"'—Jﬂ“

‘:5;-'0

A

Qr’ ENG!NEERS
WITHOUT

~BORDERS
- USA

Document 524
PRELIMINARY DESIGN REPORT

CHAPTER: Oregon State University
COUNTRY: Kenya

COMMUNITY: Lela

PROJECT:Lela Community Water Project

PREPARED BY
YundJi Choi

Zachary Dunn

Miri GoldadeHolbrook
Katherine Lanfri
Jordan Machtelinckx
Josh Montegna
Katie Sheldon

Matt Skach

Julie Stewart

Jaynie Whinnery
Paul Berg (mentor)
Don Moris (mentor)

Submittal Date: January 15, 2012

ENGINEERSWITHOUT BORDERSUSA
www.ewb-usa.org



Document 524- Preliminary Design Report Rev. 012012

Oregon State University
Lela, Kenya
Lela Community Water Project

Table of Contents

Part 1i Administrative INfOrmMation...............uuueeriieiiiiiiieiiieiiiiiiiiee e eeees
1.0 Contact INFOMALTION. .......coiiiiiiiiiiiie e s e
2.0 Travel HISTOrY.....cooooi oo e e
3.0 ProjectDISCIPINES. ......oiiiiiiiie e ereeeeee e
4.0 Project LOCALION. ......coiiiiiiiiiee et e e e
5.0 Acronym DefinitioNS........comeoieiiiee e

Part 2i Technical INfOrmMation..............ouiiiiiiii e e
1.0 11 oo 18 ox 1 o o
2.0 Program BackgrOUNG...............uuuuuieueiuuiiiniiiiiinnnrnneennenssss s s
3.0 FaCIlity DESION. e

3.1 Description of FACIlIIeS.......cc.uvvviiiiiiieieiiieeeee e
3.2 Description of Design and Design Calculations..............cccoeeun..
3.3 DIrAWINGS. .. uutiiiceeeee e eernn e e e e e e e e e e aaeaaaaaaaaaeas
4.0 Project OWNEISNIP . cc . iiiii i ereeeee e
4.1 BoreholeSpecific Ownership ASPECES..........ooeevveeiiiiiiiiieeeeenn.
4.2 Rainwater Catchmet@pecific Ownership ASS..............cccoeeee.
4.3 Overall Community Ownership ASPecCtS.....cccceeveeeeeiiiiiiiieneeeeenn.
5.0 CONSITUCTADIIITY. ... e e e e
5.1 Borehole ConStruCtioN............uuviiiiieiiiiiiiiecce e
5.2 Rainwater Catchment CoNStruCtion..............occcceeeviiviiieieeneennnnne
6.0 Operation and MaiNteNANCE...........ccuvvriiiieeeeiiimeee e
6.1 BOrehole O&M..........uuiiiiiiiiiiiiii e mm e
6.2 Rainwater Catchment OMl................ooovviiiiiiiiicemee e
7.0 SUSTRINADITILY. ...t
7.1 Borehole Sustainability...............oeeeeeeiiiiiii
7.2 Rainwater Catchment Sustainability..............ccceoe
7.3 Overall Project Sustainability................ccuviiieeiiiiiiiiiiierieeceeeeeeeeeeeee,
8.0 CommunityAgreement/CONTIACE. ...........eeieeeiiiiiieeees s e e e
9.0 COSt ESHMALE......cciiiiiiiieiiiii e e ere e
9.1 BOrenole COSt......coiiiiiiiiiiii e
9.1 Rainwater Catchment COSt...........uuvuiiuiiiiiiiiiceeeeeeeeereeeeeeeeeeeeeeees
10.0  CONCIUSION....ciiiiiiiiiiiiiiiieeeeet ettt ettt ettt ettt e e e e e s c—— e e e e e e e e e s
110 Professional Mentor ASSESSIMENL.........cciueiiiiiiuureeeeeee s s s eeeeeeeee e
111 Professional Mentor NamesS........ccceeeveiiivieiiieeeesieeeeees s
112  Professional Mentor ASSBMENTS.........cccceiiiiriiiiiicreiiniiinneeennes
113  Professional Mentor Affirmation.............ccccvvviiiccceeeee e
D2 O AN o] o= o o [ ) PSSR
121 Hydrology Of KENYaL......coeiiiiiiiiiiiiiiiie et
12.2 Lela Rainfall Data.........cccooeiieeiiiiiiiiiiiiec e eeaaans
12.3 Rainwater @tchment Calculations...............uuuveieeiiiiiiiiiiiiiiieeiieiieenee
12.4 Rainwater Catchment Foundation Designagkitions....................
125 MapS Of Lela......ceviiiiiiiiiiiiieee e
12.6 Hydrogeological Survey Report..............ooovii e cceeniiiniiiinnenns
130  REfEIENCES.....co i

Page2 of 73

OOl bhwWwow



Document 524- Preliminary Design Report
Oregon State University

Lela, Kenya

Lela Community Water Project

Preliminary Design Report Part 117 Administrative
Information

1.0 Contact Information

Rev. 012012

Name Email Phone Organizati
on Name
Project Lead Jaynie kenya@ewkosu.org EWB-OSU
Whinnery
President James president@ewimsu.org EWB-OSU
Teeter
Mentor #1 Paul Berg CH2M Hill
Mentor #2 Jack Istok OSu
Mentor #3 Arturo Leon OSu
Faculty Advisor | Ken OSuU
Williamson
Health and Zachary EWB-OSU
Safety Officer Dunn
Assistant Health | Jaynie EWB-OSU
and Safety Whinnery
Officer
Education Lead | Jaynie EWB-OSU
Whinnery
Community Charles Lela, Kenya
Contact Ol angbd
Community Wilson Nairobi,
Contact Ol angbd Kenya
Community Paul Nairobi,
Contact Ol angbd Kenya

2.0 Travel History

Dates of Travel

Assessment or
Implementation

Description of Trip

December 149, Assessment Initial Community and Health
2009 Assessment
June 826, 2011 Assessment Technical Assessment for

Water Source Development
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3.0 Project Discipline(s): Check the specific project discipline(s) addressed in this
report. Check all that apply.

Water Supply
X___ Source Development
X__ Water Storage
X___ Water Distribution
X___ Water Treatment
X__ Water Pump

Sanitation

__ lLatrine

_____ Gray Water System
_____ Black Water System

Structures
Bridge
Building

Civil Works
__ Roads
__ Drainage
__ Dams

_____ Electricity

Agriculture

_lrrigation Pump
____lrrigation Line

______ Water Storage

__Soil Improvement

__ Fish Farm

_____ Crop Processing Equipment

Information Systems
Computer Service

4.0 Project Location
Longitude: 34.398536
Latitude: -1.123123
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5.0 Acronym Definitions

EAFW ' East African Foundry Works

EIST Environmental Impactatement

KSH1 Kenyan Shilling (local currency); all prices are in USD unless stated as KSH
Ipcdi liters per capita per day

Ips/lpm/Iph/lpdi liters per second/minute/hour/day

LIWWCiLel a Womené6és Water Committee
MMW 1 Migori Ministry of Water

MOU 1 Memorandum of Understanding

NGO nongovernmental organization

UNICEFiUni t ed Nations Childrenés Fund
WHO'T World Health Organization

WRMA T Water Resources Management Authority

Preliminary Design Report Part 21 Technical Information

1.0 INTRODUCTION

Lela is home to an estimated 2000 people and their top priority is securing a clean, local source
of water that is available yeapundfor domestic useBased on recommdations fronthe

WHO, the ultimate goal of this project is provision of lp@d. Accourting for population
growth,thismeansa supply 0fL00,000 Ipd for the entire community. This is a significant
endeavor and success will require a phased approach over time with utilization of multiple
water sources. While water quality is critical to th&émate success of the project, the first

priority of the community is quantity; therefore the first implementation will focus on water
source development.

The 523 Alternatives Analysis report for this project (submitted November 2011) contains a
thoroudn explanation for the project plahhe team is planning for the first implementation trip
to include drilling a new community borehole, expanding on an existing rainwater catchment
system at théela Primary Schogland conduct a detailed land surveytfoe possibility of a
storage and distribution system.

This report will focus on the preliminary design for the first two objectives, the borehole and
rainwater catchment design. The first item, drilling a new borehole, is the limiting portion of
the impkementation plan, as it has the most constramgfest risk and highest cosThe

rainwater catchment design is relatively straightforward and has a high probability of success.
Finally, the development of a surveying plan is fairly straightforwardsaadelatively lower
priority. Detailedsurveyingplans for potential future storage and distribution, along with
logistical details of traveling, will be covered in the upcoming 525lRpdementation Report.
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2.0 PROGRAM BACKGROUND

Lela is a community in the Migori district of the Nyanza province in southwestern Kenya, 50 km
from Lake Victoria. It is home to an estimated 2,000 people. Lela currently relies on a variety of
methods to obtain water, varying seasonally. The communigrexes two wet seasons and

two dry seasons per year. During the wet seasons, various surface water sources are available for
use including surface pits, two dug wells, the Ore River, and a marsh. With the exception of the
marsh, these sources are higbiyitaminated anceportedlydry up duringL e | driéssseasons.
During the dry seasonsgsidents have two main options for obtaining water, walk 2.5 kilometers
to the nearest water source, which is a functional borehole next to the town of Bondo, or walk
several kilometers to a river south of Lela, near the Tanzanian bBateto has onether

borehole, fitted with a diesel pump and storage tankjghthe main supply for the town ashis

a higher capacity, but Lela does not claim to use this source.

The Lela community has made it clear that their desired solution is a borehole because they

have seen many successful boreholes fitted with hand pumps in neighboring communities. The
community of Lela has made efforts to improve local water availakbititiyquality, including

the creation of the Lela Womands Water Commi!t
initially contacted EWBUSA to request assistance.

The World Health Organization (WHO) recommends 40 Ipcd and 2 Ipcd per student for the
purpose®f drinking, cooking, basic personal washing, and clothes washing, with ten liters for
each category (Reed, 2005, p. 2). By comparison, the Migori Ministry of Water (MMW) stated
design criteria call for 20 Ipcd for members of rural households and 5 Ipstuttents. EWB

OSU has chosen to defer to the WHO standards, on the basis that those guideties are
widely known Also, aiming for the greater of the two benchmarks will ensure both are
satisfied upon successful project completion. Quantity of vistast the only pertinent aspect

of this project. Adequate access also must consider time spent collecting water and water
guality. Because of thishe WHO has also provided recommendations concerning these
factors (Reed, 2005, p. 3). Following is theetiegoal of this project, based on WHO
recommendations:

1 Provide 40 Ipcd for the purposes of drinking, cooking, hygiene, and laundry;
additionally provide 2 Ipd for sudenst at theLela Primary Schodlor the purposes of
drinking & hygiene

0 During all seasns/months

0 Meeting or exceeding WHO recommendations
A Access less than 500 meters away for all households
A At least one water point for every 250 people
A Flow rate of at least 7.5 Ipm at each collection point
A Safe water quality for the intended purpose
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For 2000 people, the total water required to meet the minimum value of 40 Ipcd is 80,000 Ipd.
This is inclusive of the 2 Ipcd that students require during school houdpd&sinot account

for populationgrowth;therefore, theéotal goal is 100,000 Ipdhe initial focus of this project

is on water supply quantity and potential treatment systems will be considered in the future.
Water source development alternatives analyzede recent 523 Repadx includethe

following:

1 Rainwater
o Catchment oelaPrimary School
o Catchments on other public buildings in Lela
1 Groundwater
o Drilling one or more boreholes
A Hand pump(s)
A Solar/Diesel pump(s) with distribution system
1 Surface water
0 Marsh extraction with distribution system
o Ore River extraction with distributiosystem

These alternatives were compared on the basis of benefitostsdCostsincluded capital and
recurring (i.e. maintenance, repair, fuel) costs with uncertainty analysis. Benefits included
simplicity, potential impact, and probability of succé8ased on the comparison methodology,
a multi-faceted approach was decided upon.

The first component is to drill a new borehole in Lela. It was a strong consideration that this is
the communityds top desire. H o with thie alternativéh e r e
and there is a significant possibility of ending up with a dry hole or a borehole that is
unproductive in the dry seasofifiere are also concerns about water quality from a new
borehole, namely arsenic and nitratee borehole wilbe initially fitted with a hand pump,

but the team will investigate the potential for implementinglactric pump powered storage

and distribution system in the future.

TheLela Primary Schoaturrently has a partial rainwater catchment system thait wa

completed in June 2011 by Concern Worldwide (with no involvement from-88B). The
system includes one 10,000 liter tank and utilizes less than 25 percent of the roof area due to
improper gutter design. EWBSU has confirmed with Concern Worldwide ttisgy have no
future plans in Lela. Completing this existing rainwater catchment system at the school has a
high probability of success, which is complementary to the uncertainty of drilling a borehole.
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In summary, the project team plans to adopt ¢lewing approach for the first
implementation:

1. Plan for acommunityborehole to be drilled in Lela
2. See through expansiaif a rainwater catchment system at ltleéa Primary School
3. Gather detailed data for potential storage and distribution system design

Coordinating a trip with the availability of the company or organization hired to drill the
borehole could present logistical challenges and thus is an important issue to pay attention to
and the main priority for scheduling an implementation. Due tbitffecost of sending a

travel team to Kenya, it is prohibitively inefficient to send a team to do only one of the steps
described above.

3.0 FACILITY DESIGN

3.1 Description of the Facilities

3.1.1 Borehole

EWB-OSU has been in contact with Operation H20 (a Kenyan NGO) through Melchizedeck
Okello. Mr. Okelloi s Oper ati on H2 00 s hab expresseth hisdvillioggesso | o gi s
to drill a borehole in Lela. Operation H20 has drilled over 80 wells in Keny&end

organization has a drilling rig capable of constructing a borehole 100 rdetpat a diameter

of 6 inches. At this point, Mr. Okello has not yet confirmed the availability of Operation H20
in June 2012, which is the preferred time of travel forousr other reasons (season, traveler
availability, airfare, etc.). Assuming that Operation H20 will be the driller, the borehole will be
fitted with a 4inch well casing and an Afridev hand pump. Well development and testing,
which is required by the Keny&ater Resources Management Authority (WRMA), will also

be completed.

3.1.2 Rainwater Catchment

Another aspect of the implementation will be the expansidhe#xisting rainwater catchment
system at théela Primary SchoolThis system has a currembiage capacity of 10,000 liters.

The goal is to raise the storage capacity to 40,000 liters and increase gutter coverage to use as
much of the roof space as possible. EE®BU will purchase three new 10,000 liptastic

tanks(to complement the existingrtK), install gutters such that approximately one quarter of

the available roof space is diverted to each tank, and add first flush and overflow ggstems

all four tanks. EWBOSU has calculated that the proposed system will providaxamum

yearround sipply of 2 Ipcd for up to 450 students, roughly 20 percent greater than the current
student population of 380. The maximum possible student population suppidttedd is

470 for the available roof size, hihis would require additional tank$hese clulations rely

on the assumption that 100% of the captured water will be used for drinking water for students,
which is not I|Iikely to be accurate. For examp
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other domestic needs by other community masbEhus, the actual available supply at 2 Ipcd
will likely serve less than 450 students.

3.2 Description of Design and Design Calculations

3.2.1 Borehole

The components of a borehole include a hole drilled into the ground, a casing, a screen, a
sanitary seal, and a pump (and its components). The design of a borehole is accomplished by
specifying the parameters of its components. First, the hole itselbmussigned based on

the appropriate diameter and depth. Both of these dimensions are limited by the capabilities of
the drilling equipment to be used and the hydrogeology of the borehole location. The desired
diameter is primarily based on the type of mg) to be installed. In this case, the plan is to
install a hangbump for which a skinch borehole would be acceptable. However, the team
wants to leave open the possibility for future conversion to an electric pump. The
hydrogeologist EWBOSU is workingwith, Mr. Okello, has stated that there are several

electric water pumps available in Kenya that will function iriach casingalthough there are
many electric pumps available in theSUthat will fit into a 4inch casing and catypically

supply up © 2400lpm. Mr. Okello alsostated that Operation H20 uses a supply company in
Nairobi calledNairobi Ironmongers Ltdo purchase all of the required components, including
the pumpEWB-OSU has tried contacting Nairobi [ronmongers to request informatidhe
electric pumps availablend they have yet to respodrecommended depth is suggested by
the hydogeological surveyor, but this has leeway for adjustment during the drilling process
necessary to establish a productive borehole. Three promisirigisctor drilling a borehole
were determined by the hydrogeoloic survey conducted by Mr. Okello and the WRA.
report from this swey is located iippendix12.6, which was very recently received and has
yet to be reviewed.

Below are design componisrthat need to be determined prior to implementation. Most of the
items will be addressed through discussions with the driller.

1 Drilling Equipment- Information about the drilling rig, such as type and access
requirements, how wide and level roads rnieele for the rig to be able to reach the
drilling site, where wateffor drilling) will come from and how much is needed.

1 Borehole Components

o Casing- PVC casing will most likely be used; PVC is inexpensive and will not
corrode like steel casing.

o Screen The slot size of the screen will need to be determined based on the type
of particles removed while drilling. The three main types of screens are
continuous slot, machine slot, and perforated. Another option would be to use a
gravel pack, which would aliv for a larger screen slot size.
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0 Seal-Asanitaryseal s needed to prevent contaminat
source.
o Concrete Apron A concrete pad around the pump is necessary to prevent

excess water from pooling around the pump. The apilbralso be designed to
directexcesdar enough awafrom the borehol¢o prevent contaminatior
more comprehensive well head protection plan will also be developed.

o Fence This component will not be constructed by the drilling company and
therefore serveas an opportunity for community members to contribute to the
construction of the borehole system. The fence is designed to prevent livestock
from contaminating the area immediately surrounding the borehole or damaging
the concrete pad.

EWB-OSU would liketo leave open the option of converting imeholeto be powered by an
electric pumpin case system expansion is deemed appropriate in the. faitiedly it will be
fitted with a hand pump to all ow t ualitpand or ass
for the community to adjust to the operation and maintenance requirements. According to
UNICEF, the most important factors to consider in selecting a hand pump are corrosion
resistance, the number of users, pumping lift, ease of repair, angrefezence (including

yield, pumping position, and aesthetics) (UNICEF, 2010). Afridev and India Mark 1l hand
pumps are the two options available in Kenya, as showigires 3.2.1.1 & 3.2.1.3p

finding a repairman would be easy and any driller woalkehexperience installing them.
FurthermoreAfridev hand pumps are manufactureecountry, inNairobi, by East African

Foundry Works (EAFW)The Afridev hand pump is completely corrosion resistant, easy to
repair, and capable of a high yield. Howeveg, skandard version is only capable of 45 meters
(147 feet) of lift. Fortunately, it can be converted for deep wells (with a brass plunger and foot
valve and an extended handle) to function at a maximum depth of 80 meters (260 feet). On the
other hand, théindia Mark Il hand pump is capable of lifting up to 88 meters (290 feet) and it
also has a high yield. Unfortunately, it is not corrosion resistant and is relatively difficult to
repair.

The Afridevand India Mark llhand pumps would be familiar to thegple of Lela, since the

two handdug wells in Lela are both fitted wigpumps that are very similar, which were
manufactured by East African Foundry Workkese hand pumps in Lela did fall into
disrepairbecause the steel rods corroded (which the repaimeplaced with stainless steel
rods, to prevent future corrosipand the rubber seal dine foot valve had fallen apaithe

Lela community did not have the tools or skills required to make the necessary repairs,
although they made several attempiimately, EWBOSU paid for a repairman to fix the
pumps at a cost of $740 (USD). If an India Mark Il hand pump were to be installed, more
complex maintenance issues could arise (corrosion in particular) making it a less sustainable
option. The Afridev had pumphas a slightly simpler design than the India Mark 1l or Ill, and
because of this, is easier to reg@eep Well Pumps, 2010). All things considered, the Afridev
hand pump was deemed more appropriate for the Lela Community Water Project.
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Bottom flange

i ~ Cement/Platform

6L - 7 6L
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Lz

Ground
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Pumprod
Cylinder pipe
Plunger
Brass liner

Cylinder
Centralis
Footvalve —
Footv
Suction pipe
ieduce
Suction pipe Cralg 1-F
ouction pip Scale 15

Figure3.2.111 Diagramof an Afridev hand pump (UNICEF, 2010)
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India Mark Il Pump
(standard)

Pedestal for Borehole
G! Rising main {1 1/4")
Bealn 1: 100

Handle

Head flange
Pump head
Water tank
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GL

Ground

(asing pipe
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Rising main

Fumprod
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Plunger

Cylinder
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Figure 3.2.121 Diagramof an India Mark Il hand pump (UNICEF, 2010)
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Well development is important for maximizing production by removing undesirable materials
and improving flow into théorehole. A new borehole requires testing to determine its yield,
sustainable flow rate, and water quality. The drawdown, as illustratgdure 3.2.1.3can be
measured to assegundwater hydraulicSeparate analysis is required to evaluate water
quality. Priority metrics include total coliform and e. coli, nitrate/nitrite, pH, alkalinity,
hardness, and arsenic.

Production well

ey

i/ -Well casing
o

Static water level -

TR

S

2SR

Drawdown curve —

Scerenon

Pumping water level

~—Well screen

3 0 A . . ..“'-‘. o N
3 g e T = & v “.q.t. s
. il 8 0 Y p & o

Figure 3.2.13 - Dynamic water table for a borehole (UNICEF, 2010)

It is useful to determine as much as possible about the local legdogy, for comparison to

the professional hydrogeologic survey repohte type of bedrock that makes up an aquifer

will affect both the yield and quality of grodwater.Water availability and water quality

depend on all the four major geologic areas #na represented the complex geology of
Kenya(Mwangoet al 2002). For instance, wells drilled into fractured crystalline rock, such as
granite, may produce an adequate supply of water at relatively low depths, but the yield of such
wells cannot be icreased appreciably by deepening them because the number and size of
fractures commonly decrease the further down the drill goes into the Earth. Additionally, the
permeability of geology is an important factor in well drilling and a log should be kept of
surfacing geology during the drilling process.
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The area of Lela was overlaid onto a geological map that wasefgenced to display where

Leladbs coordinates would | ie witbhAppendixkhe geol o
12.1demonstrates that tlieeology of Lela could be a combination of quaternary volcanics,

tertiary volcanics to Pleistocene sediments, and Precambrian metamorphic geology.

Furthermore, a atly of goundwater esources in Kenyadicatesthe groundwatepotential in

Kenya as seen in thedirological mapalso providedn Appendix12.1(Mwangoet al, 2002)

This map waslsogeor ef er enced to Lel ads geographical co
Lela lies within a region of relatively high hydrologicaltgotial. This is promising and

concurs with statements made by Mr. OkellavVB-OSU will further compare this information

to the actual hydrological survey resuylégppendix12.6) to the extent possible.

3.2.2 Rainwater Catchment

To design the proposedinwater catchment system, EWESU examined rainfall data

provided by the Migori water district, WorldClim, and MeteoVista. Based on these sources,
EWB-OSU estimates that Lela receives an average of 1.13 meters of rainfall per year during
the two wet seams (March through May and October through December) and two dry seasons
(January through February and June through Septembe’\pPeadix12.2 for detailed data.

ThelLela Primary Schodhas a roof area &75 square meters1 in averaggear,around
420,000 liters of water will fall on it. Using an estimated system efficiency of 80 percent, as
recommended by Mihelciet al (2010, p. 322), a rainwater catchment system utilizing the
entire roof with unlimited storage capacity could capture up to 38830 Allowing for 2

Ipcd, such a system could support a maximum of 470 studenté&fpeadix12.3).At the

time of the 2011 assessment trip, tieda Primary Schoaderved 380 students.

The existing rainwater catchment system at i@ Primary Schoaotonsists of one 10,000L

tank resting on a concrete foundation. EMBB U6 s desi gn calls for an a
be utilized at the school, which thus requires three additional foundations. These three

additional foundations were designed accordanthe Building Code Requirements for

Structural Concrete & Commentary (ACI 31&) and Terzaghi's principl®etailed

calculations for the foundation design can be found in Appendix 12.4.

Assumptions and considerations:
0 Soil condition is unknown, beguess is "silty sand"
Round Footing, 20cm thickness (may be modified as the calculation develops)
Dead Load: Footingel-weight(32.4kN), tank (2kN), connection (0.4kN)
Live Load: Water (10,000L = 98kN)
Tank is 2.5m high and 2.5m in diameter
Spreadooting
Two way shear
f6 = 4 0,6:600@mssi(assurhed)

O« O« O« O« O« O« O« O
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The final foundation design is as follows:

20cm thick, 3m diameter footing level with the ground

10cm thick gravel bed to promote drainage under the footing

#8 @ 12 OC, EW (Bend the edgege@bar by 5¢cm)

5cm cover in both cross sectional view ghah viewof the reinforcement

O« O¢ O« O«

3.3 Drawings

3.3.1 Borehole

—-I 4.0in I-—

/«Cement Slab

32Tﬂ

Y
D ><
Screened Interval/

Figure 3.3.1.17 Crosssection of the promed Lela community borehole
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3.3.2 Rainwater Catchment

Figure 3.3.2.11Bi r d 6 s e y kelaPinmarwScboblithinnGeogle Earth image

Figure 3.3.2.2 ThelLela Primary Schoalvith the 40,000 liter rainwater catchment system
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Figure 3.3.2.3i Plan view ofLela Primary Schoo#0,000 liter rainwater catchment system

Figure 3.3.2.4 Closeup view of 10,000 liter tank with foundation, first flush, and overflow
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4.0 PROJECT OWNERSHIP

4.1 Borehole-Specific Ownership Aspects

The borehol e wild.l be publicly owned and the L
manageownership aspects of the borehole. The LWWC will be responsible for fee collection,

financial planning, skills training, and commissioning all necessary maintenance and repair. In

June 2011, during a joint meeting with EWESU, an operation and maintenapten was

proposed by the committee. Details of this proposal and further discussion of operation and
maintenance plans can be found &ctson 6.1.

The LWWC will be financially responsible for maintaining the borehole systeam({y the

hand pumponce t has been installed. EWBSU considers an upfront cash contribution to be

a demonstrationf capacityto do so. Therefore, a contribution equal to the approximate cost of
maintaining an Afridesnandpumpfor one year will be required. This is discussethiore

detail in section 6.1, but is expected to be roughly $a06 this amount isucrentlyunder
review for feasibility Such a contri bution wil!/ not only h
ability to maintain thdhand pumpbut may also contributetotbteo mmuni t yd0s sense o0
ownership of the borehole system, especially given the fact that they may not be able to

contribute substantially to the required labor. This payment will be made directly to the drilling
company for symbolic reasorfSommunity contiputions will be confirmedthrough the

memorandum of understanding discussed in section 8.0.

4.2 Rainwater CatchmentSpecific Ownership Aspects

The ownership of the rainwater catchment system requires further discussion with the LWWC
and thelLela Primay SchoolBoard. EWBOSU thinks the longerm operation and

maintenance responsibilities of the system should be the responsibility of one of these two
entities, but it is up to the community to determine which organization is most appropriate.

Similar tothe requirement that the LWWC contribute towards the cost of the borehole, EWB
OSU will require a contribution on the part of the community towards the rainwater catchment
system. However, given that community members will be able to participate sigthyfica

the construction of the system, the contribution will be made through labor rather than a
monetary payment his labor contribution will be made throughout the construction of the
rainwater catchment system through digging holes for foundatiors)grdoncrete, hanging
gutters, moving tanks, shoveling gravel, diorough direct involvement in the implementation

of the rainwater catchment system, the community should have a stronger sense of ownership
over the project and have increased capacitgdorying out repairs and maintenance.
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4.3 Overall Community Ownership Aspects

The Lela community will be required to contribute significantly to the implementation phase of

the project in order to ensure letgym community ownership. Participation in the

i mpl ementation not only promot est buhigalscammmuni t
opportunity for the community members to understand functional aspects of the facilities. In

the case of the proposed borehole, there is limited opportunity for community labor
contributionsbeyond building the surrounding fendee to tte fact that the borehole drilling,
construction, pump installation, and testing will be done by a third party (the drilling

company)lIn the case of the proposed rainwater catchment system, there is a significant need

for community involvement. Members thfe community must contribute a large amount of

time and energy for the rainwater system to be a success.

The community members of Lela hastated their intentioto do everything within their

means to manage the project including road constructiomgderial delivery and/or drilling

rig access if necessary), providing available materials (e.g. making bricks), constructing
foundations for any water tanks, digging trenches, providing security and management of
infrastructure including all water distriban points, as well as hosting and translating for
EWB-0OSU travelers. EWBDSU expects Lela community members to contribute all labor on a
voluntary basis, with the exception of specialized labor to be hired as necessary. Example
laborers to be hired forgyment are surveyors, drillers and masons.

5.0 CONSTRUCTABILITY

EWB-OSU considers constructability to be central to the success of the first implementation

trip. The proposed facilities designed must be feasible to implement and the team needs to have
athoroughly developed construction plan. Members of EQ8J and the LWWC will act as

project leaders during the construction process. A drilling company will be hired for the
construction of the borehole to ensure the development meets the requiremé&nz-ofSA,

the Kenyan government, and the needs of the community. The construction of the rainwater
catchment system will be completed by Lela community members and potentially hired

masons (if deemed necessary). EMUBU would need to discuss with the LWW@ th

availability of skilled masons willing and able to volunteer within Lela before determining if
professional masons need to be hired or not.

51 Borehole Construction

Construction of a successful borehole is dependent upon many factors. Chiedly is t
availability of a reliable drilling company and receipt of a necessary government permit. The
Kenya WRMA requires that a hydrogeological survey be performed before a borehole permit
is issued. EWBOSU hired a third party (Mr. Okello) to perform a hydeotpgical survey on
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20th Dec. 2011. The survey identified three locations which are suitable for a borehole, though
they are not considered equally probable to produce \(rafgort located i\ppendix12.6).

The actual location of the borehole will be idied through discussion with the LWWC and the
driller. This decision would incorporate community preferences, geologic conditions, and
engineering feasibility for the final system design.

The reliability of the driller is incredibly importatd ensure anupfront agreements and
payments can be truste@urrently, Operation H20 is the selected driller and while we cannot
have complete faith in them, they have thus far been very reliable. Firstly, Mr. Okello came
highly recommended from Cathy Fitzgeralgyrafessional civil engineer in the.8), who has

much experience with drilling wells in Kenya. Secondly, Mr. Okello made a visit to Lela
during themost recenaissessment trip free of charge just to meet with the team. Lastly; EWB
OSUwired $730 to Mr. Okio to perform the hydrogeoloic survey and apply for a permit on

our behalf, and he followed through with this efficiently and professionallpf these

actions speak for the reliability of Operation H20, but appropriate procedures will still be used
to ensure safe monetary transactions.

Another important aspect of borehole construction is the season during which construction
takes place. This is important because driving in a large drilling rig would be impossible during
heavy rains. Furthermore, wagoduced during the dry season would show that the source is
viable yeairound since this is presumably the time of lowest water table depth throughout the
year. However, it is also true that large quantities of water are required for the drilling process
so scheduling the best time to drill is a balancing act that must consider seasonal aspects and
al so accommodate the drillerds schedul e.

Mr. Okello has agreed to apply for a borehole permiton EWBUG6s behal f. Based
experience of EWBNNJ (who hae already been through the permit application process), it is
expected that EWBSU will receive the borehole permit prior to submission of the 525 pre
implementation report. The WRMA may decide that an EIS must be performed before a permit

is issued. Irthe case of EWBNNJ, an EIS was not required.

Once the permit has been procured and a location for the well has been selected, the next step
is to ensure that the community is prepared for the actual drilling event. For example, it may be
the case that aess roads need to be cleared in order for the drill rig to be able to access the
drill site. The Lela community volunteered to perform such work during the June 2011
assessment trip. Once this is done, the borehole is ready to be drilled.

The actual drling event is expected to take two or three days could take longeihe

drilling company is expected to provide the construction expertise and the well materials
necessary for the implementation phase including hand pump, well casing, screen, wellhead
apron, etc. (see section 3.2.1 for a comprehensive component list). Once the well has been
drilled, the next step is tevelop andest the production of the borehole. This is carried out by
pumping water at controlled rates and assessing the effecaadown in the well. There are
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two main tests: the stespr awdown t est which fAmeasures vari at
the discharge rateo and the constant discharg
aqui fer charact er i 2003, w 2878). SUdD test cas take angwhéreafroh & r t |
few hours to a few days. Based on the performance of the borehole, it will either be capped (if

the yield is not high enough), or the hand pump will be installed.

The Kenya WRMA requires that drilling cqranies test all drilled wells to assess water

quality. EWBOSU is still working through the sequence of events that will occur once the
well is drilled, but what is known is that water quality testing will be carried out to determine if
the water produced safe for human consumptiddhlorination of the new borehole is also

part of this process.

5.2 Rainwater Catchment Construction

Rainwater is the only source of water available in Lela that would never necessitate a permit.
The proposed system of rainwater catchment tanks to be implemented_etatReimary
Schoolwill consist of four 10,000L plastic tanks: one tank currentlyefaland three

additional tanks to be purchased by EM@BU. Once complete, each tank will utilize
approximately one quarter of the available roof space (see section 6.2 for detail) and contain
independent foundations, gutters, first flush systems, ovefipes, and taps.

The foundation for each of the three new tanks will be constructed out of reinforced concrete,
with #8 rebar spaced 120 on center in each di
under the concrete footing to promote drairamgl prevent erosion. It is expected that

community members will excavate areas for the foundations to be placed prior to the arrival of

the travelers. At this point, EWBSU is looking into the availability of premixed concrete

bags in Migori, Kenya. If gmixed concrete is available locally, they will be-prdered prior

to the departure of the travelers.

If premixed concrete is not available, EWESU will come up with a detailed concrete mix

design according to the standard ratio of concrete, 1:3&at of cement:sand:gravel

(Crooke, 2007p. 180). The required volume of sand, gravel, and cement is roughly calculated
based on the ratio above and the proposed footing design. As a result, 21 bags of 50kg cement,
1.5 cubic meters of sand and 6 cubiden® of gravel will be needed (séppendix12.4). A

more detailed mix design needs to be finalized once the availability of premixed concrete in
Migori has been identified. By estimating the amount water required at 20% of the total

volume of concrete, follows that 850 liters of water will be needed for the construction of the
foundations. EWBOSU will communicate this requirement to community members prior to

the arrival of the travelers.

Another major component of the rainwater catchment systera utiters, which are available

in both metal and plastic at roughly equal prices. Metal gutters are an appropriate choice due to
their availability, durability, and constructability compared to plastic gutters. The final choice
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of gutter material is subjéto availability at the time of construction and community
preferencelf plastic gutters are selected, they will be UV resistant. The UV resistant material
will result in less friction between rain water and gutter surface which allows gutter slopes to
be less than those used with metal gutfée gutter will be connected to arkh (10 cm)

PVC pipe which will then be connected to the first flush system and lastly the water storage
tank. A first flush system will also be added to the existing tankposave water quality. The
proposed first flush system will operate by diverting and capturing the first rain to fall, thereby
preventing much of the dust and debris on the roof from entering the tank. Mitedtic
recommends that 40 liters of water lagptured per 100 square meters of roof (2009, p. 325).
To accomplish this, each first fluslgstem will consists of one 3ibch (9 cn) diameter

vertical PVC pipe approximately 2.5 meters tall that is positioned such that they must fill first
before any wadr is able to reach the tank. This will capture the first 50 liters of water to each
tank, allowing a 25% margin of error for roof size and volume occupied by debris in the first
flush tubes (SeAppendix12.3, Table 12.3). Several additional diametendvolume
calculations are also included,case 3.8nch PVC is not available at the time of the
implementation trip or a-Bank system must be implemented.

Properly implemented, the first rain will carry dust and debris off the roof and into the first
flush pipes rather than into the tank. Each pipe will have a 90 degree elbow that rests on the
foundation for support and will be covered by a threaded cap of the same diameter as the first
flush pipe(s). This will allow an adult to easily remove the cagmpty debris from the first

flush system but more difficult for a child to tamper with it. Finally, each cap will have a small
hole or series of small holes to allow water to drain slowly out. This will allow the first flush
system to function without logy manually drained between rainstorms.

Each tank wil/ al so include an overflow drain
as the inlet pipe to prevent water from backing up) installed slightly lower than piygeino

drain water when the téns full. The overflow pipe will carry water to ground level and away

from the tank and school foundations.

Water wil./l be withdrawn from each tank throug
the bottom of the tank. Each pipe will be fitted withal valve in an effort to mirror the

existing tank for ease of use and repair. The elevated tap will reduce usage of thentmgtom

water where sediments and debris settle, thus improving water quality. To promote easy access

to the faucet, a hole wille dug below the faucet so that a common 20L bucket can rest

underneath. Approximately 10cm of gravel will be added to the hole to allow for drainage of

excess water spilling from a bucket.

A proper drainage field should be constructed using undergrarforgted PVC pipe. This

will require digging trenches and using a layer of gravel fill. If necessary standard pipe can be
manually perforated using a drill, nail and hammer, or hacksaw. The drainage field must be
positioned in such a way to prevent damtgie school and tank foundations.
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6.0 OPERATION AND MAINTENANCE

As EWB-OSU plans to complete two distinct systems during the first implementation trip, there
are two separate operation and maintenance (O&M) plans detailed in this report. These plans
differ in their scope, financial requirements, and required expertise. Of primary concern is the
ability of the Lela community to successfully maintain both systems once-@8IBis no

longer involved in the community. To ensure that this goal is met, 8B has developed a

plan for O&M of the borehole as well as a separate plan for O&M of the rainwater catchment
system.

6.1 BoreholeO& M

Once the well is complete, the primary letegm concern is proper maintenance of the hand

pump. Longterm successful @pation of an Afridev hand pump is dependent upon testing on a
fixed time interval to indicate how well the pump is functioning and if any preventative
maintenance is needed. For example, a leakage test may be used to determine if the rising main
or the fat valve needs replacement. Likewise, a discharge test may be used to determine if the
bobbins or the cup seal needs to be replaced (SKAT, 2007, p.45). If such maintenance
requirements are identified early, the chances of sudden pump failure decreasiealhpma

Due to the nature of the equipment and the expertise required for the construction of a new
borehole and installation of a hand pump, these tasks will be carried out by a third party (the
driller). Thus it is unlikely that the Lela community wglain the skills necessary to maintain the
hand pumpmuring the construction phase of the project. Instead, EY$B plans to train the

LWWC to perform simple tests which will indicate whether or not repairs are needed to keep the
pump operational. In the event that the pump fails a test, a pump techniitiaa hired to

perform maintenance.

To support the aforementioned hiring of a pump technician to maintainatttepumpEWB-

OSU plans to require an upfront cash contribution from the LWWC equal to the amount
typically required to perform routine maintenance onhifwed pumgor one year. At this time

such an amount is not known, but the general guideline for annual naaingecosts is 10% of
installation costs, which is between $2,000 and $3,000 for an Afridev pump. Thus it is expected
that the LWWC to contribute between $200 and $300. The exact amount will be determined
through discussions with the driller and local puexghnicians who would be hired to perform
pump maintenance.

The LWWC, which was formed prior to submitting the application to EM#\, has vowed to

manage any new water systems that are implemented. The committee already has a plan in place
to collect fees for water whichwvill be kept in a maintenance fund at a bank in Migori. The fee
structure the LWWC proposed is three shillings per twenty liters of water for people from Lela

and five shillings for people from outside the community. While the detaitseeafplan may or

may not be appropriate depending on the infrastructure implemented and logistical implications,
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the fact that they already have a plan and understand the importance of a maintenance fund is
encouraging. Overall, as th&/WC is well-strudured andhey keepdetailed records of all
meetings and phone callsla seems to be a very organized community.

6.2 Rainwater CatchmentO& M

6.2.1 Gutter Maintenance

The gutters would need to be cleared of organic debris before each rainy sehaemacessary
throughout the year to prevent clogging and overflowing. The catteeshmento the school

roof should also be inspected during this time for signs of deterioration; damaged gutters,
attachment components, and/ascia board should be paired as soon as possible. A few minor
leaks in the gutters are expected and will not critically impair the system; however, larger leaks
should be fixed as soon as practical.

6.2.2 First Flush System Maintenance

The first flush system should be cleameate per year or as necessary depending on how fast
debris enters it. The pipes should not be allowed to fill more than one quarter full with debris to
ensure an adequate volume is available to capture the first rainfall. Cleaning is best done
immediatelyafter a heavy rain, but before the first flush system has had a chance to drain itself.
To clean the system, the drain caps should be removed and water in the system be allowed to
carry dirt and debris out of the system. Additional water may be pouckdria the system to
further clean out the first flush pipes but potable water should be used in case some of it enters
the tank. Debris at the bottom of the first flush pipes may be loosened and scraped out of the
bottom of the system using a wood orgpi@ (but not metal) stick if potable water is not present

or not sufficient to clean the system.

6.2.3 Tank Maintenance

All of the tanks should be inspected regularly for leaks and signs of daRraggemsshould be
repaired as soon as possjliteprevent water loss from the system and to protect tank integrity.
Tanks should also be cleaned every other year to remove sediment and debris that slips past the
first flush system. Since the tanks must be drained in order to clean them properbgt ti@ds

to clean them are during February or July, at the end of the dry seasons when the water levels in
the tanks will already be low. As the system will contain a total of four tanks, the community
may elect to drain and clean two tanks at a tinterrating which two tanks are cleaned each

year or dry season to preserve some stored water, or decide to clean all four at the same time.
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7.0 SUSTAINABILITY

The longterm success of this project will depend largely on economic, social, and envitahmen
sustainability. For this trip, these factors will be addressed in the following ways regarding the
borehole and the rainwater catchment system.

7.1 Borehole Sustainability

7.1.1 Environmental Sustainability

This project aims to utilizgroundwater for human consumption in a manner that is
environmentally sustainable. The main concern is extracting too much watémeeis a lower
water table. In Lela, theusface water and groundwatgre probabljhydraulically connected, in
which cae over pumping could lead tlegradation of other resources. To avoid this situation, a
drilling permit caps the allowable withdrawal to 23,000 lthough it is inpossible to reach

this limit with a hand pumpthis will be aconsiderationf the borehte is retrofitted with an

electric pump.

Thedriller will conduct appropriate pumping tests to determine the sustainable flow rate of the
borehole. To eventually reach the 100,000 Ipd goal of the project, it is possible that drilling
multiple boreholes wdely distributed throughout Lela will be a more sustainable solution. The
Kenya governmennay actually regulate the distribution and quantity of boreholes in any single
area to ensure sustainable groundwater usage. If this is the case, the Lela Cokvauenity

Project will abide by these regulations and confer with the drilling company to ensure sustainable
practice in well drilling. In any case, these concerns will be more pertinent beyond the scope of
the first implementation of one borehole with a handp.

7.1.2 Socioeconomic Sustainability

For socioeconomic sustainability, the borehole must serve the community efficiently and
equitably. This requires the community to have a plan to share the resource and its associated
costs, includingnaintenanceelated organization and funding. EWESU will address this with

a memorandum of understandifdOU), as described in section@bviously, this document
alonedoes not guarantee commurigrticipation and ownership over the borehole system.
Longterm communitynvolvements a significant endeavor which EWBSUwill continue to

work towardsThrough experience with a previous project in El Salvaga'B-OSU

understands the significancetbé commitmenteededn behalf of the community, andliv
continually strive to ensure clear communication of responsibilities for both the community and
EWB-OSU. Similarly, EWBOSU realizes the significance of community input in these plans for
socioeconomic sustainability, and will remain open and flexdolny concerns or issues that
ariseand amend any agreements as necessary.
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7.2 Rainwater Catchment Sustainability

7.2.1 Environmental Sustainability

In terms of environmental sustainability, rainwater catchment systems are inherently one of the
most sustainable methods of obtaining water and have few negative properties. One concern is to
ensure that no materials are used thay contaminatevaterfor eitherhuman healtlor the
environmentffom water eaving the system as overflow).

7.2.2 Sccio-economic Sustainability

The most important aspect of a socially sustainable system is that the community is able to

maintain it without longerm support from an outside party. Fortunately, rainwater catchment is

also relatively simple and inexpensiiemaintain. All components will be locally sourced and

kept within the communityds capaciAlgspectas much
of the system have been designed for simplicity of operation and maintenance. The tap faucet

has the oly moving part in the systerthe rest of the system will fution autonomously. fie

first flush system will drain itself after a rain storm and excess water will be removed via a

gravity-fed overflow system.

Furthermore, EWBOSU will require members @he community to contribute to the
construction of the system and designated technicians will be trained in operation and
maintenance requirements. The ultimate goal is that upon completion of the system, the
community will have sufficient knowledge andpeity to fully maintain and repair the system
and replicate the desigm other buildings if desired.

7.3 Overall Project Sustainability

7.3.1 Environmental Sustainability

The main concerns at this point are (1) extracting too much from theater tablewith the
borehole, and (2) not introducing any potential contaminants to drinking water or to the
environment during the construction phasevith extended useAdditionally, by combining
multiple water sources to meet the needs of the commtmigywill reduce the risk of straining
any one resource.

7.3.2 Socieeconomic Sustainability

The project goal is to i mprove the Lela commu
distance to source) in a manner acceptable to local praatidesonsiderate of the context and

growth of the community as a whole. This needs to be addressed one step at a time, using the
factors mentioned in sections 7.1.2 to 7.2.2. This iterative process will be addressed on a

continual basis throughout the prajdy means of constant discussion with the community. The
socioeconomic sustainability will also be demonstrated (or not) as the community takes

ownership of the project.
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8.0 COMMUNITY AGREEMENT/CONTRACT

OSU has a student chapter of Mediators Beyond Bo(tB8). According to their website,

MBB 6 s smio n i $ogether médiators amdyallied professionals to volunteer worldwide

to collaborate on building conflict resolution capacity in underserved areas to make local peace
building more effective ancustainable. MBB advocateslvancinghe use of mediation to

resolve public policy disput e@SUavil grovidetaher conf
workshop to develop a memorandum of understanding (MOU) for this project. Following is the

plan as designeoly MBB-OSU:

1. During the first week oWinter term (week of January 9, 2011) at the weekly MBB
meeting, the EWBDSU Kenya Project Coordinator will give a brief presentation about
the Lela Community Water Project. This will provide the background informageded
to facilitate the workshop.

2. FollowingEWBOSUGs pr es e n tOst graumwill do dnpeactibéBuUB of
system mapping for the project. This will allow other members of MNBEBJ and EWB
OSU to advise the workshop leaders on how to best facilitaterorkshop for EWB
OSU members.

3. Finally, MBB-OSU will host a three hour workshop on system mapping for EY&B,
during the third or fourth week in January. From this E@W8U members should take
away a new skill and relevant information for completinght@U process.

EWB-0OSU will collaborate with the WWC to the extent possible in completing a draft for the
MOU, however it is anticipated that this will be a challenge. Not only is communication difficult
due to technicalaasons, it is also not easyinterpret the true desires and intentions of the
community due to linguistic, cultural, and other barriers. Previously stated verbal commitments
will be incorporated into the MOU arimbth parties willverbally agree to the aditions in the

MOU prior tosubmssion of the 525 Premplementation Report. Sufficient time at the beginning
of the implementation trip will be dedicated to reviewing the MOU with iAWV C, thelLela

Primary SchooBoard, theMMW , and the community of Lela at large. These interactiofis wi
serve to finalize the MOU before it is signed, a condition to be met before drilling or major
construction occurs.

One complication for finalizing the MOU will be incorporating any changes deemed necessary
during the implementation. The nearest prisitgre in Migori and the electricity is often out for
extended periods of time, so while this could be attempted it cannot be relied on. Therefore, the
document will be written and printed with enough spacing to make official changes and/or
additions. Traslation is another consideration; the MOU will be written in English and

translated to Swahili and Dholuo, as some community members are not fluent in both of these
languages.
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9.0 COST ESTIMATE

9.1 Borehole Cost

The total implementation cost for the proposed borehole is estimated to be just under $8,000, or
700,000 KSH. See Table 9.1.1 below for an itemized cost estimate. Note that exchange rates are
based on current rates at the time of the transaction (if gloeedpleted) or the rates at the time

of the creation of this report, on January 4, 2012 (for future transactions).

Expense Description AErSgLE)';t ?E‘gﬂ{)‘t Notes
Hydrogeolocial Survey $570 48,000. already complete
WRMA Permit $150 13,815. | application in process
Pump $2,000 175,800. | Afridev hand pump
Well (Drilling, Development, Testing)  $5,000 439,500. Operation H20
Money Transfer/Wire Fees $100 8,790. two transactions
Total $7,820 685,905.

Table 9.1.1 Expected boreholenplementation costs

9.2 Rainwater CatchmentCost

The total implementation cost for the proposed rainwater catchment system is estimated to be
just under $6,000, or 530,000 KSH. See Table 9.2.1 below for an itemized cost estimate. Note
that exchange rates are based the rates at the time of the cre#ttismagort, on January 4,

2012 (for future transactionshhis budget does not include transportation costs for most
materials. While some items are priced to include transportation (such as sand and gravel),
EWB-OSU expects that a contingency of 20% wiver all remaining transportation costs.

This will be further investigated in the 525 Rmeplementation Report.
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Category | Expense Description por Tank | Quamiy | kst | | ksry | (0sD)
Tank 10,000LTank $1 $3 $78,000 $234,000 $2,662
Foundation | Cement (50 kg bag) $7 $21 $800 $16,800 $191
Sand (per cubic meter) $1 $2 $1,750 $2,625 $30
Gravel (per cubic meter) $2 $6 $1,500 $9,000 $102
Lime (per 20 kg bags) $3 $9 $500 $4,500 $51
Barrels forconcrete water $2 $6 $8,000 $48,000 $546
Formmaterials $1 $3 $1,000 $3,000 $34
3/8" Rebar (per meter) $91 $273 $60 $16,380 $186
Concrete Mixer Rental N/A $1 N/A $45,000 $512
Gutters Straight Gutters (per meter) N/A $95 $380 $36,146 $411
90° Corner Gutters N/A $2 $300 $600 $7
Attachment Materials N/A $190 $190 $36,100 $411
Gutter Endcaps N/A $6 $190 $1,140 $13
Gutterto-Gutter Sealant N/A $1 $1,000 $1,000 $11
Gutter Downspout $1 $3 $590 $1,770 $20
Downs -
Conn eft?g’fo Tank $1 $3 $350 $1,050 $12
NN s | son | s
Piping 2" PVC pipe (per meter) $6 $24 $100 $2,400 $27
2" T-joint $1 $4 $175 $700 $8
2" 90° joint $3 $12 $175 $2,100 $24
2"-to-tank coupling $2 $8 $175 $1,400 $16
2"-to-gutter coupling $1 $4 $175 $700 $8
2"-t0-3.5" connector $1 $4 $175 $700 $8
3.5" PVC pipe (per meter) $2 $8 $150 $1,200 $14
3.5" 90° joint $1 $4 $200 $800 $9
3.5" cap $1 $4 $200 $800 $9
PVC Cement N/A $1 $1,000 $1,000 $11
I o | suoo | s
Tap 1" pipe (per meter) $1 $4 $300 $1,200 $14
1" faucet $1 $4 $250 $1,000 $11
Sealing tape N/A $1 $500 $500 $6
1"-to-tank Sealant N/A $1 $500 $500 $6
| Sum $3,200 $36
Tool 550000 | $50,000 | 569
Sum $50,000 $569
Hired Labor | Masons N/A $1 $10,000 $10,000 $114
Other N/A $1 $10,000 $10,000 $114
Sum $20,000 $228
Total Sum $539,291 $6,135

Table 9.1.1 Expected rainwater catchment implementation costs
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10.0 CONCLUSION

This report has covered the preliminary design for the borehole and rainwater catchment system
planned for the first implementation of the Lela Community Water Project. After more
thoroughly considering the various factors involved in this plan, EY#®) sill feels confident
moving forward with the Lela community. There is still much information to be gathered and
detailed decisions to be made. The most pressing item to resolve is to confirm a schedule with
Mr. Okello and Operation H20 to drill the borehd®VB-OSU received the hydrogeological
survey reportAppendix12.6) from Mr. Okello on the submission date of this report, and has not
had time to review it, discussion of the report will occur in the 528Rptementation Report.
Additional detail is ao required to finalize the borehole design, which will happen upon receipt
of the hydrogeological survey. There are also a few details necessary to finalize the rainwater
catchment design, such as design and budget verification, but changes are exjected t

minimal. The next step for the team is to work on the 528Rpéementation Report. The
implementation trip is tentatively planned for June 2012, so the 525 and Health and Safety Plan
are due on March 13th.
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11.0 PROFESSIONAL MENTOR ASSESSMENT

11.1 Professional Mentor Name (who provided the assessment)
Don Moris
11.2 Professional Mentor Assessment

In my judgment the proposed rainwater catchment designed for the Lela School once
implemented should in an average water year providdebieed 2 liters drinking water per day

for +400 students, which | have independently checked. | have recommended that storage tanks
be placed on all exterior corners of the building adding two 1dj@3Ganks to the south side

and two 6,008iter tanks on the north end. Also suggested that metal flanges be installed on the
inside and outside of any tank around any pipe outlets on the bottom to reduce the potential for
future maintenance problems. This rainwater collection should be used only fde piviaking

water requirements of the students and teachers and is not sufficient for other uses except when
there is overflow of the tank capacity. | believe this is an important first step in improving the
water supplies for the Lela community fronrieais sources.

The decision to try to develop a borehole groundwater supply based on a hydrological survey
and as desired by the community is a good initial step given the reasonable cost projected to
implement. While initial plans are to install an Agdhand pump on the borehole the

dependable yield and water quality and funding will determine whether or not to install an solar
power/electric/diesel pump and higher storage tank and distribution pipeline to the community.
The borehole designs depicastlard drilling and well installation procedures including the
provision of sanitary seal on the top and provision of well screens designed to match the aquifer
gradations encountered.

If the water yield of the borehole proves to be too low to be fudbeeloped to meet

community requirements, then attention should be directed at possible development of surface
water from the source of the Ore River. Also further consideration should be made for rainwater
collection from other available existing metabfed structures in the Lela area.

11.3 Professional Mentor Affirmation
Al endorse the these initial steps of rainwat
borehole with hand pump i nstbhanlMorsst i on as descr
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12.0 APPENDICIES

12.1 Hydrogeology of Kenya

Geology For Lela, Kenya

Rev. 012012

M Ailuvial Sediments
M cottuvial Sediments
Cvolcanics (Quaterary)
[ volcanics (Tertiary)

[ precambrian Metamorphic

[ sodiments Pleistocene

[l sediments Tertiary i

] sediments Mesozoic = =
B intrusives

Volcanics To Pleistocene Sediments Geology of Lela

Volcanics-Pleistocene Sediments Geology Lela, Kenya
Geographic Coordinate System: WGS 1984
Cartographer for Inset: Julie A. Stewart
Date: January 7, 2012
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Groundwater Potential For Lela, Kenya

SUDAN N
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High Groundwater Potential Inset

SINCATION

Groundwater Potential For Lela, Kenya
Geographic Coordinate System: WGS 1984
Cartographer for Inset: Julie A. Stewart
Date: January 7, 2012
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12.2 Lela Rainfall Data
Month Migori Rainfall Data WorldClim (m) MeteoVista-Migori Average (m)
(m) (m)
JAN 0.0628 0.045 0.054 0.054
FEB 0.0669 0.069 0.078 0.071
MAR 0.1355 0.097 0.114 0.115
APR 0.2375 0.156 0.19 0.194
MAY 0.199 0.113 0.111 0.141
JUN 0.1117 0.055 0.024 0.064
JUL 0.0853 0.058 0.017 0.053
AUG 0.1173 0.074 0.021 0.071
SEP 0.1184 0.069 0.032 0.073
OCT 0.1257 0.089 0.059 0.091
NOV 0.1576 0.108 0.112 0.126
DEC 0.0749 0.069 0.081 0.075
Total 1.493 1.002 0.893 1.129
Lela, Kenya Rainfall by Data Source
0.25
0.2
3 /\ ;
Eos A
z /// \\\ /_/ ——Migori Rainfall Data
.% o1 4 \ N P, ——WorldClim
X MeteoVista-Migori
- — Average
0.05
0 T T T T T T T T T T T
SR R A & 3 K A0
xVQ@¢V§&§®$C§’QQQQQ@

Month
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12.3

Rainwater Catchment Calculations

Justification for a four tank system is shown in Table 12.3.1.

Rev. 012012

Volume of water collected per tank

Avg. Rainfall Volume of water
Rlauiy m) collected (L)
ltank | 2tanks | 3tanks | 4 tanks
JAN 0.05 18729 14983 7492 4994 3746
FEB 0.07 26221 20976 10488 6992 5244
MAR 0.12 44950 35960 17980 11987 8990
APR 0.19 71170 56936 28468 18979 14234
MAY 0.14 52441 41953 20976 13984 10488
JUN 0.06 22475 17980 8990 5993 4495
JUL 0.05 18729 14983 7492 4994 3746
AUG 0.07 26221 20976 10488 6992 5244
SEP 0.07 26221 20976 10488 6992 5244
OCT 0.09 33712 26970 13485 8990 6742
NOV 0.13 48695 38956 19478 12985 9739
DEC 0.08 29966 23973 11987 7991 5993
Annual 1.13 423275 338620 | 211638 | 141092 | 105819

Table12.3.1 Volume of water collected in each tank depending on the system

Every sell highlighted in Table 12.3db ey on d
onto the roofs being wasted. Using the average rainfall data provided in Table 12.1.1, it was

t hcapacgyyhereferewéater falling

found that a four tank system will besufficient to capture all watéalling onto the roof area
duringonly two monthf the year April and May). The roof area of 375 sgueametersvas
measuredn June 2011. A storage rate of 80 perseas used to account for water loss due to

the overflow of the gutter, tankand other causes (Mihelcic et al., 2009, p. 325).

Page36 of 73




Document 524- Preliminary Design Report
Oregon State University

Lela, Kenya
Lela Community Water Project

Rev. 012012

The capacity of a fouank systentonsideringoopulation growths shown in Tables 12.3.2
and 12.3.3.

Volume of water collected in each tank with 380 students

1 tank system

2 tank system

3 tank system

4 tank system

Storage Storage Storage Storage
Month | Possible| atthe | Possible| atthe | Possible| atthe | Possible| atthe
total end of total end of total end of total end of

storage the storage the storage the storage the

month month month month
JAN 10000 | -12800 | 14983 -7817 14983 -7817 14983 -7817
FEB 10000 | -12800 | 20000 -2800 20976 -1824 20976 -1824
MAR | 10000 | -12800 | 20000 -2800 30000 7200 35960 | 13160
APR | 10000 | -12800 | 20000 -2800 30000 | 14400 | 40000 | 30360
MAY 10000 | -12800 | 20000 -2800 30000 | 21600 | 40000 | 47560
JUN 10000 | -12800 | 17980 -4820 17980 | 16780 | 17980 | 42740
JUL 10000 | -12800 | 14983 -7817 14983 8963 14983 | 34923
AUG | 10000 | -12800 | 20000 -2800 20976 7140 20976 | 33099
SEP | 10000 | -12800 | 20000 -2800 20976 5316 20976 | 31276
OCT | 10000 | -12800 | 20000 -2800 26970 9486 26970 | 35445
NOV | 10000 | -12800 | 20000 -2800 30000 | 16686 | 38956 | 51602
DEC | 10000 | -12800 | 20000 -2800 23973 | 17859 | 23973 | 52775

Table 12.3.2 Volume of water collected at the end of the month with 380 students
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Volume of water collected in each tank with 450 students

1 tank system

2 tank system

3 tank system

4 tank system

Storage Storage Storage Storage
Month | Possible| atthe | Possible| atthe | Possible| atthe | Possible| at the
total end of total end of total end of total end of

storage the storage the storage the storage the

month month month month

JAN 10000 | -17000 | 14983 | -12017 | 14983 | -12017 | 14983 | -12017
FEB 10000 | -17000 | 20000 -7000 20976 -6024 20976 -6024
MAR | 10000 | -17000 | 20000 -7000 30000 3000 35960 8960
APR | 10000 | -17000 | 20000 -7000 30000 6000 40000 | 21960
MAY 10000 | -17000 | 20000 -7000 30000 9000 40000 | 34960
JUN 10000 | -17000 | 17980 -9020 17980 -20 17980 | 25940
JUL 10000 | -17000 | 14983 | -12017 | 14983 | -12037 | 14983 | 13923
AUG | 10000 | -17000 | 20000 -7000 20976 | -18060 | 20976 7899
SEP | 10000 | -17000 | 20000 -7000 20976 | -24084 | 20976 1876
OCT | 10000 | -17000 | 20000 -7000 26970 | -24114 | 26970 1845
NOV | 10000 | -17000 | 20000 -7000 30000 | -21114 | 38956 | 13802
DEC | 10000 | -17000 | 20000 -7000 23973 | -24141 | 23973 | 10775

Table 12.3.3 Volume of water collected at the end of the month with 450 students

According to the rainfall data analysis given in Taldl2.3.2 and 12.3.3 above, a three tank
system has the capity to serve 380 students ygaund. On the other hand, a four tank
system has the capity to serve 450 students yeaund. Since EWBDOSU is takingnto
account the population growth oflegafour tank system has the appropriate capabityhe
tables, it appeathat the needs of treudentsare not mein the beginning of the year. This is
because the analysis is assuming &mé is empty in January fealculation purposen

reality, there may be leftver water stored ithetanks from the previous year.
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Roof # of Roof # of Pipe Height [Volume | Water Metric
Size |Tanks |Area per [Pipes |Diameter | (m) (L) Height on | Diameter
(m?) Tank (in) Roof (cm)
(m°) (cm)
4 Tanks = 100 smeters = 40L of water (minimum)
374.58 4 93.645 1 3.50 2.00 | 49.66 0.05 8.89
374.58 4 93.645 2 2.50 2.00 [ 50.67 0.05 6.35
374.58 4 93.645 3 2.00 2.00 | 48.64 0.05 5.08
374.58 4 93.645 4 1.75 2.00 49.66 0.05 4.445

Table 12.3.4 First Flush Systebalculations

1 Roof Area per Tank: The roof area per tank was calculated by dividing the total Roof
Size by the Number of Tanks.

1 Volume Collected: The volume of water collected per tank in the first flush system
was determined by calculating the volumeha first flush pipes.

1 Water Height on Roof: The water height on the roof was calculated by dividing the
Water Volume Collected in the first flush system by the area of the roof section feeding
into the first flush system.
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12.4 Rainwater Catchment Foundation Design Calculations

Allowable Stress

T e r z aufiitatedearing capacity theory for shallow circular footing was used to calculated
ultimate strength of the soil. Factor safety of 3 was used to find allowable soil strength. The
foundation of the 10,000L tank is going to be rested on 10cm thick dreaeT he soll

condition used in this calculation is silty sand as the travelers of the previous trip estimate. All
the values used in this calculation are foun@iwil Engineering Reference Manual for the PE
Exam, 8th edition.

g, =13% N g D3N3203+g B N?

c =1.56kN / m (soil cohesioh

g =10.2kN / m (effective unit weight of sgil

D =0.2m (depth of the footing

B = 3m (diameter of the footinp

N_=25.1 pearing capacity factor when Ph= 25)
N, =12.7 (pearing capacity factor when Phi=25
N, =9.7 (bearing capacity factor when Phi=25)

g, =165.8&kN /mi

g, =55.2%N /m =
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Foundation Reinforcement

The following calculation has been done by taking a strip from the middle of the foundation,
since the center of the circular foundation will carry the most loads and will be subject to
failure.

U = factored load
DL = dead load
LL =live load

U=12(0L) 1.6(L) £.2(326N BN O#N ) 1.6(9&N ) 198.56

_198.5&N

q 28.1kN /m2

_P
TR (T
2

q, =552N /nf 2q 281N /1
a

Therefore, thickness of the footing is adequate

Using the nominal stress found in the calculation found above, the distributed load on the strip
taken from the middle of the foundation is 28.1 kR//fthe ultimate moment acting on the

f
footing abait the center line due to the factored load is definedvis= (q, 3 ) (—;)

where b is the width of the footing and f is the distance between from the edge of the rainwater
catchment tank to the edge of the footing. Therefore, the ultimate moment acting on the footing
is equal to Mu = 2.63 kNm. As the basic safety equation feelaur
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Reduced nominal strength factored loaféebs

Therefore/ M 2 M
n u

Similarly M ¢ /M =Ff A 3 j3d 3
u n s y

M

A = u *Assuming the steel is at yieldil
S f3 AS 3fy § ds3

A  =0.00183%b h *According to ACI7.12.2.1
smin
Mu = 2.36kNm

f =0.9 (strength reduction factor)
d = 0.15m (effective depth of the footing)
fy = 60000psi

j =0.95
b=3m
h=0.2m

As= 7.1in2

A = 1.7in2
smin

Use 8- 10 No.8 bars. The further a point is from the center of foundation there will be smaller
moment carried by the concrete as well as the rebar.

Page42 of 73



Document 524- Preliminary Design Report
Oregon State University

Lela, Kenya

Lela Community Water Project

ConcreteMix Calculations

Footing Dim 3.00 m Diameter
0.20 m Thick
Vol 1.4 m"3 of one footing
3 footings 4124 m*3 of concrete required
gravel filling 0.71 m"3 10cm thick drainage under the footing
gravel filling 0.40 m*3 10cm thick drainage at the collection
3 fillings 332 m*3 of gravel required
“Overall material needed (footing + gravel for drainage)
Cement m*3 | Sand m"3 Gravel m"3 Total (m*3)
1:3:6 ratio M10 0.42 1.27 5.86 V.56
1:2:4 ratic M7 0.61 1.21 5.74 7.56

“Water required is about 20% of the total volume of the concrete required (source -=)
0.8478 m*3

hitp:/fwww.cement.org/basics/concretebasics_concretebasics.asp

it will be a good idea to use this as a rough estimate. In near future, detailed mix design and construction
plan can be established

Cement (kg) | Sand (kg) Gravel (Kg) Total (kg)
1:3:6 ratio M10 632.52 203454 9,861.40 12,528.46
1:2:4 ratio M7 918.66 1938.42 9,657.68 12,514.76
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12.5 Maps of Lela

Figure 12.6.1i Northern Map of Lela
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12.6 Hydrogeological Survey Report

The followingreportwasdevelopedy the Kenya Ministry of Water and Irrigatiofihe
hydrogeological survey on which it is based was complet&®tcember 2011 in cooperation
with Operation H20 and EWBSU.
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REPUBLIC OF KENYA

MINISTRY OF WATER AND IRRIGATION
HYDROGEOLOGICAL SURVEY REPORT
FOR
LELA PRIMARY SCHOOL
DOMESTIC WATER SOURCE

VILLAGE
LELA

SUB-LOCATION
WASWETA I

LOCATION
SUNA- SOUTH

DIVISION
SUBA WEST

DISTRICT
MIGORI
CATCHMENT AREA
LAKE VICTORIA SOUTH

WATERS ERVICES BOARD
LAKE VICTORIA SOUTH

PROVINCE
NYANZA

COUNTRY
KENYA

DURATION OF SURVEY
DECEMBER 2011

INVESTIGATION BY REGISTERED GEOLOGIST
“RGEOL” ISAIAH O. MAWINDA
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MINISTRY OF WATER AND IRRIGATION
LAKE VICTORIA ENVIROMENTAL MANAGEMENT PROGRAMME
WATER QUALITY COMPONENT

Rev. 012012

Telegrams “Water” Lake Victoria Water Services Board Offices

Telephone 057-2023085 Ring Road
Tel/Fax 057-2024779 P.O. BOX 1922
Kisumu
NP/MIG/WRG-2011/01860-1862 - LELA PRIMARY SCHOOL
HYDROGEOLOGICAL SURVEY REPORT

CLIENT: .
LELA PRIMARY SCHOOL :
P.0. BOX 1021
SUNA - MIGORL

PROJECT: DOMESTIC WATER SOURCES

CATEGORY: NON -INSURANCE

VILLAGE: LELA

SUB-LOCATION: WASWETTA II

LOCATION: SUNA SOUTH

DIVISION: SUBA WEST

DISTRICT: MIGORI

CATCHMENT AREA: LAKE VICTORIA SOUTH

WATER SERVICES BOARD: LAKE VICTORIA SOUTH

PROVINCE: NYANZA
COUNTRY: KENYA
DURATION OF SURVEY: DECEMBER 2011

LOCATION OF SURVEYED SITE

MAPSHEET: 143/2(34° 23’ 55.9”E, 01° 07’ 26.2”’S)
ELEVATION: 1395-1400 METRES (BY GPS)

INVESTIGATION BY REGISTERED GEOLOGIST

“RGEOL” ISAIAH O. MAWINDA
0733-499989/0720-946557
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INTRODUCTION

The project area is located within Lela village. Wasweta Il sub-location. Suna South location.
Suba- West  Division, Migori District. Lake Victoria South Catchment Area, Lake Victoria
South Water Services Board, Nyanza Province. Kenya.

The main objective of the Investigation was to probe sub-surface formation; purposely to locate a
suitable prospective, exploitative point to enable development of a water source, to accomplish
this detailed and comprehensive Geophysical Investigation, Geological mapping and
Hydrogeological Study was undertaken.

LOCATION :

Sited at 34°23° 55.97E, 01° 07" 26.2”S at an elevation range 1395-1400 metrés above mean sea
level. in a topographic sheet 143/2 .

PHYSIOGRAPHY

The area lies within rough undulating plain, flood hardly experienced, due to topographic
gradient and soil texture.

CLIMATE

Climate is sub-tropical savanna.h, characterized by hot-humid temperature, hot - dry month in —
December -February, hot-humid months August-October, cool-wet months March-June. Mean
temperature range [8-22° in wet cool months and 26-36°C in hot dry months

Rainfall follow bimodal pattern. although low and irregular, long rain experience in March-June
while short rain in August-October. Mean precipitation range 800-1400mm.

WATER SOURCES

The current water sources include seasonal springs, seasonal streams, waterholes but no piped
water in the project area, the school administration do intend to drill a borehole within the
surveyed plot for domestic use, and estimated daily demand is approximately |Scubic metres.
DETAILED REGIONAL GECLOGY

Distinguishable lithological units within the area are as follows:-

i.  Precambrian Nyanzian System
o Basaltic lava
Greywackes
Conglomerates
Slates and shale
Andesites- porphyritic diorite
Andesite tuffs
Rhyolites

g @ OO O e

Page48of 73



Document 524- Preliminary Design Report Rev. 012012
Oregon State University

Lela, Kenya

Lela Community Water Project

Rocks of Nyanzian System are the oldest exposed in the area and cover about 87% of
Migori District. The Nyanzian rocks. being mostly of extrusive volcanic origin show a
gently open folding, along NW-SE striking axes and underwent a low grade
metamorphism.

ii.  Precambrian Kavirondian System

o Conglomeratic Sandstone

The Kavirondian System consists exclusively of sedimentary rocks, including
conglomerates, arkosic sandstones, unconformably deposited on top of the Nyanzian rock
formations. Kavirondian deposits consist of mainly pebbles to boulder conglomerates
intercalated within arkosic sandstone. The formation covers 10% of thé District.
iii.  Precambrian Intrusive
o Granites
o Dolerites
o Giant quarts vein
After the Kavirondian sediments were deposited, several intrusions penetrated the
Nyanzian and Kavirondian rocks. First large granitic bodies intruded the older
Precambrian rocks and in a later stage doleritic dykes and some quartz veins cross cut all
previous described Precambrian rocks including the granite.
LOCAL GEOLOGY
The formation encountered within the project area includes laterite, quartveins and granites,
overlying the Basement System, overlain by silt loam soil.
Groundwater prospects are fair provided. a weathered fractured zone is detectable through the

application of Geophysical techniques.

HYDROGEOLOGY
Hydrogeology describes aspects of Groundwater prospects and is dependent on:-
o The nature of parent rocks
o Structural features
o Weathering process
o Nature and pattern of precipitation
o Localized identified catchments
During field investigations, the natures of parent rocks and localized catchments were studied
and identified through Geological mapping. structural features and weathering process through
the applications of Geophysical techniques. precipitation pattern, from meteorological data.

2
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