cabaj, total dizse
the most relevant factor when determining effectess of UV treatment (1998). Dose is defined as th
product of intensity and duration of exposure. ldear, both a high intensity used for a short amofint
time and a low intensity used for a long amourtiroé produce the same effect. Intensity is a ptype
UV light, measured in units of watts per meter sgda Intensity can also be modeled as a function o
power, distance from source, and absorbance ghduka (U.S. EPA, Section 5.4.4, 2006). The Beer-
Lambert Law (Equation 1) relates light attenuatmtransmittance,

T=1/I, = e % (1)

Where:
T = transmittance of a substance
| = intensity of transmitted light
lo= intensity of incident light
/= path length through substance
o = Naperian (base e) absorption coefficient foravat

By rearranging the Beer-Lambert Law and estimaltjras the total wattage over the surface area of a
cylinder with a radius r, the following equationpdips (U.S. EPA, Section 5.4.4, 2006). :

1(r) = ™" (2)

Where:
I(r) = UV intensity at a distance r from the line s@ufmW/cnd)
P = UV power emitted per unit length of the line smu(mwW/cm)
r = Radial distance from the line source (cm)
a = Naperian (base e) absorption coefficient for wa&015 crit)

The results from this model show that several det§actors influence intensity, and must be comsitle
when designing the system.
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Specific dose levels have varying levels of effamtiess on different microorganisms. Inactivat®on i
described in terms of log inactivation.

Log inactivation = loglo% (3)
N, = Concentration of organisms before treatment
N = Concentration of organisms after treatment
Generally a higher UV dose results in a greateiidagtivation. A summary of doses required for
specific log inactivation relevant to the projeciprovided in the table below (U.S. EPA, Sectighl.

2006).

Table 2. Log Inactivation of Target Pathogens

Target Log Inactivatiol

Pathogens .5 1.C 1.t 2.C 2.t 3.C 3.t 4.C
Cryptosporidiun | 1.€ 2.t 3.€ 5.8 8.t 12 15 22
Giardia 1.t 2.1 3.C 5.2 7.7 11 15 22
Virus 39 58 79 10C 121 14z 162 18€

According to the EPA (Section 3.1, 2006), it ismeenended that at least a 2-lBgyptosporidium
inactivation is achieved. It has also been shdwhthe required dose for virus inactivation is muc
higher than that of bot@ryptosporidiumandGiardia. Because most viruses can be deactivated using
chlorination, it may not be necessary to desigrafbigh virus inactivation by the system.

Electrical Components

Many components are necessary to create a UV sysseweral types of UV bulbs for germicidal
purposes are available for consumer use. The coostnon variations are low pressure mercury vapor
lamps classified as low pressure high output, aadiom pressure (U.S. EPA, Section 2.4.2, 2006).
Other lamps are available, such as LED, but theisasstrictive. Mercury lamps have a high geidat
UV output because the majority of light producedti254 nanometers. Each lamp also has severl oth
features which dictate output, lifetime, and povezjuirements.

Bulbs can be of cold cathode or hot cathode ciaasin. This term refers to the type of the alede in
the lamp (American Air and Water, 2002). Hot cakhdulbs work like standard fluorescent lamps and
are more common. Cold cathode bulbs are instarttastd generally have a longer life.

Lamp life is affected by both lamp design and tbhmher of times the lamp switches on over the course
of the lamp’s life. The lamp output decreasedhadamp ages (U.S. EPA, Section 2.4.2, 2006). The
lamp’s life in hours is the total amount of timeferates at least 70% of the original UV output
(Willette, 2002). The most common specifications autlined in the following table (U.S. EPA, Sedti
2.4.2, 2006):
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Table 3. UV Lamp Specifications

Low-pressure
Parameter Low-pressure High-output Medium-pressure
Polychromatic,
Monochromatic at Monochromatic at including germicidal
Germicidal UV Light 254 nm 254 nm range
(200 - 300 nm)
Approximately 0.93 0.18-16 40,000 - 4,000,000
Mercury Vapor Pressure (Pa) (135107 psi) | (2.6x10° = 2.3x10% psi) | (5.80 — 580 psi)
Operating Temperature (°C) Approximately 40 60— 100 600 — 900
Electrical Input [watts per
centimeter (W/cm)] L Fa=10 20 =230
Germicidal UV Output (W/cm) 02 05-35 5-230
Electncal to Germicidal UV ;
Conversion Efficiency (%) 35-38 30-35 10-20
Arc Length {em) 10 - 150 10-150 5-120
Relative Number of Lamps . :
Needed for a Given Dose Hugh tsEredjats Iow
Lifetime [hour (hr)] 8,000 - 10,000 8,000 - 12,000 4,000 - 8,000

With the application of an UV bulb there is a néada ballast, or a current controlled current seur
Due to the high input voltage and high input curtee ballast works to prevent the bulb from dnagni
too much power. A representative at 1000bulbs.egptained that at first the voltage and current are
relatively high in order to start the bulbs, bugntdrop to a lower “operational setting.” This @nes
efficiency and prevents the bulb from overheatind prematurely failing.

A device which controls the input source to thdas) using time, is a requirement. Once turnethn
device would allow the ballast to draw power andraje the bulb. After a set amount of time, thaae
would switch off so the ballast does not receive pmwer. Timers work in this exact fashion and agsid
product efficiency.

Colombia has the same standard voltage outpukddriiied States. Standard pins allow the use of a
typical extension cord to go from a wall outlethe ballast. These are relatively inexpensive and
available in many locations. Cutting extension spfdot plugged in), is a simple and effective way
connecting the ballast to the wall.

The initial prototype design had no timer and neleateother way to control the input. This is wieat to
the switch method for the design. Turning the diron and off, while timing it with an outside timeas
the process used. Eventually a timer will be pusedaand implemented in place of the switch.

Case StudiesSolar Water Disinfection

Solar Water Disinfection, better known as SODISrisextremely basic form of batch water purificatio

designed by the Swiss Institute for Aquatic Sciesuog Technology (EAWAG). It is widely
recommended by the World Health Organization, UNFC&nd the Red Cross.
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Figure 4. SODIS bottle design (left), SODID bag design (1)

SODIS utilizes the UV rays from sunlight to inaetig waterborne bacteria. The device use-turbid
water, similar to the water used in Water Resource Management projdeéigure 4shows the basic
devices are extremely basic and feature very fats panaking it inexpensive and easily transport.

The two models are different in some aspects function in the same way. There left outside in the
sunlight for ateast 6 hours during which 1 UV sunlight inactivate the bacteria. Both mod have the
ability to better the process by incorporating ‘@dbleeves” to increase UVflection and heatin
potential. The first modeitilizes bottles to store the water. Bottles @asy to transort after SODIS is
accomplished. They can albe easily cleaned, and are very durable. The disadge to using a bott
is the “bacterial paradise” that exists under e

The secondnodel uses bags to store the water. The bag iste@ignsport before SODIS is applit

“you can deliver 120 liter bags ine space of one two liter bottle” (Orfan, 2010)he second advantage
is cost. Bags are typicallgss expensive tharottles and have aequally effective desig However,

bags may tend to leand are difficult to transport after SODIS is asleid

In conclusion, SODIS is a proven i highly endorsed method of watesigifection. It provides ¢
inexpensive method for UV disinftion. The disadvatages to SODIS disinfection are the relianc
sunlight, the minimum 6-houequired mount of timeto achieve solar disinfection, and the inability
produce a laye amount of disinfected wat

UV Water Disinfection Systen

This systen utilizes a flow through system to achieve waisinfection. The system itself is extrem:

adaptable. From plugn options to solar cells, there are mavariations for the desigrAll the designs

share a common mode of operation, seeFigure 5 After system setup, the bulb is turned on, follo!
by filling the loading pail with water. Stouter oies that the system requires lesork than the SODIS
system needs (2011).
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Figure 5. UV Water Disinfection System

There are numerous advantages to using the UV WWaafection System. It has a high clean water
yield and can disinfect a large amount of watea 8hort timeframe. It also has a high quality of
disinfection. Since the system uses a proven flomugh system, it provides an extremely accurate UV
germicidal lamp that has been proven to disinfeatiewaccurately. Compared with the SODIS system,
the initial costs are high because of this. Alke, ¢onstruction time for a UV Water Disinfectionsg&m

is greater, and maintenance costs may prove tigbertthan SODIS maintenance. The UV Water
Disinfection System is an expensive device andiites a high investment in initial building stadag, it
uses external power to drive a high quality UV itfat provides disinfection of water at speedsimuc
greater than SODIS.

Actinometry Research

Actinometry is used to measure light intensity dgrirradiation. The potassium ferrioxalate actintene
is widely used by photochemists. It is most usifuhe range of 254-500 nm (Leifer, 1930), and at a
concentration of 0.15 M. The potassium ferrioxaktgnometer will form a red pigment when
cryptosporidium, giardia, and viruses are inactdahroughout the water sample.

Modeling was completed, using the Beer-Lambert tavealculate preliminary measurements of the
intensity, dosage, and irradiation time necessappmplete full inactivation of water.

Table 4. Beer-Lambert Law Calculations

Inputs

UV Output (W) 5.5

Safety factor 0.1

Radial distance (cm) 38.1
P_(mW/cm) 244.444444
ae (1/cm) 0.015

Pi 3.14159
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Table 5. Preliminary UV Disinfection Measurements

Time (min) | Time (s)| I(r) (dimensionless) Dosage

0.5 30 0.576602335 17.29807006
1 60 0.576602335 34.59614012
2 120 0.576602335 69.19228023
3 180 0.576602335 103.7884204
4 240 0.576602335 138.3845605
5 300 0.576602335 172.9807006
6 360 0.576602335 207.5768407
7 420 0.576602335 242.1729804
8 480 0.576602335 276.7691209
9 540 0.576602335 311.3652611
10 600 0.576602335 345.9614012
11 660 0.576602335 380.5575413
12 720 0.576602335 415.1536814
13 780 0.576602335 449.7498215
14 840 0.576602335 484.3459616
15 900 0.576602335 518.9421018

VI. Results

Point-of-Use Slow Sand filters

During the semester of Spring 2012 the slow sdtet fiedesign team sought out to make massive
improvements in the functionality, ease of congtam; and cost of previous SSF designs. The team
identified several primary design aspects that eéd¢d be analyzed.able 6shows the initial
organization of design criteria that facilitatee tesign process.

Tubing Size

The redesign team decided to focus on tubing siteeastart of the semester. A variety of différen
tubing options on McMastercarr.com were looked ngh @valuated. It was found that the least expensive
type of tubing, which met all of the team’s desigquirements, was the same as the tubing useé in th
original SSF desigrzlexible Low-Temperature White EVA Tubi@mnce the team made this
identification, they conducted research using tlteMelstercarr.com catalog to generate an understgndin
of the price variability of cord grips and complieggees, in relation to the outer diameter oftth@ng.

The team concluded that as the outer diameteredithing became smaller, the price of the
corresponding fittings and the price of the tuselftdecreased.

Based on this observation the team decided to plaader for a new set of tubing and tube hardwatre
two different outer diameters. Two sizes were aden anticipation that the smaller tubing woulckia
the rigidity required to withstand the internal ggere forces of the filter. The sizes chosen wased on
estimations of how large the inner diameter ofttheéng needed to be in order to prevent clogging tdu
potential discharge of sand from the filter. Thissvestimated to be one quarter of an inch. Formim-1
the appendix details the order.

When the hardware arrived the team found thatuhimg with the smallest outer diameter met the
requirements for rigidity. Since this size presdrtee least expensive option, the team chose td irse
their final prototype.
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Table 6. Slow Sand Filter Re-Design Matrix

Slow Sand Filter Re-Design Team Design Matrix

Components to Be Evaluated Design Criteria Reasons for Re-Evaluation
1. Tube walls must be strong enough to withstand pressure from the
weight of the sand and water mixture in the filter aswell as any other
extreme forcings that the SSF may encounter.

2. The material of the tubing selected must be compliant with the
United States Food and Drug Administration (FDA) standards for food | Derived from arecommendation made in
saftey. last semester's project report;
reconsidering the size of tubing used in

3. The material must also be UV resistant and withstand a temperature

Tubing o ) the SSF could lead to large cost reductions
range similar to the extreme temperatures on this planet. .
as the price of several hardware
4. Tubing must also have a bend radius that is 14" or less. (Height of a [ components are dependent on the the
standard 5gallon bucket is roughly 14", if the tubing is intended to size of the tubing.
curve elliptically from the bottom of the bucket to the outer edge, a
safe estimation is a bend radius of 14")
5. Tubing must have an internal diameter that is large enough to avoid
cIOQing from sand. ID = 1/4"
1. Must be structually sound and rigid enough to withstand the weight
of the sand for five years Upon evaluation of last semester's design,
2. Must be non reactive with water and compliant for use in drinking |it was found that the supports for the pizza
Support Layer water plates were arduous and time consuming
3. Supports must be easy to assemble and dissasemble to construct. Pizza disc caused
4. Cost of entire support layer must be approximately $5.00 or less. discoloration in effluent water.

5. Media must be porus enough to avoid generating preferential flows
1. Must sufficiently diffuse inflowing water so that the schmutzdecke
is not disturbed

2. Must be approximatley $2.00 or less
3. Must be made from readily available materials in rural communities| Last semester's team did not design a
4. Must be easy to use, easily constructed, removed and replaced diffuser plate.
(Filter Maintenance)
5. Must be compliant with regulations for safe drinking water
6. Must last for at least five to ten years

Diffuser Plate

Support Layer

After reading last semester’s report, the teamd#gktto re-evaluate the design of the “pizza disigpert
plate. Of particular interest was the construcpoocess which entailed cutting and fitting manyrsho
segments of tubing as “legs” to support the piaga.d he team found the procedure to be meticudmas
time consuming. This was not ideal consideringdient’s need for a simple and quick to construUsFS
The team decided that a substitute for the pizate @upports was necessary.

In addition to the tube legs requiring replacemtrd,team noticed that the assembled slow sased filt
using the “pizza disc” design was producing distion in the effluent water. The hue of the water
seemed to be metallic, and after a quick discus#tisras hypothesized that the aluminum pizza discs
were eroding. In order to verify their hypotheslie team placed a pizza disc at the bottom of grtyem
five-gallon bucket and filled it with about two imes of water. Periodically team members pickechep t
bucket and shook for the purpose of aeration. Aftiw weeks the team noticed the same discoloratio
in the test bucket as in the effluent water. Wittbidity removal rates being a primary functioracsSF,
having a component that caused coloration of thtenweas a design flaw that needed to be fixed.

Having established the source of the problemtelam sought to find a substitute for the pizza,disc
well as redesigning its supports. A chart detaitimg problem solving process is listed below. i e¢hd,
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all of these ideas were not pursued because thedeaovered a simplified design option for thdarent

support layer.

Table 7. Support Layer Problem Matrix

Support Layer Problem Matrix

Component being Evaluated

Problem at Hand

Solution Criteria

Possible Solutions

Pizza Disc

Material of the disc is eroding
and causing discoloration of
effluent water.

Must be non reactive with
water and compliant for use
in drinking water

Use food grade paint, waterproof paint
to coat the pizza disc

Tube "Legs"

Construction of tube legs is time
consuming and arduous.

Must be structually sound
and rigid enough to
withstand the weight of the
sand for five years

Use a "deep dish" pizza disc and set it
upside down so that its edges provide
the necessary support.

Set the pizza plate on one of the
following: a metal or plasticring,
marbles, shredded tubing

In the fall of 2011 a sample pieceS®¥dind Bed Filter Suppgorirom POREX was received by the Scale
Up team. This plate, a rectangular segment of prestsed polyethylene beads, was thotglbe too
expensive to be used in the SSF. This semest&atiesign team re-evaluated the feasibility of usiieg
plates and found it to be cost effective. Eachepiaeasures 38.5” x 11.5” x .688” cost roughly $Z0If
the team could make at least three support layens €ach plate, the complete price of the assembled
support layer would meet the $5.00 cost criterion.

Several cut-outs of the original plate were disedsand the team agreed to pursue a circular désgn
matched the diameter at the bottom of the 5 gdilarket (d = 10”). Before attempting to construe th
top portion of the support layer, the team werth®Artisan and Fabrication Lab in Armstrong Hall a
Purdue University and tested how the plate woutdusing various tools. The team used a water jet at
several settings and found that the plate hadldamest cut when the jet was put at the materitihgeo
cut lead. The team then used a band saw and fbandt provided the cleanest cut possible out laha!
different methods. With this knowledge the teantaésed design options again. With further
brainstorming, the idea for a square plate designecup. A 7" square supported by four rectangular
pieces, arranged in a hollow 7” square, wouldtftha bottom of the bucket and potentially savestand
money. The team evaluated their options basedeariteria listed in the chart below.

Table 8. Porex Plate Support Layer Design Decisiddatrix

Porex Plate Support Layer Design Decision Matrix

Design

Tools Required for Construction

Construction Cost
(Qualitative)

Number of Support Layers Constructed
Per Plate & Waste Generated

Circular Cut-Out (d = 10")

Requires either a water jet or
someone skilled enough to cut a
circle with a band saw.

Using a water jet would be
more expensive than a band
saw. Skilled labor would
have to be hired to operate
the band saw in the method
requested.

Only three support layers could be cut
out of one filter plate. A considerable
amount of waste would be generated.

Square Cut-Out (L=7")

Band Saw

No exterraneus cost. Skilled
labor is not required as only
a few straight cuts need to

be made with this design

Five support layers could be cut out of
one filter plate. No waste would be
generated.
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The square design was pursued because it tookiresso construct, was simple to assemble, gergrate
no waste, and was the least expensive option. design also catered to the client’s need for aade
simplicity of construction. Another benefit is thhe chance for preferential flow decreased. It was
speculated that over time the pizza disc desigiiaym flow paths through the holes in the piziszd
as the polypropylene mesh layered above it begatrétch and sag. With the square filter plateges
these flow paths would be of less concern duedartedia’s homogenously distributed small porosity.
With a sealed support made of the same materia, isethe 7” square design, any water flowing in
between the filter plate and the bucket would itaaly have to flow through the filter.

Now that the majority of the support layer had beerated, the team had to decide on the connetttion
rectangular supports to the square plate and hamtegrate the assembled block with the SSF's tubin
network. The team looked at waterproof glues, daglkcable ties, and staples before turning tokas
steel finishing nails to connect the square platiéstsupports. This option provided the strongest
connection between all the pieces and was inexyp&nBor a connection to the tubing network, thentea
decided to mimic last semester’s design. Complettelictions for assembly of a SSF unit are listed
below.

Slow Sand Filter Assembly

Material required for a 2 bucket unit:

. 2 5-gallon buckets with 2 lids

. 11.5"x35” sheet of polypropylene beads

. Roll of polypropylene woven mesh

. 16 stainless steel finishing nails

. 18Ib tensile strength fishing line

. Power drill with 1/8” and 5/8” drill bits

. White EVA tubing, 50" total will be needed
. ltube T

. 2 cord grips

. 2 zip ties

. Sand: total volume of approximately 15 L, with diters ranging .25-.85mm
. 2 plastic washers

. 2 O-rings

23



Instructions:

1. Cut two 17" pieces and one 13" piece of white EVWAihg. Scissor
can be used to cut the pieces.

2. Using a 5/8” drill bit, drill a hole 10” from thedftom of each of th
pails (4 inches from the tog the palil). It will be necessary to remov
section of the bottommost flange using a utilityf&rfFigure €)

3. Drill an additional 5/8” hole in one of the buckejgproximately 13
from the bottom of the bucket, it should be locadegliarter of the buck Figure 6
away from first hole. This will be the bottom butké the filter

4. Install a cord grip bulkhead fitting to each of theckets. Cord grip fitting
attached to bucket shown figure ".

Figure 7

5. Feed a piece of tubing through the cord grips, e&ed to be tested f
leaking. Fill up the bucket with water ¢ thoroughly check for water leakage
(Figure 8.

6. Cut 7"x7" squares from the sheet of polypropyleeads (the entire sheet w
make 5 squares). A bandsaw should be used to halaits then a sander ¢
be used to smooth the ends. The rest of thet will be used to make 20 1"x7”
strips. Leave half of the strips as is and cutatmer 10 to 1"x5

7. Using the 8 nails, secure two of the 7" strips tmal of the 5” strips under
polypropylene square. Use two nails per strip.giamdsec plate inFigure 9
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8. Cut 18"x 9.75” rectangles of the mesh, one reglneeded for each
square of polypropylene.

9. Using the 1/8” drill bit, drill a small hole apgximately 1” from the end of
one side of both 17" pieces of EVA tubing.

10. Mimicking wrapping a present, wrap the mesttargle around the squarg
and strip plate. Be sure to cover the entire plaily some overlapping. The L
square will be the top of the plate with the sttips bottom. While holding the Figure 10

top layer of mesh in place, drill a 3/8” hole ineotorner 2” from each side -
through the top layer of mesh and polypropyleneasgju

11. still holding the mesh in place, feed the ddlend of the 17" EVA tubes
through the mesh and plate. The tube only needs tbrough the plate
enough for the drilled hole to show. Then pushzipdie through the hole,
secure it, and cut the extra tie off (Figure 10).

12. Replace the mesh so that it’s in the origimaregement with special
attention to securing the ends (Figure 11). Usereegpus amount of fishing
line to firmly secure the mesh in all regions (Feyd?2).

13. Place the assembled plate in the bottom dbticket; insert the top of the
tubing through the cord grip of the bucket (Fig83.

14. Repeat steps 9-12 for the second bucket

15. While holding the assembled plate in the botbdéthe bucket, add about ¥4
bucket of water, then add the sand until it is pedbw the cord grip (do this fo . —
both buckets). Figure 12

16. Stack the top bucket on top of the bottom buake attach the middle
connector of the T-cord grip to the outer sectibthe tubing for the top
bucket. The bottom connector should then be atthtdhéhe 13” piece of
tubing with the other side fitting in the hole hetbottom bucket. Attach the 3’
piece to the top of the connector. (Figure 14)

Figure 1%

The final product is shown in Figure 15.

Figure 14
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Figure 15

Scale-Up Team

A bench-scale slow sand filter (SSF) was desigmeldbauilt in the lab. This pilot filter is held inlarge
PVC pipe 4-foot in length and 6-inches in diamefEnis filter is designed to operate under a cartirs
regime of inflow water, provided by a FMI QD RH1 t@apump, and will provide a continuous flow of
filtered effluent water. The filter media consief$65 inches of sieved sand, 8 inches of mediu® si
gravel and 6 inches of coarse gravel, which themaill travel through. The filtered water will éxi
through a barbed male pipe elbow into a funnelfaradly effluent reservoir. The vertical distangeh)
between the overflow pipe and outflow pie is thdraylic head and is used to control the flow rate
through the filter. The siphon overflow systennisluded to divert the extra water fed into théefilback
to the source reservoifigure 16presents a diagram of the prototype filter desiga description of some
of its components, arféigure 17shows a picture of the prototype filter built abl
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Figure 16. Pilot-Scale prototype filter diagram
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Figure 17.Pilot-scale prototype filter picture
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Sand Porosity Measurement
In order to calculate the desired flow rate to aehian 8-hour retention time, the porosity of tedshad

to be determined. This was achieved through arddibry test using a 200 ml sample of the dry, difte
sand used in the pilot-scale filter. Water wasealh the sand in discrete intervals until the dzaudi
been completely saturated. The volume of wateeadavehs recorded and the porosity was calculated
usingeq 4

=3 (@)

wheren is the porosity, Y is the volume of water added, andi¥the volume of sand. After completing
two trials, an average porosity value of 0.36 walsidated.

Design Flow Calculation
Utilizing the experimentally determined porosityue (see above), the desired design flow rateef th

pilot filter could be calculated. A hydraulic raten time of 8 hours was chosen to evaluate filter
performance at the minimum desired value. Usiegktown sand depth of 65 cm, the velocity of the
water through the sand layer (pore velocity) cacdleulated€q 9,

hs
Up = ; (5)

Where Ris the sand height] is the retention time, ang is the pore velocity, 8.124 cm / hr. Using this
value, and Darcy's Law, the water velocity above shnd layer (Darcy velocity) can be determiriegl (
6).

Vaarcy =N *Vp (6)

This yields a Darcy velocity {¥.,) of 2.92 cm / hr. The desired outflow rate of fitter can then be
calculated to be 8.89 émmin, or 12.8 L / dayHq 4).

Qq = Vaarcy * Af (7)

Qq is the desired flow rate and i the area of the filter (182.41 &n The goal of filter operation is to
maintain this design flow rate by adjusting the daydic head between the water level and outflove pip

Design Parameters

Table 9. Filter Design Parameters

Sand column heigt 65 cn
Sand column diamet: 6in
Porosity of sand columi 0.3¢
DesignRetention time 8 he
Overall flow rate 12.8 L/da
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Large Scale Design Cost

Table 10lists all the materials used to build the protetfitter and describes the associated manufacturer

and costs. Asterisks indicate that those mateniate available in the lab and therefore there isost

associated.

Table 10. Bill of Materials to Build Prototype
Item Manufacturer Quantity gggt
4-ft length 6-in ID Clear PVC Pipe McMaster Carr 1 190.95
Threaded Female Through-Wall Fitting Connectionrs fdMicMaster Carr 3 14.23
1/2-in PVC pipe size
White PVC Pipe Unthreaded Socket End Cap (FemaleYicMaster Carr 1 11.94
for 6-in pipe size
Barbed Hose Fitting 90° Elbows (Male) for 3/8-in ID | McMaster Carr 1 7.17
hose and 1/2-in pipe size (pkg. qty. 2)
Ultra-Chemical-Resistant Tygon PVC Tubing Clear, | McMaster Carr 10 3.38
1/4" 1D, 3/8" OD, 1/16" Wall Thickness (sold peofd
Economy Plastic Funnel Polyethylene, 16 Ounce Cap McMaster Carr 2 1.94
5" Top OD
FMI Pump Model QD RH1 CKC Serial No. 52630 Fluid teténg Inc. 1 *
1/4" ID Compression Tubing 10 ft *x
Tubing Adapters for 1/4 " ID Fluid Metering Inc. 2 17
Compression Nuts for 1/4" Tubing Fluid Metering.Inc 2 6
3/8 " Thin Walled Tubing 10 ft *x
Gravel, Sand **
5 gallon carboy (Wabash River collection) 5 *x
Hardware for outflow 'shelf' Lowe's Hardware
Bungee Cords 3 *x
10 L Reservoirs 2 *x
3-in-1 Water Quality Test Strips Hach 3 16.49

Total
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Cost

190.95

42.69

11.94

7.17

33.8

3.88

*%

*%
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*%

*%

**
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*%

**

49.47
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Pilot-Scale operation and performance (Experimentatiata)

A continuous flow of 50/50 Wabash River (WH20) atistilled water was pumped through the sand

filter with a retention time of 8 hours for thre@nths. Daily control of design parameters as well a

water quality measurements allowed us to monitempiiototype performance and evaluate the success of
the filter. Table 11describes the performance test set up and timeline

Table 11. Performance Test Set Up and Timeline

Date

02/03/1: | Turbidity measured: 22.8 NT!I

1 liter of WH20 was added the day of collection alidwed to cycle through the filter f
two days to kick-start the biological activity.

02/06/1. Influent and effluent tanks are set up to beginekgerimen

Control variable: Influent water, 50% WH20O, and 56#itilled watel

Independent variable: Effluent water is collected ifive-gallon plastic tanl

Daily, control of hydraulic head and effluent volens done, and turbidity meaements

02/08/12
to are taken from the effluent.
3 times a week easy-gel, total alkalinity, totaldmess, and pH are performed on influent
03/08/12
and effluent water.
03/08/1.
To Filter operated in recirculation mode due to Spbingak holiday
03/19/12

03/23/1: Controlvariable: Influent water 100% WH:

04/20/1. Ends operatic

Test Results

In order to control the prototype filter parametdi®v rate and water head measurements were regord
throughout filter operation. Water quality test ev@erformed to assess the performance of the suikde
filter. These tests included turbidity, dissolved/gen,E. coliand total coliform concentrations,
alkalinity, total hardness, and pH. A detailed diggion of all the steps followed when doing tegtia
included in Appendix X. Complete tables with daeaarded in every test are included in Appendix X.

Flow rate

While not a measure of water quality, flow ratamsimportant parameter. We measure the volume of
water passed through the filter during a given @epween data gathering sessions) and divide by the
elapsed time. From the flow rate, the retentioretohthe filter can be estimated; that is the amofin
time any “packet” of water is moving through thedaf the filter. Higher retention times should yid®
higher effluent water quality but this benefit mbstweighed against the detriment of lower filter
capacity.Figure 18displays the cumulative outflow (in liters) colted from the filter. The period
between March 8th and March™the filter operated in a closed loop due to sphirepk holidays.
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Figure 19
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Figure 20.Cumulative Flow Rate

Hydraulic Water Head

The hydraulic head consists of the height of water the level of outflow. This parameter is impoit
because it regulates the outflow rate. The latgeihead, greater is the pressure over the sanchoand
therefore the greater volume of water that wilfiiered. That is why it is expected to have a diead
level in order to assure the retention time offilker and resulting performance. However, over the
course of the experiment, the hydraulic head igestibo increase because of clogging, as a rebthieo
biological layer developing on the surface of tards The development of this layer, the Schmutzgleck
can be seen iRigures 18&ndFigure 19 Figure 21is a picture of the hydraulic head and measurement
system installed in the prototype filt€tigure 22shows the hydraulic head values measured daily. It
observed that the hydraulic head increased ove. tim

34



ad loi‘S =

W
B He N

Level with +ha effenT
lhast

Figure 21.Picture of head

18.0

16.0

14.0

12.0

10.0

8.0

Hydraulic Head (cm)
.

6.0

4.0 PR YO 24

*
*

*
Py *
¢ 0’ s +%00

2.0 * ®

$0e? 00, o *

0.0 T T T T
1-Feb 11-Feb 21-Feb 2-Mar 12-Mar 22-Mar 1-Apr 11-Apr 21-Apr

Figure 22.Hydraulic head
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Turbidity

Turbidity is a measure of relative clarity of thater and an indirect measure of suspended partickes
water sample. This is not only an aesthetic charistic of drinking water; controlling turbidity &
safeguard against pathogens (EPA, 1999). Turbidraigin addition to appearing discolored and
unappetizing, can inhibit disinfection by shieldimicrobes from disinfection processes. Therefore,
turbidity must be reduced to ensure adequate didiioh. The US Environmental Protection Agency
(EPA) allows a maximum turbidity level of 1 NTU fdrinking water. Turbidity is quantified using a
turbidimeter which projects a beam of light througtvater sample and measures the amount of light
deflected. It is reported in Nephelometric Turbiditnits (NTU).

Turbidity was measured in the source water andeffl obtained after the filtration process, dadyHF
Scientific Inc© DRT-15CE portable turbidimeter wased. Results are presentedrigure 24 It is
observed that there is a clear reduction in tutpidivels and the filter meets EPA turbidity stam$a A
visible increase in water clarity can also be dadfigure 23.
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Figure 24. Turbidity measured in source water andiftered water

Dissolved Oxygen

Dissolved Oxygen (DO) measures the concentratidreefmolecular oxygen in a water sample. There
are several ways to measure this; the method wkingelves bringing a water sample into contachwit
a vial of testing fluid which turns a shade of bin¢he presence of oxygen. The color intensity is
compared to several standards to give an estinextggen concentration. Adequate oxygen levels are
important in both the influent and effluent watiéiis essential to keep the microbes in the fiiteain
aerobic environment. If oxygen levels are depled@derobic metabolism will produce unwanted
byproducts such as sulfides, known for their urgd@a odor and taste.

E. coli and total coliforms

Reduction in Coliform bacteria, includirigy coli, is considered an indicator of filter performanéa.E.
coli and total coliforms test is an indirect measurpathogens in a water samge.coli can be
considered an “indicator organism” of the presesfagther pathogenic microorganisms and coliform
bacteria, and is often present in addition to piiéhuman pathogens but are much easier to détket.
presence of coliform bacteria was tested usingsCali EasyGel© technology. Five milliliters of water
was added to a plastic vial containing the gel ggagitated and poured into a treated Petri dish fo
incubation at 30°C for 24 hours. After incubati@n.coli colonies appear purple and general coliforms
appear pinkKigure 25. The purpose of these tests is to assess wdgty sad the filter's ability to
remove harmful bacteria from the wateigure 26presents the results in coliform bacteria reductibis
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observed that the filter is effective in removimmgre pathogens however it still cannot be reliedoon
complete disinfection.

Figure 25.Picture of E-coli and coliforms test, Wabash wéleit), treated water (right)
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Figure 26.Coliform bacteria colonies present in the sourakfdtered water
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Total Alkalinity, Total Hardness, and pH

Total alkalinity, total hardness, and pH were meagwsing Aqua Check HACH® water quality Test
Strips which provide an approximate measuremetiiesfe parametersSigure 27shows pictures of the
test strips container and scale of reference. Alikgland hardness are measures of dissolved ntnera
and relate to buffering potential, or the abilibyrésist large pH changes with the addition ofangt acid
or base. Lower pH values for the effluent maydatk the production of a large amount of organidsac
which can be another indicator for anaerobic mdistinan the filter.

Results of total alkalinity measurements indichtd both the water from the Wabash and the treated
water have total alkalinity levels around 180 — p#n. In the case of total hardness, the sourcerwat
had levels that vary from 250 to 425 ppm and tbatéd water a total hardness of 250 ppm, what would
indicate a reduction in total hardness due toittex process. Results of pH measurements indibaie
both source and treated waters present a pH thasJuzetween 7.8 and 8.4.

Figure 27.Picture of test strips
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Filter Design

Slow Sand Filter
Colombia ScaleUp 5P12

Design Flow (Q,): 2.37x10° L/day Sand Volume: 2.963x10% L
Retention Time: 8 hours Total Filter Area: 12m?
Population Size (N): 160 people

Porosity (): 0.36

Per capita H @ demand (w): 200 L/day

Storage tank \mlume{\l‘sl: jim?

Figure 28. Scale-Up

The design presented by the GDT last spring isrgnoitant first step but several improvements can be
made. First, the size of the filter (2 filtersaiing 48 nf) is too large to be feasible with the land area
limitations around these communities. Additionafigveral important design considerations were
neglected. First, no underdrain, or water collec8gstem was designed to transport treated watefou
the bottom of the filter. Second, no allowance wesle for draining and cleaning the filter when
necessary. Finally, there is no description fooassite operator to ensure the continued funatfcthe
filter system. This design seeks to remedy thesgeis with the previous design, beginning with a
reduction in filter size, while still supplying tlequired amount of water to the community. Tlis be
accomplished through changing several design pdeasas described below.

40



In order to design a usable filter system, thel totg

output required must first be determined. This :\rllputbParirr;eteer\l 160
data is unavailable for the communities in u_m ero epp !

question. Estimates of domestic daily per capitg Daily Per Capita Water Usags, (L/day) 200
water use vary from 194.5 L / person-day (Seck| Design Parameters

1998) to 59 L / person-day (SSPD 2007) and 32PRetention Timep (hours) 8

L / person-day (CIA Factbook 2000). The Assumed Fine Sand Grain Size (mm) 0
previous design used a value of 211 L / person-| rine Sand Porosity) (%) 36.0
day based on a report of per capita demand in t : "

nearby city of Medellin (Tucci 2009). Finally, ?—Iydraullc ConductivityK (m/day) 10
reports from residents in Graciano indicate their|-C2lculated Parametsers

current water storage tank, which holds £1 m [ Demand FlowQ, (m'/day) 32.0
drains in approximately 8 hours. Simple Design Flow CapacityQ, (m*/day) 33.7
calculation (assuming 120 current residents), Area Footprint of Each FilteA (m?) 12
yields a per capita water use rate of 275 L / Number of Filters 2
person-day. This value, however, is unreliable E‘SStorage Tank (ﬁ) 72

a design parameter. Based on the data collectet

above, a design per capita demand rate was

determined to be 200 L / person-day. Taking fupgpulation growth into account, the filter systesas
designed to supply a population of 160 (~40 familigth 4 members per family). The total demana/flo
for the filter system can then be calculated t@2®00 L / day€q 9:

Qn = N *wy (8)

where Q is the demand flow for the filter system, N is th&al population, and yis the daily per capita
water usage. In order to reduce the requireddfidee filter, the retention time was chosen t@deurs
(as opposed to 12 hours with the previous desiBaksed on the performance of the pilot-filter, a
retention time of 8 hours is sufficient and yieldster meeting our quality specifications. The resp
water volume capacity for the filter was determinedhe 1,067 L (eq 9):

Vw=0Qn*¢ (9)

where \, is the required water volume capacity for thefilnedia and is the retention time. This
volume is simply the volume of the pore space egand layer of the filter, not the total volumeta
filter. Using this value, and the known porosifittee sand, the total sand layer volume can beutzbd.
The porosity used in this design was the experialgrdetermined porosity from the pilot-scale filte
(0.36). Since the porosity of the sand used irofbia is unknown, some design modification may be
necessary if the actual sand porosity is determioesry significantly from the assumed value. Tdtal
sand volume required in this design is 2,936 Lcwdaked from (eq 10):

where W, is the required sand volume ads the porosity. The total filter area requiresh ¢hen be
calculated using this value and the design filegtd, which in this case is 1.3 m. This is higihen the
depth used in the previous design (1.0 m) but mesnaithin the recommended range (1.0 to 1.4 m) of
sand layer depths (Huisman and Wood 1974). Thkigase has the double effect of reducing the
required filter area and increasing the operaiime of the filter before the sand needs to be oeula
(discussed later). Additionally, because of tlduced retention time, the water has a higher flate r
through the filter. Increasing the filter deptlseres that organic matter and pathogens are ragdor
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completely through the sand laydfquation 11lwas used to calculate the total required filteaa2.792
2
m-:

A
Ap = I (11)

where A is the total required filter area and d is thegledlepth of the filter. The required footprint of
this filter is less than half that of the previalesign which enables it to be installed more easilyhe
sloping terrain. A total of two filters will be $tialled and operated in parallel. This allowsdontinuous
water treatment while an individual filter may bedergoing maintenance or cleaning. Two filters
measuring 3 m by 4m yields a total design areatah2slightly larger than the minimum required area
Using this total design area, the design flow cdtihe system was determined to be 3,370 L / day (e
12).

QdZAd*d*% (12)

Where Q is the design flow rate andy#s the total design filter area. The design flafficiently meets
the demand flow of 3,200 L /day. The area of dér is relatively small, which increases the
probability of short circuiting, or preferential tea flow down the sides of the filter, bypassing #and
layer. In order to minimize the probability of stroircuiting, a number of baffles will be includédthe
design.

The total required depth of the filter is dependwsitonly on the sand depth but also final watethle
support layer depth, and freeboard. Assuming th2feeboard depth, 0.25 m for each of the three
support layers, 1.3 m initially for the sand layamnd 1.0 m for the water level, a total filter depf 3.3 m
is achieved.

Control design:

It is also necessary to include flow controls amdréiow systems in the SSF design. Water flow will
enter each filter through a pipe from a sedimenttaltiasin (discussed later). On this pipe will be a
regulating valve to control flow into the filteA second valve will be located on the outflow pfpEn
each filter. This valve should be adjusted tovalthe flow rate out of the filter to equal the dgsi
outflow rate (2.34 L / min). The water head abthefilter will remain at 1 m above the sand layhr.
order to prevent backflow of water into the inflpipe, an overflow weir is included at a level jbstow
the inflow pipe. This overflow is designed to le=d only under unwanted conditions and the filter
should be cleaned before the water level reacliepdint. The overflow weir is set at 1 m above th
sand layer and the inflow pipe is located at 1.4bove the sand layer.

The water exits the underdrain system in a pipegbes directly into a secondary control basin \&ith
adjustable weir, which will maintain a water leeélat least 10 cm above the sand layer. As thd san
layer depth is reduced due to maintenance, thecaeibe moved with it to maintain the same 10 cm
water level. This water level is essential to eaghe health of the biological community in thada

Media selection:

In order to provide adequate filtration, the saratiia must be of adequate size. Sand with too srhall
grain size has lower hydraulic conductivity resudtin unreasonably low flow rate. Too large ofigra
size reduces the ability of the sand to removegdestand contact area between the water and lallog
layer. Therefore, an adequate grain size foafithtn media should be between 0.15 — 0.35 mm (Haism
and Wood 1974). Based on grain sizes used iratheah effective grain size of 0.3 mm will be used
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this design. The coarse sand or gravel layershwgupport the sand filtration layer must be of addeg
grain size to prevent migration of the sand throtigim. Generally, the effective diameters shoeld b
times the size of the supported layer. Thus, tleetive grain size of the second layer should I2enim.
Similarly, the third layer should have an effectdiameter of 4.8 mm. The final gravel layer widive an
effective diameter of 19.2 mm. Each of the sizasueements are given as a range because it is
impossible to achieve completely uniform sizindneTabove listings are average values and the ranges
were determined using a standard deviation of 33%s yields size ranges of 0.2-0.4 mm, 0.8-1.6 mm,
3.2-6.4 mm, and 12.8-25.6 mm respectively.

Piping design:

It is possible to determine the required pipe dimm® carry the necessary flow rate between the
sedimentation basins and filters as well as betwleefilters and the storage basin (see below for
discussion of these other components). Waterfl@ill through the system using gravity and the redtur
slope of the area. This precludes the need fomgpsystem which adds cost and maintenance
requirements. Basic pipe flow between two poiiats loe described using Bernoulli’'s equatieq (3:

p1 avi _ P av; vt eLv?
y+zl+ 2g+ht’_ y+22+2g+K2g+fd2g (13)

Where p and p are the water pressures at the inflow and outfespectively, zand z are the vertical
heights at these two pointg,and y are the water velocities at these pointis a correction factor, g is
gravity, hyis the pump head, K is a coefficient based on fiipegs, f is a friction factor, L is pipe length,
d is pipe diameter, and v is the velocity of theexdn the pipe. Most of these terms can be négdiein
this analysis. Since both ends of the pipe aradpe water pressure is atmospheric and these &am
be removed. Also, since the flow rate entering exiting the pipe is the same, the velocity tertnsaeh
point are equal. The pump head and head losditértgs is assumed to be zero. Finally, theghebf
the filter is assumed to be the reference heibht & is zero. Neglecting these terms, and rearranging,
allows one to solve for the term T/(Eq 14, the two unknowns.

f _ 219
The horizontal distance between the basin and filtes assumed to be 10 m. The slope of the hgl wa
assumed to be 20 degrees. The piping materialywipylchloride (PVC). Using Moody's diagram and
assuming a value for d, the correct diameter wasddo be 1.2 cm through iteration. To account for
higher than normal flows and adding a general gdiéettor, a design diameter of 4.8 cm was chosen (4
times the minimum size). Due to available pipesjza 2" (5.08 cm) pipe diameter was selected.

The total pipe length needed to reach between sadilmentation basin and filter is ~10.7 m. The
distance between each filter and the storage tatileisame. This necessitates a total of 42.8 m of
piping. This structure should also be coveredréwgnt algae growth and contamination from windislow
debris.

Underdrain design:

The water collection system, or underdrain systattects water after it has traveled through al th
media layers and transports it out of the filt8everal collection designs are acceptable inclugorgus
concrete, stacked bricks, and perforated pipinge @ cost and simplicity considerations, perfatate
polyvinylchloride (PVC) piping was chosen for tlissign. The layout of the pipe system consists of
several “fingers” running perpendicular to the cahéxis of the filter. These fingers are attactwed

43



larger receiving pipe running the length of theefilon the external side. The outflow pipe conmect
through the filter wall to this collection pipe aatiows the water to flow to the storage reservdine
receiving pipe is to abut the side wall of thesfiltvhile each finger pipe will have 20 cm of clewa
from both the sides of the filter and the adjadewger pipe. Since the filter is 4 m long, 19 farg are
required in this setup. The ends of the fingerslval5 cm from the far wall of the filter, just teey are 5
cm from the opposite wall due to the diameter efréceiving pipe (see below). Because the fikhees3
m wide, each finger pipe needs to be 2.9 m lortge fEceiving pipe is to be 3.9 m long, leaving 5 cm
between each wall and the pipe ends.

The pipe size is determined by required flow cayamid the perforated hole size is dependent on the
effective diameter of the media above it. Becausgs determined that a pipe diameter of 2.5 cm is
adequate for the design flow of the filter, thendéder of the “finger” pipes is chosen to be 2.54(ti).
These pipes will then feed into the receiving pipech will have a diameter of 5.08 cm (27). Thddw
to be drilled into the pipes will be 6 mm, thusfiflihg the requirement of being less than half the
effective diameter of the media layer directly ab¢%2.8-25.6 mm). Holes will be drilled on top aord
both sides of the pipe to allow for adequate wider into the pipes. They will be spaced 10 cmrapa
a total of 29 discrete sites (pipe length is 2.9 m)

Combining pipe lengths needed for both the underdtesign and flow between filter system
components yields a total of 50.6 m of 2" diamgipe and 110.2 m 1" diameter pipe.

Maintenance:

Maintenance will be carried out as needed on ttexdi Filter operation should be initially stageg so
each filter requires cleaning at different periotlsing this strategy, one filter will always be in
operation. Filter cleaning is needed when the mizgad above the filter does not provide the reguir
flow rate. Specifically, when the control valvecmmpletely open and the flow rate is still insciffint,
filter cleaning is required. During cleaning, thiater inflow to the filter will be shut off and ttiiéer will
be drained until the water level is just at thedskawvel. It is essential that the sand remain &gt to
preserve the integrity of the microbial community.drain and valve will be located on the sidehs t
filter at the level of the lowest possible sancelg@.7 m). A height-adjustable box will be consted
around this drain to hold the sand layer away fitonf\s sand is removed during cleaning, the walttoe
box can be lowered with the sand level to allomfater draining when necessary.

Cleaning involves removing the top 1 — 2 cm of sand disposing of it. This reduces the sand layer
depth and after reaching a minimum level of 0.%hm,entire sand level must be removed and replaced.
While it is difficult to estimate the period betwemaintenance, a typical value is 2 months. Assgri
cm of sand is removed each time, 0.12 meters willdoved over the course of a year. Given aialinit
sand depth of 1.3 m, the system can be operatediesded for 5 years before sand replacement is
necessary. This is double the time of the previmsign and provides a significantly reduced bumen
the filter operators. Access into the filter beesmmore difficult as the sand layer is loweredaut
temporary ladder should be sufficient to allow warkto move in and out of the filter during
maintenance periods.

Storage Tank Design

Demand for water fluctuates throughout the day wigmificant water use during daylight hours and
negligible demand at night. Since the sand filtgrsrate continuously, with equal outflow at aluts) a
storage tank is necessary to allow for variabbiggween water demand and water supplied by theedilt
Designing for the filter to store two days prodantfrom the filters yields a required storage votuorf
67.4 m. Assuming a water depth of 3 m in the filter, tequired area must be 22.46. i\ storage tank
with dimensions of 4 m by 6 m by 3 m deep givewaage capacity of 72 In It is necessary to include
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0.25 m of freeboard for this basin. Additionaliie the filters, this structure should be covered
prevent contamination by windblown debris and algaesvth.

Sedimentation Tank Design

Pre-Filter Sedimentation Chamber T 1
Colombia ScaleUp SP12

Design Flow (Qg): 3.37x10* L/day
Retention Time: 4 hours
Overflow Rate (V_): 6.4 m/day

Figure 29.

In order to function properly, a slow sand filtéloslld not receive input water with turbidity greattean
20 NTU and on average it should be less than 10 NWWBDOH 2003). We have observed in the lab
turbidity values for Wabash River water that argilgaabove 20 NTU. While we have no data on
average turbidity found in the Colombian mountaieams that supply these communities, it is safe to
assume that the fast-moving water and rich soitb@farea account for reasonably high turbiditglev

In order to ensure proper functioning of our filtitiis necessary to design a pre-treatment systeme.
previous design had such a system consisting ocdvaebroughing filter in which water flows upward
over a gravel bed to remove suspended solidsrder @o reduce the cost of the filter system, weeha
elected for a simple sedimentation basin which &libw the suspended solids to settle out by gyavit
This saves money because there is no need for sixpagravel.

In order to design an appropriate sedimentatiompasveral design assumptions were made. Hiest, t
smallest particle diameter to be removed was saddotbe 11 um. This was based on the fact that
average silt particle sizes range from 4 — 62 ung(&y 1996). The value of 11 um is on the lowat en
of the scale while allowing for a feasible basiresiequirement. The density of soil particles was
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assumed to be 2000 kgfifBunn and Montgomery 2004). Finally, a retentiome of 4 hours was chosen
to minimize the size of the basin while allowing &mlequate particle removal. With these values, a
particle settling velocity of 7.402 x 2@m / s was calculateéd 15.

_ .g"‘(ps_pw)*d2

V.
S 18+

(15)
Where \,is the particle settling velocity, g is gravitata acceleration (9.8 m 9)sps is particle density,
pw IS Water density (1000 kg /3nd is the particle diameter, p is the dynamicessty of water (8.90 x
10" Pa-s), and 18 is a proportionality constant. Jéttling velocity is also the design overflow rafe

the sedimentation basin (6.395 hfn-day)). Using this value, the total required basiea can be
determined to be 5.269%teq 16.

A, = % (16)

Where A, is the required basin areaq IQ the design flow rate of the filter system (387/ day), and
is the overflow rate. The total required basiruveé can then be determined to be 5.637ag 17).

W =¢*Qq (17)

Where \} is the required basin volume agds the retention time (4 hours). The requiredrbdepth
can next be determined to be 1.066HY (9.

Hy = Vo (18)

Where H is the basin depth. Using these calculationgisinbdesign was chosen incorporating two units
each 1 meter wide, 3 meters long, and 1 meter d€kjs. gives a total design area of 6and a total
design volume of 6 in The width to length ratio is 1:3 which is typicdé a sedimentation basin
(Reynolds and Richards 1996). Adding a freeboeptidof 0.25 m, the total depth of each basin2s 1.
m. This design yields a design settling velocit$® x 10° cm /s Eq 16. Because this is below the
desired value of 7.402 x T@m / s, the basin design should be adequatetingehe particle sizes
desired.

Vsa =42 (19)

Where \{qis the design flow rate. Further design consititema for the sedimentation basins include a
baffle 0.5 m from the inflow point to force wateswin and encourage particle settling. This willezxt
down to 0.25 m above the bottom of the basin. werfbow weir will be situated on both basins toetiy
excess flow back to the source stream. Additignalldrain valve will be located on the bottom ale
basin. During maintenance, sediment can be flusload the basin with excess water after shuttirfg of
the outflow to the filter. This high turbidity wextcan either be used for irrigation or be simjyldéaihd
applied. The waste flow should not be returneithéostream because it will impair water quality for
downstream users.

Cost Analysis

The total cost of the filter system was determinsithig US dollars. While some local costs are known
other assumptions had to be made. To simplifynasions, all concrete basins, including the
sedimentation basins, filters, and storage tankewssumed to be rectangular prisms with concratis w
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0.25 m thick. In an effort to reduce

cost, both sedimentation basins have a
shared wall between them. The same is
true for the filter basins. Assuming a
cost of reinforced concrete of $115 per
cubic meter, the total cost of the
sedimentation basins (including the
baffle) is $697.19. The storage tank has
a total cost of $2,558.75. Based on cost
estimates for materials in Colombia
provided by Kimberly-Clark
($0.04875/kg for fine sand [1590

kg/n?)], coarse sand [1540 kgfmand
gravel [1760 kg/r) the filters have a
total cost of $6,865.44. Other
components, including piping, valves
and covers, have a combined cost of
$1,315.15. Shipping costs for the

concrete and filter materials were

Figure 30. assumed to be $0.0525/kg based on

estimates given by Kimberly Clark and

using the densities used above (concrete [1360%gMdsing these estimates, total shipping coststarno
to $8,100.51, or 41% of the total cost. Althougstjan estimate, shipping costs are likely so Higito
the mountainous topography which makes it diffiéoitlarge trucks to navigate the roads in the .area
The total cost of the entire filter system is $B89,94. Based on the design flow rate of the system
(33,700 L / day), the cost per liter per day i580. These values are significantly less than tiobsee
previous design ($43,927.11 total and $1.19 / Lxd&@is indicates our goal of reducing overalltaafs
the filter system, while providing adequate watealdy and quantity, has been reached.

As another option, large plastic tanks were exathfoeuse as filters and storage tanks becauseatteey
more easily transported after installation and jgt@a more flexible option for later addition. Bese
the sedimentation basin must be of adequate lemgthdepth, there are no suitable plastic tankhfer
use. Using vertical heavy duty polyethylene taftkS Plastic) would require three 120" diameter (#3
area) by 152" tall (3.86 m) tanks for the filtecs & total cost of $16,083.72 and two 9500 gal@$ 9458
L) capacity tanks for the storage basins for d tmat of $16,644.04. These values can be compared
the cost of concrete structures ($2,967 and $2755@spectively) to show the cost savings of using
concrete.
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Estimated Large-Scale Filter System Design Budget

Sedimentation Particle Size Volume Required Cost  per
Basin (mm) per Unit () m’ 1 Unit 2 Units (shared wall)
Concrete N/A 3.5 $115.00 $402.50 $697.19
Sedimentation
Basin Subtotal $697.19
Particle Size Volume Required Cost per
Slow Sand Filter  (mm) per Unit (i) m’ 1 Unit 2 Units (shared wall)
Concrete N/A 14.55 $115.00 $1,673.25  $2,967.00
Fine Sand 0.2-0.4 15.6 $77.51 $1,209.20 $2,418.39
Coarse Sand 0.8-1.6 3 $75.08 $225.23 $450.45
Fine Gravel 3.2-6.4 3 $85.80 $257.40 $514.80
Coarse Gravel 12.8-25.6 3 $85.80 $257.40 $514.80
Slow Sand Filter
Subtotal $6,865.44
Particle Size Volume Required Cost per
Storage Basin (mm) per Unit (i) m’ 1 Unit
Concrete N/A 22.25 $115.00 2558.75 N/A
Subtotal $2,558.75
Pipe Diametel Length Neede
Piping (in) (ft) Cost/ft Total Cost
Gray PVC Pipe 2 165 $1.75 $288.75
Gray PVC Pipe 1 111 $0.87 $96.57
Piping Subtotal $385.32
Pipe Diamete
Valves (in) Number Needed  Unit Cost
Industrial Ball
Valve 2 9 $89.10 $801.90
Valves Subtotal $801.90
Covers Number Needed Unit Cost
16' X 100’
Reinforced
Sheeting 1 $127.93 $127.93
Covers Subtotal $127.93
Material
Shipping Weight (kg) Cost per kg Shipping Cost
Concrete 74327.4 0.0525 $3,902.19
Fine Sand 49608 0.0525 $2,604.42
Coarse Sand 9240 0.0525 $485.10
Fine Gravel 10560 0.0525 $554.40
Coarse Gravel 10560 0.0525 $554.40
Material
Shipping Subtotal $8,100.51
Total Cost $19,537.04
Cost per L/day $0.58
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0.2um Filter Team

A preliminary design of our disinfection filtrati®ystem was created. After a review of this destign,
was determined that more than one filter was netaleffectively remove pathogens without clogging
our filters. We also determined that in order far pressure drop to work effectively we will nead o
water open to the atmosphere. The water being tpée atmosphere also allows for air to escaperbef
entering the filter housings. A sketch of theseglescan be seen below.

Chlorine application

2 gallons Effluent

Water
ﬂ Bulkhead Fitting

| 3/8" Tubing

3/4"x3/8" NPT barb fitting
l L \ Filter

3/8" Tubing 3/8" Tubing 3/8" Tubing

Plastic
Tubing

lum 0.2um

Disinfected
Water

Depth Filter Absolute Pleated Filter 5 gallons

Figure 31. Newer Filter Design _ o _ _
Figure 30. Preliminary Filter Design

Design 1: 0.2 micron System

The first design included a reservoir, 0.2 micritterfand an effluent reservoir. This design is th
simplest design, however having only a 0.2 micitberfwith chlorination would have resulted in more
rapid clogging compared to a filter prior to th@ ficron filter. The clogging of the 0.2 microitdr
would reduce the life expectancy thus resultingesign becoming more expensive.

Design 2: 1 micron and 0.2 micron System

This design begins with a reservoir of water thiditthven flow into a 1” PVC pipe. The PVC pipe is
where the chlorine will be introduced in the pracesfter chlorination is a 1 micron filter and 0.
micron filter in series. The first filter is a dégflter with a higher rating (1 micron) that wallow for
further filtration of the slow sand filter effluenthe second filter is a pleated filter and is @& micron
filter. This will be the final step of the disinfidan process. The pleated filter has a larger sertaea,
thus removing bacteria more efficiently.

Design 3: Pressurized System

The third design begins with a 20 L pressurizetb@ar The carboy will have three bulk head fittingeg
for the pressure gage, one for the pressure vahgepne for the tubing all located at the top ef th
carboy. Pressurizing the system will help pushvibger up through the tubing by giving the water
enough pressure head. Chlorine will be introducéadlthe influent before it flows through the rendsn
of the system. After chlorination is a 1 microndiland a 0.2 micron filter in series. The firdtefiis a
depth filter with a higher rating (1 micron) thailvallow for further filtration of the slow sandlter
effluent. The second filter is a pleated filter amthe 0.2 micron filter. This will be the finalep of the
disinfection process. The pleated filter has adamyrface area, thus removing bacteria more effiky.
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Conceptual Design Phase

Our team has researched the different materialitiens, tubing, and hardware components. This was
done by completing a literature review over fildégsinfection options as well as secondary disindect
options. To determine the best filter option wektodo consideration the sizes and ratings for pgeim
removal in water. We planned to test these filters evaluate their performance; however, due to
hardware delivery and time constraints this wasagbievable. Based on our findings from the litemat
review we decided that a 1 micron absolute defttr fiollowed by a 0.2 micron absolute pleateckfilt
would be best at eliminating the pathogens fromuthter in Colombia. Prior to the filter housing
methods, chlorine will be introduced into the sgsfer secondary disinfection. The chlorine, a
hypochlorite solution, is a cheap, simple and éffeanethod at removing pathogens that may notyeasi
be removed via filtration or the disinfection filte

Detailed Design Phase

We determined which filters we needed to purchasedir filtration system. Once the filter was
determined, we decided which parts we would neextder to build an entire disinfection unit. Many
issues were encountered while assembling and agdetdir filters and hardware. Many of the filter
specifications sheets claimed that the filters miesas10” and would fit the filter housing the telad
already purchased. However, when the filters wetiweled and inserted into the filter housing, warfd
that at times the filter housing would not seal ptately due to the filter not being exactly 10”. An
example can be seen in the photo below.
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Figure 32. 0.2 Micron Filters

Both of the filters pictured above are specifiedhaging a length of 10” and being able to fit ie tt0”
filter housing. The filter on the left has an attmeasurement of 10” while the one on the rightdmas
actual measurement of 9 34”. While the filter ontiglat supposedly fits the filter housing, duehe t
incompressible material it is made of, it will fittin the filter housing. It is important to comta
distributors in order to verify actual filter leingand to ensure it fits in the housing.

Filter Choices

Based upon our literature review performed onr8li@nd findings related to filter prices we consted a
decision matrix factoring in several criteria anglighting each criterion on a scale of 1-10. A gt
ten would mean that the criterion is of most imance in the decision; while a rating of one woukbm
of least importance. Each of these criterions béllassigned a 1, 0, or -1. If the filter meets thisrion
100% of the time it will be assigned a 1; if it teethe criteria most of the time it will be assidree0; if
it never meets the criteria it will be given aThe weight and ranking will then be multiplied and
summed for each filter type. The filter with thgést score will be considered the best optiomfmr
design. Each of these filter types were reviewetliwithe literature review and only filters thatuta
remove pathogens at least at the 1 micron levet wensidered for each type.
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Table 12. Filter Decision Matrix

Criteria Weight Depth Pleated Ceramic
Pathogen Remov 10 0 1 1
Cos 8 1 0 0
Life Expectanc 9 0 0 1
Flow Rate (20 L/da 7 1 1 0
Availability to Colombi: | 9 1 1 1
Pressurization Abilit 5 1 1 -1

Totals 29 31 23

Based upon the decision matrix above, pleateddiliere the best decision for pathogen removalat 0
micron rating. These filters are often used foaffifiltration and disinfection. Although they arere
expensive, their life expectancy can lengthen whamtained properly and preceded by a larger, @reap
filter. In an attempt to lengthen the life expectanf the 0.2 micron pleated filter, we went with a
micron absolute depth filter to remove larger péet and reduce the amount of clogging in the gmall
sized filter.

Items Purchased
e 1 micron filter
e 0.2 micron filter
e 20 L Carboy Polyethylene
» 2 Filter housings
o 25 ft of 3/8” tubing
» 2 quick disconnects
e 1 reducing unit
* 6 -3/4” Barbed fittings (NPT)
e 2-3/4” Bulk head fittings
* 14" Miniature bulk head fitting
e Pressure Gage
» 5 gallon bucket
e Pressure Valve

Table 13. Cost Summary

Item Description Unit Quantity Unit Cost Total Cost Vendor

Filter Housing 1 2 $27.8( $55.6( Filter Sourc

1 micron filtel 1 40 $1.7( $68.0( Filter Source
(GE)

0.2 micron filte 1 1 $112.5: $112.5: Filters.con

5 gallonbucke 1 1 $2.6( $2.6( Menard’s

20 L Carbo 1 1 29.7 29.7 McMaste-Carl

Quick Disconne 1 2 $4.1: $8.2¢ McMaste-Cari

Reducing Uni 1 4 $2.8¢ $11.3¢ McMaste-Cari

Barbed Fittini 1 8 $5.9( $5.9( McMaste-Carl

Tubinc 1 1 $0.67/foo $16.7¢ McMaste-Cari

Bulk Head Fittin 1 2 $13.1: $26.2: McMaste-Cari

Mini Bulk Head Fitting 1 1 $8.4¢ $8.4L McMaste-Cari

Pressure Gau 1 1 $9.2( $9.2( McMaste-Cari

Pressure Val 1 1 $2.6: $2.6: McMaste-Cari
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Delivery Phase

The deliverable for the spring of 2012 will be aiden matrix of why which filters were chosen, the
type of secondary disinfection chosen, and a pyptobf the system to be tested. The final prodaat g
will be a filtration system that meets the drinkingter standards of Colombia.

Maintenance phase
The teachers of the Colombian schools will maintaafilters. They will receive proper documentatio
and instruction on how to do so.

Retirement or redesign

The prototype will be completed by the end of therg) 2012 semester. This will include the desifin o
system 3, as previously mentioned above. If thisgtype fails to remove pathogens as expected, a
redesign of the system will need to occur. Our teatered the redesign phase of the design process
earlier in the semester when our initial prototfgited to produce enough pressure to run water
effectively through the system.

Results
Table 14. Flow Rate With Clean Water
Tesl Volume (L) Pressure Heac | Time (minutes) Flow Rate (L/min)
(in)
1 1 54.¢ 7:0C 0.14:
2 1 54.¢ 6:57 0.14¢
3 1 54.¢ 7:32 0.13:
4 1 53.¢ 9:2¢ 0.107
5 1 53.0¢ 10:1¢ 0.09¢
6 1 52.1¢ 12:21 0.081
Average Flow Rate (L/min): 0.118
Pressure Head vs. Flow Rate
0.1
0.09 i +
< 0.08 T <+ <+
E o007 *
= 0.06
Q 0.05
g o004
% 0.03
o 0.02
0.01
0
51 52 53 54 55 56
Pressure Head (in)

Figure 33. Graph of Pressure Head vs. Flow Rate tdp water
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Table 15. Flow Rate With Dirty Water

Tesl Volume (L) Pressure Heac | Time (seconds Flow Rate (L/day)
(in)
1 1 55.6¢ 10:57 0.09]
2 1 54.¢ 11:4¢ 0.08¢
3 1 53.9: 12:3¢ 0.07¢
4 1 53.0¢ 12:3¢ 0.07¢
5 1 52.1¢ 13:0¢ 0.07¢
6 1 51.3] 13:37 0.07:
Average Flow Rate (L/min): 0.0805

Table 16. Turbidity With Clean Water
Test Pre-filtration Post-filtration
1 0.96 NTL 0.16 NTL
2 1.45 NTL 0.09 NTL
3 0.77 NTL 0.08 NTL

Table 17. Turbidity With Dirty Water
Test Pre-filtration Post-filtration
1 0.71 NTL 0.14 NTL
2 0.68 NTL 0.10 NTL
3 0.65 NTL 0.07 NTL
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UV Disinfection

Reactor Design Selection

Three design concepts were initially considerede®rimary evaluation, two designs were compared
for design selection. Both consisted of batch sgsteOne was designed to treat one 2 gallon budket
water, while the other treated two 2 gallon buckdtwater.

Figure 34.

To begin, the efficiency, cost, and overall dedmreach concept was reviewed and compared reltative
the ability to meet the customer and engineeriggirements. An overview of this comparison is show
in the weighted decision matrix below.

CUSTOMER WEIGHTS  SingleBatc  Double
REQUIREMENTS Batch
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Easy to produc 5 1 0

Efficient use of UV ligh 6 1 -1
Total + 7 5

Total - 0 2

Overall Tota 7 3

Weighted Tote 53 38

Concept Comparison - Weighted Decision Matrix

The number one priority of the weighted decisioririravas the safety of the design. Because of the
Ultraviolet light the design has the potential e&very dangerous by adding harmful UV radiation to
those who look at the light. Incorporating a desighich increased the safety factor was therefore a
major priority. Comparing the designs, both methprbvide adequate safety. Incorporating a safety
switch to stop the bulb when either is lifted woaldo increase the safety. Both designs have theref
scored a one on the weighted decision matrix.

The second, but just as important requirement wagging adequate inactivation. Along with the sgfe
of the utility the overall result of the disinfeati is important as well. This customer requirenmaakes
sure that the product will function properly. Time of Ultraviolet light in both methods ensures
adequate inactivation in the biological matter fedin the slow sand filters. Both methods have thesn
given a score of one in this category.

The third requirement is cost. There are a few keavy items on the market for the product now. The
desire of the design is to create a cheaper atteen@method to provide ultraviolet disinfection.&h
inexpensive has been weighed eight out of ten Isecaithis. Comparing the cost of the given design
both have their advantages and disadvantages.duaaiage to the double batch method provides a
larger area to mount larger less costly bulbs. disadvantage is the cost of the housing greathheases.
The advantage of the single batch method is themealy low cost of the bucket. The cost of the bulb
unfortunately rises due to the smaller area andeshoulb lengths available. Doing a cost comparisb
the advantages and disadvantages the cost of tisinlgagreatly outweighed the cost of the bulb. The
single batch method has been given a one whildabble batch method has been given zero due to the
higher costs.

The fourth requirement is having a high Ultravidlaitput. Having a high Ultraviolet Output both
decreases the time needed for disinfection, botiatseases the dosage applied to the water, asisvel
raising efficiency. The project plan will hopefullycorporate a renewable power supply in the fusare
using an efficient bulb is quite important. Thishmeen weighted by a six out of ten. As mentiched
higher area of the double batch method providesxaallent surface to mount larger bulbs. This imtu
dramatically increases the amount of UV light otit@urprisingly a very efficient bulb was found the
smaller length however so the increase in ultratilight turns out to be more of a cost beneftieathan
a UV output benefit. Due to this the double batathnd has been weighted as a one while the single
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batch method has been given a zero.

The fifth requirement is durability. As mentioneefdre this product will be around children. Childre
create an added need for extra stability and diitsalA major component of the durability is thefexfts

of ultraviolet exposure to the devices and housiBgth designs use plastics and ultraviolet bullhe
plastics in both designs have the ability to beecest with UV resistant paint, as well as being cetsle
with Aluminum Foil to increase UV reflections toaer absorption. Since both methods succeed in this
task, they have both been weighted one.

The sixth customer requires is the length of tleglpct’s life. The major aspect of the product’sadiam
was the length of the bulbs’ life. The longer theduct functions, the better the design and less
maintenance costs in the long run. It was disaxénat typically the bulb length does not sigrifitty
dictate the bulb life duration. Since this is thajon difference between both methods a distingngshi
advantage cannot be chosen. The ultraviolet ligitatswere looked at all have around 8,000 hourth Bo
designs have been weighted one for this category.

The seventh weighted customer requirement is the ebproduction. Since the design is currently
centered around making these in Colombia a majmado the ease of production is using partsatet
readily available there. Another ease of use fadtothe amount of parts needed as well as the texd

in the construction process. The single batch atetises a bucket design. These buckets are known to
be readily available in Colombia and have been usé#tk past. The double batch method design fesitur
a larger design that may not be available. If #zrt uses a wooden design for the double batch thetho
work to find the wood and produce these units waaigle the time of creation. To simplify these Hessu
the single batch method has been weighted as drile, thre double batch method has been weighted
zero.

The final customer requirement is the efficient agBV light. This requirement is measured by the
amount of UV light output in comparison to the amioof water being inactivated. This isn't a measure
of the efficiency of the bulbs, however an effiadgrof the design. In the single batch method deaig
central lamp is located directly overhead the wakhis provides a very efficient use of the lightldhas
been weighted a one. The double batch method hawesgea much larger housing. This creates lots of
empty space where ultraviolet light can escapebanabsorbed elsewhere. This causes a very inefficie
design, thus the product has been weighted asainegne.

The weighted decision matrix provided an excelrhparison to the customer requirements. The single
batch method received a total weight of 53 whikedbuble batch method received a 39. This decision
matrix suggests that the single batch method wilVide a better design with the given customer
requirements. Thus the single batch design has sedeated.

Design Criteria

Component Criteria

Housing Inexpensive, Durable, Readily available, UV Resistd/aterproof, Efficien
use of space, Easy to assemble

Lamg Inexpensive, Germicidal (254 nm), High UV wattageput, Proper lengtt
Low input wattage, Long life (Hours)
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Lamp Holde Inexpensive, Compatible with lamp, Properly orienfiar selected desi

Lamp Clig Inexpensive, Compatible with lamp, Provides suptmhult
Ballas Inexpensive, Compatible with lamp, Compatible vdtnp holde
Safety feature Prevents eposure to UV light, Considers customers (child
Power indicato Inexpensive, Easy to use, Blocks UV light, Indisate/off readin

(plastic rod)

Housing coatin Further blocks UV light, Maximizes potency of U\glit on wate
Miscellaneou: Various Criteri
Components

Component Selection

Below is a comprehensive list on the products titateam chose to compare and the eventual selected
design.

Clear Reo Yellow Green

Unknown or Not Available Bad Average Good
Housing
Options 5 Gallon Large storage Plywood box

Criterion Bucket Container
Inexpensiv $2.6( $8.97 $5.48 per 144 square feet ¢
Cost of hardware

Durable Yes Yes Yes
Readily availabl Yes No Unknowr
UV Resistar No No Unknowr
Waterproof Yes Yes Unknowr
Efficient use of spa Yes No No
Easy to assemt Yes Yes No

Based on the results of the review of various hrusptions, it was determined that a 5-gallon bticke
met the customer requirements and engineeringfg@itins most completely.
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Lamp

Options o PLT Philips 32512-6 - PL- PLT PL-L18W/TUV
Criterion LGO4T5 SOW/TUV 2G11

Inexpensiv $3.21 $14.4¢ $10.8:

Germicidal (254 nn Yes Yes Yes

High UV wattage outpi 0.8 W 2.4 W 55W

Proper lengt| 6 in 5.71in 8.86 ir

Low input wattag 45W 9 18 W

Long life (hours 6,000 hr 8,000 hr 8,000 hr

The primary factor that narrowed down lamp optiors size. After selecting the single batch conaept
was known that the lamp must fit into a 5-gallochrt. Several options, which met these qualifiers,
were then compared. Overall, the PLT PL-L18W/TU®1A bulb best suits this specific function. The
low price, long life, and high UV output are espdlgiadvantageous. This lamp will provide suffitie
output with only one lamp, therefore reducing tkechfor additional ballasts.

Lamp Holder

Options Leviton 660 Watt PLT 660 Watt Screw 75 Watt Screw
Criterion Slide On Socket Mounted Socket Mounted Socket

Inexpensiv $3.8¢ $2.4¢ $2.11

Compatible with lam Yes Yes Yes

Properly oriented for currer = Yes Yes Yes

design

Due to the selected bulb, the team needed to flachp holder with a 4-pin 2G11 base. This limited t
number to very few models. The only difference lestwthe models was the maximum voltage input and
price. Since the team'’s input values are smalbmgarison, the team simply chose the least expensiv
model.

Lamp Clip

Options Criterion 4 Pin 2G11 CFL Lamp Clip ' Long Twin Tube Support Clip
Inexpensiv $1.57 $0.8¢

Compatible with lam Yes Yes

Provides support to bu Yes Yes
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The lamp clip selected is inexpensive and wellkeslUfor the design. The clip will further support.

Ballast
Options Electrician Kirby Risk 1000 Bulbs Ballas
Criterion Supplies Ballast
Inexpensiv $49.27 $18.3¢ $18.27 ~ $15.3
(10+)
Compatible with lam Yes Yes Yes
Compatible with lamp hold Yes Yes Yes

Due to the bulb selected by the team, the Advah&@RbTPI was the only model available to use. The
team found three competitors offering the sameymrbd he team compared Electrician Supplies (dot
com), Kirby Risk, and 1000 Bulbs. Not only was 1@@bs the cheapest, but the team was already
ordering more parts from 1000 Bulbs. This madectee of ordering much easier and less expensive in
shipping costs. Therefore the decision to purcfrase 1000 Bulbs met the customer and engineering
specifications most completely.

Safety Features

Options Criterion : Power Indicator - UV paint | Emergency Switch
Prevents exposure to UV li¢ Yes Yes Yes
Considers consumer (childre Yes Yes Yes

Power Indicator (Plastic Rod)

Options Acrylic Rod PETG? Big Plate PETG? Rod
Criterion (2/47) (1.57) (1/4”)

Inexpensive (6 fi $1.9¢ $13.8t¢ $3.5¢

Easy to us Yes No Yes

Blocks UV ligh Unknowr Yes Yes

Indicates on/off readir Yes Yes Yes

The team looked into both Acrylic and PET& materials to be used as an indicator. Firstetm
recognized that the thicker plate would both costenand would be harder to implement with reldgive
no benefits over the smaller width rod. Literatwaes available online for some transmittance, ardftu
properties of PET&however no information was available on Acrylicd@oThe ultra violet light can be
potentially dangerous so maintaining these safetgsures are extremely important to the team. Tdma te
chose PET&over Acrylic because of these reasons.
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Housing Coating

Options Criterion Aluminum  Krylon UV Resistant Spray-paint
Inexpensiv $1.9¢ $6.5(

Maximizes potency of UV light on we = Yes No

Protects housing from UV Lig Na Yes

Miscellaneous Components
The following miscellaneous components were reddilyd in multiple locations on the Internet. The
team therefore used only the cost as a criterion.

» Screws (90272A148)
* Nuts (9048A007)

* Washers (90126A512)
*  Wire Nuts

e Aluminum Foil

e Extension Cord

» Black Spray Paint

» Generic Light Switch

Completed Bill of Materials

Attached in the appendix is a Bill of Materials.i§ breaks down the cost of each individual partghbu
and used in both a single cost solution, as wedl Bsorated cost. The prorated cost is simply tiiecost
with respect to the purchased part quantity. Fstiaimce the design only incorporates two wire nuts;
however they must be purchased in bulk by the redwdfThe prorated cost takes the cost of the one
hundred wire nuts and divides it by the quantigntimultiplies it by the demanded number of thegtesi
Doing this almost halves the cost of the desigit isoan important thing to mention.

Something that has not been included on the Billlaferials was the 25 grams of Potassium
Trioxalatoferrate (1) Trihydride purchased fronif& Aesar. This has been left out by choice, &s it
only for field-testing and will not be purchasedthg end user. Alfa Aesar was the least expensive
distributor at $51.50 for 25 grams.

Tools and Utility for Construction

Below is a list of tools used in the constructidrih@ prototype. This list will help in a constrioet
manual for the user. Please note that these mangehia the event of making the product design in a
more efficient manner.

e Phillips Screwdriver

* Pliers

e Power Drill/Screwdriver

»  Drill bits (2 of correct size)
» Jigsaw
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e Marker

e Hand-saw

» Sandpaper (fine)

* Ruler

» Scrap-paper (to paint on)

Actinometry Experiment

Preliminary modeling was completed to determinerisity, dosage, and irradiation time for the UV
disinfection unit. The following equation (a forrhtbe Beer-Lambert law) calculates these conditions
and can be found in the EPA UV Guidelines.

P,
I(r) = ——e %"
2nr

Where:
I(r)= intensity of transmitted light at a distanceanfrthe line source
P,= UV power emitted per unit arc length of line smur
r = radial distance from the line source
a,.= Naperian (base e) absorption coefficient for wate

The experiment was conducted beginning with a obtest, using the prototype and potassium
ferrioxalate in an open Petri dish. For the fiesttt six 50 mL volumetric flasks were utilized teasure
several potassium ferrioxalate mixtures measur@@-aecond intervals from 0-150 seconds. After
calculating the results from the first test, a sectest was conducted with longer, 3-minute intisrfram
0-30 minutes to show stronger reactions. Thisresilted in a wider range of intensity. The cheinica
details of this experiment are included in the aolpe

The results of the actinometry experiment showiritensity of the selected UV light to be 4.58482D70
mL/(cn?*min). Therefore, the irradiation time necessargaomplete 4log(inactivation) of
cryptosporidium, giardia, and viruses is 5 minutes.

VIl. Conclusion and Future Directions

Point-of-Use Slow Sand Filters

While finalizing the Porex plate design for themgaif use slow sand filter, the price per unitrod Porex
plates was found miscalculated during the initedign analysis. When the team learned that tioe pffi
the plates was actually increased tenfold, actias teken to contact Porex. When presented with
information about this project and prompted foraation, 15 Porex plates were donated to the team.
Because this was a donation that will not be exgebathen constructing the SSFs in the future, it vl
necessary that the next step in continuing thesigdas to figure out how to construct our own ptas
plate out of high-density polyethylene (HDPE) beadpellets. The forming process for this will bao
be learned, mainly through trial and error. Afiading where to order HDPE beads, the process can
start with looking up the melting temperature of P2 One suggestion for how to form the plates is t
clamp some beads into a round cake pan and bake oven. While looking into this aspect of the
HDPE plate design and continuing the redesign mooéthe SSF, the initial variables will still et

be considered and reevaluated. These variablegl@overall cost, ease of construction, and
effectiveness of the filter. The final redesigriwthe Porex plates will be implemented in schaols
Barbosa, Columbia, this coming June 2012. Thespgarteach bucket have been ordered, and in the
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weeks before the on-site trip members of the tragekeam will work to construct the base plates and
other elements for each bucket. There are 30 baitgy constructed, and therefore 60 buckets to
construct with 2 buckets stacked in each unit.

Continuous-flow Large Filters

Lack of reliable information is a major design isssith this project. We do not have adequate data
per capita consumption, stream flow rates, andiagisnfrastructure. Specifically for water
consumption, it is unknown how much water is usgdfrect consumption, personal hygiene, clothing
and dish washing, and irrigation, most likely ofdgns. A clear breakdown of water demand by sector
would allow for a more specific design and providmted water only for required uses (i.e. neglect
irrigation). The water source, small mountainatne, is the cause of a great deal of uncertaiBased
on reports from the area, stream flow is seasonaliable, with little to no flow in the dry seasomhis
provides a major constraint on the design asuséess if there is no water to be treated. Aaclutiily,

the “health” of the filter is dependent on a relaly constant input of water. The microbial comiityim
the filter will be decay without a source of foatblavater. The presence of existing infrastrucisitee
final major unknown factor. We have assumed thapeng system exists to transport water from our
filters to the homes of those in the communitié#ghis is not the case, or the existing pipe sysie
inadequate, a newly designed water conveyancemsysteequired. By visiting these communities and
speaking with residents and governmental officiats will be able to have a better understandingpef
constraints we are facing and how to adapt theydder final implementation.

0.2 um Filters

Based on the needs of Colombia and the resultsedadisinfection analysis it has been determinet tha
pleated filters should be used for final filtratidae to their increased surface area, which canvem
more pathogens. Their price is a little higher thtrer filter types; the longer life expectancyweighs
the cost of the filter. Depth filters are effectineremoving larger sized pathogens. They are roose¢
efficient, so they can be used when using a higdtarg for pathogen removal. It is crucial to use
absolute ratings when selecting a filter for fideinfection because it can remove 98% - 99.98%®f
pathogens at the stated micron rating as opposte 0% - 90% removal of nominally rated filtdtds
important to use a small enough rating to remolefdhe pathogens present in the water beingeceat
Because no filter has the capability to removeathogens and viruses, it is hecessary to combine
filtration disinfection with a secondary form abihfection, like chlorination, to avoid cloggingathe
presence of microbial activity and viruses in tifeient. The lifetime of a filter can be determiniegthe
size and amount of pathogens in the water, thezéfds important to use multiple forms of disinfea
(i.e. chlorination combined with different filtrat sizes).

For secondary disinfection purposes, chlorinatioari effective step in the disinfection process.
Chlorination combined with filtration can effectlygemove Giardia cyst and other pathogens that may
be present in the water in Colombia. The seledted for the first filter to follow chlorinations a 1

micron absolute depth. This filter was chosen bgeidiuis cheap and capable of removing 98% - 99.98%
of pathogens and Cryptosporidium oocysts at théctom level. After the 1 micron filter, there wile a
final filter of 0.2 micron absolute pleated filtdhe 0.2 micron pleated filter was chosen to rentbee
pathogens that were able to flow through the 1 onidiltration process. The 0.2 micron pleated filtéll
further eliminate any remaining pathogens at thecsed size. It was chosen at an absolute ratimgdar

to ensure the most efficient removal of pathogerssiple. The pleated filter was selected due to its
increased life expectancy and surface area forrmaxi pathogen removal.
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UV Disinfection

The actinometry experiment will provide approximitadiation times and more accurate intensity data
After sufficient field-testing, the model for dediked dose will be recalculated. This may result in
necessary alterations to the design and its cormp@nieurther actinometry testing will be condudied
evaluate design revisions. Once the design meetifigations, an assessment will be completed using
Easy-Gel, followed by redesign.

Upon successful completion of the working prototypare safety features will also be installed. Tihst f
is incorporating an emergency switch located abtittom of the housing. If lifted while the ligtg on,
the switch will open and the light will inactivaf€his will be a major asset to the safety espgciahen
considering the children that may have accessetal¢ivice. Another addition to the prototype willdbe
timer. Since irradiation times are currently unkmowa timer is very difficult to choose. Once this
information is known a timer can be readily seldcte

With the irradiation times provided, a better ursti@nding of the absolute power consumed can be
acquired. A design goal for the future is to use ithformation to create an alternative method for
powering the device. Possible future concepts dekolar powered, counter-weight powered, and DC
hand powered generators. These concepts cannetdrenthed until provided with the irradiation times
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Appendix A: Scale-Up Team

Blog

Test procedures

Data Tables

Pipe flow calculations
Filter Design

Storage tank design
Sedimentation basin design

NoubkwhpR

Appendix i

BLOG
http://colombiascaleup.wordpress.com/

Appendix ii
TESTING PROCEDURE

The daily testing procedure steps included:

1. Record date, time, and name of recorder.

2. Record volume of water in effluent bucket.

3. Calculate and record the flow rate (using the time since last recording and volume recorded earlier).
4. Record water height between effluent and overflow tubing (use tape measure on side of filter).

5. Measure turbidity of the source and treated water.

6. Take Easy Gel sample and/or count colonies as needed. (Note: This will be done every three days for
both the source and treated water. The source water will be tested on one day, and the next day the
treated water will be tested. Refer to data sheet. The white spaces correspond to days for which the
sample was taken. For example, the blank on Day 2 for source water means whoever is collecting data
on Day 2 will make the Easy Gel while the person collecting data on Day 3 will record the colony counts
for that plate [in the Day 2 blank]. Also, the person collecting data on Day 3 will make an Easy Gel for
the treated water. This plate will be counted by the person collecting data on Day 4 and recorded in the
Day 3 blank.) Five milliliter samples are taken from the treated water and two milliliter samples are
taken from the source water./ from both

7. Measure dissolved oxygen of both the source and treated water as needed.

8. Every Monday, Wednesday, and Friday, alkalinity, pH, and hardness are measured using easy testing
strips.

9. Make sure the source reservoir has an adequate amount of 50/50 Wabash R. water/ treated water
mixture.
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Appendix iii - DATA TABLES

Date Time Initials  Obs A:ihn;e VOI(l:;“ € flo‘:’er:::tf;/hr) Flz:lr;:izzt(i;/:r) S;t-:-rse Eflf\ll-t;te’nt I;I:;? Cumulative
Volume (L)

7-Feb 2:15PM RL 22.8 1.5

8-Feb 1:20 PM RL 23.00 10 0.45 0.43 235 0.85 1.7 10
9-Feb  4:00 PM EC 26.50 15 0.56 0.57 18.3 0.61 1.7 25
10-Feb 1:30 PM RL 20.50 16 0.74 0.78 8.92 1.1 1.6 41
11-Feb 1:30 PM RL 24.00 22 0.92 0.92 27.5 0.64 1.8 63
12-Feb 1:30 PM RL adjustment 24.00 355 1.2 14 63
13-Feb 12:40 PM FAS 23.00 11.5 30ml/3:18 mm:ss 0.50 141 0.35 1.7 74.5
14-Feb 1:20 PM Jw 25.00 10.5 0.42 0.42 5.4 0.9 1.5 85
15-Feb  12:30 PM FAS 23.00 15.5 50ml/4:31 0.67 3.82 0.67 14 100.5
16-Feb 1:20 PM Jw 25.00 15.5 0.62 0.62 3.6 1 2.1 116
17-Feb 1:30 PM JW 24.00 20 0.83 0.83 5.4 0.28 4.0 136
18-Feb 1:00 PM RL 23.50 7.2 0.31 0.31 29 0.45 13 143.2
19-Feb 4:30 PM RL 27.50 4 0.15 0.15 2 0.34 1.2 147.2
20-Feb 12:30 PM FAS 20.00 16 0.88 0.80 21 0.3 2.8 163.2
21-Feb 11:20AM FAS/JW  FLOAD 23.00 20 0.42 0.87 3 0.49 6.3 183.2
22-Feb 1:30 PM Jw 24.00 6 0.25 0.25 2.7 0.52 22 189.2
23-Feb 3:50 PM FAS FLOAD 26.00 20 0.76 0.77 16 1.03 5.4 209.2
24-Feb 2:15PM RL 22.50 7.3 0.37 0.32 3.3 0.4 25 216.5
25-Feb 3:40 PM JW 25.50 13 0.52 0.51 0.88 0.2 3.0 229.5
26-Feb  12:10 PM Jw 20.50 9 0.42 0.44 0.68 0.28 29 238.5
27-Feb 1:30 PM FAS 25.50 12.4 0.49 0.49 0.65 0.17 3.0 250.9
28-Feb 1:30 PM Jw 24.00 11 0.45 0.46 0.99 0.26 3.0 261.9
29-Feb  12:30 PM FAS 23.00 10 0.44 0.43 0.8 0.18 29 271.9
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1-Mar
2-Mar
3-Mar
4-Mar
5-Mar
6-Mar
7-Mar
8-Mar

19-Mar
20-Mar
21-Mar
22-Mar
23-Mar
23-Mar
24-Mar
25-Mar
26-Mar
27-Mar
28-Mar
29-Mar
30-Mar
31-Mar

1-Apr

2-Apr

3-Apr

12:45 PM
1:40 PM
2:15PM

10:45 AM
4:40 PM
2:30 PM
1:00 PM
5:25PM

1:30 PM
11:00 AM
12:30 PM

1:45PM
5:30 PM
1:30 PM
12:00 PM
2:00 PM
12:00 PM
1:30 PM
2:30 PM
12:30 PM
1:30 PM
2:00 PM

RL
JW
RL
RL
FAS
FAS
EC
JW

w
w
FAS
w
FAS

FAS / jw

RL
w
RL
RL
EC
w
RL
EC
w
RL
RL

We fill with wabash water

Spring Break

Run dry

Restart

Refill of Wabash water 100%

24.00
25.00
24.50
20.50
30.00
22.00
22.50
28.50

21.50
25.50

27.50
20.00
22.50
26.00
22.00
24.50
25.00
22.00
25.00
24.50

12.3
235

8.7

13

15
15

135
14

20

6.2

23

100ml/12min

n/a
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0.51
0.98
0.29
0.42
0.41
0.59
0.66
0.52

0.62
1.04

0.8
0.29
0.31
0.22
0.88

0.4
0.16

0.3
0.27

0.32

0.51
0.94
0.29
0.42
0.27
0.59
0.67
0.53

0.63
0.55

0.29
031
0.22
0.88
041
0.16
0.30
0.27
0.32
0.37

13
1.5
1.1
3.6

8.00
1.1
12.2

0.32

0.6
1.92
15.2
3.45

35
2.7

26

22
4.8
3.6
4.7
3.9
2.9

N/A

N/A

1.65
0.26
0.65
0.6
0.2

0.57
0.6

0.49

0.28
0.85

0.3
0.29
0.3
0.2
0.22
0.21
0.6
0.13
0.49
0.26
0.09

2.6
4.0
1.8
2.3
2.5
2.6
2.5
2.5

3.7
35
35
3.8
4.0

3.8
4.1
4.0
4.0
4.0
4.2
43
8.3
8.6
16.5

284.2
307.7
314.7
3234
3314
3444
3594
374.4
374.4
374.4
3744
3744
387.9
401.9
401.9
421.9
429.9
436.1
441.1
464.1
473.1
477.1
484.6
490.6
498.6
507.6



4-Apr
5-Apr
6-Apr
7-Apr
8-Apr
9-Apr
10-Apr
11-Apr
12-Apr

1:30 PM
1:20 PM
2:00 PM

2:00 PM

12:00 PM
1:30 AM
1:30 AM
3:30 PM

RL
JW
EC
JW

RL
FAS
JW
JW

Top Layer removed

Recirculating

23.50
24.00
24.50

24.00

24.50
24.00
26.00

21
18

18
14
11
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0.26
0.2
0.85

0.75

0.7
0.58
0.42

0.26
0.21
0.86

0.75

0.73
0.58
0.42

3.5
24
31

13

31
2.9
1.28
2.5

0.25
0.3
0.1

0.27

0.22
0.19
0.2

9.1
9.5
31
3.2

3.0
3.5
35
3.5

513.6
518.6
539.6
557.6
557.6
557.6
575.6
589.6
600.6



Appendix iv

Constants

Flow Rate

Pipe Length
Height
epsilon
gravity
dynamic
viscosity

16.85
0.000195023

10.64177772
3.639702343
1.50E-06
9.81

1.00E-06

f/dA5

m~3/day

m”3/s

m/s”2

Bernoulli
Equation

108505931.1

DESIGN DIAMETER
0.047639146 m
4.763914576

20
0.34906585

10

Assume d =

cm
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PIPE FLOW CALCULATIONS

degrees

radians

m

003 m
0.009352

0.01191
0.01191

epsilon/d

5.00E-
05
1.60E-
04
1.26E-
04

Reynolds

8.24E+03
2.64E+04

2.08E+04

7.76E-
03
2.60E-
02

0.026



Appendix v

Filter Design

Assumptions
Population size Retention time  Porosity

N,:= 16l ¢ = 8hr n :=0.3l

Calculate total demand flow

L
Qn:=wuN Qn=3.2x 16 +—
day

Calculate water volume of filter
4
Vw = Qnlg Vw =1.067x 10L

Calculate sand filter volume

Vs = W Vs = 2.96% 10L

At = VFS At = 22.792n’%
Filter dimensions
. At .
side ;= 7 side = 3.376m
width := 3 length, := 4

round to get 2 filters at 3m x 4m
Calculate design filter area

2
Ad :=widthllengthlZ Ad =24m
Calculate design flow rate

Qd := AdrEt Qd = 3.3% 105
0] day
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Sand depth
d:=1.3r

Per capita demand

Wu = 200L
day



Appendix vi

Storage tank design
Assumptions
Capacity Depth
St:= 2day depthst:= &
Calculated required volume
Vst := Qd'S Vst = 6.73% 10L
Calculate required area

Vst
depthst

areast= 22.464%n

areast:=

Assume dimensions are 4m x 6m

lengthst:= 4r
widthst := @r

Calculate storage volume

StorageV:= lengthdt width&depthst StorageV= 72m
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Appendix vii

Sedimentation basin design

Assumptions

Design Flow Particle Diameter Particle Density Water Density
L — k ki
Qd = 3.3% 15— d:=1110 % ps:= 20062  pw:= 10002
day 3 3
m m
Dynamic Viscosity Acceleration Retention Time
of Water of Gravity
— m —
W = 8.9010 “Pa g=08s  §i=d
s

Calculate Particle Settling Velocity

2
<. 9ps —pwa” c

18

Solve for the Overflow Rate

Y, Vs = 7.40% 10°

»7g

Vo 1= Ve Vo = 6,395~
day

Solve for the total basin area

_

Ap =5.260n
Vo

Ap

Solve for the total basin volume
Vp := ¢[Qd Vp =5.617m
Solve for the basin depth

Hp := Vdg¢ Hp = 1.066m

Final basin dimensions (2 basins)

widthd = Ir lengthd := 3 depthd := Ir

Total design area and volume
Ad := 2widthd! lengthd Ad =6nf
Vd := Ad [depthd vd = 6

Calculate design settling velocity

Vsd = 2—3 Vsd = 6,50k 10 52

S
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Appendix B: UV Disinfection Team

Ultraviolet Disinfection Semester Project Plan

Project Tasks and Milestones Spring 2012

Team Name:

Ultraviolet Disinfection Team

January January January January - Febuary JFebuary
9 10 11 12 13]16 17 18 19 20§23 24 25 26 2730 31 1 2 3|6 7 8 9 10
IProjectTasksandMilestones M [T [W[R|F M [T |WIR |F M |T [WIR [F IM [T |W R |F M |T [WIR |F
IProbIem Definition
IUV Overview Research
IEPA UV Guidelines Research
IUV Case Study Research
Ilntensity, Dosage, Log-kill Research
IEffective Modeling —
Febuary Febuary IFebuary-March March March
13) 14§15 16] 17| 20 21) 22| 23] 24] 27|28 29 1| 2] 5] 6] 7] 8| 9 |19]20f21)22]23
IProjectTasksandMilestones MIT WIR|FIMIT WIR|FMI|T WIR |[F M|T [WI|R [F M [T |[W|R [F
IDesign Options
IHousing Research
IBuIb Research

IBaIIast Research

ILamphoIder Research

IRemaining Component Research

IDesign Comparison

IFinaI Report Outline

IBIurb for Blog

IUV Bulb Analysis

CAD

Order Parts
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IMarch

April April April April
26| 27] 28] 29} 30} 2 9 ]10)11)12)13) 16§ 17| 18| 19] 20] 23] 24} 25] 26} 27
IProjectTasksand Milestones IM [T [WIR |F M |T MI|T [ WIR |F M [T [W[R |F M |T |W]|R |F

IEIectricaI Work in Lab

IBuiIding Prototype

IFinaI Report Work

IProbIem Definition & Task

IDesign Objectives

IDesign Criteria

IDesign Comparison

IDecision Matrix

IBiII of Materials

IConduct Actinometry Experiment

IRecord Actinometry Results

IGeneral Research Write-Up

ICase Study Write-Up

ICaIcuIation Write-Up

IRefine Design
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Items Type Item Description Qty Used Cost Qty/Cost Prorated Cost* Company Purchased From
Advanced LC25TPI Ballast E Ballast 1 $18.27 1 $15.30 | 1000bulbs.com
PLT PL-L18W/TUV 2G11 Bulb E Bulb 1 $10.87 1 $10.87 | 1000bulbs.com
75 Watt Screw Mounted Socket Lampholder E Bulb Holder 1 $2.11 1 $2.11 | 1000bulbs.com
Blue Wire Nuts E Wire Nuts 2 $5.35 100 $0.11 | 1000bulbs.com
Step Switch Extension Cord E Cord 1 $3.79 1 $3.79 | Menards (local)
5 Gallon Bucket S Bucket 1 $2.60 1 $2.60 | Menards (local)
Long Twin Tube Support Clip S Support Clip 1 $0.84 1 $0.84 | 1000bulbs.com
Reynolds Aluminum Foil (Qty in sq ft) U Aluminum Foil 3 $1.96 30 $0.20 | Reynoldskitchens.com
Krylon UV Resistant Spray Paint (Qty in sq ft) U UV Paint 0.8 $7.35 8 $0.74 | Unitednow.com
Krylon Black Spray Paint (Qty in sq ft) | Black Paint 0.8 $6.50 8 $0.65 | Unitednow.com
PETG Rod (Quantity in inches) | Plastic Indicator 3 $3.54 72 $0.15 Mcmastercarr.com
90126A512 Multipurpose Washer .03"-.07" Thick H Washers 9 $1.42 100 $0.13 Mcmastercarr.com
90480A007 Hex Nut 6-32 Thread H Nuts 5 $1.16 100 $0.06 | Mcmastercarr.com
90272A148 Phillips Screw #6 x 1/2 H Screws 5 $2.17 100 $0.11 | Mcmastercarr.com
Total Cost Per Unit $67.93 $37.66
*The prorated cost assumes cheaper 10+ ballast pricing E Electronics
**Aluminum, Paints, and Caulk prorated values S Structure
assume that 10 units can be created with cost U Ultra Violet Inhibitors

H Hardware

Indicator Utility
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Measure light intensity by ferrioxalate actinometry. xls
Date: April 2012
Experimenter: Stephanie Wink, Robert McKenna, MegRawman

Materials

FeSQ-7H0

1,10-phenanthroline monohydrate

H.SOy

FeCk

K2C04-H,O

CH3;COONa

DI water

Hair dryer

Thermometer

Rayonet merry-go-round photochemical reactor: RB&-$outhern New England Ultraviolet, Branford,
CT.

UV lamp: 300-400 nm, centered at 350 nm, 24 W, RBBO A, Southern New England Ultraviolet,
Branford, CT.

Procedure

KsFe(GOy)s-3H,0 had to be prepared in the lab, as no commenmalugt is available. To do this, 15 mL
1.5 M K,C,0,4 was mixed with 5 mL of 1.5 M Fegin a beaker. 1.5 M ¥C,0O, was made by placing
13.958 g KC,0,4-H,O in a 50 mL volumetric flask and made up to markatdding water. 1.5 M FegWwas
prepared by the same way except 12.542 gfea&s added. The mixed solution was recrystalizeéth8s
under magnetic stirring in a stream of warm aialyair dryer. The solution temperature was kept at
around 45 C by adjusting wind speed and the distance oh#iedryer to the beaker and monitered by a
thermometer. Between each recrystalization, theessolume of 20 mL water as the initial one wasealdd
to the beaker. It is noted that the mixing andystalization procedures were done in a dark rodime
resulting KFe(GO,)3-3H,0 crystal appeared green in color and was storad @mber vial and can last for
a long time according to the literature.

To prepare80 mM ferrioxalate solution for photolysiSQ mL 60 mM KzFe(GOy)s in 0.1 N HSO, and5

mL 1 N bSO, were mixed in a 100 mL volumetric flask and ditite 100 mL. For photolysis, glass
tubes containing 5-17 mL ¢y solution along with dark control samples wereaseqd to 8 UV lamps in a
Rayonet merry-go-round photochemical reactor. [Rarkrol samples were prepared as irradiated sample
except they were covered by aluminum foil. To e sufficient ferrous iron, 6 min of irradiatioras/
generally enough. For analysisD0.1 mL (V;) solution was quickly (i.e., to prevent solid pptate
evolution) taken from each sample and mixed wittidsisolution that had a volume equal to half the
solution taken (i.eQ.05 0.5 mL, and2 mL 0.1 wt% 1,10-phenanthrolinein 50 mL (V3) volumetric

flasks and made up to mark by adding water. At leasnB0had to past to let the complex of ferrous iron
and 1,10-phenanthroline fully develop. The commercentration was determined on a UV-visible
spectrophotometer at 510 nm (UV-visible spectropimattry method 1) using the standard curve.

To make the standard curve, the following solutivese needed.
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(1) A buffer solution was made by mixing 600 mL 1¥H;COONa (47.715)gand 360 mL 1 N LSOy in a
1 L volumetric flask and diluted to 1 L by watet.N H,SO, was made by diluting 27.62 mL pure -98
%) sulfuric acid to 1 L by water.

(1) 0.1 wt % 1,10phenanthroline was prepared by diluting 109.9871mg§-phenanthroline ionohydrate
to 0.1 L by water and stored in the de¢

(1) 0.4 mM ferrous iron in 0.1 N ,SO, was made freshly by diluting 0.1 M Fe, in 0.1 N BHSQO,. For
this, 0.8 mL 0.1 M FeSg&in 0.1 N F,SO, was mixed with 20 mL 1 N $$0, and diluted to 200 mL b
water. 0.1 M FeSg@in 0.1 N HSO, was prepared by mixing 2.7801 g FeS®,0 and 10 mL 1 N kBO,
in a 100 mL volumetric flask and diluting to 100 r

Procedure (cont'd)

),1.25,2.5,3.75,5,6.25mL 0.4 mM FeSO, were added to a series of 25 mL volumetric flasks
and mixed with 1.25 mL 1 N H,SO, and 6.25 mL buffer solution. The resulting concentrations
Ot terrous 1ron rangad from 0 to 0.1 mM_ To the volumetric flasks, 2 5 mI. (.1 wt % 1,10-
phenanthroline monohydrate was added and sat for a least 30 mun to let the complex of ferrous
iron and 1,10-phenanthroline fully develop. Standard solutions were analyzed ona UV-vis
spectrophotometer at 510 nm (UV-vis spectrophotometry method 1) and the standard curve was

UV_visible spectrophotometry method 1
Spectrophotometer: Vanan Cary 300 Bio
Scan range: 200-800 nim

Scan speed: 240 nny/min

Reactionsinvelved

[Fe(C,O, ]+ hv = [Fe(C,0,4),]*+ C,0,
[FeT(C,0, )5+ Co0, — [Fel(CyUy)s P+ Cr0,2%
[Fel(C,0,)5]> — [Fe™(C,0,),]* + 2C0,
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Calculation
The light intensity can be calculated by the following equations.

=An/ (103 @OV, t) umt Einstein/L/s

where An= ferrous 1ron photo-gensrated (mole).

@ = quantumyield. 1.22 was used, as the majority of UV light centered at 350 nm for
the lamps usad.

Vi =1rradiated volume (mL).

t =uradiation tume (3).

An can be calculated by the equation below.
An=103V, V3 / Vg

where V, = uradiated volume (mL).
V, = volmne taken from the inadiated samples (mL)
V; = volmne after dilution for concentration deterrination (mL).
C. = concentration of farrous 1ron after dilution (M).

C, can be calculatad from the absorbanceat 510 nm as follows.
Ci—abs./(s])
where abs. = absorbance at 510 nm.

¢ =molar abscrptivity (1/M/cm). The value 15 the slope of the standard curve.
I =1 cm, the light path of the quartz cell.
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Sample numbering

sample name explain

Blank 0 mM Fé*
STD1 0.02 mM F&
STD 2 0.04 mM F&
STD 3 0.06 mM F&
STD 4 0.08 mM F&
STD5 0.10 mM F&
blank water sample
blank

0 all samples refer to time in minutes

3

6

9

12

15

15

18

21

24

27

30
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Standard curve

0.0E+00 2.5E-05 5.0E-05 7.5E-05 1.0E-M4

Concentration (M)

sample name Conc (M) Abs Abs (calc) X*Y ¥ Y?
Blank 0 -0.0036531 3.83E-02 0 0 1.33451E-05
STD1 2.00E-05 0.298654795 3.19E-01 5.9731E-06 4.00E-10 0.089194686
STD2 4.00E-05 0.685874224 5.99E-01 2.7435E-05 1.60E-09 0.470423451
STD3 6.00E-05 0.828828096 8.79E-01 4.97297E-05 3.60E-09 | 0.686956013
STD4 8.00E-05 1.28733182 1.16E+00 0.000102987 6.40E-09 | 1.657223215
STD5 1.00E-04 1.33621192 1.44E+00 1.34E-04 1.00E-08 1.785462295

2 parameter regression 1 parameter regression
slope = 14011.8715 Sum (X*Y) = 3.20E-04
intercept = 0.038281051 Sum @x= 2.20E-08
correl = 0.98599083 Sum @y = 4.69E+00
1.4 ° slope= 1.45E+04
# Standard [ ] =molar absorptivity (1/M/cn
1.2 Regression line
o Sample
1.0 r= 0.99549784
8
c 0.8
©
2
c 0.6
§ Volume of Sample in petri dish (mL) = 25
0.4
Volume of Sample removed at each time point (mL) = 1
0.2 Volume of Phenanthroline solution (mL) = 50
0.0 82




Sample

Concentration in n of Fe2+
sample name Meas. conc. Irradiated Sample photo- n Calculated
produced
Time (min) Absorbance (M) (M) (mole) (mole)
blank -0.019947147 -4.16E-06 -2.08E-04
blank -0.023306318 -4.40E-06 -2.20E-04
0 -0.021138491 -4.24E-06 -2.12E-04
s 001010417 ~ -3-45E-06 -1.73E-04
6 0.006807554  -2-25E-06 -1.12E-04
9 0 0.03122833 -5.03E-07 -2.52E-05 -6.29E-07 -1.04938E-06
12 3 0.062021639 1.69E-06 8.47E-05 2.12E-06 1.27148E-06
15 6 0.075438723 2.65E-06 1.33E-04 3.31E-06 3.59234E-06
15 9 0.094023243 3.98E-06 1.99E-04 4.97E-06 5.9132E-06
18 12 0.14611229 7.70E-06 3.85E-04 9.62E-06 8.23406E-06
21 15 0.139702901 7.24E-06 3.62E-04 9.05E-06 1.05549E-05
24 18 0.154494047 8.29E-06 4.15E-04 1.04E-05 1.28758E-05
27 21 0.22069326 1.30E-05 6.51E-04 1.63E-05 1.51966E-05
30 24 0.25151202 1.52E-05 7.61E-04 1.90E-05 1.75175E-05
References

Hatchard C.G.; Parker C.A. A new sensitive chemical actinometer. 2. Potassium fertioxalate
as a standard chemical actinometer. Proc. R. Soc. London, Ser. A. 1956, 235, 518-336.
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25E-05 ] S|0pe:
=2.UE-U5 1 Intercept =
.c'
91.5E-05 - "
S e ]
3
9
%1.0E-05 1 Quantum Yield at 254
@ nm =
S ]
= 5.0E-06 -

1 An/At (mol/min) =
0.0E+00 0 Light intensity:

Time (min) (Einstein/s) =

(Einstein/L/s) =

Now that the Einsteins/s or Einsteins/(L s) entering the Petri dish are known, you
only need to know the surface area of the Petri dish to calculate the light flux
accros the plane of the air-water interface at the experimental distance away
from the lamp. The internal diameter of a Petri dish is9 mm. Calculations are

Petri Dish radius (cm) = 4.5
Petri Dish Surface area (& 63.61725124
Distance from the lamp (cm) = TBD

Light Flux at distance from the

lamp:
(Einstein/cris) = 1.6214E-10
(Einstein/criymin) = 9.72843E-09
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7.7362E-07

-1.0494E-06

0.976473461

1.25

7.7362E-07

1.03149E-08

4.12597E-07



Constants:

So:

h@Js)=
c (m/s) =
j=
A (nm) =
nm/m =

E (joul/einstein) =

Energy flux (Joules/(cfmin) =
Energy flux (mJ/(crhmin) =

6.626E-34  Planck Constant
300000000 Speed of Light
6.02E+23  Photons per einstein
254  Emission wavelenth of lamp
1.00E+09  Unit Convertion
4.71E+05

4.58E-03
4.584820707

Required Irradiation Time (min) =

for 4log(inactivation)

Fe?* conc. (M)

Irradiation time (sec) EXP_5mL EXP_10 mL EXP_17 mL CTL 5mL
0 0 0 0 0
60 6.16E-03 5.00E-03 5.40E-03 -
120 1.06E-02 9.64E-03 9.50E-03 3.19075E-05
240 1.99E-02 1.85E-02 1.76E-02 3.69251E-05
2.5E-02
4 EXP 5mL
2.0E-02 - = EXP_10mL
—_— + EXP 17mL
g" CTL_SmL
- —p— m
= 1.5E-02 =
L1 4]
=
1.0E-02 A
5.0E-03
0.0E+00 A A

0 50 100 150 200

Time (sec)

250




Exposed volume

[Fe®'] production rate

Fe® production rate

Light intensity

Exposed
Area

2

(mL) (M/sec) (mole/sec) (Einstein/s) (Einstein/L/s) (Ei nstein/cmzls) (sz) i
5 8.48E-05 4.24E-07 3.47E-07 6.95E-05 1.65E-08 21.11 0.9926
10 7.80E-05 7.80E-07 6.39E-07 6.39E-05 1.74E-08 36.69 0.9988
17 7.53E-05 1.28E-06 1.05E-06 6.17E-05 1.81E-08 57.81 0.9927
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SEETZ EPICS — ARMSTRONG SERVICE CENTER
S I | - PURCHASE REQUEST
|:| Vendor Information Deliver To:
Purposel/Specific Benefit to the Project:

VENDOR NAME BuildersSqguare Name: EPICS/Cathy Moerenberg

Contact Person builderssquare_com Materials for GDT- Colombia Building: Meil Armstrong Hall of Engr

ADDRESS Room: 1200

CITY Phone: 765-496-1068

STATE ZIP Email: epics@purdue ed

VENDOR PHONE#

VENDOR FAX #

Account(s) Information Leagcy Account# Project Period EEe— Special Shipping
Fund Cost Center Internal Order G/L Account | Amount or % |Begin Date |Expiration Balance Date Instructions
Student Name[Katie Gretencord Email kgretenc@purd{Team WRM Team
CATALOG # ITEM DESCRIPTION UNIT | QUAN| UNIT COST | TOTAL COST
FXUTC GE Smartwater replacement Water Filter UNIT 1 $13.49 $13.49

50.00
$0.00
$0.00
50.00
50.00
$0.00
$0.00
REQUISITION TOTAL $13.49
Dioes the project require animal & cane approval? Yes =] IF yes, pleaze provide PACLIC #:
Business Office Use Only: Card #
Advisor/ Conf#
Signature Date
Trans |D# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Order:
Signature Date |5 there adiscount? Yes_ Mao__ [Fill oot the Form 1B IF educational discount, track internally.
Haz an equipment zcreening been completed? Yes_ Mo_  [Redquired for »= 425,000 on Sponsored Accts,
EPICS Diezired For all other accounts]?
- Haz the Request for 'wWaiver of Competitive Bidding document been completed? Yes_ Mo_ [Required for all
Admin : single source acquisitions »=$10,000],
NEW! Signature Date Iz there proper documentation from the Pl approving the purchase [signature, email, ather 17

Will you be driving? If 30 please check the box and =sign on the line provided. Driver Certification: By checking thizs box and signing
this form, | am certifying that | am in compliance with all requirements established by the "Use of Wehicles for University Business'

I




@EP'CS ARMSTRONG SERVICE CENTER
Date: Card #.

] PURCHASE REQUEST
|:| Vendor Information Deliver To:
Purpose/Specific Benefit to the Project:
VENDOR NAME filtersource com Name: EPICS/Cathy Moerenberg
Contact Person Project Title: Water Resource Management: Disinfection Team Building: Neil Armstrong Hall of Engr
ADDRESS 726 State Fair Blvd. Room: 1200
CITY Syracuse Benefit to project: Phone: 765-496-1068
STATENY ZIP 13209 Email: epics@purdue ed
VENDOR PHONE# 3154882222 Is this purchase related to grant funds: MNo
VENDOR FAX # 3154883565
Account(s) Information Leagcy Account# Project Period Account Special Shipping
Fund Cost Center Internal Order G/L Account |5 Amount or % |Begin Date |Expiration Balance Date Instructions
Student Name |Kathyrn Gretencord |Email karetenc{@purdiTeam WEM
CATALOG # ITEM DESCRIPTION UNIT [ QUAN | UNIT COST [TOTAL COST
4600510 FM-5-975 - & Micron, 10" Pleated Polyester Media Cartridge Filter 1 $5.00 $5.00
$0.00
50.00
50.00
50.00
50.00
50.00
50.00
REQUISITION TOTAL 55.00
Doz the project require animal & care approval? Yes Mo If yes, please provide PACUC #:
Business Office Use Only: Card #
Advisor/ Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref. Doc# Received:
Chemical
Order:
Signature Date Is there a dizcount? Yes 1 [=} [Fill out the Form $1B] IF educational discount, track internally.
Has an equipment screening been completed? ‘ez Mo [Fequired for » =$26,000 on Sponsored Accts,
EPICS Diesired For all other accounts]?
_ Hasz the Fequest For W aiver of Competitive Bidding document been completed? ez =] [Frequired for all
Admin : single source acquisitions »>=$10,000].
NEW! Signature Cate Iz there proper documentation from the Pl approving the purchase [signature, email, other 17
Will you be driving? If 30 please check the box and sign on the line provided. Driver Certification: By checking this box and signing I:|

this form, 1 am certifying that 1 am in compliance with all requirements establizhed by the "Use of Vehicles for University Business’




DEPT: EPICS ARMSTRONG SERVICE CENTER

Date: Card #
| | PURCHASE REQUEST
|:| Vendor Information Deliver To:
Purposel/Specific Benefit to the Project:

VENDOR NAME Filters Name: EPICS/Cathy Noerenberg

Contact Personfilters.com Materials for GOT- Colombia Building: Meil Armstrang Hall of Engr

ADDRESS Room: 1200

CITY Phone: 765-496-1065

STATE ZIP Email: epics@purdue ed

VENDOR PHONE#

VENDOR FAX #

Account(s) Information Leagcy Account# Project Period e Special Shipping
Fund Cost Center Internal Order G/L Account  |$ Amount or % |Begin Date [Expiration Balance Date Instructions
Student Name|Katie Gretencord Email kgretenc@purdiTeam WREM Team
CATALOG # ITEM DESCRIPTION UNIT | QUAN| UNIT COST |TOTAL COST
MNY921AAB 0.2 mic Abs. Hydrophil. NY66 Mem., 10 in., Open End Gas. UNIT 1 $112.52 $112.52

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
REQUISITION TOTAL $112.52
Does the project require animal & care approwval? Yes Mo IF yes, please provide PACUC #:
Business Office Use Only: Card #
Advisor/ Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Order:
Signature Date Is there a discount? Yes ko [Fill out the Form #1B] IF educational discount, track internally.
Has an equipment screening been completed? Yes Mo [Fequired for »=$28,000 on Sponsored Accts,
EFICS Diezired for all other accounts]?
. Has the Request for %W aiver of Competitive Bidding document been completed? Yes Mo [Fequired For all
Admin : single source acquisitions »=410,000),
Signature Date Iz there proper dacumentation from the Pl approving the purchaze [signature, email, other 17
NEWW!
Wil you be driving? If so please check the box and sign on the line provided. Driver Certification: By checking this box and signing :

this form, | am certifying that | am in compliance with all requirements established by the "Use of WVehicles for University Business®




DEPT:
Date:

EPICS
Card £

I:l Vendor Information

ARMS3TRONG SERVICE CENTER
PURCHASE REQUEST

Deliver To:
Purpose/Specific Benefit to the Project:
VENDOR NAME mcmastercarr.com Name: EPICS/Cathy Noerenberg
Contact Person Project Title: Water Resource Management: Disinfection Team Building: Neil Armstrong Hall of Engr
ADDRESS 600 M. County Line Rd. Room: 1200
CITY Elmhurst Benefit to project: Phone: 765-496-1068
STATEIL ZIP 60126 Email: epics@purdue ed
VENDOR PHONE# 308330300 |!S this purchase related to grant funds: Mo
VENDOR FAX # 6308337100
Account(s) Information Leagcy Account# Project Period Fe— Special Shipping
Fund Cost Center Internal Order G/L Account |5 Amount or %  |Begin Date [Expiration Balance Date Instructions
Student Mame|Kathryn Gretencord |Email kgretenci@purdiTeam WRM
CATALOG # ITEM DESCRIFTION UNIT | QUAN [ UNIT COST | TOTAL COST
537T2K154 I.D. 3/8" plastic nylon barbed tube fittings 1 $5.90 35.90
5231K361 3-A Sanitary Clear PVC tubing [.D. 3/8" ft. 25 50 67 $16.75
36895K112 Unthreaded female x threaded female connections PVC 3/4” 1 $313.19 513.19
50.00
$0.00
50.00
50.00
50.00
REQUISITION TOTAL 535 84
Ooes the project require animal & care approval? Yes 1 [=} IFyes, please provide PACUC #:
Business Office Use Only: Card #
Advisor/ Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref. Doc# Received:
Chemical
Order:
Signature Date Iz there a discount? Yes_ Mo_ [Filloutthe Form H1B] IF educational discount, track internally.
Has an equipment screening been completed? Yes_ Mo_ [Required for >=$25,000 on Sponsored Accts,
EPICS Diesired for all other accounts]?
. Haz the Request for Waiver of Competitive Bidding document been completed? Yes_ Mo_ [Fequired for all
Admin - single source acquisitions = $10,000).
NEW! Signature Date Iz there proper documentation from the Pl approving the purchase [signature, email, other 17

Will you be driving? If so please check the box and sign on the line provided. Driver Certification: By checking this box and signing
this form, | am certifying that | am in compliance with all requirements established by the "Use of Vehicles for University Business’

I




SC#

PURCHASE REQUEST
PO #
Vendor Information Deliver To:
Vendor: McMaster-Carr Purposel/Specific Benefit to the Project: Name:
Contact: mcmastercarr com Materials for GDT- Colombia Building:
Address: Room:
City: Phone:
State: Z1P: Email:
Phone:
Fax:
Special Shipping
Account Information Legacy Account # = = Instructions
Project Period Account
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date | Expiration | Balance | Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN | UNIT COST |[TOTAL COST
4300573 Rectangle High Density Polyethylene 20 L UNIT 1 5 2977 1% 29.77
3736K2 Polyethylene 3/4" pipe size through wall fittings threaded. female x threaded female UNIT| 2 $ 1311 [ § 26.22
B674T42 Miniature through wall fittings UNIT| 1[5 845§ 8.45
4083K61 ABS thermoplastic case general service pressure gauge UNIT 1 3 920 % 9.20
4269732 2 gallon pail white UNIT| B 5 4133 2478
REQUISITION TOTAL $ 98.42
DOioes the project require animal & care approval? Yes_ Mo_ IFyes, please provide PACUC #:
Dept. Head/ Business Office Use Only: Card #
Advisar/PI: Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref. Doc# Received:
Chemical
Order:
Signature Date
Iz there o dizeount? Yoz Me___ [Fill out the Farm 41E] IF educational dizcount, track internally,
Order ::::rna:?::rr‘\':m]': screcning been completed? Yes_ MNe_ [Required for »=425,000 on $ponzored Accts, Desired for all
Placed By: Has the Frequest for ‘wairer of Competitive Bidding document been completed? Tes____ Mo [Fequired For all single source
ncquisitions 3=$10,000).
Signature Date Iz thers proper documentation Fram the Pl approving the purchaze [signature, email, ather 17




SC#
PURCHASE REQUEST

Deliver To:

PO #

Vendor Information
Vendor: McMaster-Carr Purposel/Specific Benefit to the Project: Name:
Contact: mcmastercarr.com Materials for GDT- Colombia Building:
Address: Room:
City: Phone:
State: ZIP: Email:
Phone:
Fax:

Special Shipping

Instructions

Account Information Legacy Account # Project Period P
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date | Expiration | Balance | Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN | UNIT COST |TOTAL COST
53055k142 5/8" Reducing unit UNIT| 4 B 28415 11.36
5923k74 3/8" barbed quick disconnect with shut off valve UNIT 1 3 8.59| % 8.59
5923k72 3/8" barbed guick disconnect without shut off valve UMIT| 1 5 184 ] § 1.84
5923k44 3/8" barbed quick disconnect with shut off valve UNIT 1 3 6.56 | 3 G.56
5923k42 3/8" barbed quick disconnect without shut off valve UNIT 1 5 228 % 2.28
5 -
3 -
5 -
REQUISITION TOTAL $ 30.63
Does the project require animal i care approval? Yes 1 [=} If yes, please provide PACUC #:
Dept. Head/ Business Office Use Only: Card #
Advisor/Pl: Conf#
Signature Date
Trans |D# Reconciled:
Comptroller:
] Signature Date Ref Doc# Received:
Chemical
Order:
Signature Date
Iz there o discount? Tes Mo [Fill cut the Form 416 IF educational dizcount, track internally,
Haz an equipment zcreening besn completed? Vez Ma [Required for >=325,000 on Sponzored Accez, Desired for all
Order ather accounts]?
Placed BY :l:::lf: :::'::uc:t Faor whaiver of Competitive Bidding document been completed? Vez e [Required for all singls source
Sigl'lﬂtLIF& Date Iz :‘heretplopirst‘:i‘g.culjiutz::;tation from the Pl approving the purchase [signature, email, ather 17




DEPT: EPICS ARMSTRONG SERVICE CENTER

Date: Card #. PURCHASE REQUEST
|:| Vendor Information Deliver To:
Purpose/Specific Benefit to the Project:

VENDOR NAME Filters Name: EPICS/Cathy Noerenberg

Contact Persor filters.com Materials for GDT- Colombia Building: Neil Armstrong Hall of Engr

ADDRESS Room: 1200

CITY Phone: 765-496-1068

STATE ZIP Email: epicspurdue ec

VENDOR PHONE#

VENDOR FAX #

Account(s) Information Leagcy Account# Project Period Account Special Shipping
Fund Cost Center Internal Crder G/L Account $ Amount or % [Begin Date |Expiration Balance Date Instructions
Student Name|Jenny Zenobio Email jzenobio@purdue.edu Team WRM Team
CATALOG # ITEM DESCRIPTION UNIT | QUAN| UNIT COST |TOTAL COST
FPX01-10 1 Micron, 10" Spun-Bonded Polypropylene Cartridge Filter UNIT 2 §1.70 $3.40

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
REQUISITION TOTAL $3.40
Does the project require animal & care appraval? 'es Mo If yes, please provide PACLIC #:
Business Office Use Only: Card #
Advisor/ Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Order: Is there a discount? Yes No {Fill out the Form 41B] If educational discount. track
. internally.
Signature Date Has an eyquipment screening been completed? Yes No [Required for >=%25.000 on
Sponsored Accts, Desired for all other accounts]?
EFICS Has the Request for Waiver of Competitive Bidding document been completed? Yes No
S [Required for all single source acquisitions »=%10,000).
Admin : - Is there proper documentation from the Pl approving the purchase [signature, email. other
NEW! Signature Date 17

Will you be driving? If so please checkthe box and sign on the line provided. Driver Cerification: By checking this box and signing this form, | am
certifying that I am in compliance with all requirements established by the "Use of Vehicles for University Business® palicy.

1]
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SC#

PURCHASE REQUEST PO #
Vendor Information Deliver To:
Viendor:  Alfa Aesar Purpose/Specific Benefit to the Project: Name:
Contact:  www alfa com/en/GP100W pgm?dsstikc=031124 Materials for GDT- Colombia- Actinometry experiment Building:
Address: Room:
City: Phone:
State: ZIP: Email:
Phone: Professor:
Fax: Special Shipping
i Instructions
Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date | Expiration | Balance | Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN | UNIT COST |TOTAL COST

Madel: MFCD00150450
CAS: 5936-11-3
UN# UN3285

25g of 31124 Potassium Trioxalatoferrate(lll) Trihydride

EINECS: 235-954-7 un. 1 $51.50 ) 51.50
REQUISITION TOTAL $ 51.50
Ooes the project require animal & care approval? Yes [1=] IFyes, please provide PACUC #:
L‘;E\‘ﬂ;ﬂ';‘;’l Business Office Use Only: Card #
B Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
i Received:
) Signature Date Ref Doc#
Chemical
Order: _ Is there 3 dizcount? Tes Ho [Fill out the Form 416] IF educational discount, track internally.
Signature Date Has am equipment screening been completed?  Tes Ho [Required For »=325,000 on
Fponsored Accts, Desired For all other accounts]?
o Has the Request For Waiver of Competitive Bidding docament been completed? Tes Ho
Placed By [Required For all single zonrce acquisitions >=$10,000).
v I there proper documentation from the Pl approving the parchase [siguature, email, other
Signature Cate 17




PURCHASE REQUEST

SC#

PO #
Vendor Information Deliver To:
Vendor:  1000bulbs Purposel/Specific Benefit to the Project: Name: |
Contact:  http://www 1000bulbs com Materials for GDT- Colombia Building:
Address: Room:
City: Phone:
State: ZIP: Email:
Phone: Professor:
Fax: Special Shipping
- Instructions
Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order G/L Account | § Amount or % | Begin Date | Expiration Balance Date
CATALOG # ITEM DESCRIPTION UNIT [QUAN| UNIT COST |TOTAL COST
Model: PL-L18W/TUW 2G11 4 Pin Base - PLT PL-L18W/TUV - Germicidal Fluorescent
SKU: AU-LPLL1GUV un. 1 510.71 3 10.71
Model: LC-25-TP-
SKU: BA-LC25TPI Advance LC-25-TP-l - Lamp - F25T12 - 120 Volt - Preheat Start - 0.9 Ballast Factor un. 1 $17.59 B 17.59
Model: 286-SC
SKU: SOCK-EG2865C 75 Watt - CFL Socket -PLT 286-SC 4 Pin 2G11 Base - Screw Mounted Lampholder un. 1 $2.06 5 2.08
Model: EGT87-2 SKLU:
SOCK-EGT872 Support Clup for Long Twin Tube Lamps - PLT EG7V87-2 un. 1 50.82 5 0.82
REQUISITION TOTAL $ 31.18
Dioes the project require animal & care approval? Yes IFyes, please provide FACUC #:
Dept. Head/ Business Office Use Only: Card #
Advisor/Pl: Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Order: - I= there a discount? Tes Ho [Fill out the Form 416) If educational discount, track internally.
Signature Date Has an cquipment screeming been completed? Tes Ho [(Required For >=§25,000 on
Sponsored Accts, Desired For all other accounts)?
Order Has tl_e Request [1‘.!_[ Wairer of Co-qe!:i!:ire Bidding document bees completed? Tes Ho
Placed Ely =r:::::e:r::'e:l:l:::il:l:::i:: f:i‘r:f:l;;i:;::?;::'::e purchase [siguature, email, other
Signature Date VEd




PURCHASE REQUEST

SC#

PO #
Vendor Information Deliver To:
Vendor: McMaster-Carr Purpose/Specific Benefit to the Project: Name:
Contact: mcmastercar com Materials for GDT- Colombia Building:
Address: Room:
City: Phone:
State: ZIP: Email:
Phone:
Fax:
Special Shipping
Account Information Legacy Account # = = Instructions
Project Period Account
Fund Cost Center Internal Order G/L Account | § Amount or % | Begin Date | Expiration | Balance [ Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN [ UNIT COST |TOTAL COST
4300573 Rectangle High Density Polyethylene 20 L UNIT| 1 29775 2997
3736K2 Palyethylene 3/4° pipe size through wall fittings threaded. female x threaded female UNIT| 2 3 1311 3 26.22
8674742 Miniature through wall fittings UNIT| 1 |5 845 5 545
4089K61 ABS thermoplastic case general service pressure gauge UNIT 1 b 920 % 9.20
4269732 2 gallon pail white UNIT| & b 413§ 2478
8325K17 Machinable and Bendable Clear PETG {1 Six Foot Rod) 1Unit| B(R) | % 0.59) % 3.54
REQUISITION TOTAL $ 101.96
Dioes the project require animal & care approval? Yes _ Mo_ IFyes, please provide PACUC #:
Dept. Head! Business Office Use Only: Card #
Advisor/Pl: Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref. Doc# Received:
Chemical
Order:
Signature Date
Iz there o dizcount? Ves___ Ma____ [Fill aut the Farm 41B] IF educational dizcount, track internally.
Order ::::na::,:ﬂ:r: seresning been completed? Tes_ Ne_ [Required for »=$25,000 on Sponsored &cctz, Desired For all
Placed By: Haz the Fequest for Waiver of Competitive Bidding dacument been completed? Yoz Mo (Required for all single
source aquisitions »=$10,000),
Signature Date I5 there proper dacumentation From the Pl approving the purchase [signature, email, other 1=




SC#

PURCHASE REQUEST

PO #
Vendor Information Deliver To:

Vendor: __ United Art & Education Purpose/Specific Benefit to the Project: Name:

Contact:  http://www unitednow com/product/626/krylon-uy Materials for GDT- Colombia- Build ltems Building:

Address:  P.0O. Box 9213 Room:

City:  Fort Wayne Phone:

State: Indiana ZIP: 46899-9219 Email:

Phone: 1-800-322-3247 Professor:

Fax: Special Shipping

Instructions

Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date | Expiration | Balance | Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN | UNIT COST |TOTAL COST
KRY-1305 Krylon UV - Resistant Clear Acrylic Coating un. 1 57.35 ;) 7.35
KRY-1602 Krylon Indoor/Outdoor Spray Paint Ultra-Flat Black un. 1 56.50 5 6.50
REQUISITION TOTAL $ 13.85
Dhoes the project require animeal & care approwal? Yes 1=} IFyez, please provide PACLC #:
SR ma Business Office Use Only: Card £
Advisor/Pl: Confé
Signature Date
Trans |D# Reconciled:
Comptroller: _
Signature Date Ref Doci Received:
Chemical .
Order: - I5 there 3 discount? Tes Mo [Fill out the Form 41B) IF cducational dizcoust, track internally.
Signature Date Has am equipment screening been completed?  Tes Ho [Required for =125 000 on
Eponsored Accts, Desired For all other account=s])?
——— Haz tl_e Request fo_r Wairer of Colp_-tfi_ti!e Bidding document been completed? Tes Mo
PlaCEd EY: I[:‘:::rl:t:r::re:ltll::::gnl:l:::i:::l‘r:“-‘ltf::lsl-sa:;flgg'::':l-e purchaze [siguatwre, email, other
Signature Date ks
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SC#

PURCHASE REQUEST PO #
Vendor Information Deliver To:
Vendor:  McMaster-Carr Purpose/Specific Benefit to the Project: Name:
Contact: hitp:/ . mcmaster.com/ Materjals to be us.ed in the cunstructiun of summer Building:
Address: 200 New Canton Way implementation of filters into 15 schools. Room:
City: Robbinsville Phone:
State: New Jersey ZIP: 08691-2343 Email:
Phone: (609) 689-3415 / (609) 259-8900 Professor:
Fax:  (609) 259-3575 / (609) 689-3280 Special Shipping
Instructions
Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date Expiration Balance | Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN [ UNIT COST |TOTAL COST
5113K34 Flexible Low-Temperature White EVA Tubing - 1/4" 1D - 3/§" OD - 1/16" Wall ft 200 [ % 0.30 ] % 60.00
69915K53 Mylon Liguid-Tight Cord Grip- 0.64" Thread OD - (0.24"-0.47") Cord Dia. Range qty 0 |35 2741 % 191.80
9555K26 MSF-Certified Buna-N O-Ring- 13/16" ID - 1" OD - 3/32" W 25/pack pack| B 5 482 | 5 28.92
71295K62 Solid Colored Mylon Cable Tie 4-1/8" Length, 7/8" Bundle Diameter 100/pack pack | 2 5 216 | 5 4.32
95611A030 Chemical-Resistant PVC Washer - 3/8" ID - 7/8" - OD 50/pack pack| 2 5 935 % 18.70
97860A320 Stainless Steel Small-Head MNails- 2.25"L 13 Gage 200/pack pack| 3 5 19.23 | § 57.69
5016KT44 White Polypropylene Compression Tube Fitting Tee- 3/8" Tube OD - 5/8"-20 NPT - &/pack pack B8 B 754135 60.32
REQUISITION TOTAL $ 421.75
Do the project require animal & care approval? Yes_ Mo If yes, pleaze provide PACLUC #:
Dept. Head/ Business Office Use Only: Card #
Advisor/Pl: Conf#
Signature Drate Trans ID# e
Comptroller: Ref Doc# Received:
. Signature Drate
Chemical
Order:
Signature Date Is there 2 disconnt? Yes Mo [Fill out the Form 4168) If educational discoust, track internally.
Has am cquipment screening been completed? Tes Mo [(Required For >=$25_ 000 on Sponsored
Order Accts, Desired For all other accomnts)?
Placed By: L e oo e oy o b complusa? Yes— o
Signature Date Iz there proper documentation From the Pl approving the parchase [signature, email, other 17




SC#

PURCHASE REQUEST

PO #
Vendor Information Deliver To:
Vendor: McMaster-Carr Purpnsefﬁgecific Benefit to the Prniect: Name:
Contact: hitp:lhwww.memaster.com/ Tubing of two different sizes with all of the associated Building;
. ] hardware components necessary for the complete )
Address: 200 New Canton Way construction of a bench scale slow sand filter. Three different| ROOM:

City: Robbinsville tubing material selector packages for design purposes. Phone:
State: MNew Jersey ZIP: 08691-2343 Email:
Phone: (609) 689-3415/(609) 259-3900 I.
Fax: (609) 259-3575 1 (609) 689-3280 Special Shipping
Instructions
Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order GIL Account | $ Amount or % | Begin Date | Expiration Balance Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN | UNIT COST | TOTAL COST
5113K33 Flexible Low-Temperature White EVA Tubing - 31167 1D - 5716 0D - 1716 Wall ft 25 5 0241 % 6.00
5113K34 Flexible Low-Temperature White EVA Tubing - 1/47 1D - 3/8” QD - 1/16™ Wall ft 25 5 0301 % 7.50
69915K51 Mylon Liquid-Tight Cord Grips (MEMA 6) - 0.68" Thread 0D - 0.167-0.31" Cord Dia. each| 10 5 282158 28.20
G9915K53 Mylon Liquid-Tight Cord Grips (MEMA 6) - 0.84" Thread 0D - 0.247-0.47" Cord Dia. each |10 5 324 |8 32.40
B121KT51 White Polyppropylene Single-Barbed Tube Fittings - 3/16" Tube |ID - High Temperature - 10/pack pack 1 5 479 % 4.79
B121KTE1 White Polyppropylene Single-Barbed Tube Fittings - 1/4” Tube ID - High Temperature - 10/pack pack 1 % BOG| B 5.06
A117K15 Clear Polycarbonate Single-Barbed Tube Fittings - 316" Tube |0 - 10/pack pack 1 5 1146 | & 11.46
B117K16 Clear Polycarbonate Single-Barbed Tube Fittings - 1/4” Tube 1D - 10/pack pack 1 5 1242 | & 1242
BOTBKTTT White Polypropylene Compression Tube Fittings for Drinking Water - 516" Tube OD - Blpack pack 2 5 1109|§ 2218
5016KT44 White Polypropylene Compression Tube Fittings for Drinking Water - 3/8" Tube OD - 5l/pack pack 2 5 11601| % 23.20
B016K3TT ‘White Polypropylene Tube Supports for Drinking Water - 5/16” Tube QD - 10/pack pack 1 5 1411 % 1.41
5016K 344 White Polypropylene Tube Supports for Drinking Water - 3/8" Tube QD - 10/pack pack 1 5 1711 % 1.71
I07TKA Tubing Material Selector Pack - Plastic Pack | pack| 1 5 35818 3.58
I07TK2 Tubing Material Selector Pack - Plastic Pack Il pack| 1 5 1065 (% 10.65
I0TTKS Tubing Material Selector Pack - Rubber and Blended Rubber/Plastic pack 1 5 T30 % 7.30
REQUISITION TOTAL $ 177.86
Daes the project require animal & care appraval? Ves Mo If pez, pleaze provide PACUC 3
Dept. Head! Business Office Use Only: Card#
Advisor/Pl: Conf#
Signature Date
Trans ID# Reconciled:
Comptroller; )
Signature Date Ref Doc# Received:
Chemical
Order: Lr thars o dircmunt? Tar H= [Fill mut ths Farm 41B) If s ducatimnal dircuuat, track intsrnally.
Signature Date Hu (Reawived fur :-$25, 000 un Spanrmred
Order thasn latad? Tar Ha
Placed El'j": .:-l- purchars [riquaturs, smail, nthar

Signature

Date




SC#

PURCHASE REQUEST PO #
Vendor Information Deliver To:
Vendor McMaster-Carr Purpose/Specific Benefit to the Project: Name:
Contact: http:/fwww. memaster.com/ Materials for GDT- Colombia: wire mesh needed to build sand Building:
Address: 9630 Norwalk Blvd. sieves Room:
City: Sante Fe Springs Phone:
State: CA ZIP: 90670-2932 Email:
Phone: (562) 692-5911 Professor:
Fax: (562) 695-2323 Special Shipping
i Instructions
Account Information Legacy Account # Proiect Period Account
Fund Cost Center Internal Order GJL Account | § Amount or % | Begin Date Expiration Balance | Date
CATALOG # ITEM DESCRIPTION UNIT |QUAN | UNIT COST |TOTAL COST
9230779 HI-Volume Particle-Sifting Woven Wire Cloth 304 S5, 60 X 60 Mesh, .0045" Wire Diameter (36" wide, 72"long) |sg. ft.| 18 | § 3951 % 71.10
9230774 HI-Volume Particle-Sifting Woven Wire Cloth 304 S5, 24 X 24 Mesh, .0075" Wire Diameter (36" wide, 72" long) |sq. ft.] 18 | § 407 |5 73.26
9217142 Easy-to-Form Galvanized Steel Wire Cloth Welded, 4 X 4 Mesh, 025" Wire Diameter (36" Wide, 96" long) sqft. | 24 [ 3 0845 20.16
REQUISITION TOTAL $ 164.52
DOoes the project require animal & care approwval? Yes Mo IF yes, please provide PACUC #:
Dept. Head/ Business Office Use Only: Card #
Advisor/Pl: Conf#
Signature Date
Trans |ID# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Order:
Signature Date Is there a discount? Tes Ho [Fill out the Form 41B] If educational discount, track internally.
Haz am equipment screening been completed?  Yes Mo [Required For >=§25 000 on Sponsored Acchs,
Order Desired For all other ac-t_:olllts]? B o i
PlECEd EY :l:'s:llles::::e:‘:.f':: '::;:itsri;:‘):::::;::;.t';;en:lddllg document been completed? Tes Mo [Required
Eignﬂture Date I5 there proper documentation from the Pl approrving the parchaze [signature, email, other | Ed




SC#

PURCHASE REQUEST PO #
Vendor Information Deliver To:
Vendor:  McMaster-Carr Purposel/Specific Benefit to the Project: Name:
Contact: htto: /v, mcmaster com! Materials for GDT- Colombia: Wire to suspend diffuser plate from Building:
t f bucket
Address: 600 M. County Line Rd. op or blicke Room:
City:  Elmhurst Phone:
State: |IL ZIP: 60126-2081 Email:
Phone: (630) 833-0300 Professor:
Fax: |(630)834-9427 | Special Shipping
_ Instructions
Account Information Legacy Account # Project Period Account
Fund Cost Center Internal Order G/L Account | $ Amount or % | Begin Date | Expiration Balance Date
CATALOG # ITEM DESCRIPTION UNIT | QUAN| UNIT COST |TOTAL COST
8560K12 Stainless Steel Wire (Type 304) Soft Temper, .020" Dia, 1/4-lb Spool, 230° Spool un. 1 5 885 % 8.85
8560K14 Stainless Steel Wire (Type 304) Soft Temper, .032" Dia, 1/4-b Spool, 91" Spoal un. 1 5 610 ] % 6.10
BE60KTE Stainless Steel Wire (Type 304) Soft Temper, 045" Dia, 1/4-lb Spool, 46" Spoaol un. 1 6.37 6.37
REQUISITION TOTAL $ 21.32
DOoes the project require animal & care approval? Yes Mo If yez, pleaze provide PACUC #:
Dept. Head! Business Office Use Only: Card #
Advisor/Pl- Conf#
Signature Date
Trans ID# Reconciled:
Comptroller:
Signature Date Ref Doc# Received:
Chemical
Drder: Iz there a dizscount? Tes Ho [Fill out the Form 416) If educational discoust, track intermally.
Signature Date Has an equip screening been completed?  Tes Ho [Required for >=§25,000 on
Sponsored Accts, Desired For all other account=s])?
Drler Has tl_e Request I‘o-l Wairer of Co-qefifire Bidding docament been completed? Tes Ho
PlECEd EY: :::‘:::::‘:':‘;’e:l‘:::::g-l:-:::i::: ft‘:r';':';ri:;::?;.u:'::e purchase [signature, email, other
Signature Date 17




