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ESW-Purdue Inaugural Project

* Global Team for Irrigation in
Africa (GTIA)

* Pronounced ‘gee-tee-ya’

* Focus: Irrigation in the Gashora
Sector of Rwanda

e Joint project between National
University of Rwanda and Purdue
University

e 10 Person Global Team

— Capstone design project for 5 of the
members

— Completely voluntary for other five

?9 J IA’ Erin Potrzebowski
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Gashora Irrigation Project Overview

Project assessment trip completed in
January 2009

Irrigation in Bugesera is a national
priority for Rwanda

3 » Ao
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Selected farm is located on Lac Mirayi
in the Bugesera Region, Gashora
Sector of Rwanda

3 Seasons: A (Sep-Dec),

B (Jan-May), C (June-Aug) Our mission is to “develop an
: agricultural irrigation system to aid
Normal crops are maize and beans : : :

in reducing poverty in the Gashora

(intercropped) and are planted during Sector of Rwanda using
Seasons A and B only environmentally, socially, and

4 Hectares (10 acres) of farmland economically sustainable design
practices.”
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Detailed Timeline

Schedule developed and divided into

........

three categories of tasks assigned to
different groups:

GTIA Task

Project schedule will be re-evaluated
and refined on March 3, 2009 and
March 26, 2009. Reviews are
necessary due to shifting priorities
and funding issues.

Engineers for a Sustainable World ? J I A’ Erin Potrzebowski
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Detailed Timeline
February Technical Highlights

February

2 34516

9 [10 |11 |12 [13

16 |17 |18 [19 |20

23 |24 [25 |26 |27

Week 4 Week 5

Week 6

Week 7

Project Tasks and
Milestones

Research Power Options
(solar, petrol, manual)

Research Sprinklers

Research Irrigation in the other
3rd world countries
(Benchmarking)

Create topograpic map of farm

Perform General Research
that requires no funding

Create system models

W

R

w

W

Create Master System Excel
Sheet

Figure out pressure regulation
of system

Research Distribution Methods

Find data on corn life and bean
life vs. water needs

In depth research on drip
irrigation

Speak to Master's Irrigation

Students and Professor of

Agronomy about Irrigation
techniques

Engineers for a Sustainable World
PURDUE UNIVERSITY CHAPTER
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Upcoming Milestones

March 12, 2009: Final selection of irrigation
system model

April 6, 2009: Critical Design Review
May 1, 2009: Final Design Presentation
May 18, 2009: Implementation Trip Departs

VGTIA



Global Team Communications

Using new technologies to overcome
communication obstacles:

— GlobalHUB: online global teaming &
collaboration website

— Livescribe Pulse™ Smartpen: digitized
design notebooks

Primary communication via e-mail o P
Weekly chat-room meetings using
GMail™’s built-in chat features

— All communications are logged an posted
online

— Teleconferencing used when necessary ‘ . - ‘
Goal: Global delivery of final report via iv] i

video conference and online presentation

VGTIA
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Customer Specifications

System will primarily be used during dry season
— Season C (June-August)

— No crops currently planted during this time

— Must be expandable to other two growing seasons

Above ground water distribution should be focused
to morning and early evening

System must be both profitable and sustainable
Minimize loss of arable land due to system

VGTIA



Customer Specifications

Labor is widely available and should be utilized
System should be scalable to neighboring farms

Must be easy to operate and maintain
— All products must have end-user maintenance

Cannot interfere with other two planting
seasons

— Includes any soil recovery time
Must account for security of system
Materials must be obtainable from region

VGTIA



Agricultural Details

Average seasonal rainfall: Omm

Average seasonal temperature: 32°C (90°F)
Planting maize and beans

Soil classification: sandy loam

Current farming methods:

— Hand tilled, planted and harvested (about 10 people)
— No tractors / self-propelled farm implements
— No fertilization

Livestock on farm: None

VGTIA



Field Diagram

0.3m

CROF ORJENTATION
I'm

UNCUL TIVATED LAND
LAKE

*Note: this map is a first order approximation, a more detailed resolution map will be
generated by NUR students if funding for equipment can be secured.

Engineers for a Sustainable World ? , lA' Jeremy Koehler
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Engineering Requirements

* |rrigate 176 m by 220 m (4 ha or 8 football
fields)

* Maximum capacity of 250m?3 of water per day
 Overcome maximum 26m elevation change
e Water delivery rate not to exceed 40mm/hr"

* Daily operation costs not to exceed 6,050 RWF
(S11 USD)

VGTIA
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Major Assumptions

Average yield will be equivalent to yield of growing seasons A or B
Most-likely using open-pollinated corn; bean type unknown.
250m3/day of water is an upper limit

— Amount of water needed to irrigate corn using an above ground
sprinkler during peak growth between silking and denting

European and Asian pump prices are adjusted 2:1

— Comparable models of U.S. pumps are available in Europe at
comparable prices

Price comparisons made based on 550 RWF : $1 USD exchange
At this point:

— Costs, water capacities are 15t order approximations
— No system has been eliminated based on initial capital requirements

VGTIA



Economic Analysis

Background Information

From Farmers:

7-10 people for 3 days for
each event

* Events: preparing field,
planting, harvesting

Other Assumptions:

Row spacing: 0.3m (maize)
10 seeds/m of rowtl!
5500 seeds/kg of seed®?

All costs are scalable by
area farmed

Current Yield

Maize:
Selling Price
Seed Cost
Growing Season
Beans:
Selling Price
Seed Cost
Growing Season

Labor Cost Per Person

VGTIA

5000 kg
(corn or beans)

170 RWF/kg
180 RWF/kg
120 Days

300 RWF/kg
Unknown

75 Days

700 RWF/day



Economic Analysis
For Corn Only, Per Season

____ltem ___Total (RWF/4ha)

Total Revenue 850,000
Labor Cost
(10 workers) (63,000)
Seed Cost (42,500)
. 745,500
Profit $1,355USD

Engineers for a Sustainable World ? J IA'
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Water Requirement Analysis

* Governing Equation: IN = ETc
— ETc (Water need of maize): 5.6 mm/day
— IN (Irrigation need)

* Irrigation Need (rain equivalent) = 5.6 mm/day
— = 250 m3/4 ha/day
— = 6 L/m?/day

More Detail in Appendix C

VGTIA



Average Crop Water
Consumption

eData is for a maximum
daily temperature of 32°C
(90°F)

eData is for United States
crops:

» US data is serving as best
first-order approximation

* Rwandan crops will have
significantly less drought
protection

Source: B1

2/

i3

E

0.3

0.25

NEV/AN

Avg. Water Use (in/day)
o
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(O]

—Corn
0.05
—Soybeans
—Field Beans
O I I
0 5 10 15 20

Weeks After Emergence
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System Schematic

Storage

-]

e o j ‘A:'\'_: -
S SR
| U\ | |
A |
\ /'v \\
— _— _\_?-' g

Movement

Contro! f %

Extraction

Distribution

~~._ Source

Intake
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Subsystem Options

Q c + Q C
= = 3 o 9
S 3 £ S 5
p £ Manual | 2 mTank = Buckets
% 5 = B e
2 y § * Buckets . “ Sprinkler
Lake b PUMPS b PVC Pipe b Trench :
e Solar None Drip

e Manual ‘

The options presented above represent the options available to farmers in Rwanda. Some typical
U.S. applications have been eliminated due to lack of availability and/or feasibility.
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Possible Water Sources

Lac Mirayi Well(s)
e Pros: e Drilling methods:
— Large amount of water — Percussion drilling
— Water level is relatively constant, — Machine boring
even in drought conditions — Hand digging
« Cons: * Pros:
— Total distance to top of field — Direct access to water
— Need to filter water intake — Lower material cost

(no piping from lake)

— Direct application for hand
pump

. * Cons:

— Flow rate limited by well bore
diameter and water availability

— Water quality considerations

? J IA’ Tim Bond
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Water Extraction

e 3 primary options for pumps:

— Gas / Petrol torage
— Solar (DC Powered Electric) LJ_
— Manual | L)

 Manual pump options:
— Hand pumps
— Treadle pumps

More types of manual pumps available in Appendix D

VGTIA




Hand Pumps

Commonly used to provide safe drinking water for
communities, schools, and hospitals

Can provide high suction head
Cannot provide high flow rates

Volanta®
T2

Tyler Williams
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Hand Pump Performance

0.6 ~\
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Hand Pump Sustainability

In Malawi, a study showed that “about 90 % of most hand
pumps break down within 3 years due to worn out or broken
part” 11

Common problems include pumping rods and PVC pipes
breaking, bearings and piston seals wearing out, galvanized
pipes rusting, and foot valves leaking.™

New designs allow replacement parts to be installed easily

The Volanta claims to need replacement parts every 3-5
years'?

The Afripump is a simple design that claims to only need
replacement parts every 15-25 years'™

VGTIA



Treadle Pumps

e Commonly used for small
scale irrigation in Africa,
Asia, and South America

* Can provide moderate flow 6
rate

_O
e Cannot provide high J
suction head ~:— 4
T 3
o
3 2
LL.
« Graph shows flow rate 1 —=lE
versus suction head for 0
different operator weights
on the New Dawn 0 > 10 15 20
Engineering Treadle Pump Suction Head (meters)
T4,T10

Engineers for a Sustainable World ? , lA' Tyler Williams
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Treadle Pumps — A Success Story

Specifications Super MoneyMakar
* The MoneyMaker from o ‘“" 7
KickStart is used widely W ParghgHOG.  TSRUSN.  TAmdeN
across Africa for Irrigation '“”‘“:":"’""”' g [
* Since December 31, 2008, e e
the MoneyMaker has:™
— Had more than 115,000 -
sales
— Created over 77,000
Enterprises

— Helped bring 380,000
people out of poverty

Engineers for a Sustainable World ? J IA Tyler Williams
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Water Extraction

e Buckets

— Pros |
* Low capital costs : —— . -
* No maintenance required |
— Cons
* Very low amounts of water can be moved
* Requires many people to move water
* High operating costs due to costs of labor

* Types of pumps
— Solar-powered electric pumps

* Pros

— Low operating cost due to lack of labor and gasoline required
* Cons

— Most expensive pump type

— Must be powered by an array of solar panels which increases the capital cost
of the system.

@ e ST G “?97“[‘# Moo o




Water Extraction

* Petrol pumps?h!

— Pros
* High flow rate
* High available head
— Cons
* Much higher cost than manual pumps
* Requires daily gas input
* Manual Pumps

— Pros

* Low capital cost

* Relatively low operating cost (labor)
— Cons

* Low flow rate

* Low head available

-
~By
o9

VGTIA
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Pump Comparison Chart
Cost vs. Flow Rate

1200
@ Super MoneyMaker Kickstart
Y
1000 v B MoneyMaker Hip Pump
— 800 A ® Gasoline Water Pump
o
5
® Water Pump
¥ 600
d
8 ® Surface Solar Pump
Q400
PowerMax Portable 2-inch 6.5 HP
Water Pump
200 .
PowerMax Portable 3-inch 6.5 HP
ﬁ Water Pump
0 | | | PowerMax Portable 4-inch 9.0 HP
Water Pump
0 200 400 600 A Tiger WD78K

1 GPM = 0.063 Ls Flow Rate (GPM)

Era2
é?;-—f\? e ? TI’ k Reid Gray
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Pump Comparison Chart
Cost vs. Total Head

®

50 100
Total Head (ft)

VGTIA
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® Water Pump

® Surface Solar Pump

PowerMax Portable 2-inch 6.5 HP
Water Pump

PowerMax Portable 3-inch 6.5 HP
Water Pump

PowerMax Portable 4-inch 9.0 HP
Water Pump

A Tiger WD78K
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Pump Comparison Chart
Cost per foot of head vs. Cost per flow rate
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Water Movement & Connections

e 2 products available in Rwanda to move
water:

— PVC pipe and standard garden hose -

— Considerations 1l
;Ju\iﬂoilgmage if exposed to direct i LA
* Cost: o
— 25mm dia. PVC pipe - $3.36/m ... |
— 1” dia. hose — $11.09/m 'ZJS\ e

Extraction

* Valves, connections, and control

— Elbow Junctions, T-Junctions, Y-Junctions,
plastic valves, and metal valves available
for PVC pipe and hoses.

VGTIA



Storage Options

4 choices available:

— No storage

 Pump directly to distribution system I_J_ -
— Plastic tanks L0
— Plastic-lined, hand-dug pits [

— Hand-dug trenches

zzzz

YGTIA
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Storage Options

e Plastic Agricultural Tanks

— Elevated, enclosed tank
— 10,000 L and 5,000 L tanks are available in Rwanda

— Pros
* Cleaner water storage
* Water is pressurized at tank exit

— Cons
* Expensive ($1,262 USD for 10,000 L Tank)
* Need extra head to pump into tank
e Hard to acquire/transport
* Begin to break down after 8 years in sun

4 Vi

) BT r— G 97‘[;9.- Tim Bond
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Storage Options

* Pits
— Hand dug pit with plastic
liner

— Pros

e Can be dug to desired size
* Low cost
e Can fertilize the water

— Cons
* Dirty water

* Requires another pump
to extract water from pit

? J IA’ Tim Bond
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Storage Options

* Trenches

— Hand dug trenches along the
rows of corn

— Used to store water, not to
irrigate
— Likely lined with rock/tile

— Pros

* Minimal transportation
from trench to corn

* No pressure requirement
— Cons

* Laborintensive

* Seepage loss

* Requires numerous outlets
from pump

Engineers for a Sustainable World ? J lA' Tim Bond
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Distribution Methods

* 5 feasible options:

— Watering cans

— Hoses LJ

— Sprinkler Irrigation oot | P —

Distribution

— Furrow lIrrigation

— Drip Irrigation /K‘\ SSSSSS

Extraction

VGTIA



Sprinklers

Types of sprinklers:

— Rotary

— Oscillating

— Stationary

Sprinklers are often moved along laterals

— The laterals should follow the contour of the hill

If multiple sprinklers are used, they should overlap
each other by approximately 65%

Pressure losses along the laterals and up the hill are a
major concern

Sprinkler irrigation should never be used during the
middle of the day

VGTIA



Appropriate Sprinkler Spacing

T TS T T T T T T T T T T

4 g 4 \\ // \‘\ / d \“\ / ” \\ AN

4 / X X X \ \
| / m}mkm\\{* \ [ \ \\
____lateral . P Y 1 | ] 1 i
| I
t\ \ v \ / \ / /
\ \ / / \ /
A D S S
»(—v'miH sprinklars

lateral ol A L A

Source: T6
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Furrow Irrigation

Small ditches called furrows are used to transport water along rows
of crops

Furrows should follow the land contours

Not good for coarse sands, clay or loam soil is preferred

Deeper furrows are used for sand and shallower furrows for clay
Typical slopes for the furrows are between 0.05% to .5%

Flow rates of 0.5 L/sec are usually sufficient

Flow rates greater than 3L/sec can cause significant erosion

Can irrigate on the top or side of the ridges or at the bottom of the
furrows depending on design and conditions™

VGTIA



Furrow Irrigation Implementation

 Water can be pumped vertically up the field

and then allowed to drain horizontally across
the field

* High emphasis must be placed on
— Flow rate
— Furrow depth and shape
— Slope
— Soil type
— Seed placement

?9TIA— Source: FAO






Drip Irrigation

Process by which water is slowly dripped through an “emitter” to
the base of the crops

In a previous study, “Maize irrigation water use for furrow irrigation
ranged from 547 to 629 mm per year compared with 371 to 428
mm per year for drip irrigation. Irrigation water use efficiency was
always superior for drip irrigation compared with furrow
irrigation.” T’

Emitters are usually 0.2 to 2 mm in diameter

Typical corn applications™

— 2 to 8 L/hr flow rates

— Irrigation occurs approximately twice a week
Microdrip corn applications™

— Less than 0.5 L/hr

— lrrigation occurs every day

VGTIA



Drip Irrigation

Concerns

* Emitters typically
operate around 1 psi
e Using drip irrigation
on a hill will require

careful pressure
regulation

* 1 meter elevation
change of water = 1.4
psi pressure change

e Large quantities of
pipe or hose are
required

* Length of corn rows =
length of pipe or
hose

emittar or

dripper
[ v 4
eites o 2 Sandy Soil
hlgh discharge -
Iuw discharge ' v
e S RN Source: T6
emitter or
dripper lateral

aly— ki
e watted Zone - T
S N ow discharges i

— e ——————— =
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Distribution Advantages

Sprinkler

Able to cover large
areas

Precision is less
critical

Can be moved
around easily

Drip

Efficient water use

Minimal Erosion
and Runoff

Less prone to
evaporation losses

VGTIA

Surface

e Low Initial Cost

 Easyto implement
to the entire field



Distribution Disadvantages

Sprinklers

Pressure is critical

Water must be
free of particulates
High Evaporation
Losses

Drip

Pressure is critical

Water must be
free of particulates

Emitters must be
placed at each
root

Difficult to move
around field

VGTIA

Surface

High risk of
erosion

* High maintenance
and upkeep

* Slope must be
constant



Other Considerations

Several components have not yet been considered in detail
— Intake screens & guards

— Line strainers
* Filtering water after pump

— Control valves

— Detailed connections and couplings

— Pressure regulation & relief valves

— Shack / concrete pad for pump
Components will be included for detailed system design
When a final distribution method decided on, a detailed irrigation
schedule will be created to outline:

— Size of field to be irrigated each day

— Frequency of irrigating

— Volume of water to be applied each day

VGTIA
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System A

* Drip Irrigation with a Gas pump
and no storage
— lIrrigate % of the field at a time
— Delivers 5 L per m? directly to crops

— Needs to be moved to cover entire
field

— Flow rate to field equals flow from
pump, no storage needed

— 9 hours of operation a day
* 1 hr 15 min / ha of water delivery
* 1 hrto move

— Concerns

* Pipe life concerns
* Even spacing of crops required

? TIA' Reid Gray
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System B

* Furrows with a gas pump and
NoO storage
— 1 gas pump
— Feeds two vertical pipe runs
— Water exits pipes into furrows

— Furrows run horizontally and
downhill with the natural grade

— Concerns

* Water lost to the ground between
the rows of corn could be
significant

* Could also have an uneven
distribution of water along the
furrows and up the field

@ e ST G “?97“[‘# o0 o




System C

e Sprinklers with a gas pump and no
storage
— 1 gas pump that would feed into 8
sprinklers at a time

* Manageable pressure and flow rate
through sprinklers

* No water storage because all water is
being delivered to the field

— Sprinklers mounted on 2m supports

— Each sprinkler has 32m watering
diameter
* 8 sprinklers to be moved 6 times
* 50min/section
— Concerns
* Disassembly and reassembly
* Lots of movement required

s FGTIA
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System M — Options A & B

* Irrigation with a treadle pump
— Onlyirrigate the lower 2ha
— 4 treadle pumps required
— Operation would last 6 hours per day

— Furrows (MA): 340 meters of hose
Manual hose (MB): 568 meters of hose

— Four workers required to operate pumps

* One additional worker would be required to y.-
maintain the furrows (MA)

* Four additional workers are required to operate
hoses and spray crops (MB)

— No storage required

— Concerns

* More workers may be required to give the
pumpers breaks

* Implementing this system to the upper part of the
field will require more work and more pumps
(system cannot be scaled up evenly)

N/

]
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System Comparison

Operational Cost

(USD)
A $2,672.95 $25.53 91 (27.74) 220 (13.88)
B $1,549.02 $5.90 91 (27.74) 427 (26.94)
C $1,902.96 $16.08 91 (27.74) 427 (26.94)
MA $1,070.73 $6.37 92 (28.04) 63.6 (4.01)
MB $1,520.51 $10.18 92 (28.04) 63.6 (4.01)

* Note: Operational costs for gas powered systems do not yet include the costs of oil changes
and air filters. Approx. cost is less than S1/day for one change per season

Engineers for a Sustainable World ? , IA' Reid Gray
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Sustainability Analysis

* Economic Sustainability

— Feasible
— Profitable

* Social Sustainability
— Personal Responsibility felt by farmers
— Accepted by community

* Environmental Sustainability
— Impact of System
— Impact of Water Application

VGTIA



Sustainability Analysis

* Economic Sustainability

— Cost Analysis
e Using Data from stores in Rwanda

* Using Data values scaled from cost in US until specific
Data from Rwanda is found

— Profitability Analysis
* Using Data from talking with farmers

* Estimated Data from agriculture suppliers until specific
Data from Rwanda is obtained

VGTIA



Sustainability Analysis

e Social Sustainability
— Personal Responsibility

 Create a model that includes contribution of farmers for
all/part of the cost of the system

* Include future requirements of farmers to ensure long-term
success of project

— Community Acceptance
* Research the social sustainability of similar projects
» Offer possibility of more projects it this project is successful
* Interact with farmers about this issue to learn their thoughts

VGTIA



Sustainability Analysis

* Environmental Sustainability

— System Impact

* Physical Components
— Tanks
— Pipes
— Concrete Pad for Pumps
— UV protection, degradation

e Loss of arable land

— Impact of Water Application
* Erosion
* Mineral Depletion

VGTIA
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Pending Research

Upcoming meetings with:

— Rabi H. Mohtar
Professor of Environmental and Natural Resources Engineering,
Department of Agricultural and Biological Engineering,
Purdue University

— Gebisa Ejeta
Professor of Sorghum Genetics and Breeding
Department of Agronomy
Purdue University

Awaiting response from:

— Simon Allen regarding solar array sizing and pricing

— Rwandan pump supplier regarding pricing of European pumps
Detailed AutoCAD model of field

— Currently pending a new source of funding for NUR students

NUR counterparts’ research and notes from meeting with Masters of
Irrigation students.

VGTIA



Critical Design Review
April 6, 2009

Improve detail in the following areas:

— Pressure regulation and analysis

— More detailed water requirements over time

— Field mapping

Select final design for irrigation system

— Detailed system design with full Bill of Materials

Scale final design to maximize profit
— Assistance provided by Ag-Econ Supporting Members

Evaluate options for capital cost acquisition
Perform detailed sustainability analysis

VGTIA



Project Timeline

| e GTIA works to develop options for irrigation system and
Szp(;é)’;g evaluate feasibility and sustainability of project

e Evaluate goal of deployment in June A

May . . .
2000 1N Begin purchasing of equipment )
e Purdue implementation team travels to Rwanda A
{E e Begin deployment and installation )

Fall
2009

e Evaluate initial design’s effectiveness and sustainability
e Potentially develop new system for another farm in region

Engineers for a Sustainable World ? J IA’ Erin Potrzebowski
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Project Contacts & Resources - RW

e Suppliers e Others
— Simon Allen — Ernest Ruzindaza
Solar Contact at Secam Quincallerie Permanent Secretary of the Republic
.. of Rwanda Ministry of Agriculture
— Vladimir SUtOVSky and Animal Resources
Pump Contact at Comptoir Produit

— Florence Mukakalisa

Gashora Farmer

Quincallerie
* University Employees

— Dr. Ir Karambizi Sylvestre

Vice Dean of Faculty of Applied

Sciences
National University of Rwanda
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Project Contacts & Resources - USA

e Research:

— Rabi H. Mohtar — Matt Wagner
Professor of Environmental and Sales Engineer
Natural Resources Engineering Banjo Liquid Handling Products
Department of Agricultural and Ag. Engr. Degree from Purdue

Biological Engineering
Purdue University

— Gebisa Ejeta
Professor of Sorghum Genetics and
Breeding
Department of Agronomy
Purdue University
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Engineers for a Sustainable World

USA-based, international non-profit network

Founded in 2002

Currently comprised of 2,000+ students,
university faculty and professionals

“We believe engineers can be a vital part of the
solutions needed to meet global human needs
while providing sustainable access to the world's
resources for current and future generations”

For more information: esustainableworld.org
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ESW Purdue University Chapter

ESW-Purdue founded in
Summer 2008

— Dan Hirleman, Advisor
— Tyler Williams, President

— University Chapter of ESW-
USA (20 total)

— Purdue University Student
Organization

Organization’s Mission:

— To engage engineers in
reducing poverty by
improving environmental,
social, and economic
sustainability worldwide.
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National University of Rwanda

 Located in Butare,
Rwanda

e Founded November 3,

{ | 1963

Rwa?"??“ga'fﬁ . ‘  Emphasis placed on
7{'7:: S b science & technology

\\ 8 * Approximately 13,000
N students and 500

faculty members
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ESW National University of Rwanda

* ESW-NUR currently in process of being formed
— Dr. Ir Karambizi Sylvestre , Advisor
— Aimable Pierre llyamukuru, President
— 5 members total

e Chapter Application Submitted on 02.18.2009
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Project Team Members

Purdue GTIA Team: ESW-Purdue Supporting

— Dan Hirleman Members:
* Advisor — Jerad Cole
— Tyler Williams ¢ Mechanical Engineering Student
e ESW-Purdue President — Mike Baird
— Erin Potrzebowski  Agriculture-Economics Student
« Overall Project Lead — John Mazunda
— T. Reid Gray * Agriculture-Economics Student
* Technical Lead * NUR GTIA Team:
— Jeremy Koehler — Dr. Ir Karambizi Sylvestre
* Sustainability Lead « Dean of Applied Sciences
— Tim Bond — Jean de Dieu “Jado”
* Information Lead lyamuremye
* Civil Engineering Student
Total Undergraduate Students: — Aimable Pierre llyamukuru
8 Purdue & 2 NUR * Civil Engineering Student
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Brief Project History

e Dr. Hirleman visits Rwanda
e Meets with Dean of Applied Sciences and Agriculture
e Agrees to move forward on joint student project

e NUR Students and Faculty develop and prioritize potential
Fall 2008 projects

e Agree on irrigation project in Bugesera Region

‘s e Begin planning for team building & project assessment trip

e Dr. Hirleman and 4 ESW-Purdue members visit Rwanda to

January develop project guidelines and meet with NUR team

Engineers for a Sustainable World ? J I A’
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GTIA Delegation of Responsibilities

e Purdue Team

— Ensure that we collaborate as a team throughout
the entire design process

— Update GlobalHUB to make data and documents
continuously available to NUR students

— Commit project as a sustainable design for
Rwanda that will bridge US and African
engineering and economies

— Design irrigation system and evaluate feasibility as
Senior Capstone Project
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GTIA Delegation of Responsibilities

NUR Team
— Form NUR Chapter of ESW

— Participate in weekly Global Design Team
meetings

— Create a detailed topographical map of farming
region (preferred resolution of 3m)

— Provide or obtain meteorological data (rainfall,
solar intensity, humidity)

— Interact with farmers and local suppliers as
needed

VGTIA
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— What Is It?

Online global collaboration and teaming website

1 of 14 inaugural Engineering Virtual Organizations
(EVO) funded by the National Science Foundation in
2007

Mission “is to facilitate a cyber-community of scholars,
practitioners, and students that advances global
engineering education, eliminates barriers for students
seeking a global education, and helps prepare a
workforce of globally competent engineers.”

Based on both Purdue-developed and existing open-
source software
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— GTIA

e Acts as the public face of ESW-Purdue and GTIA
— http://globalhub.org/groups/eswpurdue
e Serves as the central share point for all research,

scheduling, and other information generated by
the project.

— Information is posted and stored using a “wiki” format

— Goal: easy access to all project information no matter
where you are in the world

* GTIAis in open communication with developers
to improve site for future global teams
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41 livescribe

e Livescribe Pulse Smartpen

and Dot Paper Notebooks
are being used in place of
traditional design

notebooks for 3 members

Uses “Dot Positioning
System,” to record both
handwriting and audio.

Allows team members to
easily digitize notes to
share with global
teammates or search at a
later date.

VGTIA
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Team Communications

Currently using Google Talk™ chat features built
into GMail™ to hold weekly meetings between
team members in Rwanda and at Purdue

— All communications are logged an posted to GlobalHUB

Teleconferencing used when necessary

Working towards using Google Talk™ or Skype™
to teleconference or video conference weekly

Goal: Global delivery of final presentation via
video conference and Adobe® Acrobat Connect™
(formerly Breeze™) presentation
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Water Requirement Analysis

IN = ET,,, + SAT + PERC + WL - Pet4
IN : Irrigation Water Need
ETop, : Crop Water Need
SAT : Water needed to saturate soil
PERC: Percolation and seepage losses
WL : Establish a Water Layer

Pe : Effective Rainfall
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Water Requirement Analysis

* Equation simplifies to:

— IN = ETc — Pe
e ETc = 5.6 mm/day for corn
* Pe=0.8 *P-25,if P>77 mm/month
* Pe=0.6 *P-10, if P<75 mm/month
e Pe =0, if P=0 mm/month

— For field in Bugesera
e IN=ETc=5.6 mm/day

e 5.6 mm/day * 40000 m?/4 hectares = 224 m3/day/4ha =
~ 250 m3/day/4ha =~6 L/m?
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Intake Hours
of Operation

* Number of hours the
system would need to
operate at a given flow
rate to provide the total
daily amount of water.

(@ 250m3 water/day
(@ 150m3 water/day

50

45

40

35

30

25

20

15

10

Time to move quantity of water (hr)

10 20
System Flow Rate (L/s)
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A Note on Friction Losses

GTIA Water Pressure Calculations

v (m~2/s) 1.00E-06
p (kg/m~3) 999.00
g (m/s2) 9.81
Q (gpm) 100
Q (L/s) 6.30901964
Q' (L/ 24 hr oper.) 545099.2969
Target Flow/Day (L/d) 245000
Run Time (h) 10.79
Nominal Pipe D (in) 3
ID (m) 0.0779272
Re 1.32E+06
Flow TURBULENT

L (m) 150
z(m) 20
f 0.0103863
fT-GS 0.352170597
fT 0.0103863
e (m) 0
fL 4.83823E-05
V (m/s) 4.87809E-05
h_| 2.37867E-08
AP (kPa) 196.0038
AP (psi) 28.42794779

Assumptions:
Smooth, single pipe
Q, L, D chosen

e/D 251 )

- =—20log| T+
o5 Dg( 37 ' Ref®®

VGTIA

Preliminary calculations for
friction losses and pressure
requirements have been
completed, but more
detailed calculations will not
be completed until system
options are further refined.

Use goal seek to set B15 to 0 by changing cell B16

Re = 2300



Rwandan Market Prices (RWF)
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_ 12
Profit vs.

Percentage of Field 10

Should we need to scale the
system down, our available
operating cost scales linearly
with percent of field

Profit (USD/Day)
(@)

0 50 100
Percentage of Field (4 Hectares)
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Budget — Purdue Travel

Rwanda Assessment Trip
January 2009
Accrued Student Expenses

Rwanda Implementation Trip
June 2009
Proposed Student Expenses

# of Students on Trip 4
# of Days of Total Trip 10
# of Nights in Rwanda 7
Cost
US Travel $37
US Parking $106
Airfare $9,821
Lodging $988
Rental Vehicle/ Driver $1,615
Food $461
Medical and Evacuation Insurance $151
Total Expenses $13,180

# of Students on Trip 4
# of Days of Total Trip 17
# of Nights in Rwanda 14
Cost
US Travel $37
US Parking $153
Airfare $9,821
Lodging $1,976
Rental Vehicle/ Driver $3,230
Food $922
Medical and Evacuation Insurance $151
Total Expenses $16,291
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Budget — NUR

Price (RWF) |Price $USD
Headsets 30000 54.55
Phone Calls 24000 43.64
Printing, Faxing 24000 43.64
Surveying Trips (4) 250000 454.55
Supplier and Data Trips (2) 14400 26.18
Total Expenses 342400 622.55

Notes: The following revisions were made:

* No laptops

* 4 surveying trips instead of 5
* 2 trips to Kigali instead of 5
* Half price of the original food price
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Manual Pumps

Chain and Washer

Archimedean Screw

Water level

w
Low | {cgp ’ILJ,II’B pS
http://Www.howtopedia.org/en/How_to_ e_Human-Powered_Water-Lifters




Manual Pumps

Bike Powered

Flow Rate: 0.4 L/sec
Suction Head: 12 meters

NIVERSITY CHAPTER
http://www.harvesth2o.com/Peda le_pump_disclosure.pdf




Manual Pumps

Joy Pump (See Saw Pump)

Flow Rate: 0.56 L/sec
Suction Head: 80 meters




Manual Pumps

Flow Rate: 0.33 L/sec
Suction Head: 43 meters

Engineers for a Sustainable World J I A’
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Pumps:

Supplies:

P/N

908

465

434

System A

Item

PowerMax Portable 3
6.5 HP Water Pump

PVC Pipe

PVC Pipe

-inch

Qty

1

28

Cost

$580.00

$10.00

3116 $0.58

Subtotal

$580.00

$280.00

$1,812.95

VGTIA

Max Flow Rate
Available (gpm)

220

Total Pump Cost

$580.00

Total Supply Cost

$2,092.95

Max Head
Available (ft)

91

Total System Cost

$2,672.95

Operating Cost

$25.53



Pumps:

Supplies:

P/N

909

423

439

438

406

System B

Item

PowerMax Portable 4 -inch
9.0 HP Water Pump

Pipe Reductions
PVC Pipe
PVC Pipe

Pipe Junctions

Qty Cost Subtotal

1  $500.00 $500.00

1 $3.64 $3.64
4 $17.18 $68.73
88  $11.08 $975.20

1 $1.45 $1.45

VGTIA

Max Flow Rate Max Head
Available (gpm) Available (ft)

427 91
Total Pump Total System
Cost Cost
$500.00 $1,549.02
Total Supply
Cost Operating Cost
$1,049.02 $5.90



Pumps:

Supplies:

P/N

909

706

426

407

433

603

438

303

System C

Item

PowerMax Portable 4

9.0 HP Water Pump

Impulse sprinkler

Pipe Reductions

Pipe Junctions

Pipe Junctions

Plastic Valve

PVC Pipe

Hoses

Max Flow Rate

Qty Cost Subtotal Available (gpm)
-inch
1 $1,000.00 $1,000.00 427
Total Pump Cost
$1,000.00
8 $35.00 $280.00
1 $2.73 $2.73
1 $1.09 $1.09
5 $4.55 $22.73
6 $21.82 $130.91
34 $11.08 $376.78 Total Supply Cost
8 $11.09 $88.73 $902.96

VGTIA

Max Head
Available (ft)

91
Total System

Cost

$1,902.96

Operating Cost

$16.08



System MA

Max Flow Rate Max Head
P/N Item Qty Cost Subtotal Available (gpm) Available (ft)
Pumps: 902 Super MoneyMaker 4 $100.00 $400.00 63.6 92
Total System
Total Pump Cost Cost
$400.00 $1,070.73
Total Supply
Supplies: 304 Hoses 340 $1.97 $670.73 Cost Operating Cost
$670.73 $6.37

VGTIA



Pumps:

Supplies:

P/N

902 Super MoneyMaker

304

System MB

Item

Hoses

Qty Cost Subtotal

4 $100.00 $400.00

568 $1.97 $1,120.51 Total Supply Cost

VGTIA

Max Flow Rate
Available (gpm)

63.6

Total Pump Cost

$400.00

$1,120.51

Max Head
Available (ft)

92
Total System
Cost
$1,520.51

Operating Cost

$10.18
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Who:

When:
Where:

Objective:

Assessment and Global
Team Building Trip

National University of Rwanda and Purdue
University students

January 5 - 14, 2009

Kigali, Rwanda;

Butare, Rwanda;

Gashora Sector, Bugesera Region, Rwanda

To assess Gashora Sector irrigation project and to
complete global team building activities

VGTIA



Tasks Accomplished

Met NUR teammates and established team
expectations

Met with Bugesera farmers and identified initial
customer requirements

Visited local suppliers and evaluated materials available
in Rwanda

Created preliminary budget, task list, and timeline

Met with NUR officials, USAID representatives, and
Government officials

Established long-term strategic plan

VGTIA
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